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Nomogram for fatigue life

calculation of needle roller bearings
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Catalog 352

INTRODUCTION

This catalog offers a wide range of standard, inch
type needle roller bearings and components.
Besides complete dimensional details, mounting
recommendations, load ratings and limiting
speeds are also provided to the user.

The section entitled “Technical Data” addresses
essential questions concerning design and calcu-
lations of bearing applications. Additional engi-
neering assistance is available through our net-
work of sales engineers.

Forinformation on the broad line of INA metric nee-
dle roller bearings and INA linear motion bearings,
two separate catalogs are available upon request.

Due to continuous bearing developments, we
reserve the right to introduce design changes and
improvements at any time. We also advise our cus-
tomers to check with our sales department on the
availability of the products listed herein, since
they may not always be available. All pages of this
catalog have been carefully checked. However, INA
will not assume responsibility for possible errors.

Schaeffler Group USA Inc.
Fort Mill, South Carolina 29715
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Designation

BCE
BCE...P

BCH
BCH...P

c

CF
CF...PP
CF...SK
CF...Y
CFC
CFC...PP
CFC...SK
CFC...Y

CFCE
CFCE...PP

CFCE...SK

CFE
CFE...PP

CFE...SK
CSN
CSNH

Cs

CSH

HFZ
HFLZ

NCS
PI

Description

Shell bearings, cage guided, closed end, standard series
Shell bearings, cage guided, closed end, one seal,
standard series

Shell bearings, cage guided, closed end, heavy series
Shell bearings, cage guided, closed end, one seal,
heavy series

Unit cages

Stud type cam followers, full complement

Stud type cam followers, full complement, sealed

Stud type cam followers, full complement,

hexagonal socket

Stud type cam followers, full complement,

crowned outside diameter

Stud type cam followers, cage guided

Stud type cam followers, cage guided, sealed

Stud type cam followers, cage guided, hexagonal socket
Stud type cam followers, cage guided,

crowned outside diameter

Stud type cam followers, cage guided, eccentric collar
Stud type cam followers, cage guided, eccentric collar,
sealed

Stud type cam followers, cage guided, eccentric collar,
hexagonal socket

Stud type cam followers, full complement, eccentric collar
Stud type cam followers, full complement, eccentric collar,
sealed

Stud type cam followers, full complement, eccentric collar,
hexagonal socket

Shell bearings, full complement, grease retained,

closed end, standard series

Shell bearings, full complement, grease retained,

closed end, heavy series

Shell bearings, full complement, mechanically retained,
closed end, standard series

Shell bearings, full complement, mechanically retained,
closed end, heavy series

Roller clutches
Roller clutches with bearing assembly

Precision ground needle bearings

Inner rings

INA



Page | Designation Description

98 | RF Yoke type cam followers, full complement

98 | RF...PP Yoke type cam followers, full complement, sealed

98 | RF...Y Yoke type cam followers, full complement,
crowned outside diameter

98 | RFC Yoke type cam followers, cage guided

98 { RFC...PP Yoke type cam followers, cage guided, sealed

98 | RFC...Y Yoke type cam followers, cage guided,
crowned outside diameter

42 | S ) Shell bearings, full complement, mechanically retained,
open end, standard series

42 | SCE Shell bearings, cage guided, open end, standard series

42 | SCE...PP Shell bearings, cage guided, open end, one seal,
standard series

42 | SCE...PP Shell bearings, cage guided, open end, two seals,
standard series

42 | SCE...TN Shell bearings, cage guided, plastic cage

42 | sCH Shell bearings, cage guided, open end, heavy series
42 | SCH...P Shell bearings, cage guided, open end, one seal,
heavy series

42 | SCH...PP Shell bearings, cage guided, open end, two seals,
heavy series

42 | sH Shell bearings, full complement, mechanically retained,
open end, heavy series

42 | 8I Inner rings for shell bearings

42 | SN Shell bearings, full complement, grease retained,
open end, standard series

42 | SNH Shell bearings, full complement, grease retained,
open end, heavy series

82| TC Thrust cages

82 | TWA Thrust washers

82 | TWB Thrust washers

82 [ TWC Thrust washers

82 [ TWD Thrust washers

107 | VD Closing plugs
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Suffixes

Suffixes complete the bearing designation and explain
in detail the bearing design. If several suffixes apply to
one bearing, they should be added in the order shown
herein. Please note that not all bearings listed in the
dimension tables are available in special executions.
Most suffixes are not marked on the bearing.

A,B,C,E

The meaning of these symbols is not determined in
detail. They are used as required to indicate different
internal design features for bearings with the same
boundary dimensions. [n general, their use is of limited
duration to avoid confusion during an interim period. In
certain cases, however, they are used for the perma-
nent identification of bearings of the same type and
external dimensions, but with differences in internal
design features.

F

integral reversed seal on one side

FF
integral reversed seals on both sides

P

integral seal on one side

PF
integral seals on both sides, one seal reversed

PN
nitrile rubber seal on one side

PP
integral seals on both sides

PPN

nitrile rubber seal on both sides

PPR
polyester elastomer seal on both sides

PR

polyester elastomer seal on one side

G

extra precision (applies to full complement shell bear-
ings of series S only)

AS...

oil hole(s) in outer race

A figure is added to indicate the number of lubrication
holes. If more than one is specified, they are equally
spaced around the circumference.

Example:

SCE 2012 AS1 = Shell bearing

SCE 2012 with one lubrication hole in the drawn cup.

Y

crowned outside diameter of stud and yoke type cam
followers if the standard design is a cylindrical outside
diameter

SK
stud type cam follower with hexagonal socket

TN
plastic cage

INA



Examples of INA part numbers

Shell bearings

Example SCE 108 SCE 10 8
Explanation cage guided, open end  shaft dia. in 16ths width in 16ths

Thrust bearings

Example TC 815 TC 8 15
Explanation thrust cage shaft dia. in 16ths housing dia. in 16ths

Cam followers

Example CF 16 CF 16

Explanation stud type cam follower outside dia. in 16ths

6 INA



Technical data

/ :
SCE BCE Shell bearings
SCH BCH cage guided
42
SCE...P SCE...PP BCE...P Sealed shell bearings
SCH...P SCH...PP BCH...P cage guided
43
S CS SN CSN Sl Shell bearings
SH ! CSH SNH CSNH full complement 43
Inner rings
for shell bearings 44
© [D Unit cages
77
TC TWA TWB TWC TWD Thrust bearings and washers
82
NCS W4 Precision ground bearings
86
PI l Inner rings
|
92
% ®  Yoke type cam followers
7 am— §]3_—.,E[§
£ g
98
Stud type cam followers
104
Shell type roller clutches
112
Special products
118
INA locations 120
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Technical Data Contents

Page | Description

11 1 1 Symbols and units of measurements

14 | 2 Load carrying capacity and life

14 | 2.1 Dynamic load carrying capacity and life
14 | 2.1.1 Basic life calculation

16 | 2.1.2 Required basic life

16 | 2.1.3 Service life

16 | 2.2 Static load carrying capacity

16 | 2.2.1 Static load safety factor

16 | 2.2.2 Required static load safety factor

16 | 2.3 Influences on the load carrying capacity
17 | 2.3.1 Influence of the raceway hardness

18 | 2.3.2 Influence of the bearing temperature

18 | 2.3.3 Influence of misalignment

19 | 3 Equivalent bearing load

19 | 3.1 Varying bearing speed

19 | 3.1.1 General calculation of the equivalent speed
19 | 3.1.2 Bearing speed varying in steps

19 | 3.1.3 Oscillating bearing motion

20 | 3.2 Varying bearing load and constant speed
20 | 3.2.1 General calculation of the equivalent bearing load
20 | 3.2.2 Periodically varying bearing load

20 | 3.2.3 Bearing load varying in steps

20 1 3.3 Varying speed and load

20 | 3.3.1 General calculation of the equivalent loads
21 | 3.3.2 Speed and bearing load varying in steps
22 Friction and temperature generation

4
4.1 Approximate calculation of friction

231 4.2 Detailed calculation of friction
5

Limiting speeds
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Description

Lubrication and maintenance
1 Grease lubrication

1.1 Lubricating greases

1.2  Relubrication intervals

.2 Oil lubrication

2.1 Lubricating oils

2.2  Lubrication systems

Radial internal clearance and operating clearance
Radial internal clearance

Operating clearance

1 Influence of fits on the operating clearance

.2 Influence of temperature on the operating clearance

Design of bearing arrangements
Design of bearing raceways
Materials for raceways
Hardness depth

Raceway design

Radial location of roller bearings
Mounting tolerances

Axial location of roller bearings
Design of lateral guiding surfaces
Axial location of bearing rings
Sealing of roller bearings
Non-contact seals

Contact seals

el

N —

APRPRWWWNN = o

N =

9 Mounting and dismantling
9.1 Storage
9.2 Cleaning
3.3 Mounting
9.4 Dismantling
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1 Symbols and Units of Measurements

Unless otherwise specified in the text,
the values indicated in the section
“Technical Data” have the following
symbols, units of measurements and
meaning:

AA

uin
Ibf
Ibf

Ibf
Ibf

Ibf
Ibf

[bf

Arithmetic average surface finish value

Basic dynamic load rating
Effective dynamic load rating for reduced hardness
Effective dynamic load rating for high temperature

Effective dynamic load rating for yoke and stud type
cam followers

Basic static load rating
Effective static load rating for reduced hardness

Effective static load rating for yoke and stud
type cam followers

Dynamic load ratio

Shaft diameter or bore diameter of the inner ring
Mean bearing diameter (d + D)/2

Rolling element diameter

Bore diameter of housing or outside diameter

of outer ring

Raceway diameter of outer ring

Effective hardness depth of case hardened raceways
related to a reference hardness of 550 HV (RC 52)

Outer enveloping circle diameter

Coefficient of friction

Dynamic or static hardness factor
Temperature factor

Raceway diameter of inner ring

Force, bearing load

Axial or radial bearing load

Maximum load on radial or thrust bearings

Inner enveloping circle diameter

Number of rows of rolling elements

INAR 11




Ke - Bearing factor for calculation of relubrication

interval

Kp - Load factor for calculation of relubrication
interval

Kr - Oscillation factors for calculation of relubrication
interval

Kt - Temperature factor for calculation of relubrication
interval

Ky - Environmental factor for calculation of relubri-

cation interval

L 108rev Basic life of a bearing in millions of revolutions

Lh hrs Basic life in operating hours

Lna 106rev Adjusted bearing life

Ly in Rolling element length

Mg Ib=in Friction moment

n rpm Operating speed or equivalent speed

Ng oil rom Limiting speed for oil lubricated bearings

Ng grease rpm Limiting speed for grease lubricated bearings

Nosz min-1 Frequency of oscillating or reciprocating motion

NR hp Frictional power

p - Life exponent

PH psi Hertzian pressure in rolling contact area

P Ibf Equivalent dynamic bearing load

q % Duration of a particular operating condition as a
percentage of the total operating cycle

Q gt/min Qil flow rate

12 INA



VE

vy

in

psi

psi

win

s, min, hrs
s, min, hrs
hrs

hrs
s, min, hrs

Win

ft/sec

oF—1
°F
°F

[=]

cst
cst

cst

Radius, corner chamfer

Effective hardness depth of surface hardened
raceways related to 80% of the lower limit of the
surface hardness

Tensile strength

Yield point (0.2-limit)

Change in radial internal clearance
Static load safety factor

Time

Time period

Basic relubrication interval

Relubrication interval

Duration of time period for periodically changing

loads or speeds, or total running time for
constant operating conditions

Theoretical difference in size of mating surfaces
with an interference fit

Mean circumferential speed

Linear coefficient of thermal expansion
Temperature

Temperature difference

Oscillation amplitude (half the angle of
oscillation)

Kinematic viscosity of the lubricating oil at
bearing operating temperature

Kinematic viscosity of the lubricating oil prior
to entering the bearing

Required viscosity of the lubricating oil
(recommended operating viscosity)
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2 Load Carrying Capacity and Life

The selection of the bearing size depends on the
requirements in terms of load capacity, life and reliabili-
ty in operation. For the calculation of bearing life, the
basic load ratings are used as a measure of the load
carrying capacity of a roller bearing, whereby the basic
dynamic load rating applies to rotating bearings
(dynamic load), and the basic static load rating applies
to bearings where a rotary motion does not occur or
occurs only infrequently (static load).

The basic load ratings and calculation methods shown
in this catalog are based on DIN/ISO 281 and the rec-
ommendations for ISO 76. The ratings are adjusted to
take into account the general practices based on the
state-of-the-art of today’s rolling bearings.

2.1 Dynamic Load Carrying Capacity and Life

The dynamic load carrying capacity of a rolling bearing
is determined by the fatigue strength of the material.
The life is defined as the duration up to fatigue failure
and depends on the load and speed of the bearing as
well as on the statistical probability of the first appear-
ance of failure. The terms basic dynamic load rating
and basic life (calculated life), are used for describing
the dynamic load carrying capacity.

2.1.1 Basic Life Calculation
The basic life is calculated as follows:

=) 1)
- 1088 (87

L 106 revolutions

basic life in millions of revolutions, which 90% of a suf-
ficiently large group of identical bearings will reach or
exceed, before the first indication if material fatigue
occurs.

L hrs

bésic life in operating hours corresponding to the defin-
ition of L

c Ibf

dynamic load rating. For radial bearings, C is that load

of constant magnitude and direction, under which a
sufficiently large group of identical bearings reaches
the life of one million revolutions. In the case of thrust
bearings, C is an axial load acting concentrically, under
which a sufficiently large quantity of identical bearings
reaches one million revolutions of the shaft or housing
(see also section 2.3)

P Ibf
equivalent bearing load for radial or thrust bearings
(see section 3)

p
equivalent life exponent p=10/3 for needle and cylindri-
cal roller bearings; p=3 for ball bearings

n rpm
operating speed (see section 3)

Roller bearings with a load ratio, C/P, over 15 are con-
sidered lightly loaded, between 6 and 15 as medium
loaded and those below 6 are heavily loaded. For
applications where the C/P is below 6, consult INA
Engineering for suitability of bearing.

If the operating speed n is constant, the life Ly, in
terms of operating hours according to equation (2), can
be obtained from the applicable nomogram (see inside
cover).

Adjusted Bearing Life

DIN/ISO 281 part 1 contains an expanded life equation
for exceptional cases, in which additional influences
besides load, speed or operational frequency are con-
sidered during the life calculation:

Lha =217 2y ag"L ()

Lha 108 revolutions
adjusted life in millions of revolutions, where n indicates
the probability of deviation from 90% (100-n)%

L 108 revolutions
life, see equation (1)

14 INA



Under normal conditions a; = a, = az = 1, so equation

a, —
factor for reliability other than 90% (3) is identical to equation (1).
a For determination of the adjustment faciors, it is neces-
2 T sary that all operating conditions (individual loading
material factor conditions, influence of misalignment, bearing tempera-
ture, etc.) are exactly known. If this is the case, the
as — d’ttftybdt'dbd
. o . S adjustment factors can be determined, based on spe-
factg_rtfor operating conditions, especially for lubrication cial guidelines, by the INA Engineering Depariment
conations. and then substituted into equation (3).
Type of operation Operating hours/year Paper ma_thEnE&]
intermittent 500 to 1,000 hrs | Printing presses
1 shift operation 2,000 hrs Machine tools |
Textile machinery |
2 shift operation 4,000 hrs e
Industrial gearboxes

3 shift operation 6,000 hrs Extruders

continuous operation 8,500 hrs | I Crushers |

Building material machinery

| Compressors

Rolling mills

Materlal handling equipment |

IOfﬁce and data processing machinery]

(mobile)  Hydraulic systems (stationary)

| Cas Trucks

Agricultural machinery Tractors |

Household appliances |

Professional power tools

- - I— T
| Hobbyist’s power tools

151 065U8

100 200 500 1000 2000 5000 10000 20000 50000 100000
Operating hours ——P»

Figure 1 - Approximate values for the basic life of rolling bearings
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2.1.2 Required Basic Life

With the aid of the life equations according to section
2.1.1, the correct bearing size can be selected, if the
required life is known from the conditions of the
machine operation and the requirements on the operat-
ing reliability. If data concerning the required life is not
available, approximate values can be obtained from fig-
ure 1.

2.1.3 Service Life

The service life is the life actually reached by a roller
bearing, which can deviate from the calculated life. For
instance, misalignment between shaft and housing,
contamination of the bearings, too high operating tem-
peratures or insufficient lubrication may cause prema-
ture failure due to wear or fatigue.

Unfavorable operating conditions such as oscillating
bearing motion with very small angles of oscillation, or
vibrations of the bearings while not rotating, may also
cause premature bearing failure due to brinelling.

Considering the multitude of applications and operating
conditions, the service life of bearings cannot be exact-
ly determined. The safest way to estimate the service
life, now as before, is by comparison with similar appli-
cations.

2.2 Static Load Carrying Capacity

The static load carrying capacity is limited by the per-
manent deformation of the rolling elements and race-
ways, which is still considered permissibie with the
regard to to the noise level during subsequent bearing
operation. This definition of permissible permanent
deformation leads to the term static load rating. The
measure of static load rating is defined by the static
load safety factor.

2.2.1 Static Load Safety Factor

The static load safety factor indicates the safety
against the permissibie permanent deformation in the
bearing and is defined as follows:

So —
static load safety factor

Co Ibf

basic static load rating. In radial bearings, C, is the
load in the radial direction and in thrust bearings the
concentrically acting axial load, for which the Hertzian
pressure between the rolling elements and the race-
ways at the most highly loaded position in the bearing
reaches the value 580,000 psi (4000 N/mmZ). This load
causes, under normal contact conditions, a permanent
total deformation of 1/10,000 of the rolling element
diameter.

Fo Ibf
maximum load of the radial or thrust bearings

2.2.2 Required Static Load Safety Factor

The guideline values shown in table 1 are recommend-
ed for the static load safety factor.

Table 1 - Recommended static load safety factor

Application Sp
Quiet, vibration free operation with >1
low demands for smooth running; -
bearings with only slight rotational

movement.

Normal operation with higher >2
demands for smoother running -
Operation with distinct shock loads >3
Bearing arrangements with high >4
demands for accuracy and B
smooth running

For shell bearings, the value S, > 3 should be used.

2.3 Influences on the Load Carrying Capacity

The basic load ratings shown in this catalog are valid
for a hardness of 670 to 840 HV (RC 58 to 65) for race-
ways and rolling elements with a fine grain material
structure which is characteristic for rolling bearing com-
ponents.

16 INA



2.3.1 Influence of the Raceway Hardness

If a raceway has a hardness less than 670 HV, (RC 58)
the load rating decreases to the lower value Cy or Cyp.
This is taken into account by the following corrective
equations:

Dynamic Load Rating

Static Load Rating

Con="fro ~ Co

Chx, Con Ibf
effective dynamic or stafic load rating

fiy, fon —
dynamic or static hardness factor according to figure 2
C, G [bf

basic dynamic or static load rating

The hardness factors apply only for high quality bear-

ing steel or steel with similar composition (see section
8.1.1) with corresponding purity and structure. In other
cases, for example with cast iron and nonferrous met-
als, these values are not applicable.

1.0

126048

09

08
fHO

0,7

0,6
0,5

fHo
0.4 H

0.3

0,2
0.1

/

[EENINENNE SN NN NN NN AN AN PN

HY

TTTT T TTTT T T T T T T T T T [T T T ¥

200 250 300 350 400 450

500

T T T

550

L

850
HRCY

Tr T T T T T T

600 650 700 750 800

T T T

[T T T[T T T T T T T T T T T T [T 1
20 25 30 35 40 45

Figure 2 - Determination of hardness factor fy or fy

|
50

T T T T T T ] T T T T T
515 60 65

1) Converted per DIN 50 150
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2.3.2 Influence of the Bearing Temperature

INA anti-friction bearings can be used, generally, up to
+250°F (+120°C), and for brief periods, up to peak
temperatures of +300°F (+750°C).

Higher operating temperatures cause permanent struc-
tural changes in the bearing components, which entail
a hardness reduction of the material as well as dimen-
sional changes.

The reduction of the dynamic load carrying capacity
due to the reduction in hardness is taken into account
by the following equation:

Cr=fy* C ()
Cr Ibf
effective dynamic load rating
fr —
temperature factor according o figure 3
C Ibf

dynamic load rating

The static load carrying capacity is insignificantly

affected by the decrease in hardness. Therefore, it can
be neglected for temperatures up to 570°F (300°C).

2.3.3 Influence of Misalignment

Misalignment between bearing raceways can cause
uneven load distribution along the length of the rolling
elements effecting the bearings function and operating
life. The misalignment is a result of deflections of the
shaft and housing under load combined with manufac-
turing inaccuracies.

LLoad factors due to misalignment can be calculated
and are a function of load, clearance, internal bearing
design, angle of the shaft relative to the housing, and
relative direction of the misalignment to the load.
Maximum values of misalignment as a function of bear-
ing width and type it will cause no significant reduction
in operating life are shown in table 2. These are based
on a bearing operating with a dynamic load ratio (C/P)
greater than or equal to six, static load ratio (Cy/P) as
shown in table 1 and normal operating clearances.

In applications where misalignment or radial clearance
exceed or the load ratio is below the recommended
values, please contact INA engineering for a review of
the application and determination of the static and
dynamic capacity adjustment factors.

T 1.0
fr ‘\
_0.8 N\ Table2 - Maximum misalignment values
Q
§ \
"é N Bearing width Misalignment - in/in (mm/mm)
2 \ over to cage guided full complement
‘go-s N 2 inch | mm inch | mm
0.5 = - - 1.00 | 25.4 .0015 .0010
200 400 OlF 600
Operating temperature ¥ — 1.00 | 25.4 2.00 | 50.8 .0010 .0005
2.00 | 50.8 - - .0005 .0005

Figure 3 + Temperature factor ft
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3 Equivalent Bearing Load

The life equations (1) and (2) of section 2.1.1 are
based on constant bearing load P and speed n.
However, these conditions are not fulfilled in many
cases. Therefore equivalent operating values must be
established, which have the same effect on the life as
the actual loads and speeds.

N\
\ PP
// \/ ®
i/
/ \
? // \
2 / F) N
£ //\ NP
51/ N
rg/ \
\
\ o
\ 2

T
Time t —=

Figure 4 + Equivalent bearing load
according to equation (12)

3.1 Varying Bearing Speed
3.1.1 General Calculation of the Equivalent Speed

in the case of a bearing speed n(t) which varies with
the time with the time t over a time period T, the aver-
age speed to be used for the life equation (2) is calcu-
lated as follows:

T
f n(t) dt ®)

0

n =

— =

3.1.2 Bearing Speed Varying in Steps

If the bearing speed n; varies in steps over a time peri-
od T, the equation (8) can be replaced by the simpler
summation formula over z time periods Al;, whereby q;
= (At;/T) * 100 is the duration in % of each speed
step.

9y Nyt Gy Npt... N,
n= 100 ©)

3.1.3 Oscillating Bearing Motion
For oscillating bearing motion the equivalent speed for

use in the life equation (2) is determined according to
following equations:

n=n -2 (10)

n rpm
equivalent speed

Nosc min-1
frequency of oscillating motion

o

Y
oscillation amplitude (half the oscillation angle)

if the oscillating amplitudes are smaller than the angle
between the rolling elements, equation (10) is no
longer applicable and the danger of false brinelling
has to be considered (see section 2.1.3).

INA
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3.2 Varying Bearing Load and Constant Speed

3.2.1 General Calculation of the Equivalent
Bearing Load

If a bearing load varies with time, over a time period T,
in a well defined function F(t), then the following rela-
tion for the equivalent load results from the life formula:

P = 1—fFF’(t) dt (an

Since equation (11) is based on the life formula accord-
ing to equation (1), p = 10/3 applies to needle and
cylindrical roller bearings and p = 3 to ball bearings.

3.2.2 Periodically Varying Bearing Load

Even with periodically varying loads, the calculation of
the equivalent bearing load still follows equation (11).
However, for many practical applications, the equiva-
lent bearing load can easily be determined by means of
load factors according to figure 5:

P =V Fnaxt V2" Fin (12)
P Ibf

equivalent bearing load

Fmax Ibf

maximum load during the load cycle

Fmin Ibf

minimum load during the cycle

V17 V2 -

load factors (see figure 5)

3.2.3 Bearing Load Varying in Steps

If the bearing load F; varies in steps over a time period
T, the equation (11) can be replaced by the simpler
summation formula over z time periods Al;, whereby
g;= (AY/T) = 100 is the duration in % of each step:

Pl ePy P . EP
P=\/‘11 Ftayh+..a,F (13)
100

3.3 Varying Speed and Load

3.3.1 General Calculation of the Equivalent Loads

If speed and bearing load during time period T are
defined time functions n(t) and F(t), then the equivalent
speed is determined according to equation (8), and the
equivalent bearing load is obtained from the following
equation:

d (14)
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3.3.2 Speed and Bearing Load Varying in Steps

If the speeds n, and loads F; vary in steps during time Plasn,sFP+...+g:nF P

period T, equation (9) can be used for determining the p=\ 2111 - “z zz (15)
equivalent speed. The equivalent bearing load is obtained Qi ngt...tqgyn,
from the summation formula over the z time period At;

derived from equation (14); whereby q; = (At;/T) + 100 is

the duration in % of each step:
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d — — /\/\
S d) sine, cosine
06 = : 04
f — l
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\ +
T~ ~ f) sine, cosine
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04 \\ - 0,6 \/\/ \J\
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== = g
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Figure 5 + Load factors for various load cycles
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4 Friction and Temperature Generation

The total friction and therefore the increase in bearing temperature is comprised of several segments:

Friction component

Influencing entity

Rolling friction

Magnitude of load

Sliding friction of the rolling
elements and cage

Magnitude and direction of load;
speed and lubricating conditions;
run—in conditions

Fluid friction
(resistance to flow)
the lubricant

Design and speed of bearing; type,
quantity and operating viscosity of

Seal friction

Design and preload of the seal

Due to the variety of influencing entities, it is only pos-
sible to calculate the approximate frictional moment
and thus the frictional power for a constant operating
condition.

For new rolling bearings and during starting, higher fric-
tion than the values given below should be expected.

Excess amounts of lubricant, lubricants with high vis-
cosity and seals also cause an increase of friction. The
fluid friction in over lubricated bearings increases sub-
stantially with the speed. This results in a higher fric-
tional power during operation than with correct
amounts of fubricants. The optimum operating condi-
fions are achieved with a quantity of lubricant that
leads to the smallest possible temperature increase in
the bearing.

The frictional power Ny calculated according to equa-
tions (17) or (19) is converted into heat at the contact
surfaces in the rolling bearing and in the lubricant. The
heat must be dissipated from the bearing, but the exact
determination of the heat flow is difficult. The most
important influencing factors are:

« Heat dissipation by temperature gradient between the
bearing and housing or shaft.

The temperature gradient results from the design and
the possible cooling of the housing or the shaft.
External heat sources must be considered.
Assessments of these relationships is usually possi-
ble by comparison with similar operating bearing
arrangements.

* Heat dissipation by lubricant

When using grease lubrication, removal of the heat
from the bearing by the lubricant is not possible.
When using oil lubrication, a portion of the heat can
be removed with the oil. The most effective heat

removal method is using recirculating oil lubrication
with additional oil cooling. With this the bearing temper-
atures can be controlled within certain limits.

4.1 Approximate Calculation of Friction

For normal operating conditions with medium loading
(C/P=10) and speed (n = 2/3 ny) along with the correct
amount of lubricant, the summation of the friction com-
ponents is determined with sufficient accuracy by the
coefficient of friction f. The friction in rolling bearings
can be determined with the following questions:

d
CF . SN
Mp=f"F = (16)

n
63000

Np= Mg" (17)
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Mg Ib-n
friction moment

f —
friction coefficient (see figure 6)

F Ibf
radial load in radial bearings or axial load in thrust
bearings

dy in
mean bearing diameter (d + D)/2

Ng hp
frictional power

n rpm
rotational speed

Values for the friction coefficient f as a function of the
load ratio G/P can be taken from figure 6 on page 24.
Deviations occur predominantly due to the influence of
fluid friction, which can be determined by the viscosity
and amount of lubricant.

When grease lubrication is used, the consistency and
the base oil viscosity determine the fluidity of the
grease. A freshly greased bearing tends to cause high-
er friction moments. If the grease is distributed well
within the bearing as in the case of oil lubrication, lower
values than shown in figure 6 can be used.

4.2 Detailed Calculation of Friction

A more accurate calculation of friction is possible if the
type and method of lubrication and the viscosity of the
oil at bearing temperature or inlet temperature are
known in addition to the speed and load. The total fric-
tion moment Mg can then be calculated from the
dependent and independent bearing load components
of the friction moment as follows:

Mg= Mg+ M, (18)
=My =2 19
Nr= Mg 63000 (19)

Mg Ib-n
load-independent friction moment caused by fluid
friction

M ib-n
load-dependent friction moment caused by rolling
friction

Ng hp
frictional power
n rpm

rotational speed

The friction moment components are calculated using
the following equations:

2/3 3 =5
Mg=fg 1.4 (vg' )" " dy, 10 (20)

for vE' N = 2000

3 -3
My=fo* 2.3 * djy *10

for vE' n< 2000

(1)

(22)

Ty —
factor for independent friction moment according to
table 2

fy —
factor for load dependent friction moment according to
table 2

F Ibf
radial load in radial bearings, axial load in thrust bear-
ings

Vg cst

kinematic viscosity of the lubricant at oil slump temper-
ature or at oil inlet temperature recirculating oil lubrica-
tion. For grease lubrication the viscosity of the base oil
is the influencing factor.
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The values in table 3 can vary significantly. The values
given for oil mist and grease lubrication apply for
marginal lubricant supply. In the case of oil bath lubri-
cation, it is assumed that the oil level reaches to the
middle of the lowest rolling element. Large deviations
are possible in the case of recirculating oil lubrication
and are a function of the quantity of oil passing through
the bearing.

fo f4
oil mist|oil bath oil
grease recir-
culating

Radiai-
needle
bearings| 2 5 6 0.0015
with
cage
Thrust-
needle - 3 4 0.003
bearings

Table 3 « Bearing factors f, and f,
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1. Thrust needle roller bearings
2. Needle roller bearings with cage
3. Cylindrical roller bearings, full complement

Figure 6 + Friction coefficient f under mean operating conditions and operating

viscosity of the lubricant of about 30 cst
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5 Limiting Speeds

The maximum rotational speed for roller bearings is
determined by the permissible operating temperature.
The limiting speed is is therefore dependent on the
bearing design, size and loading, as well as the type of
lubricant and cooling conditions (heat dissipation by
conduction, radiation, convection and special cooling
methods). The limiting speeds shown in the bearing
tables are guides values. They are valid for oil lubrica-
tion with a load ratio C/P more than 15 and assume
correct operating clearance, careful installation, and
constant operating conditions.

If care is taken in selecting the lubricant, cooling
method and design of adjacent parts along with the use
of higher precision bearings, then the limiting speed
can be exceeded.

The limiting speed values in the tables must be
reduced to 60% if grease lubrication is used, except
where noted differently. The values should also be
reduced if a load ratio C/P less than 15 is used. In
addition, for proper functioning of a high speed roller
bearing, a minimum load is required to prevent sliding
of the rolling elements, increased noise and premature
failure of the bearing.

INA
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6 Lubrication and Maintenance

Proper lubrication and regular maintenance are
important prerequisites for a long service life of rolling
bearings. The required quantity of lubricant in a rolling
bearing is small, however, sufficient lubricant must be
present at all contact surfaces. Only then can the
Jubricant fulfill its required task (provide a supporting
lubricant film, reduce wear, prevent corrosion, provide
dampening, dissipate heat, etc.).

The type of lubricant as well as the required amount of
lubricant depends on the bearing design, the design of
the surrounding structures, the method of lubrication
and the operating conditions.

Grease or oil lubrication is suitable for rolling bearings.
There is no exact method for determining which
lubrication method is best in all applications. The deci-
sion as to which method is used should be based on
technological and economic considerations. The type
of method of |ubrication should therefore be considered
at the design stage.

The operation of rolling bearings with unblended
mineral oils is normally acceptable. The compatibility of
blended iubricants based on mineral oils or synthetic
oils with plastics and nonferrous metals should be
verified.

The following data for oil and grease and lubrication is
based on test results and practical experience. They
are valid for continuous operation and, if not stated oth-
erwise, for medium loads and operation without sliding.

6.1 Grease Lubrication

Rolling bearing greases must comply with the require-
ments according to DIN 51818, lubricating grease
parts 1 through 4. Lubricating greases with solid lubri-
cants are only suitable in limited cases. Cooling of the
bearing cannot be achieved with grease lubrication.
The calculation of the frictional power (see section 4)
determines whether special cooling measures are nec-
essary to reduce bearing temperature. Normally, bear-
ing temperature should not exceed 160°F (70°C).

6.1.1 Lubricating Greases

The following should be considered in selection of
lubricating greases:

Operating Temperature Range

The operating temperature range of a lubricating
grease should exceed lower and upper operating tem-
perature by at least 35°F (20°C).

Type of Lubricating Grease

The operating characteristics of a lubricating grease
are determined by the thickener and the base oil. Data
sheets from the grease manufacturer should be con-
sulted.

Consistency

Recommended greases for lubrication of rolling bear-
ings are lubricating greases in NLGI classes 1, 2 and 3
meeting DIN 51818.

Roller bearing units with vertical or obligue axes of
rotation and for applications as sealing greases, Iubri-
cating greases with higher consistency (e.g. NLGI 3)
should be used.

Speed Factorn - dy,

For high speed applications or for low start-up torque,
lubricating greases with high speed factors are recom-
mended. For slowly rotating roller bearings, lubricating
greases with low speed factors should be used. The
dynamic behavior of lubricating greases generally does
not depend on consistency, for example with NLGI
class 2 lubricating greases, the allowable speed factor
can be between 0.8+104 to 4+104 in/min

(0.2°106 and 1.0+106 mm/min).
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Water Resistance

The resistance of lubricating grease against water is
determined according to DIN 51807. The corrosion pro-
tection properties are tested according to DIN 51802.

Lithium based greases show good corrosion protection
and in general are water resistant up to 195°F (90°C).

Sodium based greases can absorb small amounts of
water (for instance, condensation) and thus offer corro-
sion protection, but they decompose in the presence of
greater amounts of water.

Calcium based greases are water insoluble.

Pressure Properties

The use of lubricating greases with EP additives (no
solid lubricants) and high base oil viscosity (ISO VG
150 and higher) is recommended in applications with
load ratio C/P < 10 as well as in full complement radial
roller bearings and for thrust roller bearings.

Silicon lubricating greases can only be used in cases of
low loads (C/P > 30).

6.1.2 Relubrication Intervals

The relubrication intervals for roller bearings depends
on the degree of oxidation and the workability of the
lubricating grease (i.e. operating temperature, speed,
bearing load, quantity of grease and environmental
influences). Thus, the necessary relubrication intervals
can vary widely.

The relubrication interval is the operating time after
which the lubricating grease in the rolling bearing is
used up so much that it has to be replaced. The most
economical relubrication interval as well as the amount
of relubricating grease required for relubrication can
only be determined for the operating condition since
the effective influence

50000 = 8 Bearing design KL
h g
20000 ® ”W Unit cages, needle bearings | 1.0
f 10000 1 .
! A/mﬂﬂ Shell bearings 0.8
5000 Pl
= i M)\y Cam followers with cage 0.6
£ 2000 et
£ prllg Cam followers full
5 1000 / ® complement 0.25
©
= o0 - Thrust bearings with
3 % i rovisi .
3 200 cooling p ons 0.25
100 Thrust bearings 0.1
02 03 05 1 2 3 45 10 20 30 50
Speed factor :1965’—8' KL a relubrication feasible

Figure 7 < Determination of basic lubrication interval t;

b new greasing necessary
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of each individual case cannot be exactly determined.
To verify the calculated relubrication intervals, espe-
cially in the high temperature range, and observation
period should be extended over at least three to four
relubrication intervals.

Due to natural aging of lubrication greases based on
mineral oils, their service life is limited to three 1o five
years.

The guide value t for the relubrication interval can be
calculated with the aid of the following equation:

tr hrs
guide value for the relubrication interval in hours

1 hrs
basic lubrication interval in hours

Kr, Kp, Kp, Ky —
correction factors for temperature, load, oscillation
and environment

The guide value for the basic lubrication interval t; is
determined from figure 7 on page 27 as a function of
the bearing design.

Temperature factor Ky takes into account the reduc-
tion of the relubrication interval for bearing tempera-
tures above +160°F (+70°C). This can be obtained
from figure 8. Due to the differences in the composition

of high temperature greases (thickener and type of
bases) no generally applicable correction factor can be
assigned for temperatures above +300°F (+750°C).

Load factor K considers the increased loading of the
lubricating grease under increased bearing loads. It
can be determined from figure 9 as a function of the
load ratio C/P.

Oscillation factor Ky per figure 10 can be used to
determine the lubricating interval in cases of oscillating
motion of the bearing.

Shorter lubricating intervals are used to reduce false
brinelling.

Environmental fact K; takes into account the effects
of the environment such as humidity, shaking forces,
vibration (causes for false brinelling), and impact loads
which represent an additional loading for the lubricating
grease. This can be taken from table 4.

Extreme environmental influences such as the pres-
ence of large quantities of water, aggressive media,
heavy contamination or nuclear radiation are not cov-
ered by the environmental factor K.

Table 4 * Environmental factor K|,

a Lithium based greases on mineral oil basis Environmental influences KU
b Gel and complex greases based on mineral oil minor 1.0
medium 0.8
strong 0.5
N0 R 2
pl
=
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. 0.3 \\ | o8 S b 08 A =
g N Kp 07 Kroz7
g 0.2 5 06 5 06
b s g 2
] ; 05
Ll -
S 0.1 ‘ ‘
8 0.08 B o3 §os x'bﬂ)ly
[}
£ 0.06 — o2 i | Sor i
= 0.05 0.1 Qo1
0 ’ 04 1 2 3 4 5 6 7 8 9 10 (o] 0° 15° 30° 45° 60° 75 90°
0.03 X Load ratio C/P ——= Oscillation amplitude y —=

160 180 200 220 240 260 °F 300
Bearing temperature on outer ring —s-

Figure 8 + Temperature factor Ky

Figure 9 - Load factor Kp

Figure 10 - Oscillation factor Kg
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Relubrication should be carried out with the bearing
rotating and at operating temperature in order to
achieve better grease distribution. The grease feed
lines and the lubrication holes in the housing or shaft
should be short and lead directly to the lubrication hole
on the bearing. If several bearings are mounted togeth-
er on a shaft, each bearing should have a separate
grease feed.

With thrust bearings, the lubricant must be fed from the
inside and the feed holes must not be directly under
the cage bore.

The quantity of grease used during relubrication
depends on the operating conditions can be 20 to 80%
of the initial grease fill. If in doubt, fill until fresh grease
is purged through the seals. Care should be taken to
ensure that the old grease can exit without hindrance.

After mounting, all bearings should be regreased. This
ensures proper function of the relubrication system and
that all supply holes and lines are filled with grease for
corrosion protection. If the bearing temperatures are
above +300°F (+750°C), the bearings must be
regreased before they have cooled down or before
they have stopped.

6.2 Oil Lubrication

The advantages of oil lubrication are good lubricant
distribution and resulting clean contact areas. It is com-
monly used when the adjacent machine elements are
already supplied with oil or if heat has to be removed
from the bearing. Doped and undoped lubricating oils
of mineral oil or synthetic oil bases are suitable for
bearing lubrication. Doped oils can tolerate constant
temperatures of approximately +265°F (+730°C) and
synthetic oils up to +390°F (+200°C).

6.2.1 Lubricating Oils
Determination of Viscosity

A sufficient lubricating film in the rolling contacts of
bearings can only develop if the lubricating oil has a
minimum viscosity (required viscosity v4) at operating
temperature.

Guide values for vy can be obtained fro figure 11 as a
function of the speed factor which also considers the
influence bearing load and design. Both the laws of
EHD theory and practical experience concerning the
entire lubricating condition in bearings are considered
in the selection of viscosity.

The effect of operating viscosity v, which differs from
the required viscosity v, on the basic life can be deter-
mined according to section 2.1.1.

The required viscosity vy should be related to a nomi-
nal viscosity of ISO VG 10 to 680 (mean viscosity
according to DIN 51519).

When selecting the viscosity, the lowest operating tem-
perature must also be considered since an increase in
viscosity reduces the flow of lubricating oils and thus
the power loss increases.

Pressure Properties

In case of high loads (C/P < 10) or if the required vis-
cosity v, according to figure 11 is not reached, lubricat-
ing oils with additives to increase the pressure charac-
teristics (type P according to DIN 51502) are recom-
mended. Silicon oils can only be used for very low
loads (C/P >30).
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6.2.2 Lubrication Systems

Oil bath lubrication is suitable for radial bearings
operating under rotational speed values.

n ¢ dy =200,000. The lowest rolling element should
be immersed in oil up to its center. The required oil
level for higher speed operation can only be deter-
mined by trials. Oil levels can only be checked only
when the bearing is stationary. There should be plenty
of oil in the housing, otherwise oil changes will be nec-
essary at fairly short intervals.

In case of oil bath lubrication for thrust bearings, the oil
level should be such that the bore of the thrust cage is

at least partly covered with oil. The pumping effect of
the thrust cage can cause oil circulation.

Drip feed lubrication is suitable high speed radial
bearings with a lubrication hole in the outer ring.
Excess oil must be allowed to flow away from the bear-
ing unrestricted. For full complement bearings, a small
amount of oil should be retained in the bearing. The
required oil quantity depends on the bearing size,
design, speed, and load (oil guantity 3 to 50 drops/min
per rolling element raceway; 1 drop weighs approxi-
mately .0009 oz / 0.025 g).
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Recirculating oil lubrication is useful for the heat dis-
sipation in bearings operating at high temperatures and
when there is a risk of contamination, because this
method offers the possibility to filter and cool the oil.
The oil must be able to flow out without pressure in
order to avoid any oil build-up which could cause addi-
tional heating due to pumping. The cross sections of
the oil outlets must be significantly larger than those of
the oil inlets. To avoid high oil pressure, lubricating
holes in the housings or the shafts should be aligned
with those of the bearing. If this is not possible, then oil
grooves, cavities, etc. of large enough volume should
be provided.

In thrust bearings, the oil must always be fed from the
inside to the outside. The oil feed opening should not

10

be directly under the cage b‘ore. The necessary oil
quantities can be taken from figure 12.

Oil mist and pneumatic oil lubrication are methods
of feeding the lubricating oil to the bearing by means of
clean, compressed air which is free from water. The air
has little cooling effect, but the pressure protects the
bearing arrangement from the entry of contaminants.
These lubrication methods are particularly suitable for
bearings operating at high speeds and under light
loads. The necessary data for designing such a lubrica-
tion system should be taken from the literature provid-
ed by the manufacturer of the equipment. Under cer-
tain conditions, thrust bearings can also be lubricated
by oil mist or pneumatic oil fubrication. [n such cases,
INA Engineering should be consulted for advice.

qt/min
5

Oil flow rate|Q ———

2 5 10 20 50 100 200 500 1000 2000 5000
Frictional power Ng ——

hpx103

7 without considering conduction, radiation and convection for Av = 20°F

experienced values

experienced values under very good cooling conditions

Figure 12 < Guide values for oil amount t required for lubrication and cooling
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7 Radial Internal Clearance and

Operating Clearance

The proper function of a roller bearing depends o a
large degree on proper operating clearance which is a
result of the clearance in the unmounted bearing and
the change due to the effect of fit and temperature.

7.1 Radial Internal Clearance

The radial internal clearance of a rolling bearing is
defined as the amount by which the inner ring can be
moved in the radial direction from one extremity to the
other in relation to the outer ring before mounting.

The nominal radial internal clearance of INA needle
roller bearings is designed such that in combination
with the shaft and housing fits shown in the dimension
tables, the proper operating clearance for normal oper-
ating conditions results.

All special mounting and operating conditions, such as
tighter fits or the bearing rings, extreme operating tem-
peratures or mounting in or on nonferrous housings or
shafts require a radial internal clearance other than
normal. Please consult INA Engineering for proper
shaft and housing recommendations and bearing
selection.

7.2 Operating Clearance

The operating clearance of a rolling bearing is defined
as the amount by which the shaft can be moved in the
radial direction in relation to the outer ring of the
mounted bearing without load. The operating clearance
results from the radial internal clearance and the reduc-
fion AS, which is caused by interference fits and ther-
mal expansion.

AS = ASp+ AST 24)

The reduction due to interference fit AS, is calculated
using the equation (25), and the reduction due to ther-
mal expansion ASt by equation (26). Care must be
taken that the proper sign (+ or -} is used for ASy.

Normal operating clearance

Normal operating clearances are obtained if the recom-
mended shaft and housing fits are used and if not
exposed to extreme operating temperatures.

Operating clearance smalier than normal

A smaller operating clearance than normally obtained
should only be used in special cases, for example, in
precision arrangements for machine tools and measur-
ing equipment, or applications with alternating load or
high shock loads in order to minimize their effect.

Operating clearance larger than normal

Larger operating clearance than normal is required for
rolling bearings operating at high speeds and high tem-
peratures as well as in cases of misalignment and shaft
deflection.
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7.2.1 Influence of Fits on the Operating Clearance

The reduction of radial internal clearance AS, in a
mounted bearing due to the fit results from the expan-
sion of the inner ring Ad and the contraction of the outer
ring AD.

ASp=Ad+ AD (25)

Experience has shown that it is useful to determine the
theoretical interference U between the bearing and shaft
or housing from either the mean value or from the maxi-
mum limits reduced by 1/3 of their value. The amount by
which the surfaces are smoothed during assembly must
be subtracted from the interference. Average values for
the dimensional change can be approximated from
fable 5.

In case of very thin walled housings and nonferrous
housings, the effective interference cannot be reliably
calculated. It is advisable to determine reduction of the
radial internal clearance by sizing trials.

Table 5 + Diameter changes caused by fits

7.2.2 Influence of Temperature on the Operating
Clearance

A relatively large temperature gradient between inner
and outer ring of a radial bearing creates a considerable
change in the operating clearance. This can sometimes
be enough to endanger the proper functioning of the
bearing. For a linear coefficient of thermal expansion for
steel o = 6.1+ 106 /°F (1.1 « 105/ °C) and a tempera-
ture difference Av between the inner ring and outer ring,
the change in radial clearance is:

AStes o dy " Av (26)

The temperature difference Av between inner and outer
rings can results in a reduction or increase of the operat-
ing clearance. Av must therefore be used in equation
(26) with the correct mathematical sign.

Av is positive if the inner ring is warmer than the outer
ring — reduction in operating clearance; Av is negative if
the outer ring is warmer than the inner ring — increase
in operating clearance.

Needle bearings

Expansion of the inner ring . .4
when using a solid shaft Ad~09"U F
Contraction of the outer ring AD= 08" U"- %
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8 Design of Bearing Arrangements

8.1 Design of Bearing Raceways

In order to achieve space saving bearing arrangements
with the highest possible rigidity and load carrying
capacity, certain series of INA roller bearings are used
without bearing rings so that the rolling elements roll
directly on the shaft or on the housing bore. This
applies, for example to unit cages, precision ground
bearings, shell bearings and shell type roller clutches.
The following recommendations should be used when
designing the raceways.

8.1.1 Materials for Raceways

When selecting the material for rolling bearing race-
ways, it is important to have a surface hardness of 670
to 840 HV (RC 58 to 65), a sufficient case depth and a
degree of purity equal to that of common high grade
steels in order to obtain full load carrying capacity. The
following materials are suitable for rolling element bear-
ing raceways:

Through-hardening Steels
For example 51100, 52100. In special cases, surface
hardening of these steels is feasible.

Case Hardening Steels

in addition to hardenability, the core strength should
also be considered when selecting the material. When
case hardening, a fine grain structure should be

160020

—— -

Hardness Hv

Distance from surface _ g

1 Flame or induction hardening
2 Case hardening
3 Required hardness

Figure 13 + Case depth Eht or Rht

obtained and the effective hardness depth maintained
in accordance with equation (27).

Steels for Flame or Induction Hardening

When flame or induction hardening, only those areas of
the machine components which are used as raceways
need to be hardened. The main precondition for the
selection of material is again hardenability. Quenched
and tempered material is preferable.

8.1.2 Hardness Depth

Is essential in case hardened, flame hardened, or
induction hardened raceways to ensure that in addition
to a surface hardness of 670 to 840 HV (RC 58 to 65),
sufficient hardness depth ht is achieved (for case hard-
ening, depth = Eht, for flame or induction hardening,
surface hardness depth = Rht). The case depth of a
hardened surface is defined as that point on the hard-
ness gradient where the referenced hardness of 550
HV (RC 52) or 80% of the lower limit of the surface
hardness is still present.

Typical hardness curves are schematically shown in
figure 13, where the required hardness is a result con-
verting the principle stress into Vickers hardness.

The required minimum hardness depth depends basi-
cally on the rolling element diameter, load on the bear-
ing, core strength and the heat treatment method.
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The hardness depth of bearing races, which are loaded
up to the static capacity C, (Hertzian pressure =
580,000 psi/4000 Nmm2) can be determined from the
following equations:

Case hardening:

Eht > 0.078 * D, (27)

Flame or induction hardening:

Rht = 20300 * Dw/Rpo.2 (28)
Eht in

case hardening depth

Rht in

surface hardening depth

Dy in

rolling element diameter

R psi

0.2
O.p2 yield limit of the material core.

In case of smaller loads, then P = G and in case of
Dy > .4” (10 mm), smaller hardness depths than
according to equations (27) and (28) can be permitted
after careful investigation.

After finish grinding, the hardness depth should be at
least .012” (0.3 mm).

8.1.3 Raceway Design

The surface quality of the raceway should be selected
according to the operating requirements of the bearing.
For full utilization of the load carrying capacity of the
bearing, the raceway should have a maximum rough-
ness of 8 uin AA (R,0.2 um). For less severe require-
ments, a roughness up to 32 pin AA (R,0.8 um) is per-
missible. For maximum smoothness of running and
noise should be ground to have minimum waviness or,
if possible, honed.

The tolerance for the shaft and housing for unit cages
and shell bearings can be obtained from the dimension
tables in their respective sections. The out-of-round-
ness should not be greater than 25% of the diameter
tolerance and the taper should not exceed 50% of the
diameter tolerance.

When using unit cages, the width of the outer raceway
should be such that after deduction of the chamfers
and/or radii, sufficient guiding surfaces for the cage are
available over its total width.

8.3 Radial Location of Roller Bearings

The following influences should be taken into account
in determining the proper mounting of roller bearings:

- Rotational Conditions

Rotational condition refers to the motion of the
respective bearing ring in relation to the load direc-
tion.

Circumferential load is present if either the bearing
ring rotates and the load is stationary, or the bearing
ring is stationary and the load rotates. Under circum-
ferential load, the bearing ring may creep if the shaft
or housing fits is too loose. This must be prevented by
“sufficiently tight fits. The higher the load and the larg-
er the ring diameter, the tighter the fit which has to be
selected.

Point load is present if either the bearing ring and the
load are stationary or the bearing ring and load rotate
at the same speed. With point load a looser fit can be
selected since there is less risk of the bearing ring
creeping.

Indeterminate load direction is present when the
load direction varies in irregular or oscillating manner,
or shock loads and vibrations are present. Under
these rotational conditions, relatively tight fits must be
selected for both bearing rings.
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* Type and Magnitude of the Loading

The higher the loading during circumferential or alter-
nating load, the tighter the fit should be.

* Temperature Conditions
(see section 7.2.2)

» Material and Design of the Mating Parts
(see section 8.1)

The tolerance values given for housings in the dimen-
sions tables, apply to steel and cast iron housings.
The shaft dimensions given in the inner ring sections
apply to solid shafts.

When using light metal housings or hollow shafts,
tighter bearing fits should be selected.

8.2,1 Mounting Tolerances

Good radial location and uniform support of the bearing

rings over their periphery and widths are of great

importance for proper operation and long service life of
roller bearings. The selection of the mounting toler-
ances should therefore be performed with special care.

8.3 Axial Location of Roller Bearings

Normally both rings of needle roller bearings should be
axially located in order to prevent lateral creep. This is
not necessary if a sufficiently tight interference fit is
used (i.e. shell type needle roller bearings, figure 14).

Unit cages must in all cases be axially located (see fig-
ures 15, 16).

8.3.1 Design of the Lateral Guiding Surfaces

The lateral guiding surfaces for unit cages (figures 15,
16) should be fine tuned and free of burrs. For high
speeds, it is recommended that the adjacent faces be
hardened and ground. When using locking or snap
rings, an additional washer should be inserted

(figure 15).
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Figure 16
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8.3.2 Axial Location of Bearing Rings

Bearing rings are often mounted in such a way that on
one side they butt against the shoulder on the shaft or
housing. The shoulders must be sufficiently high and
square to the bearing axis. They should be machined
in one operation together with the seating surface for
the bearing ring.

The transition from the seating surface to the adjacent
shoulder is generally accomplished by using a fillet
radius or an undercut to ensure that the bearing ring
butts over its entire circumference. A simple method of
securing inner and outer rings can be achieved with
snap rings (figures 14, 17).

8.4 Sealing of Roller Bearings

The reliability of the operation and service life of all
roller bearings depends to a large extent on how effec-
tively they are sealed against entry of contaminants
and moisture as well as against loss of lubricant. The
selection of the most suitable type of seal has to
depend on each individual application.

8.4.1 Non-contact Seals

Non-contact seals are used in cases where seal friction
is undesirable because of high circumferential speeds,
absence of seal wear is a requirement , or where high
temperatures are present. Seals with narrow gaps

have a very good sealing effect on grease. They are
also suitable for sealing against oil, although they must
be designed to return the oil (shaft grooves, slingers,
spiral grooves, figure 19).

Simple gap seals should have a gap of .004 to .008”
(0.1 to 0.2mm) and be as long as the available space
permits. The sealing effect can be improved by

grooves. (figure 18).

Labyrinth seals (figure 20) could be considered in
cases of high requirements on the sealing effect. The
radial gaps must not be so small as to cause pumping.
The seals can be improved by filling the gaps with seal-
ing grease, which typically is the same grease used for
lubrication of the bearing, or at least a grease with the
same soap base. In cases where the lubricating grease
is not compatible with the media being sealed out, a
special sealing grease should be used and a separat-
ing chamber be provided to prevent the sealing grease
from entering the bearing.

8.4.2 Contact Seals

Contact seals are typically more effective than non-
contact seals. The sealing element is under pressure
against the sealing surface. This causes frictional heat
which limits the permissible circumferential speed. The
higher initial friction soon decreases during running.
The sealing surface must be lubricated to avoid wear.

FINNNNN
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Lip seals (figures 21 to 24) can be used for oil or
grease lubrication and are suitable for circumferential
speeds up to 40 ft/sec (12 m/s). If purging of the lubri-
cant from the bearing is to be avoided, the sealing lip
has to face toward the inside. Assembly with the seal-
ing lip facing the outside protects the bearing arrange-
ment against contaminants.

Garter spring seals like those shown in figure 24,
have proven successful in sealing of rolling bearings.

Sealed INA shell type roller bearings contain contact
lip seals (figure 21), which eliminate the need for addi-
tional axial space in the bearing arrangement for seal-
ing. These integral seals are suitable for sealing pres-
sure free arrangements under normal operating condi-
tions, provide good protection for the bearing against
contamination and the loss of lubricant. During relubti-
cation, they allow the purging of used grease.

Mounting instructions for contact seals

The raceways for the seals must be free from marks. A
roughness of 8 to 32 pin AA (R,0.2 to R,0.8 um) is rec-
ommended. The surface hardness should be at least
450 HV (RC 45) and for circumferential speeds above
12 ft./sec (4 m/s), at least 600 HV (RC 55). The end of
the raceway for the contact seals must be rounded or
chamfered to prevent damage of the sealing lip during
assembly.
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Greasing of the sealed lip and raceway prior to mouni-
ing prevents dry running during break-in. If several
seals are mounted in tandem or if double lip seals are
used, the free space between them should be filled
with grease.

If the primary purpose is to prevent leakage of lubricant
from the bearing, the seal lip should be mounied facing
iowards the bearing. A seal lip facing away from the
bearing prevents entrance of contaminants and allows
the used grease to be purged during regreasing.

Lip seals should be pressed into the housing bore with
the aid of a pressing arbor to ensure a square and con-
centric fit. If the raceway has a sharp corner, a mount-
ing sleeve should be used. It should have a slightly
larger diameter than the diameter of the seal raceway
and also a long lead chamfer (approximaiely 15°).

INA inner rings series Pl and Sl have rolling bearing
raceways of very low roughness. The surface is well
suited as the raceway for lip seals. The lead chamfers
on the corners prevent damage to the sealing lip during
assembly.

) 7.
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9 Mounting and Dismantling

INA rolling bearings are a precision product. Therefore,
they require very careful handling before and during
assembly. Trouble-free operation depends largely on
the care exercised during assembly.

9.1 Storage

Rolling bearings should be stored in a dry, clean room
with as constant a temperature as possible and a rela-
tive humidity not higher than 65%. INA rolling bearings
are supplied in a preserved condition (anti-corrosive
agent on an oil base, or a dry preservative with VCI
paper) and should therefore not be removed from the
original package until immediately before assembly.

After a few rolling bearings are taken from a multi-piece
package with dry preservatives, the package must be
closed immediately, since the protective vapor phase
of the VCI paper can only be maintained in the closed
package. The bearings which were removed must be
greased or oiled immediately.

The storage period of greased and sealed bearings
should, even in case of proper storage, not exceed
three years. Changes in the grease resulting from long
storage or unfavorable atmospheric conditions can
make it necessary to clean and regrease the bearings
before mounting.

9.2 Cleaning

The anti-corrosive preservative used for oil preserved
INA roller bearings is compatible with mineral oil base
greases and lubricating oils and can be mixed with
these. Normally, no special treatment is necessary
before mounting. However, washing of the bearings
may become necessary if synthetic lubricants or high
or low temperature lubricants are to be used, if the
operating temperature will be higher than +195°F
(+90°C), or if contamination has taken place.

The following cleaning media can be used for degreas-
ing and washing the bearings:

Inorganic cleaning media in the form of aqueous alka-
line solutions. The temperature of the bath should be
approximately +160 to +175°F (+70 to +80°C). The
parts must remain in the bath until they reach the tem-
perature of the bath. After that, they should be
immersed in in a dewatering bath. Alkaline solutions
are not suitable for bearings with aluminum cages.

Organic cleaning media such as acid and water-free
kerosene and naptha (not gasoline) are also well suited
as washing media.

Chlorinated hydrocarbons are not recommended as
washing media since they increase the risk of corro-
sion. At least two baths should be available for prelimi-
nary and final cleaning. After washing, the bearings
must be greased or oiled immediately.
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9.3 Mounting

The assembly area should be as dust free as possible.
Contamination has a detrimental effect on the opera-
tion and service life of rolling bearings. For mounting,
housing bore and shaft should be checked for dimen-

sional and geometrical accuracy as well as cleanliness.

The best method to mount the bearing ring is with a
suitable device on a press (figure 25).

If a press is not available, mounting can also be
achieved with light taps on the mounting sleeve. Under
no circumstances should the mounting force be direct-
ed through the rolling elements!

The mounting of inner and outer rings is made easier if
the seating surfaces are lightly lubricated with the oil or
grease lubricant and are designed with a lead chamfer
of 10to 15°.

The easiest way to mount inner rings, particularly for a
tight fit on a shaft, is to heat them first. This can be
accomplished with an INA induction heater INAtherm®
or an oil bath or heating oven at approximately +175°F
(+80°C).

Freezing of the bearings for easier mounting into the
housing is not recommended since moisture due to
condensation may lead to corrosion in the bearing
seats.

141016

Induction heater INAtherm®

Special instructions regarding mounting are given in
the technical explanation of the various bearing types.

After the bearing is mounted and supplied with lubri-
cant, a functional test of the assembly is recommend-
ed.

9.4 Dismantling

The ability to dismantle a roller bearing must be taken
into account during the design of the bearing arrange-
ment. If the bearing rings are mounted with a tight
interference fit, grooves should be provided in the shaft
or in the housing to allow the removal of the rings by
means of an exiraction device (figure 26).

If the bearing is to be reused, direct impact on the
bearing ring should be avoided during this handling,
and dismantling forces should not be applied to the
rolling elements. Afterwards, the bearing should be
carefully cleaned, preferably in a disassembled condi-
tion (see also section 9.2).

[

156111

Figure 25 - Mounting of bearing rings

156112
156030

Figure 26 - Extraction device for
bearing rings
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Shell
Bearings

with open and closed end
with and without seals

INA shell bearings have a very small
radial section. They have a drawn
cup or outer race or shell with cage
guided needle rollers or a full com-
plement of needle rollers.

These characteristics allow for a
lower priced bearing arrangement
with high load capacity. For full uti-
lization of the load carrying capacity,
the thin-walled cups must be rigidly
supported. The bearings are
pressed into the housing bore and
normally require no further axial
location.

The most economical way to use
shell bearings is directly on hard-
ened and ground shafts. When it is
not practical to harden and grind the
shaft, the bearings can be combined
with inner rings of series SI or PL
The inner rings should be ordered
separately by the part numbers
shown in the dimension tables. See
page 92 for further information on
inner rings series PI.

Standard shell bearings are offered
in two basic designs to fit the same
shaft diameter. The heavy series is
designed for applications where the
loading conditions are too great for
the standard series.

Series SCE, SCH

105 003

Series BCE, BCH

105 035

Series * INA shell bearings are avallable in the following designs:

Series Description

SCE standard open end, cage guided needle rollers

SCH heavy duty open end, cage guided needle rollers

BCE standard closed end, cage guided needle rollers

BCH heavy duty closed end, cage guided needle rollers
SCE...P standard open end, cage guided needle rollers, one seal
SCH...P heavy duty open end, cage guided needle rollers, one seal
BCE...P standard closed end, cage guided needle rollers, one seal
BCH...P heavy duty closed end, cage guided needle rollers, one seal
SCE...PP standard open end, cage guided needle rollers, two seals
SCH...PP heavy duty open end, cage guided needle rollers, two seals
S standard open end, mechanically retained needle rollers
SH heavy duty open end, mechanically retained needle rollers
CS standard closed end, mechanically retained needle rollers
CSH heavy duty closed end, mechanically retained needle rollers
SN standard open end, grease retained needle rollers

SNH heavy duty open end, grease retained needle rollers

CSN standard closed end, grease retained needle rollers

CSNH heavy duty closed end, grease retained needle rollers

These bearings are characterized by a larger cross
section and incorporate needle rollers with larger

diameter.

A complete line of metric cage guided INA shell

bearings is also available.

INA Shell Bearings, cage guided, see pages 48 to 57

These bearings consist of thin-walled drawn cups,
cages and needle rollers which together form an
integral unit. The cage assemblies ensure efficient

performance even at high speeds. Long relubrication

intervals can be scheduled due to large grease

reservoirs.

Cage guided shell bearings are available in open end
designs for most applications, and with a closed end on
the shell for applications where the shaft does not pro-
trude beyond the bearing. The closed end serves as a
seal for one side of the bearing and can also take light
thrust loads in some applications.
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105 026

Series SCE. . .PP, SCH. . .PP Series S, SH

INA Sealed Shell Bearings, cage guided, see pages
58 to 61

INA sealed shell bearings are provided with lip seals
which under normal operating conditions protect the
bearings against contamination and prevent leakage of
grease. They are generally supplied grease filled. The
lubricant is a high quality lithium base grease which is
suitable for a temperature range of -25 to +250°F (-30
fo +120°C). Due 1o large grease reservoirs in the bear-
ings, long relubrication intervals can be scheduled.

Compared with bearings with separate seals, INA
sealed shell bearings offer lower initial cost, as well as
lower storage and assembly costs since only one part
is involved instead of two or three. This means simpli-
fied maintenance and replacement. It may also permit
less costly housings since no counterbore is needed to
hoid a separate seal. Another advantage is that the
seal is shrouded by the end of the shell to protect it
from damage.

Sealed shell bearings are supplied at the discretion of
INA with either polyester elastomer or nitrile rubber
seals depending upon availability. If your application
specifically requires one of these materials contact the
INA Engineering Department. For specific applications,
other seal materials such as polyacrylic and fluoro
rubber are available. Please contact INA for design,
price and availability for specific seal materials.

Sealed bearings are also available on special order
with the seal lips facing inward to better retain the
lubricant, suffix F or FF.

INA Shell Bearings, full complement, mechanically
retained, see pages 62 to 67

These bearings feature thin-walled drawn cups, and
trunnion-end rollers retained by inward curled flanges
on the shells. This resuits in high load carrying bear-
ings with small radial cross sections. They are best
suited for moderate speed applications. Since they
have excellent resistance to fretting, they are ideal for
oscillating applications. They are more sensitive to mis-
alignement, and have a somewhat higher coefficient

105 024
105 033

Series SN, SNH

of friction than the INA cage guided shell bearings
shown on pages 48 to 57.

INA Shell Bearings, full complement, grease
retained, see pages 68 to 71

These bearings have drawn outer races and a full com-
plement of needle rollers retained by a special tacky
grease. They offer maximum load carrying capagcity in
a small space at minimum cost. The special lubricant is
used to retain the rollers for shipment and installation.
Once in operation, the grease loses its tackiness and
allows the rollers to fall out when the shaft is removed
for maintenance. This factor should be considered in
the application of these bearings. Because of the
special lubricant required fo retain the rollers, the
normal variety of lubricants available in other

series is not available in this series.

INA 43



INA Inner Rings for shell bearings To ease assembly, the inner rings have lead chamfers.

see pages 7210 75 The rings are wider than the nominal width of the bear-

o ing with which they are used. This allows axial clamp-
In applications were shafts cannot be hardened and ing of the inner ring while still leaving sufficient clear-
ground to raceway quality, INA inner rings are an eco- ance for the bearing to rotate.

nomical design solution.
Recommended shaft diameters for mounting inner

INA inner rings of series Sl are hardened and precision rings are specified for either press or slip fits. Normally,
machined. The tolerance of the raceway diameter “F” is the inner ring must be press fitted if it rotates relative to
determined so that a normal operating clearance is the load.

achieved when used with shell bearings.

Table 1 + Mounting Recommendations

H 1) Shaft Diameter

Housing material Shaft tolerance Housing tolerance 2 3/16" / 4.762 mm and smaller
+0.0000" / +0.000 mm
. . ~0.0003" / ~0.008 mm
inch mm inch mm )
Shaft Diameter
Steel +#0.0000 | +0.000 +0.0005 | +0.013 2 g g over
~0.0005 -0.013 -0.0005 -0.013 ~0.0006" / —0.015 mm
Powdered Metal +0.0000 +0.000 2) Applies to housing larger than

see table 2 3438 /8.731 mm
Consult with INA Engineering for smaller sizes.

-0.0005 -0.013

Aluminum, Magnesium, +0.0000 +U.000
Plastic ~-0.0005 -0.013 see table 2

Table 2 - Housing Recommendations

Housing bore diameter Housing bore limits for
Powdered metal Aluminum, Magnesium,
inch mm Plastic
over incl. over incl. inch mm inch mm
.3438 .7500 8.731 19.050 +0.0003 +0.008 | +0.0001 +0.002

-0.0007 | -0.018 | -0.0009 | -0.023

.7500 1.1875 19.050 30.162 +0.0002 +0.005 | +0.0000 +0.000
-0.0008 -0.020 | -0.0010 -0.025

1.1875  2.0000 30.162  50.800 +0.0001 +0.020 | -0.0002 | -0.005
-0.0009 | -0.023 | -0.0012 | -0.030

2.0000  3.0000 50.800  76.200 +0.0000 | +0.000 | -0.0003 | -0.008
~-0.0010 | ~0.025 | -0.0012 | -0.030

3.0000 - 76.200 - +0.0000 | +0.000 | -0.0006 | -0.015
-0.0010 | -0.025 | -0.0016 | -0.041
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Mounting Tolerances

The unique design of the drawn shell outer race
requires support of the bearing housing for proper func-
tioning. The shell outside diameter is made oversize to
assure a press fit in the recommended housing bore.
This press fit serves two purposes. First, it provides
axial retention for the bearing, eliminating a need for
housing shoulders or retaining rings. If shoulders are
required close to the bearing, enough axial clearance
must be provided to prevent crushing the shell during
installation.

Second, since the thin shell is subject to distortion dur-
ing heat treatment, the bearing must be pressed into a
round housing to give it proper size and roughness.
The interference fit serves to maintain proper raceway
geometry.

Housing tolerances shown in the dimension tables are
for relatively heavy section steel or cast iron housings.
When thin section housings are used, it is usually nec-
essary to determine proper housing bores by trial.
Consult the INA Engineering Department for further
details. If the recommended housing and shaft toler-
ances listed in the dimension tables are maintained, a
normal operating clearance results.

156 076

Figure 1

D = 0.010"/0.25mm less than housing bore diameter
Fw = 0.003"/0.08mm less than shaft race diameter

Non-ferrous housing recommendations for shell bear-
ings are shown in table 1.

Installation

INA shell bearings should be installed with the aid of a
press and an arbor (figure 1) which has a shoulder to
push against the bearing face. It is recommended that
pressure be applied to the stamped end of the bearing
shell, since the unstamped end is thinner and more
susceptible to damage.

A rubber O-ring in the groove of the arbor is used to
lightly grip the roliers and hold the bearing on the arbor.
This simplifies mounting of the bearing on production
lines. Mounting should be carried out using a press to
prevent tilting of the bearing.

INA shell bearings which are installed without provision
for relubrication must be sufficienily greased prior to
installation.

Inspection Procedures

Dimensional inspection of shell type bearings is not
possible in the unmounted condition because the thin
shell may become out-of-round during production. It is
only when they are pressed into a housing bore with
the recommended tolerance limits that the bearings
attain the geometrical accuracy which is essential to
their correct functioning. The dimensional inspection
can be carried out as follows:

1. Press bearing into a ring gage (wall thickness
= 0.750"/19.05mm) with a bore diameter as shown
in table 3 for standard or table 4 for extra precision
shell bearings.

2. The under the roller diameter is inspected by using
a plug gage for closed end bearings or a tapered
arbor for open end shell bearings.

Additional information in section “Technical Data”

Page | Description

14 | Load carrying capacity and life

26 | Lubrication and maintenance
34 | Design of bearing arrangements
6 | Suffixes
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Table 3 * Inspection dimensions for standard shell bearings
Bearlng Nom Actual ring gauge bore Under the roller diameter limits
series inside diameter
SCE/BCE standard series heavy series
SCH/BCH
8/CS
SH/CSH =T Leelet
SN/CSN inch mm inch mm inch mm min max min max
2 X 1250 3.175 .2505 6.363 - .1258 .1268 3.195 3.221
21X 1562 3.969 .2817 7.155 L1571 .1581 3.950 4.016
3X 18756 4.762 .3437 8.730 - ) - .1883 .1893 4.783 4.808
4 X 2500 6.350 .4380 11.125 - - .2515 .2525 6.388 6.414
5§ X 3125 7.938 .5006 12.713 5630 14.300 .3140 .3150 7.976 8.001
6 XX 3750 9.525 .5630 14.300 6255 15.888 .3765 3775 9.563 9.588
7 XX .4375 11.112 .6255 15.888 6880 17.475 .4390 .4400 11.151 11.176
8 XX .5000 12.700 .6880 17.475 7505 19.063 .5015 .5025 12.738 12.764
9 XX 65625 14.288 .7505 19.063 .8130 20.650 .5640 .5650 14.326 14.351
10 XX 6250 15.875 .8130 20.650 .8755 22.238 .6265 .6275 15.913 15.938
11 XX 6875 17.462 .8755 22.238 .9380 23.825 .6890 .6900 17.501 17.526
12 XX 7500 19.050 .9995 25.387 1.0620 26.975 .7505 .7515 19.063 19.088
13 XX 8125 20.638 1.0620 26.975 1.1245 28.562 .8130 .8140 20.650 20.676
14 XX .8750 22.225 1.1245 28.562 1.1870 30.150 .8755 .8765 22.238 22.263
16 XX 1.0000 25.400 1.2485 31.737 1.3120 33.325 1.0005 1.0015 25.413 25.438
17 XX 1.0625 26.988 1.3120 33.325 - - 1.0630 1.0640 27.000 27.026
18 XX 1.1250 28.575 1.3745 34.912 1.4995 38.087 1.1255 1.1265 28.588 28.613
20 XX 1,2500 31.750 1.4995 38.087 1.6245 41.262 1.25056 1.2515 31.763 31.788
21 XX 1.3125 33.338 1.6245 41.262 - - 1.3130 1.3140 33.350 33.376
22 XX 1.3750 34.925 1.6245 41,262 1.7495 | 44.437 1.3755 1.3766 34.938 34.966
24 XX 1.5000 38.100 1.8745 47.612 - - 1.5006 1.5017 38.113 38.143
26 XX 1.6250 41,275 1.9995 50.787 - - 1.6255 1.6267 41.288 41.318
28 XX 1.7500 44,450 2.1245 53.962 - - 1.7505 1.7518 44.463 44.496
30 XX 1.8750 47.625 2.2495 57.137 - 1.8755 1.8768 47.638 47.671
32 XX 2.0000 50.800 2.3745 60.312 -~ - 2.00086 2.0019 50.815 50.848
36 XX 2.2500 57.150 2.6245 66.662 - 2.2508 2.2521 57.165 57.203
42 XX 2.6250 66.675 2.9985 76.187 - 2.6260 2.6275 66.700 66.738
44 XX 2.7500 69.850 3.1245 79.362 - - 2.7510 2.7525 69.875 69.914
56 XX 3.5000 88.900 3.9995 101.587 - - 3.5010 3.5025 88.925 88.964
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Shell Bearings

——C—t

cage guided
Series SCE, SCH | -
BCE, BCH |
I
[
D —i— Fw
| |
|
i
8
Series SCE, SCH
Dimension Tabie * Dimensions in inch and mm
Shaft Part Number Part Number |Bearing Dimensions
Dia. open end closed end Inside Diameter 1) Outside Diameter Width R End
ecess
v D o] b
+0.000 +0.00
nom nom nom -0.010 -0.25 max
inch inch mm inch mm inch mm inch mm
g SCE 24 TN |BCE 24 TN .1250 3.175 2500 6.350 .250 6.35 .03 0.8
5, SCE 2,4 TN| BCE 2,4 TN .1562 3.969 .2812 7.144 .250 6.35 .03 0.8
%2 1 'SCE 2,5 TN|BCE 25 TN| .1562 3.969 2812 7.144 312 7.94 .03 0.8
3, SCE 34 TN |BCE 34 TN .1875 4,762 .3438 8.731 .250 6.35 .03 0.8
16 SCE 36TN |BCE 36 TN .1875 4,762 .3438 8.731 .375 9.52 .03 0.8
SCE 44 BCE 44 .2500 6.350 .4375 11.112 .250 6.35 .04 1.0
Yy SCE 45 BCE 45 .2500 6.350 4375 11.112 .312 7.94 .04 1.0
SCE 47 BCE 47 .2500 6.350 .4375 11.112 .438 11.11 .04 1.0
SCE 55 BCE 55 .3125 7.938 .5000 12.700 .312 7.94 .04 1.0
5, SCE 57 BCE 57 .3125 7.938 .5000 12.700 .438 11.11 .04 1.0
16 SCE 598 BCE 59 .3125 7.938 .5000 12.700 .562 14.29 .04 1.0
SCH 57 BCH 57 .3125 7.938 .5625 14.288 .438 11.11 .04 1.1
SCE 65 BCE 65 .3750 9.525 .5625 14.288 .312 7.94 .04 1.0
SCE 66 BCE 66 .3750 9.525 .5625 14.288 .375 9.52 .04 1.0
SCE 67 BCE 67 .3750 9.525 .5625 14.288 .438 11.11 .04 1.0
g SCE 68 BCE 68 .3750 9.525 .5625 14,288 .500 12.70 .04 1.0
SCE 69 BCE 68 .3750 9.525 .5625 14.288 .562 14.29 .04 1.0
SCE 610 BCE 610 .3750 9.525 .5625 14.288 .625 15.88 .04 1.0
SCH 68 BCH 68 .3750 9.5625 .6250 15.875 .500 12.70 .04 1.1
SCE 78 BCE 78 4375 11.112 .6250 15.875 .500 12.70 .04 1.0
i SCE 710 BCE 710 .4375 11.112 .6250 15.875 .625 15.88 .04 1.0
SCH 78 BCH 78 .4375 11.112 .6875 17.462 .500 12.70 .04 1.1

'} Inspection dimensions are listed on page 46, table 3.
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Series BCE, BCH Mounting dimensions
Load Ratings in Ibf | Limiting| Mounting Dimensions in inch and mm Matching
dynamic| static sze)ed Shaft Diameter 3) Housing Diameter 3) IanS:nEg‘rg
(®; Sy F G
inch mm inch mm order
rpm max min max min min max min max separate
240 165 48000 .1250 1247 3.175 3.167 .2500 .2505 6.350 6.363 -
275 204 44000 .1563 .1560 3.970 3.967 .2812 .2817 7.142 7.155 -
300 230 44000 .1563 .1560 3.970 3.961 .2812 .2817 7.142 7.155 -
400 3056 40000 .1875 .1872 4,762 4.755 .3432 .3437 8.717 8.730 -
620 530 40000 .1875 .1872 4,762 4.755 .3432 .3437 8.717 8.730 -
360 260 35000 .2500 .2495 6.350 6.337 .4370 .4380 11.100 11.125 -
570 470 35000 .2500 .2495 6.350 6.337 .4370 .4380 11.100 11.125 -
920 870 35000 .2500 .2495 6.350 6.337 .4370 .4380 11.100 11.125 -
650 590 29000 .3125 .3120 7.938 7.925 .4995 .5005 12.687 12.713 -
1060 1090 29000 .3125 .3120 7.938 7.925 4995 .5005 12.687 12.713 -
1340 1480 29000 .3125 .3120 7.938 7.925 .4995 .5005 12.687 12,713 -
1070 930 27000 .3125 .3120 7.938 7.925 .5620 .5630 14,275 14.300 -
650 610 25000 .3750 .3745 9.525 9.512 .5620 .5630 14.275 14,300 -
870 890 25000 .3750 .3745 9.525 9.512 .5620 .5630 14.275 14,300 -
980 1030 25000 .3750 .3745 9.525 9.512 5620 .5630 14.275 14.300 -
1300 1490 25000 .3750 .3745 9.525 9.512 .5620 .5630 14,275 14.300 -
1510 1800 25000 .3750 .3745 9.525 9.512 .5620 5630 14,275 14.300 -
1660 2040 25000 .3750 .3745 9.525 9.512 .5620 .5630 14.275 14.300 -
1590 1590 24000 .3750 .3745 9.525 9.512 .6245 .6255 15.862 15.888 -
1430 1760 22000 .4375 .4370 11.112 11.100 .6245 .6255 15.862 15.888 -
1830 2410 22000 4375 .4370 711.112 11.100 .6245 6255 15.862 15.888 -
1760 1840 21000 .4375 .4370 11.112 11.100 .6870 .6880 17.450 17.475 -

2) Limiting speeds shown apply for oil lubrication. With grease lubrication 60% of the given values are permissible.
3) For non-ferrous housing recommendations refer to page 44, table 1.
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Shell Bearings

cage guided

Series SCE, SCH \
BCE, BCH

} ————
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Series SCE, SCH

105 051

Dimension Table * Dimensions in inch and mm

Shaft Part Number Part Number | Bearing Dimensions
Dia. open end closed end Inside Diameter ') Outside Diameter Width 5 End
3 b c ec:ss
nom nom nom et 392 max
inch inch mm inch mm inch mm inch mm
SCE 85 BCE 85 .5000 12.700 .6875 17.462 .312 7.94 .04 1.0
SCE 86 BCE 86 .5000 12.700 .6875 17.462 .375 9.52 .04 1.0
SCE 87 BCE 87 .5000 12.700 .6875 17.462 .438 11.11 .04 1.0
SCE 88 BCE 88 .5000 12.700 .6875 17.462 .500 12.70 .04 1.0
1, SCE 810 BCE 810 .5000 12.700 .6875 17.462 625 15.88 .04 1.0
SCE 812 BCE 812 .5000 12.700 .6875 17.462 .750 19.05 .04 1.0
SCH 87 BCH 87 .5000 12.700 .7500 19.050 .438 11.11 .04 1.1
SCH 88 BCH 88 .5000 12.700 .7500 19.050 .500 12.70 .04 1.1
SCH 810 BCH 810 .5000 12.700 .7500 19.050 .625 15.88 .04 1.1
SCH 812 BCH 812 .5000 12.700 .7500 19.050 .750 19.05 .04 1.1
SCE 95 BCE 95 .5625 14.288 .7500 19.050 .312 7.94 .04 1.0
SCE 96 BCE 86 .5625 14.288 .7500 19.050 .375 9.62 .04 1.0
SCE 97 BCE 97 .5625 14.288 .7500 19.050 .438 11.11 .04 1.0
Yg SCE 98 BCE 98 5625 14.288 .7500 19.050 .500 12.70 .04 1.0
SCE_ 910 BCE 910 .5625 14.288 .7500 19.050 .625 15.88 .04 1.0
SCE 912 BCE 912 .5625 14.288 .7500 19.050 .750 19.05 .04 1.0
SCH 98 BCH 98 .6625 14.288 .8125 20.638 .500 12.70 .04 1.1
SCH 912 BCH 912 .5625 14.288 .8125 20.638 .750 19.05 .04 1.1
SCE 105 BCE 105 .6250 15.875 .8125 20.638 .312 7.94 .04 1.0
SCE 107 BCE 107 .6250 15.875 .8125 20.638 .438 11.11 .04 1.0
SCE 107" BCE 107/ .6250 15.875 .8125 20.638 .469 11.91 .04 1.0
SCE 108 BCE 108 .6250 15.875 .81256 20.638 .500 12.70 .04 1.0
5g SCE 1010 BCE 1010 .6250 15.875 .8125 20.638 .625 15.88 .04 1.0
SCE 1012 BCE 1012 .6250 15.875 .8125 20.638 .750 19.05 .04 1.0
SCH 108 BCH 108 .6250 15.875 .8750 22.225 .500 12.70 .04 1.1
SCH 1010 BCH 1010 .6250 15.875 .8750 22,225 .625 15.88 .04 1.1
SCH 1012 BCH 1012 .6250 15.875 .8750 22,225 .750 19.05 .04 1.1
SCH 1016 BCH 1016 .6250 15.875 .8750 22.225 1.000 25.40 .04 1.1

'} Inspection dimensions are listed on page 46, table 3.
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Series BCE, BCH

105 061US

Mounting dimensions

105 079

Load Ratings in Ibf| Limiting| Mounting Dimensions in inch and mm Matching
dynamic| static Sp;;ed Shaft Diameter 3) Housing Diameter 3) lnﬁﬁ;q‘;g'rg
c Co F G 4)
inch mm inch mm order
rpm max min max min min max min max separate
820 830 19000 .5000 .4995 12.700 12.687 .6870 .6880 17.450 17.475 -
1040 1210 19000 .5000 .4995 12.700 12.687 .6870 .6880 17.450 17.475 -
1330 1660 19000 .5000 .4995 12.700 12.687 .6870 .6880 17.450 17.475 -
1550 2030 19000 .5000 .4995 12.700 12.687 .6870 .6880 17.450 17.475 SI 050808
1980 2750 19000 .5000 .4995 12.700 12.687 .6870 .6880 17.450 17.475 S1 050810
2230 3200 19000 .5000 .4995 12.700 12.687 .6870 .6880 17.450 17.475 -
1650 1760 19000 .5000 .4995 12.700 12.687 .7485 .7505 15.037 19.063 -
1910 2120 19000 .5000 .4985 12.700 12.687 7495 .7505 19.037 19.063 SI 050808
2360 2800 19000 .5000 .4995 12.700 12.687 7495 .7505 19.037 19.063 -
2850 3500 19000 .5000 .4995 12.700 12.687 .7495 .7505 19.037 19.063 -
910 1060 18000 .5625 .5620 14.288 14.276 .7495 .7505 19.037 19.063 -
1160 1440 18000 .5625 .5620 14.288 14.275 .7495 .7505 19.037 19.063 -
1480 1980 18000 .5625 .5620 14.288 14.275 .7495 .7505 19.037 19.063 -
1730 2420 18000 .5625 .5620 14.288 14.275 .7495 .7505 19.037 19.063 S| 060908
2120 3150 18000 .5625 .5620 14.288 14.275 7495 .7505 19.037 19.063 -
2410 3700 18000 .5625 .5620 14.288 14.275 .7495 .7505 18.037 19.063 SI 060912
2050 2380 17000 .5625 .5620 14.288 14.275 .8120 .8130 20.625 20.650 Sl1 060908
3250 4300 17000 .5625 .5620 14.288 14.275 .8120 .8130 20.625 20.650 SI 060912
970 1180 16000 .6250 .6245 15.875 15.862 .8120 .8130 20.625 20.650 -
1480 2100 16000 .6250 .6245 15.875 15.862 .8120 .8130 20.625 20.650 -
1600 2320 16000 .6250 .6245 15.875 15.862 .8120 .8130 20.625 20.650 -
1830 2700 16000 .6250 .6245 15.875 15.862 .8120 .8130 20.625 20.650 S1 061008
2330 3650 16000 .6250 .6245 15.875 15.862 .8120 .8130 20.625 20.650 S1061010
2700 4450 16000 .6250 .6245 15.875 15.862 .8120 .8130 20.625 20.650 S1061012
2250 2750 15000 .6250 .6245 15.875 15.862 .8745 .8755 22.212 22.238 S1 061008
2850 3750 15000 .6250 .6245 15.875 15.862 .8745 .8755 22.212 22,238 -
3300 4500 15000 .6250 .6245 15.875 15.862 .8745 .8755 22.212 22.238 SI 061012
4300 6300 15000 .6250 .6245 15.875 15.862 .8745 .8755 22.212 22,238 -

2} Limiting speeds shown apply for oil lubrication. With grease lubrication 60% of the given values are permissible.
3) For non-ferrous housing recommendations refer io page 44, table 1.
4} Dimensions are listed on pages 72 to 75.
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Series SCE, SCH =
BCE, BCH ‘
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Series SCE, SCH
Dimension Table * Dimensions in inch and mm
Shaft Part Number | Part Number | Bearing Dimensions
Dia. open end closed end Inside Diameter ) Outside Diameter Width 5 End
F, 5 c ec:ss
nom nom nom 3:8% 022 max
inch inch mm inch mm inch mm inch mm
SCE 116 BCE 116 .6875 17.462 .8750 22.225 .375 9.52 .04 1.0
SCE 118 BCE 118 .6875 17.462 .8750 22.225 .500 12.70 .04 1.0
SCE 1110 BCE 1110 .6875 17.462 .8750 22.225 .625 15.88 .04 1.0
e SCE 1112 BCE 1112 .6875 17.462 .8750 22.225 .750 19.05 .04 1.0
SCH 117 BCH 117 .6875 17.462 .9375 23.812 .438 11.11 .04 1.1
SCH 1110 BCH 1110 .6875 17.462 .93756 23.812 .625 15.88 .04 1.1
SCH 1112 BCH 1112 .6875 17.462 .9375 23.812 .750 19.06 .04 1.1
SCE 126 BCE 126 .7500 19.050 1.0000 25.400 .375 9.52 .04 1.0
SCE 128 BCE 128 .7500 19.050 1.0000 25.400 .500 12.70 .04 1.0
Sig SCE 1210 BCE 1210 .7500 19.050 1.0000 25.400 .625 15.88 .04 1.0
SCE 1212 BCE 1212 .7500 19.050 1.0000 25.400 .750 19.06 .04 1.0
SCH 1212 BCH 1212 .7500 19.050 1.0625 26.988 .750 19.05 .04 1.1
SCE 136 BCE 136 .8125 20.638 1.0625 26.988 .375 9.52 .04 1.0
SCE 138 BCE 138 .8125 20.638 1.0625 26.988 .500 12.70 .04 1.0
B SCE 1312 BCE 1312 .8125 20.638 1.0625 26.988 .750 19.05 .04 1.0
SCE 1314 BCE 1314 .8125 20.638 1.0625 26.588 .875 22.22 .04 1.0
SCH 1312 BCH 1312 .8125 20.638 1.1250 28.575 .750 19.06 .05 1.3
SCE 146 BCE 146 .8750 22.225 1.1250 28.575 .3756 9.52 .04 1.1
SCE 148 BCE 148 .8750 22.225 1.1250 28.575 .500 12.70 .04 1.1
SCE 1412 BCE 1412 .8750 22.225 1.1250 28.575 .750 19.06 .04 1.1
g SCE 1416 BCE 1416 .8750 22.225 1.1250 28.575 1.000 25.40 .04 1.1
SCH 1410 BCH 1410 .8750 22.225 1.1875 30.162 .625 15.88 .05 1.3
SCH 1412 BCH 1412 .8750 22.225 1.1875 30.162 .750 19.05 .05 1.3
SCH 1416 BCH 1416 .8750 22.225 1.1875 30.162 1.000 25.40 .05 1.3
516 SCE 1516 BCE 1516 .9375 23.812 1.1875 30.162 1.000 25.40 .04 1.1

'} inspection dimensions are listed on page 46, table 3.
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105 061US
105 079

Series BCE, BCH Mounting dimensions

Load Ratings in Ibf| Limiting| Mounting Dimensions in inch and mm Matching

dynamic| static Sp;ed Shaft Diameter 3) Housing Diameter 3} 'nrt}sr';]ggg

@ Co F G 4)
inch mm inch mm order
rpm max min max min min max min max separate

1290 1770 15000 .6875 .6870 17.462 17.450 .8745 .8755 22.212 22.238 -
1930 2950 15000 .6875 .6870 17.462 17.450 .8745 .8755 22.212 22,238 -
2460 4050 15000 .6875 .6870 17.462 17.450 .8745 .8755 22.212 22.238 -
2800 4750 16000 .6875 .6870 17.462 17.450 .8745 .8755 22.212 22.238 -
1900 2260 14000 .6875 .6870 17.462 17.450 .9370 .9380 23.800 23.825 -
2900 3850 14000 .6875 .6870 17.462 17.450 .9370 .9380 23.800 23.825 -
3550 5100 14000 .6875 .6870 17.462 17.450 9370 .9380 23.800 23.825 -
1600 1860 13000 .7500 .7495 19.050 19.037 .9995 1.0005 25.387 25.413 -
2210 2800 13000 .7500 7485 19.050 19.037 .9995 1.0005 25.387 25.413 SI 081208
2850 3950 13000 .7500 .7495 19.050 19.037 .9995 1.0005 25.387 25.413 S1081210
3450 5000 13000 .7500 .7495 19.050 19.037 .9995 1.0005 25.387 25.413 Sl 081212
4150 5300 13000 .7500 . 7495 19.050 19.037 1.0620 1.0630 26.975 27.000 Si 081212
1590 1880 12000 .8125 .8120 20.638 20.625 1.0620 1.0630 26.975 27.000 -
2420 3200 12000 .8125 .8120 20.638 20.625 1.0620 1.0630 26.975 27.000 -
3600 5300 12000 .8125 .8120 20.638 20.625 1.0620 1.0630 26.975 27.000 -
4150 6500 12000 .8125 .8120 20.638 20.625 1.0620 1.0630 26.975 27.000 -
4350 6000 12000 .81256 .8120 20.638 20.625 1.1245 1.1255 28.562 28.588 -
1850 2400 11000 .8750 .8745 22.225 22,212 1.1245 1.1255 28.562 28.588 Si 101406
2500 3550 11000 .8750 .8745 22,225 22.212 1.1245 1.1255 28.562 28.588 Si 101408
3800 6100 11000 .8750 .8745 22.225 22.212 1.1245 1.1255 28.562 28.588 Sl 101412
4950 8500 11000 .8750 .8745 22,225 22.212 1.1245 1.1255 28.562 28.588 St 101416
3650 4800 11000 .8750 .8745 22,225 22.212 1.1870 1.1880 30.150 30.175 -
4400 6100 11000 .8750 .8745 22.225 22.212 1.1870 1.1880 30.150 30.175 S1101412
5800 8600 11000 .8750 .8745 22,225 22,212 1.1870 1.1880 30.150 30.175 SI 101416
5400 9700 11000 .9375 .9370 23.812 23.800 1.1870 1.1880 30.150 30.175 -

2) Limiting speeds shown apply for oil lubrication. With grease lubrication 60% of the given values are permissible.
3) For non-ferrous housing recommendations refer to page 44, table 1.
4) Dimensions are listed on pages 72 to 75.
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Shell Bearings

cage guided

Series SCE, SCH

BCE, BCH
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Series SCE, SCH

105 051

Dimension Table *

Dimensions in inch and mm

Shaft Part Number | Part Number | Bearing Dimensions
Dia. open end ciosed end Inside Diameter '} Outside Diameter Width 5 End
F, 5 c ec;ss
nom nom nom f8j898 i8:88 max
inch inch mm inch mm inch mm inch mm
SCE 167 BCE 167 1.0000 25.400 1.2500 31.760 .438 11.11 .04 i1
SCE 168 BCE 168 1.0000 25.400 1.2500 31.750 .500 12.70 .04 1.1
SCE 1612 BCE 1612 1.0000 25.400 1.2500 31.750 .750 19.06 .04 1.1
SCE 16186 BCE 1616 1.0000 25.400 1.2500 31.750 1.000 25.40 .04 1.1
1 SCH 168 BCH 168 1.0000 25.400 1.3128 33.338 .500 12.70 .05 1.3
SCH 1610 BCH 1610 1.0000 25.400 1.3126 33.338 .625 15.88 .05 1.8
SCH 1612 BCH 1612 1.0000 25.400 1.31256 33.338 .750 19.05 .05 1.8
SCH 1616 BCH 1616 1.0000 25.400 1.3125 33.338 1.000 25.40 .05 1.3
SCH 1620 BCH 1620 1.0000 25.400 1.3125 33.338 1.250 31.75 .05 1.3
SCH 1624 ° BCH 1624 1.0000 25.400 1.3125 33.338 1.500 38.10 .05 1.3
SCE 186 BCE 186 1.1250 28.575 1.3750 34.525 .375 8.52 .04 1.1
SCE 188 BCE 188 1.1250 28.575 1.3750 34.925 .500 12.70 .04 1.1
SCE 1812 BCE 1812 1.1250 28.575 1.3750 34.925 .750 19.05 ,04 1.1
SCE 1814 BCE 1814 1.1250 28.575 1.3750 34.925 .875 22.22 .04 1.1
174 SCE 1816 BCE 1816 1.1250 28.575 1.3750 34,925 1.000 25.40 .04 1.1
SCH 1810 BCH 1810 1.1250 28.575 1.5000 38.100 .625 15.88 .05 7.3
SCH 1812 BCH 1812 1.1250 28.575 1.5000 38.100 . 750 19.05 .05 1.3
SCH 1816 BCH 1816 1.1250 28.575 1.5000 38.100 1.000 25.40 .05 1.3
SCH 1818 BCH 1818 1.1250 28.575 1.5000 38.100 1.125 28.58 .05 7.3
SCH 1820 BCH 1820 1.1250 28.575 1.5000 38.100 1.250 31.75 .05 1.3
1%46| SCE 1916 BCE 1916 1.1875 30.162 1.5000 38,100 1.000 25.40 .04 1.1
SCE 208 BCE 208 1.2500 31.750 1.5000 38.100 .500 12.70 .04 1.1
SCE 2010 BCE 2010 1.2500 31.750 1.5000 38.100 .625 15.88 .04 1.1
SCE 2012 BCE 2012 1.2500 31.750 1.5000 38.100 .750 19.05 .04 1.1
SCE 2016 BCE 2016 1.2500 31.750 1.5000 38.100 1.000 25.40 .04 1.1
1, SCE 2020 BCE 2020 1.2500 31.750 1.5000 38.100 1.250 31.76 .04 1.1
SCH 208 BCH 208 1.2500 31.750 1.6250 41,275 .500 12.70 .06 1.4
SCH 2012 BCH 2012 1.2500 31.750 1.6250 41.275 .750 19.06 .06 1.4
SCH 2016 BCH 2016 1.2500 31.750 1.6250 41.275 1.000 25.40 .06 1.4
SCH 2020 BCH 2020 1.2500 31.750 1.6250 41.275 1.250 31.75 .06 1.4

1} Inspection dimensions are listed on page 46, table 3.
° Double row design
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Series BCE, BCH

'n
=

105 061US

Mounting dimensions

105 079

Load Ratings in Ibf | Limiting] Mounting Dimensions in inch and mm Matching
dynamic| static sze)ed Shaft Diameter ) Housing Diameter 3) 'nr\?s:ngg'rg
© S F G 4)
inch mm inch mm order
rpm max min max min min max min max separate
2380 3400 10000 1.0000 .9995 25.400 25.387 1.2495 1.2505 31.737 31.763 -
2850 4300 10000 1.0000 .9995 25.400 25.387 1.2495 1.2505 31.737 31.763 S1 121608
4050 6800 10000 1.0000 .9995 25.400 25.387 1.2495 1.2505 31.737 31.763 Sl 121612
5600 10200 10000 1.0000 .9995 25.400 25.387 1.2495 1.2505 31.737 31.763 St 121616
2950 3750 10000 1.0000 .9995 25.400 25.387 1.3120 1.3130 33.325 33.350 -
3750 5100 10000 1.0000 .9995 25.400 25.387 1.3120 1.3130 33.325 33.350 ~
4500 6400 10000 1.0000 .9995 25.400 25.387 1.3120 1.3130 33.325 33.350 Sl 121612
6500 10400 10000 1.0000 .9995 25.400 25.387 1.3120 1.3130 33.325 33.350 Sl 121616
7300 12100 10000 1.0000 .9995 25.400 25.387 1.3120 1.3130 33.325 33.350 S1 121620
7700 12900 10000 1.0000 .9995 25.400 25.387 1.3120 1.3130 33.325 33.350 -
1870 2600 9000 1.1250 1.1245 28.575 28.562 1.3745 1.3755 34.912 34.938 -
2900 4550 9000 1.1250 1.1245 28.575 28.562 1.3745 1.3755 34.512 34.938 Sl 141808
4250 7500 9000 1.1250 1.1245 28.575 28.562 1.3745 1.3755 34.912 34.938 Sl 141812
4950 9100 9000 1.1250 1.1245 28.575 28.562 1.3745 1.3755 34.912 34.938 -
5800 11100 9000 1.1250 1.1245 28.575 28.562 1.3745 1.3755 34.912 34.938 Si 141816
4900 6500 8500 1.1250 1.1245 28.575 28.562 1.4995 1.5005 38.087 38.113 -
5700 7800 8500 1.1250 1.1245 28.575 28.562 1.4995 1.5005 38.087 38.113 Sl 141812
7100 10600 8500 1.1250 1.1245 28.575 28.562 1.4995 1.5005 38.087 38.113 St 141816
8000 12300 8500 1.1250 1.1245 28.575 28.562 1.4995 1.5005 38.087 38.113 -
9200 14600 8500 1.1250 1.1245 28.575 28.562 1.4995 1.5005 38.087 38.113 Sl 141820
7400 12900 8500 1.1875 1.1870 30.162 30.150 1.4995 1.5005 38.087 38.113 -
3000 4950 8000 1.2500 1.2495 31.750 31.737 1.4995 1.5005 38.087 38.113 -
3700 6500 8000 1.2500 1.2495 31.750 31.737 1.4995 1.5005 38.087 38.113 -
4750 8900 8000 1.2500 1.2495 31.750 31.737 1.4995 1.5005 38.087 38.113 S1162012
6100 12300 8000 1.2500 1.2495 31.750 31.737 1.4995 1.5005 38.087 38.113 S1 162016
7500 16100 8000 1.2500 1.2495 31.750 31.737 1.4995 1.5005 38.087 38.113 Si 162020
3700 4700 8000 1.2500 1.2495 31.750 31.737 1.6245 1.6255 41.262 41,288 -
6100 8900 8000 1.2500 1.2495 31.750 31.737 1.6245 1.6255 41.262 41.288 S1 162012
8100 12900 8000 1.2500 1.2495 31.750 31.737 1.6245 1.6255 41,262 41,288 Sl 162016
9800 16400 8000 1.2500 1.2495 31.750 31.737 1.6245 1.6255 41.262 41.288 St 162020

2) Limiting speeds shown apply for oil lubrication. With grease lubrication 60% of the given values are permissible.
3) For non-ferrous housing recommendations refer to page 44, table 1.
4} Dimensions are listed on pages 72 to 75.
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Shell Bearings

cage guided 0
-
Series SCE, SCH
BCE, BCH |
D F.
|
I — _
Series SCE, SCH
Dimension Table * Dimensions in inch and mm
Shaft Part Number Part Number | Bearing Dimensions
Dia. open end closed end Inside Diameter ') Outside Diameter Width R End
F, 5 c ec:ss
nom nom nom *8:0% 1852 max
inch inch mm inch mm inch mm inch mm
1516 SCE 2110 BCE 2110 1.3125 33.338 1.6250 41.275 .625 15.88 .04 1.1
SCE 2120 BCE 2120 1.3125 33.338 1.6250 41.275 1,250 31.75 .04 1.1
SCE 228 BCE 228 1.3750 34.925 1.6250 41.275 .500 12.70 .04 1.1
SCE 2212 BCE 2212 1.3750 34,925 1.6250 41.275 .750 19.05 .04 1.1
SCE 2216 BCE 2216 1.3750 34,925 1.6250 41.275 1.000 25.40 .04 1.1
13 SCE 2220 BCE 2220 1.3750 34.925 1.6250 41.275 1.250 31.75 .04 1.1
SCH 228 BCH 228 1.3750 34.925 1.7500 44.450 .500 12.70 .06 1.4
SCH 2212 BCH 2212 1.3750 34,925 1.7500 44,450 .750 19.05 .06 1.4
SCH 2216 BCH 2216 1.3750 34,925 1.7500 44.450 1.000 25.40 .06 1.4
SCE 248 BCE 248 1.5000 38.100 1.8750 47.625 .500 12.70 .06 1.4
SCE 2410 BCE 2410 1.5000 38.100 1.8750 47.625 .625 15.88 .06 1.4
17, SCE 2412 BCE 2412 1.5000 38.100 1.8750 47.625 .750 19.05 .06 1.4
SCE 2414 BCE 2414 1.5000 38.100 1.8750 47.625 .875 22.22 .06 1.4
SCE 2416 BCE 2416 1.5000 38.100 1.8750 47.625 1.000 25.40 .06 1.4
SCE 2420 BCE 2420 1.5000 38.100 1.8750 47.625 1.250 31.75 .06 1.4
154 SCE 2610 BCE 2610 1.6250 41.275 2.0000 50.800 .625 15.88 .06 1.4
SCE 2620 BCE 2620 1,6250 41.275 2.0000 50.800 1.250 31.75 .06 1.4
SCE 2812 BCE 2812 1.7500 44.450 2.1250 53.975 .750 19.05 .06 1.4
13, SCE 2816 BCE 2816 1.7500 44.450 2.1250 53.975 1.000 25.40 .06 1.4
SCE 2824 BCE 2824 1.7500 44.450 2.1250 53.975 1.500 38.10 .06 1.4
SCE 328 BCE 328 2.0000 50.800 2.3750 60.325 .500 12.70 .06 1.4
2 SCE 3210 BCE 3210 2.0000 50.800 2.3750 60.325 .625 15.88 .06 1.4
SCE 3216 BCE 3216 2.0000 50.800 2.3750 60.325 1.000 25.40 .06 1.4
SCE 3220 BCE 3220 2.0000 50,800 2.3750 60.325 1.250 31.75 .08 1.4
27 SCE 3416 BCE 3416 2.1250 53.975 2.5000 63.500 1.000 25.40 .06 1.4
21, SCE 3612 BCE 3612 2.2500 57,150 2.6250 66.675 .750 19.05 .06 1.4
SCE 3616 BCE 3616 2.2500 57.150 2.6250 66.675 1.000 25.40 .06 1.4
25, SCE 4412 BCE 4412 2.7500 69.850 3.1250 79.375 .750 19.05 .06 1.4
3 SCE 5612 BCE 5612 3.5000 88.900 4.0000 101.600 .750 19.05 .06 1.4

') Inspection dimensions are listed on page 46, table 3.
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Series BCE, BCH Mounting dimensions
Load Ratings in Ibf| Limiting| Mounting Dimensions in inch and mm Matching
dynamic| static szp;ed Shaft Diameter 3) Housing Diameter 3) |n£5;1mg
c Co F G 4)
inch mm inch mm order
rpm max min max min min max min max separate
4750 7600 7500 1.3125 1.3120 33.338 33.326 1.6245 1.6255 41,262 41.288 -
10000 19600 7500 1.3125 1.3120 33.338 33.325 1.6245 1.6255 41.262 41.288 -
3050 5300 7500 1.3750 1.3745 34.925 34.912 1.6245 1.6255 41.262 41.288 Sl 182208
4800 9600 7500 1.3750 1.3745 34.925 34.912 1.6245 1.6255 41.262 41.288 Sl 182212
6200 13300 7500 1.3750 1.3745 34.925 34.912 1.6245 1.6255 41.262 41.288 Sl 182216
7600 17300 7500 1.3750 1.3745 34.925 34.912 1.6245 1.6255 41.262 41.288 Sl 182220
4050 5400 7000 1.3750 1.3745 34.925 34.912 1.7495 1.7505 44,437 44.463 Sl 182208
8600 10100 7000 1.3750 1.3745 34.925 34.912 1.7495 1.7505 44.437 44.463 S1182212
8800 14700 7000 1.3750 1.3745 34.925 34.912 1.7495 1.7505 44.437 44.463 S| 182216
4200 5800 6500 1.5000 1.4995 38.100 38.087 1.8745 1.8755 47 .612 47.638 -
5500 8300 6500 1.5000 1.4995 38.100 38.087 1.8745 1.8755 47.612 47.638 -
6800 10900 6500 1.5000 1.4995 38.100 38.087 1.8745 1.8755 47.612 47.638 -
8100 13500 6500 1.5000 1.4985 38.100 38.087 1.8745 1.8755 47.612 47.638 -
8700 14900 6500 1.5000 1.4995 38.100 38.087 1.8745 1.8755 47.612 47.638 Sl1 202416
10600 19200 6500 1.5000 1.4995 38.100 38.087 1.8745 1.8755 47.612 47.638 Sl 202420
5700 8900 6000 1.6250 1.6245 41.275 41.262 1.8995 2.0005 50.787 50.813 S1 222610
11400 21900 6000 1.6250 1.6245 41.275 41.262 1.9995 2.0005 50.787 50.813 Sl 222620
7100 12300 6000 1.7500 1.7495 44,450 44.437 2.1245 2.1255 53.962 53.988 Sl 242812
9300 17000 6000 1.7500 1.7495 44,450 44.437 2.1245 2.1255 53.962 53.988 Sl 242816
14000 29000 6000 1.7500 1.7495 44.450 44.437 2.1245 2.1255 53.962 53.988 Sl 232824
4900 7900 5000 2.0000 1.9994 50.800 50.785 2.3745 2.3755 60,312 60.338 -
6400 11200 5000 2.0000 1.9994 50.800 50.785 2.3745 2.3755 60.312 60.338 -
9300 17900 5000 2.0000 1.9994 50.800 50,785 2.3745 2.3755 60.312 60.338 S1 273216
12400 26000 5000 2.0000 1.9994 50.800 50.785 2.3745 2.3755 60.312 60.338 S1 273220
11200 23200 4900 2.1250 2.1244 53.975 53.960 2.4995 2.5005 63.487 63.513 -
8400 16200 4600 | 2.2500 2.2494 57.150 57.135 2.6245 2.8255 66.662 66.688 -
11300 24000 4600 2.2500 2.2494 57.150 57.135 2.6245 2.6255 66.662 66.688 -
8800 18300 3800 2.7500 2.7494 69.850 69.835 3.1245 3.1255 79.362 79.388 -
11900 23200 3000 3.5000 3.4994 88.300 88.885 3.9995 4.0005 101.587 101.613 -

2) Limiting speeds shown apply for oil lubrication. With grease lubrication 60% of the given values are permissible.
3) For non-ferrous housing recommendations refer to page 44, table 1.
4) Dimensions are listed on pages 72 to 75.
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Sealed Shell Bearings

cage guided o
s — ’
Series SCE...P, SCH...P I .
SCE...PP, SCH...PP |
BCE...P, BCH...P |
D =
! |
| e
2
=
Series SCE...P, SCH...P
Dimension Table ° Dimensions in inch and mm
Shaft Part Number Bearing Dimensions
e, one seal one seal two seals Inside Diameter | Outside Diameter Width Width End
1) one seal two seals Recess
open end closed end open end Fw D © Cq
nom nom nom 10:6% | 6:58 | *0:6%0 | .8 | max
inch inch mm inch mm inch mm inch mm |inch | mm
SCE 45P) BCE 45P|SCE 46 PP| .2500 6.350 4375 | 11.112 | .312 7.94 375 9.52| .04 1.0
174 SCE 46 P| BCE 46 P|SCE 47 PP| .2500 6.350 4375 | 11.112 | .375 9.52 438 1 11,111 041 1.0
SCE 48 P| BCE 48P |SCE 49 PP| .2500 6.350 4375 | 11.112 | .500 | 12.70 562 | 14.29| .04 | 1.0
56 SCE 656 P| BCE 56 P|SCE 57 PP| .3125 7.938 .5000 | 12.700 | .375 9.52 .438 | 11.11| .04} 1.0
SCE 58 P| BCE 58P |SCE 59 PP| .3125 7.938 .6000 | 712.700 | .500 | 12.70 .562 | 14.291 .04} 1.0
SCE 66 P| BCE 66 P|SCE 67 PP| .3750 9.525 .5625 | 14.288 .375 9.52 438 t 17.11| .04 1.0
g SCE 67 P| BCE 67 P|SCE 68 PP| .3750 9.525 .5625 | 14.288 | .438 | 11.11 .500 | 72.70{ .04} 1.0
SCE 69 P BCE 69 P|SCE 610 PP| .3750 9.625 .5625 | 14,288 | .562 | 14.29 .625 | 15.88( .04} 1.0
“he SCH 79P| BCH 79 P}|SCH 710 PP| .4375 | 11.112 .6875 | 17.462 | .562 | 14.29 .625 | 15.88| .04 | 1.1
SCE 86 P BCE 86 P|SCE 87 PP| .5000 | 72.700 .6875 | 17.462 | .375 9.52 438 | 11.11] .04 1.0
SCE 87 P| BCE 87 P |SCE 88PP| .5000 | 72.700 .6875 | 17.462 | .438 | 11.11 .500 | 12.70| .04 1.0
1, SCE 88 P| BCE 88P|SCE 89PP| .5000 | 12.700 .6875 | 17.462 | .500 | 12.70 .562 | 14.29] .04 1.0
SCE 89 P BCE 89 P|SCE 810PP| .5000 | 712.700 .6875 | 17.462 | .562 | 14.29 .625 | 15.88| .04 | 1.0
SCE 811 P| BCE 811 P| SCE 812 PP} .5000 | 712.700 .6875 | 17.462 | .688 | 17.46 .750 | 19.05| .04} 1.0
SCE 813 P| BCE 813 P| SCE 814 PP| .5000 | 12.700 .6875 | 17.462 | .812 | 20.64 .875 | 22.22} .04 1.0
SCH 813 P| BCH 813 P| SCH 814 PP| .5000 | 12.700 .7500 | 19.050 | .812 | 20.64 .875 | 22,22 04| 1.1
SCE 96 P| BCE 96 P|SCE 97 PP| .5625 | 14.288 .7500 | 19.050 | .375 9.52 438 | 11,11} .04 | 1.0
SCE 97P| BCE 97P|SCE 98 PP| .5625 | 14.288 .7500 | 79.050 | .438 | 11.11 .500 | 12.70| .04 | 1.0
%6 SCE 98 P| BCE S88P|SCE 99PP| .5625 | 14.288 .7500 | 19.050 | .500 | 12.70 662 | 14.29] .04} 1.0
SCE 99P| BCE 99 P|SCE 910 PP| .5625 | 14.288 .7500 | 19.050 | .562 | 14.29 .625 | 15.88| .04 | 1.0
SCE 911 P| BCE 911 P| SCE 912 PP| .5625 | 14.288 .7500 | 79.050 | .688 | 17.46 750 | 719.05| .04 1.0
SCH 913 P| BCH 813 P | SCH 8914 PP| .5625 | 14.288 .8125 | 20.638 .812 | 20.64 875 | 22.22| .04 1.1
SCE 108 P| BCE 108 P| SCE 109 PP| .6250 | 15.8756 .8125 | 20.638 .500 | 12.70 562 | 14.29| 041 1.0
5/g SCE 109 P| BCE 109 P | SCE 1010 PP| .6250 | 15.875 .8125 | 20.638 .662 | 14.29 625 | 15.88) 04| 1.0
SCE 1011 P| BCE 1011 P | SCE 1012 PP} .6250 | 15.875 .8125 | 20.638 .688 | 17.46 .750 | 19.05{ .04} 1.0
SCE 1013 P| BCE 1013 P | SCE 1014 PP| .6250 | 15.875 .8125 | 20.638 .812 | 20.64 875 | 22.22| .04} 1.0

'} inspection dimensions are listed on page 46, table 3.
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Series BCE...P, BCH...P Series SCE...PP, SCH...PP Mounting dimensions
Load Ratings in Ibf | Limiting Mounting Dimensions in inch and mm Matching Inner Ring
dynamic | static szeed Shaft Diameter 3) Housing Diameter 3) Nu:nber
C S ) F G )
inch mm inch mm
rpm max min max min min max min max one seal two seals

360 260 | 35000 .2500 .2495 6.350 6.337 | .4370 .4380 11.100 11.125 - -

570 470 | 35000 .2500 .2495 6.350 6.337 | .4370 .4380 11.100 11.125 - -

920 870 | 35000 .2500 .2495 6.350 6.337 | .4370 .4380 11.100 11.125 - -

650 590 | 29000 .3125 .3120 7.938 7.925 | .4995 .5005 12.687 12.713 - -
1060 1090 | 29000 .3125 .3120 7.938 7.925 | .4995 .5005 12.687 12.713 - -

650 610 | 25000 .3750 .3745 9.5625 9.512 | .5620 .5630 14.275 14.300 - -

870 890 | 25000 .3750 .3745 9.525 9.512 | .5620 6630 14.275 14.300 - -
1300 1490 | 25000 .3750 .3745 5.525 9.512 | .5620 .5630 14.275 14.300 - -
1760 | 1840 | 21000 .4375 .4370 11.112 11.100 | .6870 .6880 17.450 17.475 - -

820 890 | 19000 .5000 .4995 12.700 12.687 | .6870 .6880 17.450 17.475 - -
1040 | 1210 | 19000 .5000 .4995 12.700 12,687 | .6870 .6880 17.450 17.475 - Sl 050808
1330 | 1660 | 19000 .5000 .4995 12.700 12.687 | .6870 .6880 17.450 17.475 | S1050808 -
1550 | 2030 | 19000 .5000 .4935 12.700 12.687 | .6870 .6880 17.450 17.475 - S1 050810
1980 | 2750 | 19000 .5000 .4995 12.700 12.687 | .6870 .6880 17.450 17.475 - -
2230 | 3200 | 19000 .5000 .4995 12.700 12.687 | .6870 .6880 17.450 17.475 - -
2850 | 3500 | 19000 .5000 .4995 12.700 12.687 | .7495 .7505 19.037 19.063 - -

910 | 1060 | 18000 .6625 .5620 14.288 14.275 | .7495 .7505 19.037 19.083 - -
1160 | 1440 | 18000 .5625 .5620 14.288 14,275 | .7495 .7505 19.037 19.063 - Sl1 060908
1480 | 1980 | 18000 .5625 .5620 14.288 14.275 | .7495 .7505 19.037 19.063 S1 060908 -
1730 | 2420 | 18000 .5625 .5620 14.288  14.275 | .7495 .7505 19.037 19.063 - -
2120 | 3150 | 18000 .5625 .5620 14.288 14.275 | .7485 .7505 19.037 19.063 - Sl 060912
3250 | 4300 | 17000 .5625 .5620 14.288 14.275 | .8120 .8130 20.625 20.650 - -
1660 | 2200 | 16000 .6250 .6245 15.875 15.862 | .8120 .8130 20.625 20.650 | SI1061008 -
1830 | 2700 | 16000 .6250 .6245 15.875 15.862 | .8120 .8130 20.625 20.650 - S1061010
2330 | 3650 | 16000 .6250 .6245 15.875 15.862 | .8120 .8130 20.625 20.650 - Sl 061012
2700 | 4450 | 16000 .6250 .6245 15.875 15.862 | .8120 .8130 20.625 20.650 - -

2) Limiting speeds shown apply for grease lubrication.

8) For non-ferrous housing recommendations refer to page 44, table 1.
4) Dimensions are listed on pages 72 to 75.
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Sealed Shell Bearings

cage guided

Series SCE...P, SCH...P T (I
SCE...PP, SCH...PP | |
BCE...P, BCH...P | |
D Fu
| |
\
| |
= %
Series SCE...P, SCH...P
Dimension Table * Dimensions in inch and mm
Shgft Part Number Bearing Dimensions
2 one seal one seal two seals Inside Diameter | Outside Diameter Width Width End
1) one seal two seals Recess
open end closed end open end FW D C C; b
nom nom nom 9008 | 1390 | 10098 098 | max
inch inch mm inch mm inch mm inch mm |[inch | mm
SCE 127 P| BCE 128 P | SCE 128 PP| .7500 | 79.050 | 1.0000 | 25.400 438 | 11.11 .500 | 712.70| .04} 1.0
3, SCE 129 P| BCE 128 P | SCE 1210 PP| .7500 | 79.050 | 1.0000 | 25.400 562 | 14.29 .625 | 15.88| .04 ] 1.0
SCE 1211 P; BCE 1211 P | SCE 1212 PP| .7500 | 719.050 | 1.0000 | 25.400 .688 | 17.46 .750 | 19.05] .04 | 1.0
SCE 1213 P} BCE 1213 P | SCE 1214 PP | .7500 | 79.050 | 1.0000 | 25.400 .812 | 20.64 .875 | 22.22| .04 1.0
SCE 147 P| BCE 147 P | SCE 148 PP| .8750 | 22.225 | 1.1250 | 28.575 .438 | 11.11 .500 | 12.70| .04 | 1.1
7 SCE 149 P| BCE 149 P | SCE 1410 PP| .8750 | 22.225 | 1.1250 | 28.575 .562 | 14.29 .625 | 15.88| .04 | 1.1
SCE 1417 P| BCE 1417 P | SCE 1418 PP | .8750 | 22.225 | 1.1250 | 28.575 |1.062 | 26.99 [1.125 | 28.58 | .04 | 1.1
SCH1413 P; BCH1413 P | SCH 1414 PP | .8750 | 22.225 | 1.1875 | 30.162 .812 | 20.64 .875 | 22.22| .05] 1.8
SCE 1610 P| BCE 1610 P | SCE 1612 PP | 1.0000 | 25.400 { 1.2500 | 31.750 .625 | 15.88 .750 | 19.05| .04 | 1.1
1 SCE 1614 P| BCE 1614 P | SCE 1616 PP | 1.0000 | 25.400 | 1.2500 | 31.750 .875 | 22.22 (1.000 | 25.40( .04 | 1.1
SCH1614 P| BCH1614 P | SCH 1616 PP | 1.0000 | 25.400 | 1.3125 | 33.338 .875 | 22.22 [1.000 | 25.40| .05| 1.3
SCE 1810 P| BCE 1810 P | SCE 1812 PP | 1.1250 | 28.575 | 1.3750 | 34.925 | .625 | 15.88 .750 | 19.05| .04 | 1.1
1 Vg SCE 1812 P| BCE 1812 P | SCE 1814 PP | 1.1250 | 28.575 | 1.3750 | 34.925 .750 | 19.05 875 | 22,22 04| 1.1
SCE 1814 P| BCE 1814 P | SCE 1816 PP | 1.1250 | 28.575 | 1.3750 | 34.925 .875 | 22.22 |1.000 | 25.40| .04 | 1.1
SCE 2010 P| BCE2010 P | SCE 2012 PP | 1.2500 | 31.750 | 1.5000 | 38.100 .625 | 15.88 .750 | 19.05| .04 | 1.1
1, SCE 2014 P| BCE2014 P | SCE 2016 PP} 1.2500 | 37.750 | 1.5000 | 38.100 .875 | 22.22 | 1.000 | 25.40} .04} 1.1
SCE 2018 P| BCE 2018 P | SCE 2020 PP | 1.2500 | 37.750 | 1.5000 | 38.100 |1.125 | 28.58 |[1.250 | 31.75| .04 | 1.1
SCH2018 P| BCH2018 P | SCH 2020 PP | 1.2500 | 37.750 | 1.6250 | 41.275 [1.125 | 28.58 [1.250 | 31.75| .06 | 1.4
SCE 2210 P| BCE 2210 P | SCE 2212 PP | 1.3750 | 34.925 | 1.6250 | 41.275 .625 | 15.88 .750 | 19.05| .04 | 1.1
1% | SCE2214 P| BCE2214 P | SCE 2216 PP | 1.3750 | 34.925 | 1.6250 | 41.275 .875 | 22.22 }1.000 | 25.40(| .04 | 1.1
SCE 2218 P| BCE 2218 P | SCE 2220 PP | 1.3750 | 34.925 | 1.6250 | 41.275 |1.125 | 28.58 [1.250 | 31.75| .04 | 1.1
SCE 2410 P| BCE 2410 P | SCE 2412 PP | 1.5000 | 38.100 | 1.8750 | 47.625 .625 | 15.88 .750 | 719.05| .06 | 1.4
SCE2412 P| BCE 2412 P | SCE 2414 PP | 1.5000 | 38.700 | 1.8750 | 47.625 .750 | 719.05 875 | 22.22| 06| 1.4
11 SCE 2414 P| BCE 2414 P | SCE 2416 PP | 1.5000 | 38.700 | 1.8750 | 47.625 .875 | 22.22 | 1.000 | 25.40| .06 | 1.4
2 | SCE2416 P| BCE 2416 P | SCE 2418 PP | 1.5000 | 38.700 | 1.8750 | 47.625 |{1.000 | 25.40 |1.125 | 28.58| .06 | 1.4
SCE 2418 P{ BCE 2418 P | SCE 2420 PP | 1.5000 | 38.100 | 1.8750 | 47.625 |1.125 | 28.58 | 1.250 | 31.75| .06 | 1.4
SCE2422 P| BCE 2422 P | SCE 2424 PP | 1.5000 | 38.7100 | 1.8750 | 47.625 |[1.375 | 34.92 | 1.500 | 38.10| .06 | 1.4

'} Inspection dimensions are listed on page 46, tabie 3.
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Series BCE...P, BCH...P Series SCE...PP, SCH...PP Mounting dimensions
Load Ratings in Ibf| Limiting Mounting Dimensions in inch and mm Matching Inner Ring
dynamic | static Sp;ed Shaft Diameter 3) Housing Diameter 3) Nu:nber
C Co ) F G )
inch mm inch mm
rpm max min max min min max min max ohe_seal two seals
1600 | 1860 | 13000 .7500 .7495 19.050 19.037 | .9995 1.0005 25.387 25.413 = S1 081208
2210 | 2800 | 13000 .7500 .7495 19.050 19.037{ .9995 1.0005 25.387 25.413 = Sl 081210
2850 | 3950 | 13000 7500 7495 19.060 19.037 | .9995 1.0005 25.387 25.413 = Sl 081212
3450 | 5000 | 13000 ., 7500 . 7495 19.060 19.037 | .9995 1.0005 25.387 25.413 - -
1850 | 2400 | 11000 .8750 .8745 22,225 22,212 1.1245 1.1255 28.562 28.588 = Sl 101408
2500 | 3550 | 11000 .8750 .8745 22.225 22,212 | 1.1245 1.1255 28.562 28.588 - -
4950 | 8500 | 11000 .8750 .8745 22.225 22.212 | 1.1245 1.1255 28.5662 28.588 - —
4350 | 6000 | 11000 .8750 .8745 22,225 22,212 1.1870 1.1880 30.150 30.175 - =
2850 | 4300 | 10000 1.0000 .9995 25.400 25.387 | 1.2495 1.2505 31.737 31.763 - S1 121612
4050 | 6800 | 10000 1.0000 .9995 25.400 25.387 | 1.2495 1.2505 31.737 31.763 - S1121616
4500 | 6400 | 10000 1.0000 .9995 25.400 25.387 | 1.3120 1.3130 33.325 33.350 - S1121616
2900 | 4550 9000 1.1250 1.1245 28.575 28.562 | 1.3745 1.3755 34.912 34.938 - Sl 141812
3400 | 5600 9000 1.1250 1.1245 28.575 28.562| 1.3745 1.3755 34,912 34.938 | Sl141812 =
4250 | 7500 9000 1.1250 1.1245 28.575 28,562 | 1.3745 1.3755 34,912 34.938 - Sl 141816
3000 | 4950 8000 1.2500 1.2495 31.760 31.737 | 1.4995 1.5005 38.087 38.113 - Sl 162012
4750 | 8900 8000 1.2500 1.2495 31.760 31.737 | 1.4995 1.5005 38.087 38.113 = Sl 162016
6100 |12300 8000 1.2500 1.2495 31.750 31.737 | 1.4995 1.5005 38.087 38.113 = Sl 162020
8200 |13100 8000 1.2500 1.2495 31.750 31.737 | 1.6245 1.6255 41.262 41.288 - S1 162020
3050 | 5300 7500 1.3750 1.3745 34.925 34.912| 1.6245 1.6255 41,262 41.288 = Sl 182212
4800 | 9600 7500 1.3750 1.3745 34.925 34.912| 1.6245 1.6255 41,262 41.288 - Sl 182216
6200 (13300 7500 1.3750 1.3745 34.925 34,912 | 1.6245 1.6255 41.262 41,288 = S| 182220
4200 | 5800 6500 1.5000 1.4995 38.100 38.087 | 1.8745 1.8755 47.612 47.638 = - -
5500 | 8300 6500 1,56000 1.4995 38,100 38.087 | 1.8745 1.8755 47.612 47.638 = —
6800 |10900 6500 1.5000 1.4995 38.100 38.087 | 1.8745 1.8755 47.612 47.638 = Sl 202416
8100 [13500 6500 1.5000 1.4995 38.100 38.087 | 1.8745 1.8755 47.612 47.638 Si 202416 -
8700 |14900 6500 1.5000 1.4995 38.100 38.087 | 1.8745 1.8755 47.612 47.638 = Sl 202420
10600 |19200 6500 1.5000 1.4995 38.100 38.087 | 1.8745 1.8755 47.612 47.638 = =

2} Limiting speeds shown apply for grease lubrication.
3) For non-ferrous housing recommendations refer to page 44, table 1.
4) Dimensions are listed on pages 72 to 75.
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Shell Bearings

full complement @
mechanically retained
Series S, SH ‘
CS, CSH
1
i
3
Series S, SH
Dimension Table * Dimensions in inch and mm
Shaft Part Number Part Number | Bearing Dimensions
e open end closed end Inside Diameter ') Qutside Diameter Width = End
3 5 c ecl;ass
nom nom nom 8:0% 18:98 max
inch inch mm inch mm inch mm inch mm
3 S 34 cs 34 .1875 4.762 .3438 8.731 .250 6.35 .07 1.7
S 36 cs 36 .1875 4.762 .3438 8.731 .375 9.52 .07 1.7
S 44 (01 44 .2500 6.350 .4375 11.112 .250 6.35 .08 2.0
g S 45 cs 45 .2500 6.350 .4375 11.112 .312 7.94 .08 2.0
s 47 cs 47 .2500 6.350 .4375 11.112 .438 11.11 .08 2.0
S 55 cs 55 .3125 7.938 .5000 12.700 .312 7.94 .08 2.0
Sie S 57 CSs 57 .3125 7.938 .5000 12.700 .438 11.11 .08 2.0
S 59 cs 59 .3125 7.938 .5000 12.700 .562 14.29 .08 2.0
SH 59 CSH 5% .3125 7.938 .5625 14.288 .562 14.29 .09 2.4
s 65 cs 65 .3750 9.525 .5625 14.288 .312 7.94 .08 2.0
s 66 (013 66 .3750 9.525 .5625 14.288 .375 9.52 .08 2.0
g S 68 CSs 68 .3750 9.525 .5625 14.288 .500 12.70 .08 2.0
S 610 CS 610 .3750 9.525 .5625 14.288 .625 15.88 .08 2.0
SH 68 CSH 68 .3750 9.525 .6250 15.875 .500 12.70 .09 2.4
T ] 78 cs 78 .4375 11.112 .6250 15.875 .500 12.70 .08 2.0
s 710 Ccs 710 L4375 11.112 .6250 15.875 .625 15.88 .08 2.0
S 85 CSs 85 .5000 12.700 .6875 17.462 .312 7.94 .08 2.0
S 87 (023 87 .5000 12.700 .6875 17.462 .438 11.11 .08 2.0
1, S 88 CS 88 .5000 12.700 .6875 17.462 .500 12.70 .08 2.0
S 810 Ccs 810 .5000 12.700 .6875 17.462 .625 15.88 .08 2.0
S 812 CS 812 .5000 12.700 .6875 17.462 .750 19.05 .08 2.0
SH 812 CSH 812 .5000 12.700 .7500 19.050 .750 19.05 .09 2.4
O S 97 CS 97 .5625 14,288 .7500 19.050 .438 11.11 .08 2.0
S 98 (03] 98 .6625 14,288 .7500 19.050 .500 12.70 .08 2.0
S 107 CsS 107 .6250 15.875 .8125 20.638 .438 11.11 .08 2.0
5/ S 108 CS 108 .6250 15.875 .8125 20.638 .500 12.70 .08 2.0
S 1012 CS 1012 .6250 15.875 .8125 20.638 .750 19.05 .08 2.0
SH 108 CSH 108 .6250 15.875 .8750 22.225 .500 12.70 .09 2.4

') Inspection dimensions are listed on page 46, table 3.
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Series CS, CSH Mounting dimensions
Load Ratings in Ibf| Limiting | Mounting Dimensions in inch and mm Matching
dynamic| static Sp:)ed Shaft Diameter 3) Housing Diameter 3) In,\'l":;g'e’:g
Cc S F G 4)
inch mm inch mm order
rpm max min max min min max min max separate

540 530 19000 . 1875 .1872 4.762 4.755 .3432 .3437 8.717 8.730 -

870 960 19000 .1875 1872 4,762 4.785 .3432 .3437 8.717 8.730 -

590 580 15000 .2500 .2495 6.350 6.337 .4370 .4380 11.100 11.125 -

820 880 15000 .2500 .2495 6.350 6.337 .4370 .4380 11.100 11.125 -
1230 1490 15000 .2500 .2495 6.350 6.337 .4370 .4380 11.100 11.125 -

940 1100 12000 .3125 .3120 7.938 7.925 .4995 .5005 12.687 12.713 -
1420 1860 12000 .3125 .3120 7.938 7.925 .4995 .5005 12.687 12.713 -
1870 2650 12000 .3125 .3120 7.938 7.925 .4995 .5005 12.687 12,713 -
2000 2430 12000 .3125 .3120 7.938 7.925 .5620 .5630 14.275 14.300 -
1050 1320 11000 .3750 .3745 9.525 9.512 .5620 .5630 14.275 14.300 -
1310 1770 11000 .3750 .3745 9.625 9.512 .5620 .5630 14.275 14.300 -
1830 2700 11000 .3750 .3745 9.525 9.5612 .5620 .5630 14.275 14.300 -
2300 3500 11000 .3750 3745 9.525 9.512 .5620 .5630 14.275 14.300 -
2020 2550 10000 .3750 .3745 9.525 9.512 .6245 .6255 15.862 15.888 -
2000 3150 9500 .4375 .4370 11.112 11.100 .6245 .6255 15.862 15.888 -
2500 4250 9500 .4375 4370 17.112 11.100 .6245 .6255 15.862 15.888 -
1240 1770 8500 .5000 .4995 12.700 12.687 .6870 .6880 17.450 17.475 -
1860 3000 8500 .5000 .4995 12.700 12.687 .6870 .6880 17.450 17.475 -
2160 3600 8500 .5000 .4995 12.700 12.687 .6870 .6880 17.450 17.475 SI 050808
2700 4850 8500 .5000 .4995 12.700 12.687 .6870 .6880 17.450 17.475 S| 050810
3250 6100 8500 .5000 .4995 12.700 12.687 .6870 .6880 17.450 17.475 -
3700 5800 8000 .5000 .4995 12.700 12.687 .7495 .7505 19.037 19.063 -
1980 3350 7500 .5625 .5620 14.288 14.275 .7495 .7505 19.037 19.063 -
2300 4050 7500 .5625 .5620 14,288 14.275 .7495 .7505 19.037 19.063 S| 060908
2100 3750 7000 .6250 .6245 15.875 15.862 .8120 .8130 20.625 20.650 -
2440 4500 7000 .6250 .6245 15.875 15.862 .8120 .8130 20.625 20.650 S1061008
3650 7600 7000 .6250 .6245 15.875 15.862 .8120 .8130 20.625 20.650 Si 061012
2750 4200 6500 .6250 .6245 15.875 15.862 .8745 .8755 22.212 22.238 S| 061008

2) Limiting speeds shown apply for oil lubrication. With grease lubrication 60% of the given values are permissible.
3) For non-ferrous housing recommendations refer to page 44, table 1.
4) Dimensions are listed on pages 72 to 75.
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Shell Bearings

full complement
mechanically retained

-—C —

Series S, SH W
CS, CSH | |
D+ Fu
Series S, SH
Dimension Table * Dimensions in inch and mm
Shaft Part Number Part Number | Bearing Dimensions
Dia. open end closed end inside Diameter ') Outside Diameter Width End
Recess
Fv D (o} b
nom nom nom *8.0% .82 max
inch inch mm inch mm inch mm inch mm
S 116 CS 116 .6875 17.462 .8750 22.225 .375 9.52 .08 2.0
Mg S 118 cs 118 .6875 17.462 .8750 22,225 .500 12.70 .08 2.0
s 1110 cs 1110 .6875 17.462 .8750 22.225 .625 15.88 .08 2.0
S 1112 cs 1112 .6875 17.462 .8750 22.225 .750 19.05 .08 2.0
S 126 CcsS 126 .7500 19.050 1.0000 25.400 .375 9.52 .09 2.4
3, s 128 csS 128 .7500 19.050 1.0000 25.400 .500 12.70 .09 2.4
S 1210 cs 1210 .7500 19.050 1.0000 25.400 .625 15.88 .09 2.4
S 1212 CcS 1212 .7500 19.050 1.0000 25.400 .750 19.05 .09 2.4
13, S 1312 Ccs 1312 .8125 20.638 1.0625 26.988 .750 19.05 .09 2.4
e S 1316 Cs 1316 .8125 20.638 1.0625 26.988 1.000 25.40 .09 2.4
S 146 CS 146 .8750 22,225 1.1250 28.575 .375 8.52 .10 2.5
78 S 148 CS 148 .8750 22.225 1.1250 28.575 .500 12.70 .10 2.5
S 1412 Cs 1412 ,8750 22.225 1.1250 28.575 .750 19.05 .10 2.5
S 1416 CS 1416 .8750 22,225 1.1250 28.575 1.000 25.40 .10 2.5
S 168 CcsS 168 1.0000 25.400 1.2500 31.750 .500 12.70 .10 2.5
1 S 1612 CS 1612 1.0000 25,400 1.2500 31.750 .750 19.05 .10 2.5
S 1616 CS 1616 1.0000 25.400 1.2500 31.750 1.000 25.40 .10 2.5
SH 1612 CSH 1612 1.0000 25.400 1.3125 33.338 .750 19.05 1 2.7
14e S 1710 cs 1710 1.0625 26.988 1.3125 33,338 .625 15.88 .10 2.5
S 188 Ccs 188 1.1250 28.575 1.3750 34.925 .500 12.70 .10 2.5
17 S 1812 CcCS 1812 1,1250 28.575 1,3750 34.925 .750 19.05 .10 2.5
S 1816 Cs 1816 1.1250 28.575 1.3750 34.925 1.000 25.40 .10 2.5
S 2012 CS 2012 1,2500 31.750 1,5000 38.100 .750 19.05 .10 2.5
11, S 2016 CS 2016 1.2500 31.750 1.5000 38.100 1.000 25.40 .10 2.5
S 2020 CS 2020 1.2500 31.750 1.5000 38.100 1.250 31.75 .10 2.5
SH 2020 CSH 2020 1.2500 31.750 1.6250 41.275 1.250 31.75 14 3.5

') Inspection dimensions are listed on page 46, table 3.
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Series CS, CSH Mounting dimensions
Load Ratings in Ibf| Limiting { Mounting Dimensions in inch and mm Matching
dynamic| static Sp:)ed Shaft Diameter 3) Housing Diameter 3) I",\Tf;_lsglg
c Co F G 4)
inch mm inch mm order
rpm max min max min min max min max separate
1840 3250 6500 .6875 .6870 17.462 17.450 .8745 .8755 22.212 22.238 -
2550 5000 6500 .6875 .6870 17.462 17.450 .8745 .8755 22.212 22.238 -
3200 6700 6500 .6875 .6870 17.462 17.450 .8745 .8755 22.212 22.238 -
3850 8400 6500 .6876 .6870 17.462 17.450 .8745 .8755 22.212 22.238 -
2190 3250 5500 .7500 .7495 19.050 19.087 .9995 1.0005 25.387 25.413 -
3200 5200 5500 .7500 .7495 19.050 19.037 .9995 1.0005 25.387 25.413 S1 081208
4000 7000 5500 .7500 .7495 19.050 19.037 ,9995 1.0005 25.387 25.413 S1 081210
4800 8800 5500 . 7500 .7495 19.050 19.037 .9995 1.0005 25.387 25.413 Si 081212
5000 9700 5000 .8125 .8120 20.638 20.625 1.0620 1.0630 26.975 27.000 -
6600 13700 5000 .8125 .8120 20.638 20.625 1.0620 1.0630 26.975 27.000 -
2310 3700 4900 .8750 .8745 22.225 22.212 1.1245 1.1256 28.562 28.588 SI 101406
3300 5900 43800 .8750 .8745 22.225 22,212 1.1245 1.1255 28.662 28.588 Sl 101408
5100 10300 4900 .8750 .8745 22.225 22.212 1.1245 1.1255 28.562 28.588 Sl 101412
6700 14600 4900 .8750 .8745 22.225 22.212 1.1245 1.1255 28.562 28.588 S1101416
3600 6800 4300 1.0000 .9995 25.400 25.387 1.2495 1.2505 31.737 31.763 Sl 121608
5500 11800 4300 1.0000 .9995 25.400 25.387 1.2495 1.2505 31.737 31.763 Sl 121612
7300 16800 4300 1.0000 .9995 25.400 25.387 1.2495 1.2505 31.737 31.763 Sl 121616
6100 11200 4200 1.0000 .9995 25.400 25,387 1.3120 1.3130 33.325 33.350 S1121612
4750 93900 4100 1.0625 1.0620 26.988 26.975 1.3120 1.3130 33.325 33.350 -
3800 7600 3900 1.1250 1.1245 28.575 28.562 1.3745 1.3755 34.912 34.938 SI 141808
5900 13300 3900 1.1250 1.1245 28.575 28.562 1.3745 1.3755 34.912 34.938 Sl 141812
7700 18900 3900 1.1250 1.1245 28.575 28.562 1.3745 1.3755 34.912 34.938 Sl 141816
6200 14800 3500 1.2500 1.2495 31.750 31.737 1.4995 1.5005 38.087 38.113 S1162012
8200 21000 3500 1.2500 1.2495 31.750 31.737 1.4995 1.5005 38.087 38.113 S1 162016
10000 27000 3500 1.2500 1.2495 31.750 31.737 1.4995 1.5005 38.087 38.113 Sl 162020
12000 25000 3400 1.2500 1.2495 31.750 31.737 1.6245 1.6255 41.262 41.288 Si 162020

2) Limiting speeds shown apply for oil lubrication. With grease lubrication 60% of the given values are permissible.
3) For non-ferrous housing recommendations refer to page 44, table 1.
4) Dimensions are listed on pages 72 to 75.
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Shell Bearings

full complement

mechanically retained 7
Series S, SH
CS, CSH
D Fw
,M §
8
Series S, SH
Dimension Table * Dimensions in inch and mm
Shaft Part Number Part Number | Bearing Dimensions
B2, open end closed end Inside Diameter ') Outside Diameter Width R End
Fw o c ecbess
nom nom nom 28:9% .22 max
inch inch mm inch mm inch mm inch mm
S 228 Ccs 228 1.3750 34.925 1.6250 41.275 .500 12.70 .10 2.5
1% S 2212 Cs 2212 1.3750 34.925 1.6250 41.275 .750 19.05 .10 2.5
S 2220 CS 2220 1.3750 34.925 1.6250 41.275 1.250 31.75 .10 2.5
SH 2212 CcsH2212 1.8750 34.925 1.7500 44.450 .750 19.05 .14 3.5
S 248 CcsS 248 1.5000 38.100 1.8750 47.625 .500 12.70 .13 3.4
17, S 2414 CS 2414 1.5000 38.100 1.8750 47.625 .875 22.22 .13 3.4
S 2416 CS 2416 1.5000 38.100 1.8750 47.625 1.000 25.40 .13 3.4
S 2420 CS 2420 1.5000 38.100 1.8750 47.625 1.250 31.75 .13 3.4
15 S 2610 CS 2610 1.6250 41,276 2.0000 50.800 .625 15.88 .13 3.4
S 2812 Ccs 2812 1.7500 44.450 2.1250 53.975 .750 19.05 .14 3.5
13, S 2816 CsS 2816 1.7500 44.450 2.1250 53.975 1.000 25.40 .14 3.5
S 2824 CS 2824 1.7500 44.450 2.1250 53.975 1.500 38.10 .14 3.5
S 308 CS 308 1.8750 47.625 2.2500 57.150 .500 12.70 .14 3.5
174 S 3010 CS 3010 1.8750 47.625 2.2500 57.150 .625 15.88 .14 3.6
s 3012 CSs 3012 1.8750 47.625 2.2500 57.150 .750 19.06 .14 3.5
S 3016 CS 3016 1.8750 47.625 2.2500 57.150 1.000 25.40 .14 8.6
2 S 3216 Cs 3216 2.0000 50.800 2.3750 60.325 1.000 25.40 .14 3.5
S 3220 CSs 3220 2.0000 50.800 2.3750 60.325 1.250 31.75 14 8.5
253 S 4216 CS 4216 2.6250 66.675 3.0000 76.200 1.000 25.40 .14 3.5
3 S 5612 CS 5612 3.5000 88.900 4.0000 101.600 .750 19.06 .14 3.5

1) Inspection dimensions are listed on page 46, table 3.

66 INA



o sy

K \

105 088
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Series CS, CSH

Mounting dimensions

Load Ratings In Ibf | Limiting | Mounting Dimensions in inch and mm Matching
dynamic| static sze)ed Shaft Diameter 3) Housing Diameter 2) st;:él?’g
() CO F G 4)

inch mm inch mm order
rpm max min max min min max min max separate
4150 9200 3200 1.3750 1.3745 34.925 34.912 1.6245 1.6255 41.262 41.288 S| 182208
6400 16100 3200 1.3750 1.3745 34.925 34.912 1.6245 1.6255 41.262 41.288 S| 182212
10300 30000 3200 1.3750 1.3745 34.925 34.912 1.6245 1.6255 41.262 41.288 -
7500 13900 3100 1.3750 1.3745 34.925 34.812 1.7495 1.7505 44.437 44.463 S| 182212
4600 7700 2900 1.5000 1.4995 38.100 38.087 1.8745 1.8755 47.612 47.638 -
9300 18500 2900 1.5000 1.4995 38.100 38.087 1.8745 1.8755 47.612 47.638 -
10700 22700 2900 1.5000 1.4995 38.100 38.087 1.8745 1.8755 47.612 47.638 S| 202416
13400 30000 2900 1.5000 1.4995 38.100 38.087 1.8745 1.8755 47.612 47.638 Sl 202420
6500 12400 2700 1.6250 1.6245 41.275 41.262 1.9995 2.0005 50.787 50.813 S1222610
8400 17800 2500 1.7500 1.7495 44.450 44.437 2.1245 2.1255 53.962 53.888 Sl 242812
11500 26500 2500 1.7500 1.7495 44.450 44.437 2.1245 2.1255 53.962 53.988 -
17000 44000 2500 1.7500 1.7495 44.450 44.437 2.1245 2.1255 53.962 53.988 -
5200 9600 2300 1.8750 1.8745 47.625 47.612 2.2495 2.2505 57.137 57.163 -
7100 14300 2300 1.8750 1.8745 47.625 47.612 2.2495 2.25056 57.137 57.163 -
8800 19100 2300 1.8750 1.8745 47.625 47.612 2.2495 2.2505 57.137 57.163 -
12000 28500 2300 1.8750 1.8745 47.625 47.612 2.2495 2.2505 57.137 57.163 -
12400 30500 2200 2.0000 1.9994 50.800 50.785 2.3745 2.3755 60.312 60.338 Sl 273216
15500 40500 2200 2.0000 1.9994 50.800 50.785 2.3745 2.3755 60.312 60.338 S| 273220
14300 40000 1700 2.6250 2.6244 66.675 66.660 2.9995 3.0005 76.187 76.213 -
13900 33000 1300 3.5000 3.4994 88.900 88.885 3.9995 4.0005 101.587 101.613 -
2} Limiting speeds shown apply for oil lubrication. With grease lubrication 60% of the given values are permissible.
3) For non-ferrous housing recommendations refer to page 44, table 1.
4) Dimensions are listed on pages 72 to 75.
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Shell Bearings

full complement c
grease retained f
Series SN, SNH
CSN, CSNH
D - Fw
g
=]
Series SN, SNH
Dimension Table ' Dimensions in inch and mm
Shaft| Part Number Part Number Bearing Dimensions
Ll open end closed end Inside Diameter?) Outside Diameter Width End
E Recess
W D C b
nom nom +0.000 +0.00 max
nom -0.010 -0.25
inch inch mm inch mm inch mm inch mm
1/4 SN 45 CSN 45 .2500 6.350 4375 11.112 312 7.94 .04 1.0
SN 55 CSN 55 3125 7.938 .5000 12.700 312 7.94 .04 1.0
5/1 5 SN 56 CSN 56 .3125 7.938 .5000 12.700 .375 9.52 .04 1.0
SN 57 CSN 57 .3125 7.938 .5000 12.700 438 11.11 .04 1.0
SN 64 CSN 64 .3750 9.525 .5625 14.288 .250 6.35 .04 1.0
SN 65 CSN 65 .3750 9.525 .5625 14.288 312 7.94 .04 1.0
3, SN 66 CSN 66 .3750 9.525 5625 14.288 375 9.52 .04 1.0
g SN 67 CSN 67 .3750 9.525 5625 14.288 438 11.11 .04 1.0
SN 68 CSN 68 .3750 9.525 .5625 14.288 .500 12.70 .04 1.0
SN 610 CSN 610 .3750 9.525 .5625 14.288 625 15.88 .04 1.0
7/16 SN 76 CSN 76 4375 11.112 .6250 15.875 .375 9.52 .04 1.0
SN 78 CSN 78 4375 11.112 .6250 15.875 .500 12.70 .04 1.0
SN 85 CSN 85 .5000 12.700 .6875 17.462 312 7.94 .04 1.0
SN 86 CSN 86 .5000 12.700 .6875 17.462 375 9.52 .04 1.0
1/2 SN 88 CSN 88 .5000 12.700 .6875 17.462 .500 12.70 .04 1.0
SN 810 CSN 810 .5000 12.700 .6875 17.462 .625 15.88 .04 1.0
SN 812 CSN 812 .5000 12.700 .6875 17.462 .750 19.05 .04 1.0
SNH 87 CSNH 87 .5000 12.700 .7500 19.050 438 11.11 .04 1.0
9/1 5 SN 96 CSN 96 5625 14.288 .7500 19.050 375 9.52 .04 1.0
SN 98 CSN 98 .5625 14.288 .7500 19.050 .500 12.70 .04 1.0
5/8 SN 108 CSN 108 .6250 15.875 .8125 20.638 .500 12.70 .04 1.0
SN 116 CSN 116 .6875 17.462 .8750 22.225 .375 9.52 .04 1.0
11/15 SN 118 CSN 118 .6875 17.462 .8750 22.225 .500 12.70 .04 1.0
SN 1112 CSN 1112 6875 17.462 .8750 22.225 .750 19.05 .04 1.0
SN 128 CSN 128 .7500 19.050 1.0000 25.400 .500 12.70 .04 1.0
3/4 SN 1210 CSN 1210 .7500 19.050 1.0000 25.400 .625 15.88 .04 1.0
SN 1212 CSN 1212 .7500 19.050 1.0000 25.400 .750 19.05 .04 1.0

'} Inspection dimensions are listed on page 46, table 3.
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Series CSN, CSNH Mounting dimensions
Load Ratings in Ibf | Limiting |Mounting Dimensions in inch and mm Matching
dynamic| static Speed Shaft Diameter 3) Housing Diameter 3) 'WS&ELQQ
2
C CO ) F G 4)
inch mm inch mm Siler
rpm max min max min min max min max separate
980 1110 13000 .2500 .2495 6.350 6.337 4370 .4380 11.100 11.125 -
1120 1380 12000 3125 .3120 7.938 7.925 .4995 .5005 12.687 12.713 -
1370 1790 12000 .3125 .3120 7.938 7.925 4995 .5005 12.687 12.713 -
1620 2200 12000 .3125 .3120 7.938 7.925 .4995 .5005 12.687 12.713 -
880 1060 11000 .3750 .3745 9.525 9.512 .5620 .5630 14.275 14.8300 -
1250 1660 11000 .3750 .3745 9.525 9.512 .5620 .5630 14.275 14.300 -
1500 2090 11000 .3750 3745 9.525 9.512 .5620 .5630 14.275 14.300 -
1800 2650 11000 .3750 .3745 9.525 9.5612 .5620 .5630 14.275 14.300 -
2030 3100 11000 .3750 .3745 9.5625 9.512 .5620 .5630 14.275 14.300 -
2410 3850 11000 .3750 .3745 9.525 9.512 .5620 .5630 14.275 14.300 -
1650 2460 9500 4375 4370 11.112 11.100 .6245 .6255 15.862 15.888 -
2220 3600 9500 4375 4370 11.112 11.100 .6245 .6255 15.862 15.888 -
1480 2220 8500 .5000 .4995 12.700 12.687 .6870 .6880 17.450 17.475 -
1690 2650 8500 .5000 .4995 12.700 12.687 .6870 .6880 17.450 17.475 -
2390 4150 8500 .5000 4995 12.700 12.687 .6870 .6880 17.450 17.475 SI 050808
2900 5300 8500 .5000 .4995 12.700 12.687 .6870 .6880 17.450 17.475 S1 050810
3450 6600 8500 .5000 4995 12.700 12.687 .6870 .6880 17.450 17.475 -
2430 3350 8000 .5000 .4995 12.700 12.687 7495 .7505 19.037 19.063 -
1910 2800 7500 5625 .5620 14.288 14.275 7495 .7505 19.037 19.063 -
2450 4400 7500 .5625 .5620 14.288 14.275 7495 7505 19.037 19.063 S1 060908
2700 5200 7000 .6250 .6245 15.875 15.862 .8120 .8130 20.625 20.650 S1 061008
2090 3850 6500 .6875 .6870 17.462 17.450 .8745 .8755 22212 22.238 -
2850 5700 6500 .6875 .6870 17.462 17.450 .8745 .8755 22212 22.238 -
4100 9100 6500 .6875 .6870 17.462 17.450 .8745 .8755 22212 22.238 -
3400 5700 5500 .7500 7495 19.050 19.037 .9995 1.0005 25.387 25.413 S1 081208
4350 7800 5500 .7500 7495 19.050 19.037 .9995 1.0005 25.387 25413 Sl 081210
5200 9900 5500 .7500 7495 19.050 19.037 .9895 1.0005 25.387 25.413 Sl 081212

2) Limiting speeds shown apply for oil [ubrication. With grease lubrication 60% of the given values are permissible.
38) For non-ferrous housing recommendations refer to page 44, table 1.
4) Dimensions are listed on pages 72 to 75.
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Shell Bearings

full complement c
grease retained f
Series SN, SNH
CSN, CSNH
D — Fw
H
g
Series SN, SNH
Dimension Table - Dimensions in inch and mm
Shaft | Part Number Part Number Bearing Dimensions
Dl open end closed end Inside Diameter?) Outside Diameter width End
E Recess
W D ] b
nom nom +0.000 +0.00 max
nom 0.010 -0.25
inch inch mm inch mm inch mm inch mm
SN 146 CSN 146 .8750 22225 1.1250 28.575 .375 9.52 .04 1.1
7lg SN 148 CSN 148 .8750 22225 1.1250 28.575 .500 12.70 .04 1.1
SN 1412 CSN 1412 .8750 22225 1.1250 28.575 .750 19.05 .04 1.1
SN 1416 CSN 1416 .8750 22.225 1.1250 28.575 1.000 25.40 .04 1.1
SN 1612 CSN 1612 1.0000 25.400 1.2500 31.750 .750 19.05 .04 1.1
! SN 1616 CSN 1616 1.0000 25.400 1.2500 31.750 1.000 25.40 .04 1.1
SN 188 CSN 188 1.1250 28.575 1.3750 34.925 .500 12.70 .04 1.1
A SN 1812 CSN 1812 1.1250 28.575 1.3750 34.925 .750 19.05 .04 1.1
SN 1816 CSN 1816 1.1250 28.575 1.3750 34.925 1.000 25.40 .04 1.1
1, SN 2012 CSN 2012 1.2500 31.750 1.5000 38.100 .750 19.05 .04 1.1
4 SN 2016 CSN 2016 1.2500 31.750 1.5000 38.100 1.000 25.40 .04 1.1
13, SN 228 CSN 228 1.8750 34.925 1.6250 41,275 .500 12.70 .04 1.1
8 SN 2212 CSN 2212 1.8750 34.925 1.6250 41.275 .750 19.05 .04 1.1
SN 2414 CSN 2414 1.5000 38.100 1.8750 47.625 .875 22.22 .06 1.4
15 SN 2416 CSN 2416 1.5000 38.100 1.8750 47.625 1.000 25.40 .06 1.4
SN 2420 CSN 2420 1.5000 38.100 1.8750 47.625 1.250 31.75 .06 1.4
SN 2610 CSN 2610 1.6250 41.275 2.0000 50.800 .625 15.88 .06 14
13, SN 2812 CSN 2812 1.7500 44.450 2.1250 53.975 .750 19.05 .06 1.4
4 SN 2816 CSN 2816 1.7500 44.450 2.1250 53.975 1.000 25.40 .08 1.4

1) Inspection dimensions are listed on page 46, table 3.
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Series CSN, CSNH Mounting dimensions
Load Ratings in Ibf | Limiting |Mounting Dimensions in inch and mm Matching
dynamic| static Speed Shaft Diameter 3) Housing Diameter 3) |n£§[:qgg;g
C Cp 2) B G 4)
inch mm inch mm sl
rpm max min max min min max min max separate
2650 4500 4900 .8750 .8745 22.225 22212 1.1245 1.1255 28.562 28.588 S1 101406
3600 6500 4900 .8750 .8745 22.225 22212 1.1245 1.1255 28.562 28.588 S1101408
5300 10900 4900 .8750 .8745 22225 22212 1.1245 1.1255 28.562 28.588 Si 101412
6900 15300 4900 .8750 .8745 22225 22212 1.1245 1.1255 28.562 28.588 Sl 101416
5800 12500 4300 1.0000 Bkl 25.400 25.387 1.2495 1.2505 31.737 31.763 Sl 121612
7500 17500 4300 1.0000 .9995 25.400 25.387 1.2495 1.2505 31.737 31.763 Sl 121616
4150 8500 3900 1.1250 1.1245 28.575 28.562 1.3745 1.3755 34.912 34.938 S1 141808
6200 14100 3900 1.1250 1.1245 28.575 28.562 1.3745 1.3755 34.912 34.938 S1141812
8000 19700 3900 1.1250 1.1245 28.575 28.662 1.3745 1.3755 34.912 34.938 S1141816
6500 15700 3500 1.2500 1.2495 31.750 31.737 1.4995 1.5005 38.087 38.113 Sl 162012
8500 21900 3500 1.2500 1.2495 31.750 31.737 1.4995 1.5005 38.087 38.113 SI 162016
4500 10300 3200 1.3750 1.3745 34.925 34.912 1.6245 1.6255 41.262 41.288 Sl 182208
6700 17200 3200 1.3750 1.3745 34.925 34.912 1.6245 1.6255 41.262 41.288 Sl 182212
10300 21500 2900 1.5000 1.4995 38.100 38.087 1.8745 1.8755 47.612 47.638 -
11700 25500 2900 1.5000 1.4995 38.100 38.087 1.8745 1.8755 47.612 47.638 Sl 202416
14300 33000 2900 1.5000 1.4995 38.100 38.087 1.8745 1.8755 47.612 47.638 S| 202420
7700 15400 2700 1.6250 1.6245 41.275 41.262 1.9995 2.0005 50.787 50.813 S1 222610
9700 21400 2500 1.7500 1.7495 44.450 44.437 2.1245 2.1255 53.962 53.988 Si 242812
13800 29000 2500 1.7500 1.7995 44.450 44.437 2.1245 2.1255 53.962 53.988 Sl 242816

2) Limiting speeds shown apply for oil lubrication. With grease lubrication 60% of the given values are permissible.
3) For non-ferrous housing recommendations refer to page 44, table 1.
4) Dimensions are listed on pages 72 to 75.

INAR 71



Inner Rings

Series Sl B—
S

F
\ 2
2
=
Series Si
Dimension Table * Dimensions in inch and mm
Shaft Part Number Mass Inner Ring Dimensions
De. Inside Diameter Outside Diameter Width
approx. d F B
+0.0000 +0.000 +0.0000 +0.000 +0.015 +0.38
nom -0.0005 0.013 -0.0005 -0.013 +0.005 +0.13
inch Ibs. inch mm inch mm inch mm
57,6 S1 050808 .02 3125 7.938 .5000 12.700 .500 12.70
S1 050810 .02 .3125 7.938 .5000 12.700 .625 15.88
S| 060908 .02 .3750 9.525 .5625 14.288 .500 12.70
Sl 060912 .03 .3750 9.525 .5625 14.288 .750 19.05
Y SI1 061008 .03 .3750 9.525 .6250 16.875 .500 12.70
S1 061010 .03 .3750 9.525 .6250 15.875 .625 15.88
S1 061012 .04 .3750 9.525 .6250 15.875 .750 19.05
S1 081208 .03 .5000 12.700 .7500 19.050 .500 12.70
A SI1 081210 .04 .5000 12.700 .7500 19.050 .625 15.88
Sl 081212 .05 .5000 12.700 .7500 19.050 .750 19.05
S1 101406 .03 .6250 15.875 .8750 22225 .375 9.52
5 S1 101408 .04 .6250 15.875 .8750 22.225 .500 12.70
8 Sl 101412 .06 .6250 15.875 .8750 22.225 .750 19.05
Sl 101416 .08 .6250 15.875 .8750 22.225 1.000 25.40
S1121608 .05 .7500 19.050 1.0000 25.400 .500 12.70
3 Sl 121612 .07 .7500 19.050 1.0000 25.400 .750 19.05
4 Sl 121616 .10 .7500 19.050 1.0000 25.400 1.000 25.40
Sl 121620 14 .7500 19.050 1.0000 25.400 1.250 31.75
S1 141808 .05 .8750 22.225 1.1250 28.575 .500 12.70
7 S1141812 .08 .8750 22225 1.1250 28.575 750 19.05
8 Sl 141816 1 .8750 22.225 1.1250 28.575 1.000 25.40
Si 141820 13 .8750 22.225 1.1250 28.575 1.250 31.75
15/16 S1 151816 A1 .9375 23.813 1.1250 28.575 1.00 25.40
Sl 162012 .09 1.0000 25.400 1.2500 31.750 .750 19.05
1 S 162016 .12 1.0000 25.400 1.25C0 31.750 1.000 25.40
Sl 162020 .15 1.0000 25.400 1.2500 31.750 1.250 31.75
S| 182208 .07 1.1250 28.575 1.3750 834.925 .500 12.70
Ay S1 182212 .10 1.1250 28.575 1.3750 34.925 .750 19.05
8 Sl 182216 13 1.1250 28.575 1.3750 34.925 1.000 25.40
Sl 182220 A7 1.1250 28.575 1.3750 34.925 1.250 31.75
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103 068-1

Mounting dimensions

Mounting Dimensions in inch and mm

Shaft Fillet Shaft Diameter Shaft Diameter
r W W
max inch mm inch mm

inch mm max min max min min max min max

.025 .064 .3126 .3121 7.940 7.927 3122 3117 7.930 7.917
.025 .064 .3126 3121 7.940 7.927 .3122 3117 7.930 7.917
.025 .064 3751 .3746 9.528 9.515 .3747 3742 9.517 9.505
.025 .064 3751 .3746 9.528 9.515 3747 .3742 9.517 9.505
.025 .064 .3751 .3746 9.528 9.515 3747 .3742 9.517 9.505
.025 .064 .3751 .3746 9.528 9.515 3747 .3742 9.517 9.505
.025 .064 .3751 .3746 9.528 9.515 3747 3742 9.517 9.505
.040 1.02 .5001 .4996 12.703 12.690 4997 .4992 12.692 12.680
.040 1.02 .5001 4996 12.703 12.690 4997 4992 12.692 12.680
.040 1.02 .5001 4996 12.703 12.690 .4997 4992 12.692 12.680
.040 1.02 .6251 .6246 15.878 15.865 .6247 6242 15.867 15.855
.040 1.02 .6251 .6246 15.878 15.865 .6247 6242 15.867 15.855
.040 1.02 .6251 6246 15.878 15.865 .6247 6242 15.867 15.855
.040 1.02 .6251 .6246 15.878 15.865 6247 6242 15.867 15.855
.040 1.02 7501 7496 19.053 19.040 7497 7492 19.042 19.030
.040 1.02 .7501 .7496 19.053 19.040 7497 7492 19.042 19.030
.040 1.02 .7501 .7496 19.053 19.040 .7497 7492 19.042 19.030
.040 1.02 7501 .7496 19.053 19.040 7497 7492 19.042 19.080
.040 1.02 .8751 .8746 22.228 22.215 8747 .8742 22.217 22.205
.040 1.02 .8751 .8746 22.228 22215 8747 .8742 22217 22.205
.040 1.02 .8751 .8746 22.228 22.215 .8747 .8742 22217 22.205
.040 1.02 .8751 .8746 22.228 22215 .8747 8742 22217 22.205
.040 1.02 9376 .9371 23.815 23.802 .9372 .9367 238.805 28.792
.040 1.02 1.0001 .9996 25.403 25.390 .9997 .9992 25.392 25.380
.040 1.02 1.0001 .9996 25.403 25.390 .9997 .9992 25,392 25.380
.040 1.02 1.0001 .9996 25.403 25.390 .9997 .9992 25.392 25.380
.040 1.02 1.1251 1.1246 28.578 28.565 1.1247 1.1242 28.567 28.555
.040 1.02 1.1251 1.1246 28.578 28.565 1.1247 1.1242 28.567 28.5655
.040 1.02 1.1251 1.1246 28.578 28.565 1.1247 1.1242 28.567 28.555
.040 1.02 1.1251 1.1246 28.578 28.565 1.1247 1.1242 28.567 28.555
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Inner Rings

Series Si B—
F
F d
T «@Q
8
Series Sl
Dimension Table * Dimensions in inch and mm
Shait Part Number Mass inner Ring Dimensions
Ltz Inside Diameter Ouitside Diameter Width
approx. d E B

+0.0000 +0.000 +0.0000 +0.000 +0.015 +0.38
nom -0.0005 -0.013 -0.0005 0.013 +0.005 +0.13
inch Ibs. inch mm inch mm inch mm
1 Sl 202416 15 1.2500 31.750 1.5000 38.100 1.000 25.40
4 Sl 202420 19 1.2500 31.750 1.5000 38.100 1.250 31.75
13 S| 222610 .10 1.3750 34.925 1.6250 41.275 625 15.88
8 Sl 222620 .20 1.8750 34.925 1.6250 41.275 1.250 31.75
17/ SI 232816 .20 1.4375 36.512 1.7500 44.450 1.000 25.40
16 Sl 232824 B 1.4375 36.512 1.7500 44.450 1.500 38.10
11, Sl 242812 13 1.5000 38.100 1.7500 44.450 750 19.05
2 SI 242816 .18 1.5000 38.100 1.7500 44.450 1.000 25.40
111 S| 273216 .24 1.6875 42.862 2.0000 50.800 1.000 25.40
16 Si 273220 31 1.6875 42.862 2.0000 50.800 1.250 31.75
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103 068-1

Mounting dimensions

Mounting Dimensions in inch and mm

Shaft Fillet Shaft Diameter Shaft Diameter
press fit slip fit
r W w
max inch mm inch mm
inch mm max min max min min max min max
.060 1.52 1.2501 1.2496 31.753 31.740 1.2497 1.2492 31.742 31.730
.060 1.62 1.2501 1.2496 31.753 31.740 1.2497 1.2492 31.742 31.730
.060 1.52 1.3751 1.3746 34.928 34.915 1.3747 1.3742 34.917 34.905
.060 1.52 1.3751 1.3746 34.928 34.915 1.3747 1.3742 34.917 34.905
.060 1.52 1.4376 1.4371 36.515 36.502 1.4372 1.4367 36.505 36.492
.060 1.52 1.4376 1.4371 36.515 36.502 1.4372 1.4367 36.505 36.492
.060 1.52 1.5001 1.4996 38.103 38.090 1.4997 1.4992 38.092 38.080
.060 1.52 1.5001 1.4996 38.103 38.090 1.4997 1.4992 38.092 38.080
.060 1.52 1.6876 1.6871 42.865 42.852 1.6872 1.6867 42.855 42.842
.060 1.52 1.6876 1.6871 42.865 42.852 1.6872 1.6867 42.855 42.842
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Unit Cages

102 073

Series C
The INA unit cage is a self contained bearing assembly in the dimension tables provide adequate diametral
with precise, individually guided and retained needle clearance for most applications. However, for special
rollers. It provides bearing arrangements with high load conditions, such as high temperature operations, con-
carrying capacity and stiffness with a low radial section. sult the INA Engineering Department.
Large guidance areas ensure accurate guidance of the . o )
unit cages. To assure proper axial clearance, the minimum dis-

tance between the two locating side faces should be
INA unit cages are suitable for applications where shaft “B.” +0.008"/+0.20mm.

and housing bores can be used as raceways.
Design of Adjacent Paris

Further details regarding the design of the raceways
and lateral guiding faces are given in section

The operating clearance is determined by the selection
of the raceway diameter.

A very high degree of running accuracy can be “Technical Data” on page 34.

achieved, depending upon the dimensional and geo-

metric accuracy of the shaft and housing bore race- Additional information in section “Technical Data”
ways.

Page | Description
14 | Load carrying capacity and life
26 | Lubrication and maintenance
Mounting Tolerances 34 | Design of bearing arrangements

A complete line of metric unit cages is also available.

Shafts and housings for unit cages must be steel and 6 | Suffixes
must be hardened and ground to serve as raceways.
The recommended shaft and housing diameters shown
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Unit Cages

Series C

Series C

102 021

Dimension Table *

Dimensions in inch and mm

Sr!aft Part Number | Bearing Dimensions Load Ratings in Ibf | Limiting
LI Inside Diameter Outside Diameter Width dynamic | static Spjed
1
Fw Fw +0.000 e +0.00 c o
nom nom nom -0.015 -0.38

inch inch mm inch mm inch mm rpm
g C 060806 .3750 9.525 .5000 12.700 .375 9.52 1100 1230 30000
1ip C 081008 .5000 12.700 .6250 15.875 .500 12.70 1490 1960 26000
%6 C 091108 .5625 14.288 .6875 17.462 .500 12.70 1630 2290 25000
C 091110 .5625 14.288 .6875 17.462 .625 15.88 2190 3350 25000
5 C 101208 .6250 15.8756 .7500 19.050 .500 12.70 1840 2800 24000
8 C 101212 .6250 15.875 .7500 19.050 .750 19.05 2650 4400 24000
e C 111308 .6875 17.462 .8126 20.638 .500 12.70 1840 2850 23000
34 C 121616 .7500 19.050 1.0000 25.400 1.000 25.40 5600 7800 21000
1316 C 131608 .8125 20.638 1.0000 25.400 .500 12.70 2800 3950 21000
I8 C 141816 .8750 22.225 1.1250 28.575 1.000 25.40 6500 9800 19000
C 161908 1.0000 25.400 1.1875 30.162 .500 12.70 3050 4700 18000
1 C 162112 1.0000 25.400 1.3125 33.338 .750 19.05 6400 8500 17000
C 162116 1.0000 25.400 1.3125 33.338 1.000 25.40 8200 11900 17000
14 C 182416 1.1250 28.575 1.5000 38.100 1.000 25.40 9700 13400 15000
C 182420 1.1250 28.575 1.5000 38.100 1.250 81,79 11700 17100 15000
C 202612 1.2500 31.750 1.6250 41,275 .750 19.05 7700 10300 13000
17, C 202616 1.2500 31.750 1.6250 41.275 1.000 25.40 10100 14600 13000
C 202624 1.2500 31.750 1.6250 41.275 1.500 38.10 14300 22700 13000
1% C 222820 1.3750 34.925 1.7500 44.450 1.250 31.75 12600 19900 12000
C 243016 1.5000 38.100 1.8750 47.625 1.000 25.40 10800 16700 11000
17, C 243020 1.5000 38.100 1.8750 47.625 1.250 31,79 13000 21300 11000
C 243024 1.5000 38.100 1.8750 47.625 1.500 38.10 15300 26000 11000
1%, C 283416 1.7500 44.450 2.1250 53.975 1.000 25.40 11900 19800 10000
C 283424 1.7500 44.450 2.1250 53.975 1.500 38.10 16900 31000 10000

1) Limiting speeds shown apply for oil lubrication. With grease Iubrication 60% of the given values are permissible.
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Mounting dimensions

Mounting Dimensions in inch and mm

Shaft Diameter Housing Diameter
= G
inch mm inch mm

max min max min min max min max

.3750 .3748 9.525 9.519 .5002 .5007 12.706 12.717

.5000 .4997 12.700 12.692 .6252 .6257 15.881 15.892

.5625 .5622 14.288 14.280 .6877 .6882 17.468 17.480

.5625 .5622 14.288 14.280 .6877 .6882 17.468 17.480

.6250 .6247 15.875 15.867 .7503 .7508 19.067 18.070

.6250 .6247 15.875 15.867 .7503 .7508 19.067 19.070

.6875 .6872 17.462 17.454 .8128 .8133 20.644 20.658

.7500 .7496 19.050 19.041 1.0003 1.0008 25.407 25.420

.8125 .8121 20.638 20.628 1.0003 1.0008 25.407 25.420

.8750 .8746 22.225 22.216 1.1253 1.1258 28.582 28.595
1.0000 .9996 25.400 25.391 1.1879 1.1885 30.172 30.188
1.0000 .9996 25.400 25.391 1.3129 U186 33.346 33.362
1.0000 .9996 25.400 25.391 1.3129 INSIES! 33.346 33.362
1.1250 1.1246 28.575 28.566 1.5004 1.5010 38.109 38.125
1.1250 1.1246 28.575 28.566 1.5004 1.5010 38.109 38.125
1.2500 1.2496 31.750 31.739 1.6254 1.6260 41.284 41.300
1.2500 1.2496 31.750 31.739 1.6254 1.6260 41.284 41.300
1.2500 1.2496 31.750 31.739 1.6254 1.6260 41,284 41.300
1.3750 1.3746 34.925 34.914 1.7504 1.7510 44.459 44.475
1.5000 1.4996 38.100 38.089 1.8754 1.8760 47.634 47.650
1.5000 1.4996 38.100 38.089 1.8754 1.8760 47.634 47.650
1.5000 1.4996 38.100 38.089 1.8754 1.8760 47.634 47.650
1.7500 1.7496 44,450 44,439 2.1254 2.1261 53.985 54.004
1.7500 1.7496 44.450 44.439 2.1254 2.1261 53.985 54.004
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Unit Cages

Series C

Series C

Bc

102 021

Dimension Table

Dimensions in inch and mm

Shaft | Part Number | Bearing Dimensions Load Ratings in Ibf | Limiting
o= Inside Diameter Outside Diameter Width dynamic | static Sz
F, Ey B, c Co R
nom nom nom *8:832 0%

inch inch mm inch mm inch mm rpm
2 C 323816 2.0000 50.800 2.3750 60.325 1.000 25.40 12300 23000 9000
C 323824 2.0000 50.800 2.3750 60.325 1.500 38.10 18300 36000 9000
P2 C 333916 2.0625 52.388 2.4375 61.912 1.000 25.40 13200 24000 8500
21 C 344016 2.1250 53.975 2.5000 63.500 1.000 25.40 13200 24000 8500
@ C 344024 2.1250 53.975 2.5000 63.500 1.500 38.10 18700 37500 8500
2 1y C 364216 2.2500 57.150 2.6250 66.675 1.000 25.40 10600 18500 8000
2 g C 384424 2.3750 60.325 2.7500 69.850 1.500 38.10 19400 41000 7500
2 1, C 404616 2.5000 63.500 2.8750 73.025 1.000 25.40 14000 27000 7000
C 404624 2.5000 63.500 2.8750 73.025 1.500 38.10 19800 42500 7000
239, C 445016 2.7500 69.850 3.1250 79.375 1.000 25.40 14500 29500 6500
C 485416 3.0000 76.200 3.3750 85.725 1.000 25.40 14900 31500 6000
3 C 485424 3.0000 76.200 3.3750 85.725 1.500 38.10 21100 49000 6000
C 566216 3.5000 88.800 3.8750 98.425 1,000 25.40 15800 35500 5000
3 s, C 566416 3.5000 88.900 4,0000 101.600 1.000 25.40 19800 39000 5000
C 566424 3.5000 88.800 4.0000 101.600 1.500 38.10 25500 54000 5000
C 647216 4.0000 101.600 4.5000 114.300 1,000 25.40 20400 42500 4500
4 C 647224 4.0000 101.600 4,5000 114.300 1.500 38.10 27500 62000 4500

'} Limiting speeds shown apply for oil fubrication. With grease lubrication 60% of the given values are permissible.
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Mounting dimensions

Mounting Dimensions in inch and mm

Shaft Diameter Housing Diameter
F G
inch mm inch mm

max min max min min max min max
2.0000 1.9995 50.800 50,787 2.3754 2.3761 60.335 60.354
2.0000 1.9995 50.800 50.787 2.3754 2.3761 60.335 60.354
2.0625 2.0620 52,388 52.374 2.4379 2.4386 67.922 61.942
2.1250 2.1245 53.975 53.962 2.5004 2.5011 63.510 63.529
2.1250 2.1245 53.975 53.962 2.5004 2.5011 63.510 63.529
2.2500 2.2485 57.150 57.137 2.6254 2.6261 66.685 66.704
2.3750 2.3745 60.325 60.312 2.7504 2.7511 69.860 69.879
2.5000 2.4995 63.500 63.487 2.8754 2.8761 73.035 73.054
2.5000 2.4995 63.500 63.487 2.8754 2.8761 73.035 73.054
2.7500 2.7495 69.850 69.837 3.1254 3.1261 79.385 79.404
3.0000 2.9995 76.200 76.187 3.3755 3.3763 85.737 85.759
3.0000 2.9995 76.200 76.187 3.3755 3.3763 85.737 85.759
3.5000 3.4994 88.900 88.885 3.8755 3.8763 98.437 98.459
3.5000 3.4894 88.900 88.885 4.0005 4.0013 101.612 101.634
3.5000 3.4994 88.900 88.885 4.0005 4.0013 101.612 101.634
4.0000 3.9994 101.600 101.585 4.5005 4.5013 114.312 114.334
4.0000 3.9994 101.600 101.585 4.5005 4.5013 114.312 114.334
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Thrust Bearings

INA thrust bearings consist of thrust cages with needle
rollers and thrust washers. The needle rollers are
retained and accurately guided in a rigid thrust cage.
Several combinations with various types of thrust
washers are possible.

Within a small space, high load carrying capacity
and rigidity of the bearing is achieved by using cylin-
drical rolling elements of high accuracy and with long
contact surfaces. Thrust washers can be eliminated if
the adjacent surfaces are suitable for raceways.

Extensive tests have shown that these bearings have
very low coefficients of friction (see page 24, figure 6),
in spite of the slight sliding effect of cylindrical rolling
elements on a circular path.

The limiting speeds given in the dimension tables apply
to oil lubrication with sufficient cooling of the oil. With
grease lubrication, the limiting speeds are only about
25% of the values given in the tables. Higher speeds
are permissible if adequate cooling is provided; please
contact the INA Engineering Depariment.

A complete line of metric thrust bearings is also avail-
able.

INA Thrust Cages Series TC

The INA thrust cage is the basic component of the
thrust needle roller bearings. The needle rollers are
retained and guided in radially arranged pockets in a
profiled, hardened steel strip cage.

The high accuracy of the needle rollers ensures uni-
form load distribution. 1t is preferable to guide INA
thrust cages on the shaft. Even at high speeds, this
results in relatively low circumferential speeds at the
guiding surface. If guidance on the shaft is not possi-
bie, thrust cages can also be guided on their outside
diameter.

Particularly space-saving bearing arrangements are

achieved if the faces of the adjacent pait are designed
as raceways so that thrust washers can be dispensed
with. If such a solution is not feasible, bearing arrange

ments with very low axial section height can be
achieved with thrust washers of series TWA and TWB.
These thrust washers must be fully supported. For
other applications, combinations with thicker thrust
washers, series TWC and TWD are also possible. INA
thrust washers for use with INA thrust cages must be
ordered separately.

INA Thrust Washer Series TWA and TWB

INA thrust washers of series TWA and TWB are
punched from high-grade steel, through-hardened and
polished. They are used if the adjacent machine part
cannot be hardened but has sufficient rigidity and geo-
metrical accuracy. The washers shouid be fully sup-
ported on their entire abutment surface. With appropri-
ate centering they can be used either as housing locat-
ing or shaft locating washers.

INA Thrust Washers Series TWC and TWD

INA thrust washers of series TWC and TWD are thick
washers made from bearing steel. The raceways are
ground while the bore and outside diameter are
machined. These washers can also be used as either
housing locating or shaft locating washers when appro-
priate centering is provided.

Special Design

For applications where standard sizes cannot be used,
INA thrust bearings can be supplied in special sizes
and designs providing the quantities are large enough
for economical production.

Mounting Tolerances

All tolerances for shaft and housings are listed in the
dimension table.
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Series TC

Mounting Guidelines

If the adjacent machine parts can be hardened and
ground, INA thrust cages can be used without addition-
al thrust washers. The raceway dimensions can be
found in columns E, and E, in the dimension tables.
The raceway surface must be square within
0.0005"/0.013mm with respect to the center line and
flat within 0.0002"/0.005mm measured in any direction.

Further technical data for material selection and design
of the raceways is given in the section “Technical
Data”.

If possible, thrust washers of series TWC and TWD
should be supported over their entire abutment sur-
face. However, small openings are permissible, e.g.,
for the supply of lubricant. The shoulders must be suffi-

Table 1

ciently rigid, flat and square to the axis of rotation. They
should extend at least to the middle of the rolling ele-
ment raceway from either the outside or the inside
diameter. On the other hand, INA thrust washers of
series TWA and TWB must always be fully supported
in order to prevent elastic deformation.

Additional information in section “Technical Data”

Page | Description
14 | Load carrying capacity and life
26 | Lubrication and maintenance
34 | Design of bearing arrangements
6 Suffixes

Tolerances for inside diameter Dc1 and outside diameter

D¢ of thrust cages Series TC

Needle Roller Dia. Tolerance limits
Inside diameter Outside diameter
nom inch mm inch mm
Inch mm min max min  max max min max min
.0781 1.984 | +.002 +.007 | +0.056 +0.18 | ~.010 -.020 | -0.25 -0.50
.1250 | 3.175 | +.002 +.010 | +0.05 +0.25 } -.010 -.025 | -0.25 -0.63
Table 2 Tolerances for inside diameter d of thrust washers
Series TWA, TWB, TWC and TWD
Nom Inside diameter Tolerance limits
inch mm inch mm
over incl. over incl. min max min max
.240 2.250 6.10 57.15 +.002 +.012 +0.05 +0.30
2.250 4.125 57.15 104.78 +.002 +.017 +0.05 +0.43
Table 3 Tolerances for outside diamster D of thrust washers
Series TWA, TWB, TWC and TWD
Nom outside diameter Tolerance limits
inch mm inch mm
over incl. over incl. max min max min
.562 5.062 14.30 128.57 -.010 ~.030 ~0.25 -0.76
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Thrust Bearings

Series TC

Thrust Washers

Series TWA, TWB, TWC, TWD

Series TC

108 074

Dimension Table

Dimensions in inch and mm

Shaft Part Bearing Dimensions Load Ratings | Limit- [ Mounting Dimensions
et WIS Inside Diameter?) | Outside Diameter )| Roller Diameter dynamic| static S;‘)neged |.D. Race O.D. Race
Dyq/d D,/D Dw Cc 157 2) E, E,
nom nom nom b 8882 % 88? max min
inch inch mm inch mm inch mm Ibf Ibf rpm inch mm inch | mm
Ty | TC 41 .250 6.35 .687 17.45 | .0781 | 1.984 1370 3000 | 16000 .28 7.1 .62 15.7
S, | TC 512 .312 7.94 .750 19.05 | .0781 | 71.984 1560 3650 | 15000 .35 8.9 .68 17.3
S [ TC 613 .375 9.52 .812 20.62 | .0781 | 1.984 1620 4000 | 15000 41 10.4 .75 19.0
T, | TC 815 .500 12.70 .987 23.80 | .0781 | 1.984 1920 5300 | 13000 .53 13.5 .89 22.6
54 | TC 1018 .625 15.88 1.125 28.58 | .0781 | 1.984 2170 6600 | 11000 .69 17.5 | 1.05 | 26.7
3, | TC 1220 .750 19.05 1.250 31.75 | .0781 | 1.984 2410 8000 | 9500 .81 20.6 | 1.17 29.7
7y TC 1423 .875 22.22 1.437 36.50 | .0781 | 1.984 2900 | 10500 | 8500 .94 23.9 | 1.35 34.3
TC 1427 .875 22.22 1.687 42.85 | .0781 | 1.984 | 4400 | 18600 | 7500 .94 | 23.9 | 1.61 40.9
1 TC 1625 1.000 25.40 1.562 39.67 | .0781 | 1.984 3150 | 12100 | 7500 | 1.07 27.2 | 148 | 37.6
1 Yy | TC 1828 1.125 28.58 1.750 44.45 | .0781 | 1.984 3850 | 16300 | 6500 ( 1.19 30.2 | 1.67 | 42.4
1346 TC 193t 1.188 30.16 1.937 49.20 | .0781 | 7.984 | 4500 | 20500 | 6000 | 1.25 31.8 | 1.85 | 47.0
{1 Y, | TC 2031 1.250 31.75 1.937 49.20 | .0781 | 1.984 | 4500 | 20500 | 6000 | 1.32 33.5 | 1.85 | 47.0
13, | TC 2233 1.375 34.92 2.062 52.37 | .0781 | 71.984 | 4600 | 21600 | 5500 | 1.44 36.6 | 1.98 50.3
1 1, | TC 2435 1.500 38.10 2.187 55.55 | .0781 | 1.984 4850 | 23700 | 5000 | 1.57 | 39.9 | 2.10 | 53.3
13, | TC 2840 1.750 44.45 2.500 63.50 | .0781 | 1.984 5600 | 30000 | 4500 | 1.82 | 46.2 | 2.41 61.2
2 TC 3244 2.000 50.80 2.750 69.85 | .0781 | 1.984 5800 | 32500 ) 4000 [ 2.07 | 52.6 | 2.66 67.6
2 1, | TC 3648 2.250 57.15 3.000 76.20 | .0781 | 1.984 6000 | 35000 | 3600 | 2.32 58.9 | 2.91 73.9
2 Y, | TC 4052 2.500 63.50 3.250 82.55 | .0781 | 1.984 6200 | 37500 | 3300 | 2.57 656.3 | 3.16 | 80.3
3 TC 4860 3.000 76.20 3.750 95.25 | .0781 | 71.984 6600 | 42500 | 2800 | 3.07 78.0 | 3.66 | 93.0
3 ', | TC 5266 3.250 82.55 4.125 104.78 | .1250 | 3.775 | 10900 | 61000 | 2600 { 3.35 | 85.7 | 4.00 | 101.6
4 g | TC 6681 4.125 | 104.78 5.062 128.57 | .1250 | 3.175 | 14200 | 92000 | 2100 | 4.22 | 7107.2 | 4.95 | 125.7

-]
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For inside and outside diameter tolerances see table 1 on page 83.
Limiting speeds shown apply for oil lubrication. With grease lubrication 25% of the given values are permissible.
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Series TWA Series TWB Series TWC Series TWD Mounting dimensions
Mounting Dimensions in inch and mm Thrust®)
n N Washer
Cage |.D. Guided Cage O.D. Guided Designation
Shaft Diameter Housing Diameter Housing Diameter Shaft Diameter
E G G E TWA...
inch mm min inch mm max TWB...
. ; ; . TWC...
max min max min inch mm min max min max inch mm TWD. ..
.2500 .2470 6.350 6.274 .6870 17.450 .6810 .6850 17.297 17.399 .2420 6.147 411
.3125 .3095 7.938 7.861 .7500 19.050 .7440 .7480 18.898 18.999 .3045 7.734 512
.3750 .3720 9.525 9.449 .8120 20.625 .8060 .8100 20.472 20.574 .3670 9.322 613
.5000 .4970 12.700 12.624 .9370 23.800 .9310 .9350 23.647 23.749 4920 12.497 815
.6250 .6220 15.875 15.799 1.1250 28.575 | 1.1190 1.1230 28.423 28.524 .6170 | 15.672| 1018
.7500 .7470 19.050 18.974 1.2500 31.750 1 1.2440 1.2480 31.588 31.699 L7420 | 18.847 | 1220
.8750 .8720 22.225 22.149 1.4370 36.500 | 1.4310 1.4350 36.347 36.449 .8670 | 22.022| 1423
.8750 .8720 22.225 22.149 1.6870 42.850 | 1.6810 1.6850 42.697 42.799 .8670 | 22.022 | 1427
1.0000 .8970 25.400 25.324 1.5620 39.675 ) 1.5560 1.5600 39.522 39.624 .9920 | 25.7197 | 1625
1.1250 1.1220 28.575 28.499 1.7500 44.450 § 1.7440 1.7480 44.298 44.399 | 1.1170| 28.372| 1828
1.1875 1.1845 30.162 30.086 1.9370 49.200 | 1.9310 1.9350 49.047 49.149 | 1.1795 29.959 | 1931
1.2500 1.2470 31.750 31.674 1.9370 49.200 | 1.9310 1.8350 49.047 49.149 | 1.2420| 37.547| 2031
1.3750 1.3720 34.925 34.849 2.0620 52.375 | 2.0560 2.0600 52.222 52.324 1 1.3670 | 34.722 | 2233
1.5000 1.4970 38.100 38.024 2.1870 55.5650 | 2.1810 2.1850 55.397 65.499( 1.4920 | 37.897 | 2435
1.7500 1.7470 44.450 44.374 2.5000 63.500 | 2.4940 2.4980 63.348 63.449 | 1.7420 | 44.247| 2840
2.0000 1.9970 50.800 50.724 2.7500 69.850 | 2.7440 2.7480 69.698 69.799 | 1.9920| 50.597 | 3244
2.2500 2.2470 57.150 57.074 3.0000 76.200 | 2.9940 2.9980 76.048 76.149 | 2.2420 | 56.947 | 3648
2.5000 2.4970 63.500 63.424 3.2500 82.650 | 3.2440 3.2480 82.398 82.499 | 2.4920! 63.297 | 4052
3.0000 2.9970 76.200 76.124 3.7500 95.250 | 3.7440 3.7480 95.088 95.189 | 2.9920 | 75.997 | 4860
3.2500 3.2470 82.550 82.474 4.1250 | 104.775 | 4.1190 4.1230 | 104.623 104.724| 3.2420 | 82.347 | 5266
4.1250 4.1220 | 104.775 104.699 5.0620 | 7128.575 | 5.0560 5.0600 | 728.422 128.524| 4.1170 | 104.572 | 6681

3)

For thrust washer inside and outside diameter tolerances see tables 2 and 3 on page 83.
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Precision Ground Bearings

Bearings of series NCS are high performance units
with a through hardened and precision ground outer
ring. They are designed for maximum rolier length pro-
viding high load carrying capabilities and running accu-
racy.

The two integral shoulders on the outer race serve
three purposes. They strengthen the outer ring permit-
ting a thinner wall and a larger roller diameter for maxi-
mum load ratings. The shoulders locate the roller axial-
ly. They also provide a large guiding surface near the
pitch diameter for the cage, preventing it from removing
lubricant film from the raceways.

The rigid cage maintains accurate roller guidance even
under adverse operating conditions. The precision
rollers are crowned for optimum load distribution over
their entire length.

The outer ring has a circumferential groove on its out-
side diameter and a radial oil hole to permit relubrica-
tion through the housing.

The bearing outside diameter tolerances are specified
in table 1. The inside diameter {olerance limits in the
unmounted condition are shown in table 2.

A complete line of metric precision ground bearings is
also available.

Mounting

The most economical and best technical solution to the
application of precision ground bearings is to harden
and grind the shaft to be used as a raceway. The shaft
is stronger, and since there are no inner ring tolerances
o be considered, increased running accuracy is
obtained. Consult the Technical Data on page 34 for
details regarding shaft design. When it is not practical
to harden and grind the shaft, inner rings are available

for use with NCS type bearings. These inner rings
should be ordered separately by the part number
shown in the dimension table. See page 94 for addi-
tional information on inner rings of series PI.

Normally the outer ring must be press fitted into the
housing if it rotates relative to the load. The same is
true of the inner ring, if one is used. If either ring is sta-
tionary with respect to the load, press-fitting is not
required. Shaft and housing diameters are specified in
the dimension table for both press fitted and slip fitted
outer rings. If it should be necessary to press both fit
both rings, care should be taken that adequate diame-
tral clearance remains. Regardless of whether or not
the bearings are press fitted, the inner and outer rings
must be axially located on shafts or in housings by
means of shoulders or snap rings.

Additional information in section
“Technical Data”

Page | Description

14 Load carrying capacity and life

26 Lubrication and maintenance

32 | Radial internal clearance and operating ciearance

34 Design of bearing arrangements

6 | Suffixes
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103 028

Series NCS

Table 1 + Tolerances for inside diameter EN

Nom inside dlameter Tolerance limits
inch mm inch mm
over Incl. over incl. min max min max
.5000 .6250 12.700 15.875 +.0008 +.0017 +0.020  +0.043
.6250 1.1250 15.875 28.575 +.0009 +.0018 +0.023  +0.046
1.1250 1.6250 28.575 41.275 +.0010  +.0019 +0.025  +0.048
1.6250 1.8750 41,275 47.625 +.0010 +,0020 +0.025  +0.050
1.8750 2.7500 47.625 69.850 +.0011  +.0021 +0.028  +0.053
2.7500  3.0000 69.850 76.200 +.0011  +.0023 +0.028  +0.058
3.0000 4.0000 76.200  101.600 +.0012  +.0024 +0.030  +0.060
4.0000 4.5000 101.600 114.300 +.0012 +.0026 +0.030  +0.066
4.5000 6.0000 114.300  152.400 +.0013  +.0027 +0.033  +0.069

Table 2 * Tolerances for outside diameter D

Nom outside diameter Tolerance limits
inch mm inch mm
over incl. over incl. max min max min
.7500 2.,0000 19.050 50.800 +0 -.0005 +0 -0.013
2.0000 3.2500 50.800 82.550 +0 -.0006 +0 -0.015
3.2500 4.7500 82.550 120.650 +0 -.0008 +0 -0.020
4.7500 7.0000 120.650 177.800 +0 -.0010 +0 -0.025
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Precision Ground Bearings

Series NCS

s

103 052

Series NCS
Dimension Table * Dimensions in inch and mm
Shaft Part Bearing Dimensions Mass| Load Ratings Limit— Matching
Dia. | Number inside Diameter { Outside Diameter Width Comer dynamic| static Splaneged 'WS&EQQ
Fw1) pY c Rarc:'us ) @ Co 2) 3)
nom nom nom 0002 | 8.8 min order
inch inch mm inch mm inch mm inch | mm ibs ibf Ibf rpm | separate
5 NCS 1012 .6250 15.875 | 1.1250 | 28.575 .750 | 79.05|.025 | 0.64 11 3700 3750 | 22000 | P! 061012
NCS 1016 .6250 15.875 | 1.1250 28.575 | 1.000 | 25.40| .025 | 0.64 .15 4750 5200 | 22000 -
3 NCS 1212| .7500 19.050 | 1.2500 | 31.750 .750 | 19.05} .040 | 1.02 .12 4600 5200 | 21000 | Pi 081212
4 { NCS 1216| .7500 19.050 | 1.2500 37.750 | 1.000 | 25.40 | .040 | 1.02 .16 5900 7100 | 21000 | Pl 081216
7 NCS 1412} .8750 | 22.225 | 1.3750 | 34.925 .750 | 19.05.040 | 1.02 .13 5100 6200 | 19000 | P! 101412
NCS 1416| .8750 | 22.225 | 1.3750 34.925 | 1.000 | 25.40 | .040 | 1.02 .18 6600 8500 | 19000 | PI 101416
15,6 | NCS 1612| .9375 | 23.872 | 1.4375 | 36.512 .750 | 19.05 | .040 | 1.02 .14 5400 6700 | 18000 -
NCS 1612| 1.0000 | 25.400 | 1.5000 38.100 .750 | 19.05|.040 | 1.02 .15 5300 6800 | 17000 | Pl 121612
1 NCS 1616{ 1.0000 | 25.400 | 1.5000 38.100 | 1.000 | 25.40| .040 | 1.02 .20 7200 | 10000 | 17000 | Pl 121616
17 NCS 1816 1.1250 | 28.575 | 1.6250 | 41.275 | 1.000 | 25.40 | .040 | 1.02 .22 7100 | 10100 | 15000 | PI 141816
8 I'NCs 1820 1.1250 | 28.575 | 1.6250 | 41.275 | 1.250 | 31.75 | .040 | 1.02 .28 | 10000 | 15700 | 15000 | Pi 141820
NCS 2012 1.2500 | 37.750 | 1.7500 | 44.450 .750 | 19.05] .040 | 1.02 .18 6000 8300 | 14000 | Pl 162012
1T, | NCS 2016| 1.2500 | 37.750 | 1.7500 | 44.450 | 1.000 | 25.40 | .040 | 1.02 .24 7700 | 11500 | 14000 | Pl 162016
NCS 2020 1.2500 | 37.750 | 1.7500 | 44.450 | 1.250 | 31.75| .040 | 7.02 .30 9900 | 15900 | 14000 | P! 162020
13 NCS 2216 1.3750 | 34.925 | 1.8750 | 47.625 | 1.000 | 25.40| .040 | 1.02 .26 8200 | 12900 | 13000 | PI 182216
8 | NCS 2220| 1.3750 | 34.925 | 1.8750 | 47.625 | 1.250 | 37.75| .040 | 7.02 .33 | 11000 | 18800 | 13000 | PI 182220
1, NCS 2416 1.5000 | 38.700 | 2.0625 | 52,388 | 1.000 | 25.40 | .060 | 1.52 .34 8400 | 13700 | 12000 | Pl 202416
NCS 2420| 1.5000 | 38.100 | 2.0625 52.388 | 1.250 | 371.75|.060 | 1.52 .42 | 12600 | 20400 | 11000 | PI 202420
154 NCS 2616 | 1.6250 | 47.275 | 2.1875 | 55.562 | 1.000 | 25.40| .060 | 1.52 .36 | 10500 | 16600 | 11000 | PI 212616
NCS 2620 1.6250 | 41.275 | 2.1875 55.562 | 1.250 | 31.75].060 | 1.52 .46 | 11100 | 20000 | 11000 | PI 222620
19, NCS 2816 1.7500 | 44.450 | 2.3125 58.738 | 1.000 | 25.40 | .060 | 7.52 .39 9400 | 16500 | 10000 | Pi 242816
NCS 2820| 1.7500 | 44.450 | 2.3125 | 58.738 | 1.250 | 31.75].060 | 1.52 .48 | 13300 | 22800 | 10000 | PI 242820
174 NCS 3016} 1.8750 | 47.625 | 2.4375 67.972 | 1.000 | 25.40 ] .060 | 1.52 .41 9600 | 17300 | 9500 | Pl 253016
NCS 3020| 1.8750 | 47.625 | 2.4375 61.912 | 1.250 | 31.75].060 | 1.52 .51 | 12000 | 23000 | 9500 | Pi 253025

1
2
3
4

88 INA

Additional sizes and dimensions are lisied on pages 94 to 97.
Equals maximum housing fillet radius which the bearing corner will clear.

) For inside and outside diameter tolerances see tables 1 and 2 on page 87.
) Limiting speeds shown apply for oil lubrication. With grease lubrication 60% of the given values are permissible.
)
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103 093

Mounting dimensions

Mounting Dimensions in inch and mm

Housing with slip fit Housing with press fit
Shaft Diameter Housing Diameter Shaft Diameter Housing Diameter
inch i mm inch = mm inch q mm inch < mm
max min max min min max min max max min max min min max min max
.6250 .6246| 15.875 15.864(1.1250 1.1258| 28.575 28.596| 6244 .6239| 15.859 15.848(1.1239 1.1247| 28.547 28.568
.6250 .6246| 15.875 15.864]1.1250 1.1258| 28.575 28.596| .6244 .6239| 15.859 15.84811.1289 1.1247| 28.547 28.568
7500 7495 19.050 19.037(1.2500 1.2510| 37.750 31.775| .7492 .7487| 19.030 19.017}1.2487 1.2497( 31.717 31.742
7500 .7495| 19.050 19.037(1.2500 1.2510| 31.750 31.775| .7492 7487 19.030 19.017|1.2487 1.2497| 31.717 31.742
.8750 .8745| 22,225 22.212|1.3750 1.3760| 34.9256 34.950| .8742 .8737) 22.206 22.192|1.3737 1.3747| 34.892 34.917
8750 .8745( 22.225 22.212}1.3750 1.3760| 34.925 34.950| .8742 .8737{ 22.205 22.192|1.3737 1.3747( 34.892 34.917
.9375 9370 23.812 23.800[1.4375 1.4385| 36.512 36.538| .9367 .9362| 23.792 23.780|1.4362 1.4372| 36.480 36.504
1.0000 .9995| 25.400 25.387|1.5000 1.5010) 38.700 38.125| .9992 .9987| 25.380 25.367}1.4987 1.4997| 38.067 38.092
1.0000 .9995| 25.400 25.38711.5000 1.5010{ 38.700 38.725| .9992 .9987| 25.380 25.367)1.4987 1.4997 38.067 38.092
1.1250 1.1245) 28.575 28.562{1.6250 1.6260| 47.275 41.300|1.1242 1.1237| 28.555 28.542|1.6237 1.6247| 41.242 41.267
1.1250 1.1245| 28.575 28.562|1.6250 1.6260| 471.275 41.300|1.1242 1.1237| 28.555 28.542|1.6237 1.6247) 41.242 41.267
1.2500 1.2494| 37.750 31.734]11.7500 1.7510| 44.450 44.475|1.2490 1.2484| 37.725 31.709}1.7487 1.7497| 44.417 44.442
1.2500 1.2494| 31.750 31.734|1.7500 1.7510| 44.450 44.475|1.2490 1.2484| 31.725 31.709|1.7487 1.7497| 44.417 44.442
1.2500 1.2494| 31.750 31.734|1.7500 1.7510| 44.450 44.475|1.2490 1.2484| 37.725 31.709|1.7487 1.7497| 44.417 44.442
1.8750 1.3744] 34.925 34.909|1.8750 1.8760} 47.625 47.650|1.3740 1.3734]| 34.900 34.884{1.8737 1.8747| 47.592 47.617
1.3750 1,3744| 34.925 34.909|1.8750 1.8760| 47.625 47.650|1.3740 1.3734| 34.900 34.884|1.8737 1.8747| 47.592 47.617
1.5000 1.4994| 38.700 38.084|2.0625 2.0637| 52,388 52.418}1.4990 1.4984| 38.075 38.059[2.0610 2.0621]| 52.348 52.378
1.5000 1.4994| 38.100 38.0842.0625 2.0637| 52.388 52.418|1.4990 1.4984| 38.075 38.059|2.0610 2.0621] 52.348 52.378
1.6250 1.6244| 41.275 41.259]2.1875 2.1887| 55.562 55.592|1.6240 1.6234| 47.250 41.234|2.1860 2.1871| 55.524 55.554
1.6250 1.6244| 41.275 41.259)2.1875 2.1887| 55.562 55.592|1.6240 1.6234| 41.250 41.23412.1860 2.1871] 55.524 55.554
1.7500 1.7494| 44.450 44.43412.3125 2.3137| 58.738 58.768|1.7490 1.7484| 44.425 44.409|2.3110 2.3121| 58.698 58.728
1.7500 1.7494| 44.450 44.434(2.3125 2.3137| 58.738 58.768|1.7490 1.7484| 44.425 44.409|2.3110 2.3121]| 58.698 58.728
1.8750 1.8744| 47.625 47.609|2.4375 2.4387| 61.912 61.942|1.8740 1.8734| 47.600 47.584]2.4360 2.4371| 671.874 61.904
1.8750 1.8744| 47.625 47.6092.4375 2.4387| 61.972 61.942|1.8740 1.8734| 47.600 47.584|2.4360 2.4371| 61.874 61.904
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Precision Ground Bearings

Series NCS

103 052

Series NCS
Dimension Table * Dimensions in inch and mm
Shaft Part Bearing Dimensions Mass| Load Ratings Limit— | Matching
Dia. Number Inside Diameter | Outside Diameter Width Corr)er4 dynamic| static SrIJneged lefrrngg,‘,g
Fw1) D" Rarcilus ) C Co 2) 3)
nom nom nom fgi 882 fgi 98 min order
inch inch mm inch mm inch mm inch | mm Ibs Ibf Ibf rpm | separate
NCS 3216 | 2.0000 | 50.800 | 2.5625 65.088 | 1.000 { 25.40| .060 | 1.52 .39 | 11400 18800 9000 | PI 273216
2 NCS 3220 2.0000 | 50.800 | 2.5625 65.088 | 1.250 | 371.75}.060 | 1.52 .50 | 14300 | 26500| 9000 | Pl 273220
21, { NCS 3624| 2.2500 | 57.750 [ 3.0000 76.200 | 1.500 | 38.10 | .060 | 7.52 .93 | 18600 | 30500 7500 | PI 283624
2 5 | NCS 4024| 2.5000 | 63.500 | 3.2500 82.550 { 1.500 { 38.70 | .080 | 2.03 | 1.04 | 19800 | 34500| 7000 | Pi 324024
2%, | NCS 4424 2.7500 | 69.850 | 3.5000 88.900 |} 1.500 | 38.10|.080 | 2.03 | 1.11 | 22300 | 45000( 6500 | PI 364424
3 NCS 4824 | 3.0000 | 76.200 | 3.7500 95.250 | 1.500 | 38.70|.080 | 2.03 | 1.23 | 21900 | 41500| 6000 | PI 404824
3 NCS 5228 3.2500 | 82.550 | 4.2500 | 107.950 | 1.750 | 44.45(.080 | 2.03 | 2.12 | 29500 { 54000 5500 | Pl 445228
4| NCs 5232 3.2500 | 82.550 | 4.2500 | 107.950 | 2.000 | 50.80 | .080 | 2.03 | 2.43 | 33500 | 63000{ 5500 | PI 445232
3 7, | NCS 5632 3.5000 | 88.900 | 4.5000 |174.300 | 2.000 | 50.80 | .080 | 2.03 | 2.57 | 34500 | 67000| 5000 | Pl 485632
4 1/, | NCS 6832 4.2500 | 707.950 | 5.2500 | 7133.350 [ 2.000 | 50.80 | .100 | 2.54 | 2.91 | 44000 | 97000| 4200 -
47, | NCS 7240 4.5000 | 714.300 | 6.0000 | 152.400 | 2.500 | 63.50 | .100 [ 2.54 | 4.16 | 64000 | 115000 3800 -

1) For inside and outside diameter tolerances see tables 1 and 2 on page 87.
2) Limiting speeds shown apply for oil lubrication. With grease lubrication 60% of the given values are permissible.
3) Additional sizes and dimensions are listed on pages 94 to 97.
4) Equals maximum housing fillet radius which the bearing corner will clear.
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Mounting dimensions

Mounting Dimensions in inch and mm

Housing with slip fit Housing with press fit
Shaft Diameter Housing Diameter Shaft Diameter Housing Diameter
F G F G
inch mm inch mm inch mm inch mm
max min max min min max min max max min max min min max min max

2.0000 1.9993] 50.800 50.781)2.5625 2.5637]| 65.088 65.118|1.9988 1.9981| 50.770 50.751}2.5610 2.5621| 65.048 65.078

2.0000 1.9993| 50.800 50.781]2.5625 2.5637) 65.088 65.118(1.9988 1.9981; 50.770 50.751|2.5610 2.5621| 65.048 65.078

2.2500 2.2493| 57.150 57.13113.0000 3.0012| 76.200 76.230|2.2488 2.2481| 57.120 57.101|2.9985 2.9996| 76.1671 76.191

2.5000 2.4993| 63.500 63.4817|3.2500 3.2514| 82.550 82.585]2.4988 2.4981| 63.470 63.451|3.2482 3.2496| 82.505 82.540

2.7500 2.7493| 69.850 69.831|3.5000 3.5014| 88.900 88.935;2.7488 2.7481| 69.820 69.801]3.4982 3.4996| 88.855 88.890

3.0000 2.9993| 76.200 76.181|3.7500 3.7514| 95.250 95.285|2.9988 2.8981| 76.170 76.151)|3.7482 3.7496| 95.205 95.240

3.2500 3.2491] 82.550 82.52814.2500 4.2514|107.950 107.985|3.2486 3.2477| 82.514 82.492)4.2482 4.2496|107.905 107.940

3.2500 3.2491| 82.550 82.52814.2500 4.2514|107.950 107.985]3.2486 3.2477| 82.514 82.492|4.2482 4.2496|107.905 107.940

3.5000 3.4991| 88.900 88.8784.5000 4.5014|1714.300 114.335]3.4986 3.4977| 88.864 88.842|4.4982 4.4996|7114.255 114.290

4.2500 4.2491|107.950 107.928|5.2500 5.2516[733.350 733.390|4.2486 4.2477|107.514 107.892| 5.2480 5.2495]133.298 133.338

4.5000 4.4991|774.300 114.278|6.0000 6.0016|752.400 152.440|4.4986 4.4977(114.264 114.242|5.9980 5.9995]752.348 152,388

INA 91



Inner Rings

In applications where shafts cannot be manufactured to
raceway quality, INA inner rings permit a practical and
economical design solution. If large axial movements
are required on the shaft or if an additional seal is
used, inner rings are available in wider designs.

INA inner rings of series Pl are hardened and precision
machined. The tolerance of the raceway diameter “F” is
determined so that a normal operating clearance is
achieved with needle roller bearings mounted.

Tolerances of the bore and raceway diameters are
specified in tables 1 and 2.

INA also supplies inner rings in metric dimensions.

To ease assembly, inner rings have lead chamfers. A
circumference groove on the inside diameter and a
radial hole in the bore permit relubrication through the
shaft. The rings are .010"/0.25mm wider than the nomi-
nal width of the bearing with which they are used. This
allows axial clamping of the inner ring while still leaving
sufficient clearance for the bearing to rotate.

Mounting

Recommended shaft diameters for mounting inner
rings are specified for either press or slip fits. Normally,
the inner ring must be press fitted if it rotates relative to
the load. With precision ground bearings the outer ring
should be slip fitted to provide adequate clearance if
the inner ring is to be press fitted. The radius (r) shown
in the dimension tables is the maximum shaft fillet
which the inner ring will clear.

Additional information in section “Technical Data”

Page | Description

34 Design of bearing arrangements
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Series Pl

Table 1 -

103 038

Tolerances for inside diameter d

Nom inside diameter

Tolerance limits

inch mm inch mm
over incl. over incl. max min max min
.3000 .7500 7.620 19.050 +0 -.0004 +0 -0.010
.7500 1.7500 19.050 44,450 +0 -.0005 +0 -0.013
1.7500 3.0000 44.450 76.200 +0 -.0006 +0 -0.015
Table 2 = Tolerances for outside diameter F
Nom outside diameter Tolerance limits
inch mm inch mm
over incl. over incl. max min max min
.4800 .6250 12.382 156.875 -.0005 -.0009 -0.013 -0.023
.6250 1.0000 15.875 25.400 -.0007 -.0012 -0.018 -0.030
1.0000 1.8750 24.400 46.625 -.0009 -,0015 -0.023 -0.036
1.8750 3.0000 47.625 76.200 ~-.0011 -.0018 -0.028 -0.046
3.0000 3.5000 76.200 88.900 -.0013 -.0022 -0.033 ~-0.056

INA
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Inner Rings

Series Pl ~— B —f
P ! 7
|
|
F +- —H-d
l
|
110/4 £
3
Series P!
Dimension Table - Dimensions in inch and mm
Sh_aft Part Number Mass Inner Ring Dimensions
2 Inside Diameter') Outside Diameter ') Width
approx. d F B
nom nom nom 18:808 R
inch Ibs inch mm inch mm inch mm
546 Pl 050808 .02 .3125 7.938 .5000 12.700 .500 12.70
Pl 060908 .02 .3750 9.525 .5625 14.288 .500 12.70
¥ Pl 060912 .03 .3750 9.525 .5625 14.288 .750 19.05
Pl 061008 .03 .3750 9.525 .6250 15.875 .500 12.70
Pl 061012 .04 .3750 9.525 .6250 15.875 .750 19.05
Pl 081208 .03 .5000 12.700 .7500 19.050 .500 12.70
1, Pl 081210 .04 .5000 12.700 .7500 19.050 .625 15.88
Pl 081212 .05 .5000 12.700 .7500 19.050 .750 19.05
Pl 081216 .07 .5000 12.700 .7500 19.050 1.000 25.40
Pl 101406 .03 .6250 15.875 .8750 22.225 .375 9.52
5 Pl 101408 .04 .6250 15.875 .8750 22.225 .500 12.70
Pl 101412 .06 .6250 15.875 .8750 22,225 .750 19.05
Pl 101416 .08 .6250 15.875 .8750 22.225 1.000 25.40
Pl 121608 .05 .7500 19.050 1.0000 25.400 .500 12.70
3, Pl 121612 .07 .7500 19.050 1.0000 25.400 .750 19.05
Pl 121616 .10 .7500 19.050 1.0000 25.400 1.000 25.40
Pl 121620 .14 .7500 19.050 1.0000 25.400 1.250 31.75
Pl 141808 .05 .8750 22.225 1.1250 28.575 .500 12.70
78 Pl 141812 .08 .8750 22.225 1.1250 28.575 .750 19.05
Pl 141816 .11 .8750 22.225 1.1250 28.575 1.000 25.40
Pl 141820 .13 .8750 22.225 1.1250 28.575 1.250 31.75
Pl 162012 .09 1.0000 25.400 1.2500 31.750 .750 19.05
1 Pl 162016 .12 1.0000 25,400 1.2500 31.750 1.000 25.40
Pl 162020 .15 1.0000 25.400 1.2500 31.750 1.250 31.75
Pl 182208 .07 1.1250 28.575 1.3750 34.925 .500 12.70
A Pl 182212 .10 1.1250 28.575 1.3750 34.925 .750 19.05
Pl 182216 .13 1.1250 28.575 1.3750 34.925 1.000 25.40
Pl 182220 7 1.1250 28.575 1.3750 34.925 1.250 31.75

1) For inside and outside diameter tolerances see tables 1 and 2 on page 93.
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Mounting dimensions

Mounting Dimensions in inch and mm

Shaft Fillet Shaft Diameter Shaft Diameter
press fit slip fit
r W W
max inch mm inch mm
inch mm max min max min min max min max
.025 0.64 .3130 .3127 7.950 7.943 .3123 .3119 7.932 7.922
.025 0.64 .3755 .3752 9.538 9.530 .3748 3744 9.520 9.510
.025 0.64 .3755 .3752 9.538 8.530 .3748 3744 9.520 9.510
.025 0.64 8155 .3752 9.538 9.530 .3748 .3744 9.520 9.510
.025 0.64 .3755 .3752 9.538 9.530 .3748 .3744 9.520 9.510
.040 1.02 .5006 .5003 12.715 12.708 .4998 .4993 12.695 12.682
.040 1.02 .5006 .5003 12.715 12.708 .4598 .4993 12.695 12.682
.040 1.02 .5006 .5003 12.715 12.708 .4998 .4993 12.695 12.682
.040 1.02 .5006 .5003 12.715 12.708 .4998 .4993 12.695 12.682
.040 1.02 .6256 .6253 15.890 15.883 .6248 .6243 15.870 15.857
.040 1.02 .6256 .6253 15.890 15.883 .6248 .6243 15.870 15.857
.040 1.02 .6256 .6253 15.890 15.883 .6248 .6243 15.870 15.857
.040 1.02 .6256 .6253 15.890 15.883 .6248 .6243 15.870 15.857
.040 1.02 .7507 .7503 19.068 19.058 .7497 .7492 19.042 19.030
.040 1.02 .7507 .7503 19.068 19.058 7497 .7492 19.042 19.030
.040 1.02 .7507 .7503 19.068 19.058 7497 7492 19.042 19.030
.040 1.02 .7507 .7503 19.068 19.058 7497 7492 19.042 19.030
.040 1.02 .8757 .8753 22.243 22.233 .8747 .8742 22,217 22.205
.040 1.02 .8757 .8753 22.243 22.238 .8747 .8742 22,217 22.205
.040 1.02 .8757 .8753 22,243 22.233 .8747 .8742 22.217 22.205
.040 1.02 .8757 .8753 22.243 22.233 .8747 .8742 22.217 22.205
.040 1.02 1.0007 1.0003 25.418 25.408 .9997 .9992 25.392 25.380
.040 1.02 1.0007 1.0003 25.418 25.408 .9997 .9992 25.392 25,380
.040 1.02 1.0007 1,0003 25.418 25.408 .9997 .9992 25.392 25.380
.040 1.02 1.1257 1.1253 28.593 28.583 1.1247 1.1242 28.567 28,555
.040 1.02 1.1257 1.1253 28.593 28.583 1.1247 1.1242 28.567 28.555
.040 1.02 1.1257 1.1253 28.593 28.583 1.1247 1.1242 28.567 28.555
.040 1.02 1.1257 1.1253 28.593 28.583 1.1247 1.1242 28.567 28.555
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Inner Rings

Series P B
r 2Lz
|
SRS
|
27T 2
5
Series Pl
Dimension Table * Dimensions in inch and mm
Shaft Part Number Mass Inner Ring Dimensions
Bl inside Diameter?) Outside Diameter ') Width
approx. d F B
nom nom nom 18:808 05
inch Ibs inch mm inch mm inch mm
1 v — P) 202416 .15 1,2500 31.750 1.5000 38.100 1.000 25.40
Pl 202420 .19 1.2500 31.750 1.5000 38.100 1.250 31.75
1 546 Pl 212616 .19 1.83125 33.338 1.6250 41.275 1.000 25.40
13 Pl 222610 .10 1.3750 34.925 1.6250 41.275 .625 15.88
E Pl 222620 .20 1.3750 34.925 1.6250 41.275 1.250 31.75
PJ 232816 .22 1.4375 36.512 1.7500 44.450 1.000 25.40
1716 Pl 232820 .27 1.4375 36.512 1.7500 44.450 1.250 31.75
Pl 232824 .33 1.4375 36.512 1.7500 44,450 1.500 38.10
Pl 242812 .13 1.5000 38.100 1.7500 44.450 .750 19.05
1 Pl 242816 .18 1.5000 38.100 1.7500 44.450 1.000 25.40
Pl 242820 .21 1.5000 38.100 1.7500 44.450 1.250 31.75
1 %6 Pl 253016 .23 1.5625 39.688 1.8750 47.625 1.000 25.40
Pl 253020 .29 1.5625 39.688 1.8750 47.625 1.250 31.75
1 54 Pl 263216 .26 1.6250 41.275 2.0000 50.800 1.000 25.40
111, Pi 273216 .24 1.6875 42.862 2.0000 50.800 1.000 25.40
i@ Pl 273220 .31 1.6875 42,862 2.0000 50.800 1.250 31.75
19, Pl 283212 .16 1.7500 44.450 2.0000 50.800 .750 19.05
Pl 283624 .63 1.7500 44,450 2.2500 57.150 1.500 38.10
2 Pl 324024 .72 2.0000 50.800 2.5000 63.500 1.500 38.10
2 g Pl 364424 .81 2.2500 57.150 2.7500 69.850 1.500 38.10
2 Pl 404824 .89 2.5000 63.500 3.0000 76.200 1.500 38.10
2 3, Pl 445228 1.12 2.7500 69.850 3.2500 82.550 1.750 44.45
Pl 445232 1.28 2.7500 69.850 3.2500 82.550 2.000 50.80
3 Pl 485632 1.40 3.0000 76.200 3.5000 88.500 2.000 50.80

1) For inside and outside diameter tolerances see tables 1 and 2 on page 93.
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Mounting dimensions

Mounting Dimensions in inch and mm

Shaft Fillet Shaft Diameter Shaft Diameter
press fit slip fit
r W w
max inch mm inch mm
inch mm max min max min min max min max
.060 1.52 1.2508 1.2504 31.770 31.760 1.2496 1.2490 31.740 31.725
.060 1.52 1.2508 1.2504 31.770 31.760 1.2496 1.2490 31.740 31.725
.060 1.52 1.3133 1.3129 33.358 33.348 1.3121 1.3115 33.327 33.312
.060 1.52 1.3758 1.3754 34.945 34.935 1.3746 1.3740 34.915 34.500
.060 1.52 1.3758 1.3754 34.945 34.935 1.3746 1.3740 34.915 34,900
.060 1.52 1.4383 1.4379 36.533 36.523 1.4371 1.4365 36.502 36.487
.060 1.52 1.4383 1.4379 36.533 36.523 1.4371 1.4365 36.502 36.487
.060 1.52 1.4383 1.4379 36.533 36.523 1.4371 1.4365 36.502 36.487
.060 1.52 1.5008 1.5004 38.120 38.110 1.4996 1.4990 38.090 38.075
.060 1.52 1.5008 1.5004 38.120 38.110 1.4996 1.4990 38.090 38.075
.060 1.52 1.5008 1.5004 38.120 38.110 1.4996 1.4990 38.090 38.075
.060 1.52 1.5633 1.5629 39.708 39.698 1.5621 1.5615 39.677 39.662
.060 1.52 1.5633 1.5629 39.708 39.698 1.5621 1.5615 39.677 39.662
.060 1.52 1.6258 1.6254 41.295 41.285 1.6246 1.6240 41,265 41.250
.060 1.562 1.6883 1.6879 42.883 42.873 1.6871 1.6865 42.852 42.837
.060 1.52 1.6883 1.6879 42.883 42.873 1.6871 1.6865 42.852 42.837
.080 2.03 1.7508 1.7504 44.470 44,460 1.7496 1.7490 44.440 44.425
.060 2.08 1.7508 1.7504 44,470 44.460 1.7496 1.7490 44.440 44.425
.080 2.03 2.0010 2.0004 50.825 50.810 1.9996 1.9938 50.790 50,643
.080 2.03 2.2510 2.2504 57.175 57.160 2.2496 2.2488 57.140 57.120
.080 2.03 2.2510 2.2504 57.175 57.160 2.4996 2.4988 63.490 63.470
.080 2.03 2.7510 2.7504 69.875 69.860 2.7496 2.7488 69.840 69.820
.080 2.03 2.7510 2.7504 69.875 69.860 2.7496 2.7488 69.840 69.820
.080 2.03 3.0010 3.0004 76.225 76.210 2.9996 2.9988 76.190 76.170
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Yoke Type Cam Followers

The extensive range of INA yoke type cam followers
comprises a variety of solutions suitable for all types of
pressures rollers, eccentric rollers or valve rocker
rollers.

INA cam followers have a heavy section outer ring with
a straight roller profile. A crowned roller to overcome
edge loading conditions is available upon request.

When a cam follower is rolling on a flat track or cam
surface, the point load on the outer ring causes bend-
ing stresses not encountered in a housing mounted
ring. A reduction in the effective load ratings results.
Dynamic and static ratings Cyy and Cgyy Which account
for the added outer ring bending stresses are therefore
less than those calculated by basic load rating formulas
(C and Cy).

While basic load ratings are listed for comparison, the
effective ratings Cyy and Cyy must be used to calculate
B-10 life and the static safety factor. For dynamic
loads, the loading ratio must be not less than C,,/P=1.

A complete line of metric yoke type cam followers is
also available.

INA Yoke Type Cam Followers RF and RF. . .PP,
see pages 100 to 103

Cam followers of series RF consist of an outer ring,
inner ring and a full compliment of needle rollers.

Retaining washers are pressed onto both sides of the
inner ring to form an integral unit with the other compo-
nents.

In comparison with cage guided cam followers of series
RFC, cam followers of the RF series are suitable for
heavier loads, but at lower speeds. In addition, fre-
quent lubrication is required. These cam followers are
preferably used for bearing arrangements without suit-
able lateral guiding faces. Thrust loads occurring due
to misalignment or skewing are taken by the thrust
washers. It is recommended to support the washers
axially to their outside diameter “d,” listed in the dimen-
sion tables. If thrust loads occur, the cam followers
must be axially located.

Cam followers of series RF are also available with
seals (suffix “PP”) and can be used for operating tem-
peratures of -20 to +210°F (-30 to +100°C).

INA Yoke Type Cam Followers RFC and RFC. . .PP,
see pages 102 to 105

Series RFC and RFC. . .PP are basically the same
design as series RF, except that the needles are cage
guided. Since large grease storage space is available,
longer relubrication intervals can be scheduled. These
cam followers are suitable for high loads at medium
speeds.

Cam followers of series RFC are also available with
seals (suffix “PP”) and can be used for operating tem-
peratures of -20 to +210°F (-30 to +100°C). For all
other features, refer to series RF.

Series * INA yoke type cam followers are available in the following designs:

Series Description

RF with full complement of needle rollers, gap seals
RF...PP with contact seals

RFC with cage guided needle rollers, gap seals
RFC...PP with contact seals
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Series RF Series RFC

Standard Design

INA inch type cam followers are normally supplied with
a straight cylindrical outside diameter. The bearing tol-
erances are specified in the dimension tables.

All INA cam followers are supplied prelubricated with a
high-grade lithium base grease which is suitable for
operating temperatures of -20 to +250°F (-30 fo
+120°C). Temperature limits for the seals are stated
with each series description. For rejlubrication, all inner
rings are provided with lubrication grooves.

Special Design

INA cam followers are available with a crowned outside
diameter to relieve edge loading of the rollers in appli-
cations where misalignment is a problem. When a
crowned outside profile is required, add suffix “Y”.

Mounting Tolerances

INA yoke type cam followers generally have a station-
ary load on the inner ring. We therefore recommend
the shaft tolerances given in the dimension tables. A

109 018

press fit is recommended for heavily loaded applica-
tions, and the shaft should be hardened. On lightly
loaded applications, a slip fit may be used on a soft
shaft. If possible, the cam follower should be clamped
axially to prevent movement on the shaft, or at least
the axial clearance should be minimized.

Installation

INA yoke type cam followers must be mounted with the
lubrication hole in the unloaded zone.

Additional information in section “Technical Data”

Page | Description

14 Load carrying capacity and life

26 Lubrication and maintenance

34 | Design of bearing arrangements
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Yoke Type Cam Followers

=
cage guided and full complement ~—C—
with and without seals '
Series RF, RF...PP Zn
RFC, RFC...PP
D d d
E
Series RF ')
Dimension Table * Dimensions in inch and mm
Roller Part Cam Follower Dimensions
Dia. | Number Inside Diameter Roller Dia. 2) Roller Width Width Corner
1) Radius
d D C B r
nom inch mm 8:59% 10:092 0000 | 5.9 0:6% 822 nom
inch min max min max inch mm inch mm inch mm inch | mm
9, RF 12 .2496 .2502 6.340 6.355 .7500 19.050 .500 12.70 .562 14.29 .020 | 0.5
RFC 12 .2496 .2502 6.340 6.355 .7500 19.050 .500 12.70 .562 14.29 .020 | 0.5
7 RF 14 2496 .2502 6.340 6.355 .8750 22.225 .500 12.70 .562 14.29 { .038 | 1.0
RFC 14 2496 .2502 6.340 6.355 .8750 22.225 .500 12.70 .562 14.29 .039 | 7.0
RF 16 .3121 .3127 7.927 7.943 | 1.0000 25.400 .625 15.88 .687 17.46 | .038 | 1.0
1 RFC 16 .3121 .3127 7.927 7.943 | 1.0000 25.400 .625 15.88 .687 17.46 | .039 | 1.0
1% RF 18 .3121 .3127 7.827 7.943 | 1.1250 28.575 .625 15.88 .687 17.46 | .039 | 1.0
& | RFC18 .3121 .3127 7.827 7.943 | 1.1250 28.575 .625 15.88 .687 17.46 | .038 | 1.0
. RF 20 .3746 .3752 9.5615 9.530 | 1.2500 31.750 .750 19.05 .812 20.64 .039 | 1.0
4 | RFC 20 .3746 RB/752 9.515 9.530 | 1.2500 31.750 .750 19.05 .812 20.64 | .039 | 1.0
1 % RF 22 .3746 .3752 9.515 9.530 | 1.8750 34.925 .750 19.05 .812 20.64 | .039 | 1.0
RFC 22 .3746 .3752 9.515 9.530 | 1.8750 34.925 .750 19.05 .812 20.64 039 | 1.0
1, RF 24 .4371 4377 | 11.102 | 11.118 | 1.5000 38.100 .875 22.23 .837 23.81 .059 | 1.5
RFC 24 4371 4377 | 11.102 | 11.118 | 1.5000 38.100 .875 22.23 .937 23.81 059 | 1.5
15 RF 26 .4371 4377 | 11.102 | 11.118 | 1.6250 41.275 .875 22.23 .937 23.81 .059 | 1.5
RFC 26 .4371 4377 | 11.102 | 11.118 | 1.6250 41.275 .875 22.23 .937 23.81 .059 | 1.5
13 RF 28 4996 .6002 | 12.690 | 12.705 | 1.7500 44.450 1.000 25.40 1.062 26.99 .079 | 2.0
4 | RFC 28 .4996 .5002 | 72.690 | 12.705 | 1.7500 44.450 1.000 25.40 1.062 26.99 .079 | 2.0
17 RF 30 .4996 .5002 | 12.690 | 12.705 | 1.8750 47.625 1.000 25.40 1.062 26.99 | .079 | 2.0
RFC 30 .4996 .5002 | 12.690 | 12.705 | 1.8750 47.625 1.000 25.40 1.062 26.99 | .079 | 2.0
2 RF 32 .6246 .6252 | 15.865 | 15,880 | 2.0000 50.800 1.250 31.75 1.312 33.34 | .079 | 2.0
RFC 32 .6246 .6252 | 15.865 | 15.880 | 2.0000 50.800 1.250 31.75 1.312 33.34 079 { 2.0
21, RF 36 .6246 6252 | 15.865 | 15.880 | 2.2500 57.150 1.250 31.75 1.312 33.34 .079 | 2.0
RFC 36 .6246 .6252 | 15.865 | 15.880 | 2.2500 57.150 1.250 31.75 1.8312 33.34 .079 | 2.0
27 RF 40 .7496 .7502 | 19.040 | 19.055 | 2.5000 63.500 1.500 38.10 1.562 39.69 .098 | 2.5
2 | RFC 40 7496 . 7502 19.040 | 19.055 | 2.5000 63.500 1.500 38.10 1.562 39.69 .098 | 2.5
29, RF 44 .7496 .7502 | 19.040 | 19.055 | 2.7500 69.850 1.500 38.10 1.562 39.69 .098 | 2.5
RFC 44 .7496 .7502 | 19.040 | 19.055 | 2.7500 69.850 1.500 38.10 1.5662 39.69 .098 | 2.5

') For crowned outside diameter, add suffix "Y", e.g. RF 36 VY.
For sealed version, add suffix "PP", e.g. RF 36 PP.

2) For crowned roller outside diameter, a tolerance of 0 to -0.002” / 0 to ~0.051mm applies.
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Series RF...PP ")

3 3
3 3
[=)3 [o)3
=] e
Series RFC ") Series RFC...PP )
Load Ratings in Ibf Limiting | Mounting Dimensions in inch and mm
Basic Track Roller 3) | SPeed Shaft Diameter Clamping
, ; 4) o , Diameter
dyn. static dyn. static slip fit press fit d,
C C0 Cw COw inch mm inch mm min
rpm max min max min max min max min inch | mm

1830 2800 1140 1650 6000 .2497 .2493 6.342 6.332 .2505 .2501 6.363 6.3563| .500{ 12.7

950 1060 670 750 | 17000 .2497 .2493 6.342 6.332 .2505 .2501 6.363 6.353 | .500| 12.7

1830 2900 1420 2220 6000 .2497 .2493 6.342 6.332 .2505 .2501 6.363 6.353| .500( 72.7

950 1060 820 960 | 17000 .2497 .2493 6.342 6.332 .2505 .2501 6.363 6.353| .500( 12.7

2700 4300 1950 3000 5000 .3122 .3118 7.930 7.920 .3130 .3126 7.950 7.940| .594] 15,

1530 1780 1240 1480 | 13000 .3122 .3118 7.930 7.920 .3130 .3126 7.950 7.940| .594| 15.

2700 4300 2180 3550 5000 .3122 .3118 7.930 7.920 .3130 .3126 7.950 7.940| .594| 15.

4300 6300 3300 4800 4400 .3747 .3743 9.517 9.507 .3755 3751 9.538 9.528 | .750( 19.

2700 2850 2230 2550 | 10000 .3747 3743 9.517 9.507 .3755 .3751 9.538 9.528 | .750| 18.

1
1
1
1530 1780 1360 1700 | 13000 .3122 .3118 7.930 7.920 .3130 .3126 7.950 7.940| .594| 15.1
1
1
1

4300 6300 3600 5400 4400 .3747 .3743 9.517 9.507 .3755 .3751 9.538 9.528 | .750| 19.

2700 2950 2390 2850 | 10000 .3747 .3743 9.517 9.507 .3755 .3751 9.538 9.528| .750] 19.1

5500 9100 4200 6900 3400 4372 4368 | 11.105 11.095 .4380 4376 | 171.125 11,115 .891| 22.6

3600 4550 3000 3950 7500 .4372 4368 | 11.105 171.095 .4380 4376 | 11.126 11.1156| .891| 22.6

5500 9100 4500 7700 3400 .4372 L4368 | 171.105 11.095 .4380 4376 11.126 11.115| .891| 22.6

3600 4550 3200 4300 7500 4372 4368 | 11.105 11.095 .4380 4376 11.125 11.116| .891| 22.6

6800 | 12800 5000 9000 2700 .4997 4993 | 12.692 12.682 .5007 5003 | 72,718 12.7081.047 | 26.6
4450 6400 3550 5100 5000 .4997 4993 | 712.692 12.682 .5007 5003 | 72.718 12.708|1.047 | 26.6
6800 [ 12800 5400 | 10000 2700 .4897 4993 | 712.692 12.682 .5007 5003 | 12,718 12.708]1.047| 26.6
4450 6400 3750 5600 5000 .4997 .4993 | 12.692 12.682 .5007 5003 | 12.718 12.708(1.047 | 26.6
10100 | 20000 7200 | 13700 2300 .6247 .6243 | 15.867 15.857 .6257 6253 | 15.893 15.883]1.203| 30.6
6900 [ 10600 5400 8300 4100 .6247 .6243 | 15.867 15.857 .6257 .62563 ( 75.893 15.88311.203| 30.6
10100 | 20000 8100 | 16400 2300 6247 .6243 | 15.867 15.857 .6257 6253 | 15.893 15.883|1.203| 30.6
6900 [ 10600 6000 9600 4100 .6247 .6243 | 15.867 15.857 .6257 .6253 | 15.893 15.883(1.203| 30.6
13100 | 27000 | 10400 | 21300 2000 .7497 .7493 | 18.042 19.032 .7507 7503 | 19.068 19.068|1.375| 34.9
8700 | 13400 7400 | 11700 3300 .7497 .7493 | 19.042 19.032 7507 .7503 | 19.068 19.058|1.375| 34.9
13100 | 27000 | 11200 ; 23400 2000 7497 L7493 | 19.042 19.032 .7507 .7503 | 79.068 19.058|1.375| 34.9
8700 | 13400 7800 | 12800 3300 7497 .7493 | 19.042 19.032 .7507 .7503 | 719.068 19.058|1.375]| 34.9

3) The basic load ratings C and Cg apply if the bearing outer ring (with cylindrical outside surface) is mounted into a housing with standard bearing fit;
when used as track roller, the load ratings C, and Cg,, apply.
4) Limiting speed shown |s for grease fubrication. With oil lubrication, the speed can be increased by approx. 30% except for sealed executions.

INA 101



Yoke Type Cam Followers

cage guided and full complement

with and without seals

Series RF, RF...PP

RFC, RFC...PP

109 033US

Series RF 1)
Dimension Table - Dimensions in inch and mm
Roller Part Cam Follower Dimensions
Loz, sy Inside Diameter Roller Dia. 2) Roller Width Width Corner
1) Radius
d D C B r
nom inch mm 5 3% 5:0%2 *8:002 i 8:0% 08 nom
inch min max min max inch mm inch mm inch mm inch | mm
RF 48 .9996 | 1.0002 | 25.390 | 25.405 | 3.0000 76.200 1.750 44.45 1.812 46.04 .118 | 3.0
3 RFC 48 .9996 | 1.0002 | 25.350 | 25.405 | 3.0000 76.200 1.750 44.45 1.812 46.04 .118 | 3.0
3 RF 52 .8986 [ 1.0002 | 25.390 | 25.405 | 3.2500 82.550 1.750 44.45 1.812 46.04 .118 | 3.0
4 ['RFC 52 .89986 | 1.0002 | 25.390 | 25.405 | 3.2500 82.550 1.750 44.45 1.812 46.04 .118 | 3.0
31 RF 586 (1.1246 | 1.1252 | 28.565 | 28.580 | 3.5000 88.900 | 2.000 50.80 2.062 52.39 .118 | 3.0
2 | RFC 56 |1.1246 | 1.1252 | 28.565 | 28.580 | 3.5000 88.900 2.000 50.80 2.062 52.39 | .118 | 3.0
RF 64 |1.2496 | 1.2502 | 31.740 | 31.755 | 4.0000 | 701.600 | 2.250 57.15 2.312 58.74 .118 | 3.0
4 RFC 64 |1.2496 | 1.2502 | 31.740 | 31.755 | 4.0000 | 7107.600 2.250 57.15 2.312 58.74 .118 | 3.0

1) For crowned outside diameter, add suffix "Y", e.g. RF 36 Y.
For sealed version, add suffix "PP", e.g. RF 36 PP.

2) For crowned roller outside diameter, a tolerance of 0 to —0.002" / 0 to —-0.05tmm applies.
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Series RF...PP R

L d d,

Series RFC ")

109 042US

Serles RFC...PP 1)

109 037US

Load Ratings in Ibf Limiting | Mounting Dimensions in inch and mm
Basic Track Roller 3) | SPeed Shaft Diameter Clamping
) Diameter
dyn. static dyn. static slip fit press fit d
C C0 CW COw inch mm inch mm min
rpm max min max min max min max min inch |mm
18200 | 39500 | 14300 | 31500 1600 .9996 .8991 | 25.390 25.377 | 1.0008 1.0003 | 25.420 25.408|1.750 |44.5
12400 | 20900 | 10500 | 18300 2400 .9996 .8991 | 25.390 25.377 | 1.0008 1.0003 | 25.420 25.408]1.750 |44.5
18200 | 39500 | 15200 | 34500 1600 .9996 .9991 | 25.390 25.377 | 1.0008 1.0003 | 25.420 25.408|1.750 |44.5
12400 | 20900 | 11000 | 19500 2400 .9996 .9991 | 25.390 25.377 | 1.0008 1.0003 | 25.420 25.408|1.750 |44.5
23200 | 52000 | 19000 | 43000 1400 | 1.1246 1.1241 | 28.565 28.552 | 1.1258 1.1253 | 28.595 28.583| 1.922 | 48.8
15900 | 27500 | 13900 | 25000 2100 | 1.1246 1.1241 | 28.565 28.552 | 1.1258 1.1253 | 28.595 28.583| 1.922 | 48.8
30000 | 67000 | 25000 | 58000 1300 | 1.2496 1.2491 | 31.740 31.727 | 1.2508 1.2503 | 37.770 31.758(2.281 |57.9
20700 | 35500 | 18400 | 33000 1700 | 1.2496 1.2491 | 371.740 31.727 | 1.2508 1.2503 | 31.770 31.758|2.281 |57.9

3) The basic load ratings C and Cg apply if the bearing outer ring (with cylindrical outside surface) is mounted into a housing with standard bearing fit;

when used as track roller, the load ratings Cy, and Cq,, apply.
4) Limiting speed shown Is for grease lubrication. With oil lubrication, the speed can be increased by approx. 30% except for sealed executions.
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Stud Type Cam Followers

INA stud type cam followers are ready to use track
rollers. They consist of a thick section outer ring, a
threaded stud which also provides the inner race, a
cage and roller assembly or a full complement of
rollers, and a retaining washer to hold the assembly
together.

When a cam follower is rolling on a flat track or cam
surface, the point load on the outer ring causes bend-
ing stresses not encountered in a housing mounted
ring. A reduction in the effective load ratings results.
Dynamic and static ratings Cyy and Cgpy which account
for the added outer ring bending stresses are therefore
less than those calculated by basic load rating formulas
(C and Cy).

While basic load ratings are listed for comparison, the
effective ratings Gy, and Cgy must be used to calculate
B-10 life and the static safety factor. For dynamic
loads, the loading ratio must not be less than Cy,/P=1.

A complete line of metric stud type cam followers is
also available.

INA Stud Type Cam Followers CF and CF. . .PP,
see pages 108 to 111

In the CF and CF. . .PP series with a full complement
of needle rollers, the outer ring is axially guided be-
tween the stud flange and a press fitted thrust washer.

While heavier loads can be accommodated, the grease
capacity and limiting speed are less than those of the
caged version CFC. Care must be take so that the
maximum shock loads occurring do not exceed the val-
ues Cpy given in the dimension tables. In addition, fre-
quent lubrication is required.

Cam followers of series CF are also available with
seals (suffix “PP”) and can be used for operating tem-
peratures of -20 to +210°F (-30 to +100°C).

INA Stud Type Cam Followers FCF and CFC. . .PP,
see pages 110to 113

Series CFC and CFC. . .PP are dimensionally the
same as series CF, except that the needle rollers are
cage guided. The cage guided version is suitable for
higher speed applications. Since large grease storage
space is available, longer relubrication intervals can be
achieved. Cam followers of series CFC are also avail-
able with seals (suffix “PP”) and can be used for oper-
ating temperatures of -20 to +210°F (-30 to 100°C). For
all other design features, refer to series CF.

Series INA stud type cam followers are available in the following designs:
Series Description

CF with full complement of needie rollers, gap seals
CFE with eccentric collar

CF...SK, CFE...SK
CF...PP, CFE...PP

with hexagonal socket
with contact seals

CFC with cage guided needle rollers, gap seals
CFCE with eccentric collar

CFC...SK, CFCE...SK
CFC...PP, CFCE...PP

with hexagonal socket
with contact seals
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110 011

Series CF Series CFC

INA Stud Type Cam Followers with Hexagonal
Socket

All INA stud cam followers can be supplied with a
screw driver slot or a hexagonal socket in the face of
the stud (figure 1). Add suffix “SK” to the part number
for the hexagonal socket version, for example:

CF 14 SK.

Relubrication provisions are made through the thread-
ed part of the stud.

Table 1 + Socket wremch size

Part number Socket size
suffix inch
8-1 1/8
10-1 1/8
12 3/16
14 3/16
16 1/4
18 1/4
20 1/4
22 1/4
24 5/16
26 5/16
28 5/16
30 5/16
32 7/16
36 7/16
40 1/2
44 1/2
48 5/8
52 5/8
56 5/8
64 3/4

Hixaglorzal

O i

110 048US

Figure 1
For proper socket wrench sizes, refer to table 1.

110 002
110 010

Series CF. . .PP

INA Stud Type Cam Followers with Eccentric Collar

All INA stud type cam followers are available with
eccentric collars, add suffix “E” to the part number.
They provide a radial adjustment of the outer ring by
using the slot on the flanged side of the stud. The
marking INA on the stud face indicates the highest
point of the eccentric collar. Relubrication is possible
through the stud from both ends. Eccentric collar

-dimensions are given in table 2.

Accessories

Closing plugs: The ends of the lubrication hole in the
stud are counterbored to take standard press fitted
lube fittings and a plug (figure 2) is supplied with the
bearing to close the unused hole. The lube fittings are
not supplied, but can be easily obtained from recog-
nized suppliers.

Dimensions for the recommended installation arbor for
the closing plug are listed in table 3.

Standard Design

All inch type cam followers are normally supplied with a
straight cylindrical outside diameter. The bearing toler-
ances are specified in the dimension tables.

All INA cam followers are supplied prelubricated with a
high grade lithium base grease. The operating temper-
ature ranges from -20 to +250°F (-30 fo +120°C). In all
but the two smallest sizes a lubrication hole is drilled
through the center of the stud. Cross holes are drilled
from the inner raceway and from the unthreaded por-
tion of the stud shank. The holes permit relubrication
through either end of the stud or through the housing.
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Special Design

INA cam followers can be supplied with a crowned out-
side profile to relieve edge loading of the rollers in
applications where misalignment is a problem. The suf-
fix “Y” should be added to the part number when a
crowned outside diameter profile is required, for exam-
ple: CF 24,

Mounting

The stud mounting bore diameters shown in the tables
are chosen to give a minimum clearance so that the
stud is well supported. The edge of the housing which
supports the stud shank should be kept as sharp as
possible and free of burrs to obtain an optimum support
surface. A chamfer of .020"/0.50mm x 45° is permissi-
ble.

The thrust washer of the cam follower should be sup-
ported firmly by a flat shoulder. The shoulder diameter
should meet at least the minimum dimension “d,” listed
in the dimension tables.

Avoid hammering on the shoulder of the stud. When
installing with standard nuts, use the recommended
tightening torque given in the dimension table. Based
on this torque, the maximum load ratings Cgyy listed in
the dimension tables will apply. Self-locking nuts
require a higher tightening torque.

The screw driver slot on the flanged end of the stud
serves to prevent the stud from turning when the nut is
tightened and to adjust the cam followers with an
eccentric collar.

If possible, the lubrication hole in the inner raceway
should be in the unloaded area. Its position is marked
with the INA logo on the face. The second hole (M) in
the stud on larger size cam followers can be used for
locking pins or for relubrication.

Table 2 « Eccentric Collar Dimensions for Series CFE and CFCE

Size Outside diameter Width Eccentricity
d1 B3 e
At B - -

Inch mm Inch mm inch mm
8-1 .250 6.350 375 9.53 .010 0.25
10-1 375 9.625 .437 11.10 015 0.38
12 .500 12.700 .500 12.70 0156 0.38
14 .500 12.700 .500 12.70 0156 0.38
16 .625 16.875 .500 12.70 .030 0.76
18 .625 15.875 .500 12.70 .030 0.76
20 .687 17.450 625 15.88 .030 0.76
22 .687 17.450 625 15.88 .030 0.76
24 .875 22.225 .750 19.05 .030 0.76
26 .876 22,225 .750 19.05 .030 0.76
28 1.000 25,400 .875 22.23 .030 0.76
30 1.000 25.400 875 22.23 .030 0.76
32 1.187 30.150 1.000 25.40 .030 0.76
36 1.187 30.150 1.000 25.40 .030 0.76
40 1.375 34.925 1.128 28.58 .030 0.76
44 1.376 34.925 1.126 28.58 .030 0.76
48 1.750 44.450 1.250 31.76 .060 1.52
52 1.750 44.450 1.250 31.76 .060 1.52
56 1.812 46.025 1.375 34.93 .060 1.52
64 2.000 50.800 2.000 50.80 .060 1.52
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Table 3 * Closing Plugs

Plug number Plug outside Arbor dimensions for use with

diameter CF sizes

D d L
+0.000 +0.00
nom nom -0.004 -0.10 -0.004 -0.10

inch mm inch mm inch mm inch mm
VD7A .126 3.2 .355 8.5 .094 2.4 .169 4.3 8-1 thru 10-1
VDS A .189 4.8 .433 11.0 .138 3.5 .216 5.5 12 thru 44
vD 6 A .2582 6.4 .512 13.0 .201 5.1 .295 7.5 48 thru 64

Additional information in section
“Technical Data”

= Page | Description
‘%JF__ 14 Load carrying capacity and life
Rmax0,5 — \ 26 | Lubrication and maintenance
Rmin.0,5 *\ 34 | Design of bearing arrangements
L (%/ ! 6 | Suffixes

110 062

Figure 2
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Stud Type Cam Followers

cage guided and full complement
with and without seals

Series CF, CF...PP, CFE, CFE...PP
CFC, CFC...PP, CFCE, CFCE...PP

Series CF1 )

o}
B,
i
A —
ST
- - M G
T
J re—Gy—

B o
>
B 3
(=]
=)
. 1)
Series CF...PP
Dimension Table * Dimensions in inch and mm
Roller Part Part Cam Follower Dimensions
Dia. | Number | Number Roller Dia. 3) Stud Dia. | Roller Width | Corner Length | Stud Length | Location
1) 1) 2) Radius
. D d C r B B,
with +0.0000 | +0.000 | +0.0010| +0.000 | +0.000| +0.00
nom eccentric {-0.0010 { -0.025 |-0.0000! -0.025 | -0.005] -0.13 nom nom nom nom
inch collar inch mm inch mm inch | mm | inch| mm| inch mm inch | mm jinch| mm
; CF 8-1| CFE 8-1] .5000| 712.700} .1900| 4.826} .375] 9.53}.012| 0.3] 1.031{ 26.2 6251 15.9| - -
/
2 CFC 8-1| CFCE 8-1| .5000} 712.700} .1800; 4.826f .375| 9.53}.012| 0.3 1.031 | 26.2 .625 | 15.9] - -
5 CF 10-1} CFE 10-1| .6250( 75.8751 .2500] 6.350| .438] 11.13).012| 0.3} 1.438 | 31.0 750 | 19.0) - -
/
& CFC 10-1{ CFCE 10-1| .6250) 15.875| .2500| 6.350| .438) 11.13].012| 0.3| 1.438 | 31.0 .750 | 19.0| - -
5 CF 12 CFE 12 .7500| 19.050 | .3750| 8.525| .500| 12.70| .020} 0.5 1.406 | 35.7 875 22.2({.250| 6.4
/4
CFC 12 CFCE 12 L7500 19.050 | .3750) 8.525f .500) 12.70f.020| 0.5} 1.406 | 35.7 .875 | 22.2].250| 6.4
; CF 14 CFE 14 .8750} 22.225) .3750| 0.525] .500} 12.70|.039) 1.0]| 1.406 | 35.7 .875 | 22.2}.250| 6.4
/g
CFC 14 CFCE 14 L8750 22.225| .3750| 9.525| .500| 712.70|.039} 1.0| 1.406 | 35.7 .875 1 22.21.250| 6.4
CF 16 CFE 16 1.0000| 256.400 1 .48375) 11.113; .625| 15.88| .038{ 1.0| 1.656 | 42.7 | 1.000 | 25.41.250] 6.4
1
CFC 16 CFCE 16 1.0000| 25.400 | .4375| 11.113] .625| 15.88| .039| 1.0 1.656 | 42.1 | 1.000 | 25.4|.250| 6.4
. CF 18 CFE 18 1.1250| 28.575 | .4375| 11.113| .625( 15.88| .039} 1.0 1.656 | 42.1 ) 1.000 | 25.4.250| 6.4
1
CFC 18 CFCE 18 1.1250| 28.575 | .4375)] 11.113]| .625] 15.88| .039| 71.0| 1.656 | 42.7 | 1.000 | 25.41.250| 6.4
; CF 20 CFE 20 1.2500| 37.750 | .5000| 72.700} .750| 19.05| .039| 1.0| 2.031 | 51.6 | 1.250 { 31.8|.312| 7.9
17,
CFC 20 CFCE 20 1.2500 371.760 | .5000] 712.700| .750( 19.05| .039] 7.0| 2.031 | 57.6 | 1.250 | 31.8].312{ 7.9
5 CF 22 CFE 22 1.3750| 34.925| .5000} 12.700( .750| 19.05| .039| 1.0 2.031}| 57.6 | 1.250 | 371.8(.312¢ 7.9
1
CFC 22 CFCE 22 1.3750 34.925 | .5000} 12.700| .750] 19.05{ .038{ 1.0} 2.031 | 51.6}1.250 | 37.8.312| 7.9
. CF 24 CFE 24 1.5000 38.100| .6250 15.875( .875| 22.231.059) 1.5] 2.406 | 671.7 ] 1.500 | 38.1|.375] 9.5
177
CFC 24 CFCE 24 1.5000| 38.700 | .6250( 15.875 .875| 22.23|.059| 1.5 2.406 | 67.71 ] 1.500 | 38.7].375{ 9.5
5 CF 26 CFE 26 1.6250| 471.2751 .6250| 15.875] .8751 22.23| .059| 1.5} 2.406 | 61.1 | 1.500 | 38.711.375| 9.5
1%
CFC 26 CFCE 26 1.62501 41.275 .6250| 15.875] .875| 22.23| .059| 1.5 2.406 | 61.1 | 1.500 | 38.1[.375} 9.5

1} For crowned outside diameter, add suffix "Y", e.g. CF 36 Y.
For sealed version, add suffix "PP", e.g. CF 36 PP,
2) For specific dimensions on the eccentric collar, see table 2 on page 108.

3) For crowned roller outside diameter, a tolerance of 0 to -0.002" / 0 to -0.051mm applies.
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Series CFC ") Series CFE ')

Hexagonal
r © ~C Socket
_____ ] Q .
I i o |
DM Lot Loy G g, =
i J> d; I —— —T l i
e z l
% s
<—~Bs—~—
(%) B1 v @
§ B 3 Z
(=] (=) o
= = b
. 1) . 1) . 7)
Series CFC...PP Series CFCE Series CF...SK
Load Ratings in Ibf Limit-| Mounting Dimensions in inch and mm
UNF Thread Lubrication Holes | Distance Basic Track Roller S:;%d Stud Housing Diameter Clamping |Clamp.
Thread| Length 4) 5 Diameter |Torque
G G, M M, c, |dyn. |stat. | dyn. |stat. ) ds 6)
min nom nom nom C CO CW COw inch mm min max
inch} mm | inch|mm| inch |mm]inch|mm rpm min max min max | inch | mm | ib.in.
10-32| .250| 6.4|.125(3.2) - - |.03110.8]{ 850} 1260| 650 940110000 .1900 .1905| 4.826 4.839]| .297| 7.5 8
10-32| .250] 6.4}.125]3.2] -| - |.031|0.8] 405 415| 345 380|25000] .1900 .1905| 4.826 4.839]| .297| 7.5 8
14-28f 312} 7.9|.125|3.2] -{ - 1.031/0.8 1080 1820 840 1410( 9000} .2500 .2505 | 6.350 6.363f .359| 9.7 19
1,-28| .312) 7.91.12513.2| - | - 1.031}0.8{ 510 580 | 445 550|22000f .2500 .2505| 6.350 6.363] .359| 9.1 19

Se-24| .8375} 9.5/.188(4.8].125/3.2{.031} 0.8 1830] 2900 | 1140 | 1650 6000| .3750 .3755| 9.525 9.538| .500| 12.7 65

3p-24| .375| 9.5|.188|4.8.125|3.2.031} 0.8/ 950| 1060| 670| 750}17000| .3750 .3755| 9.525 9.538( .500| 12.7 65

3,-24| .875] 9.5|.188]4.8].125{3.2|.031{ 0.8 1830} 2900 | 1120 | 2220| 6000} .3750 .3755| 9.525 9.538| .500| 12.7 65

3,-24| .375( 9.5)|.1884.8).125]3.2{.03110.8f 950 1060 820 960(17000| .3750 .3755 | 9.525 9.538f .500 12.7 65

7116-20| .500) 12.7|.18814.8|.125(3.2[.031] 0.8] 2700| 4300 1950 | 3000 5000{ .4375 .4380 711.773 11.125; .594|15.1| 105

7116-20| .500| 72.7].18814.8).12513.2].031}0.8] 1530 1780 1240 | 1480 13000| .4375 .4380 | 77.71713 11.125| .594|15.1| 105

7116-20| .500] 72.7.188|4.8].125|3.2|.031| 0.8} 2700| 4300| 2190 3550 5000| .4375 .4380 | 77.713 171.125| .594|15.1! 105

7/16-20] .500| 12.71.188)4.8].125]3.2}.031{0.8| 1530 1780 | 1360 1700| 13000| .4375 .4380{ 717.7713 11.7125| .594 [ 15.1[ 105

'2-20| .625(175.9).18814.8}.125;3.2/.031(0.8] 4300| 6300 3300 4800 4400{ .5000 .5005  12.700 12.713} .750{ 19.0| 165

'2-20| .625)15.9).188|4.8].125{3.2|.031| 0.8] 2700| 2950 | 2230 2550(10000f .5000 .5005 | 12.700 12.713| .750| 19.0| 165

'2-20] .625]15.9].188|4.81.125]3.2].031| 0.8} 4300| 6300 | 3600 | 5400| 4400| .5000 .5005 | 712.700 12.713] .750|19.0( 165

2-20] .625| 15.9|.188|4.8|.125/3.2;.031] 0.8] 2700| 2950} 2390 | 2850 10000f .5000 .5005 | 12.700 12.713| .750]19.0| 165

%e-18| .750| 19.0.188]4.8|.125(3.2|.031| 0.8 5500| 9100 | 4200 | 6900| 3400| .6250 .6255 | 15.875 15.888( .891|22.6( 335

Se-18| .750| 79.01.1884.8].12513.2(.031{ 0.8| 3600| 4550 3000 3950 7500 .6250 .6255 | 15.875 15.888} .891|22.5] 335

%e-18| .750] 19.0(.188|4.8}.125[3.2/.031{ 0.8 5500| 9100 | 4500 7700| 3400| .6250 .6255 | 15.875 15.888| .891}22.6| 335

5e-18| .7501 19.0|.188|4.8|.125(3.2].031| 0.8| 3600]| 4550 3200 | 4300| 7500, .6250 .6255 | 15.875 15.888| .891|22.6| 335

4) The basic load ratings C and Cg apply if the bearing outer ring (with cylindrical outside surface) is mounted into a housing with standard bearing fit; when

used as track roller, the load ratings C,y and Cg,,, apply.
5} Limiting speeds shown is for grease lubrication. With oil lubrication, the speed can be increased by approx. 30% except for sealed versions.
6) Clamping torque is based on lubricated threads. If threads are dry, doubie the values shown.
7} For hexagonai socket wrench sizes, see table 1 on page 105.

INA 109



Series CF”

Stud Type Cam Followers

rq—C———r—C1
cage guided and full complement =Bz
with and without seals VIAZ N
T e
Series CF, CF...PP, CFE, CFE...PP i | RN
CFC, CFC...PP, CFCE, CFCE...PP DM e e e r_r‘; G
i Gl 17
7.
B, %
2
B 3
S
Series CF...PP1)
Dimension Table * Dimensions in inch and mm
Roller Part Part Cam Follower Dimensions
Dia. | Number | Number Roller Dia. 3) Stud Dia. | Roller Width | Corner Length | Stud Length | Location
1) 1) 2) Radius
ith D d C r B B1 Bz
w 0. . . . . .
nom eccentric | 20,0010 | 10:038 |5:0000] 3:0%2 [8:802] %3:93 | rom nom hom nom
inch collar inch mm inch mm Inch mm | inch|{ mm| Iinch mm inch | mm |inch | mm
5 CF 28 CFE 28 | 1.7500| 44.450| .7500| 19.050! 1.000| 25.40| .079| 2.0 | 2.781 70.6 | 1.750 | 44.4|.438 [ 171.1
1%
4 CFC 28 CFCE 28 | 1.7500 | 44.450| .7500| 19.050) 1.000| 25.40{ .079| 2.0 2.781 70.6 | 1.750 | 44.41.438 |11.1
; CF 30 CFE 30 | 1.8750| 47.625| .7500{ 719.050]1.000] 25.40| .079| 2.0| 2.781 70.6 | 1.750 | 44.4(.438}11.1
1
8 CFC 30 CFCE 30 | 1.8750| 47.625| .7500| 19.050) 1.000| 25.40} .079| 2.0| 2.781 70.6 | 1.750 | 44.41.438 | 11.1
CF 32 CFE 32 | 2.0000| 50.800| .8750{ 22.225|1.250| 31.75| .079| 2.0 3.281 83.3 { 2.000 | 50.81.500|12.7
2
CFC 32 CFCE 32 | 2.0000| 50.800| .8750| 22.225|1.250] 31.75| .079( 2.0| 3.281 83.3 1 2.000 | 50.8 [.500)12.7
; CF 36 CFE 36 {2.2500( 57.150| .8750| 22.225|(1.250| 31.75| .079{ 2.0| 3.281 83.3 | 2.000 | 50.8|.5001712.7
2,
CFC 36 CFCE 36 | 2.2500| 57.150 | .8750| 22.225|1.250| 31.75| .079| 2.0| 3.281 83.3 | 2.000 { 50.8 {.500(712.7
; CF 40 CFE 40 [ 2.5000| 63.500|1.0000| 25.400| 1.500( 38.10| .098| 2.5| 3.781 96.0 1 2.250 | 57.2|.562|14.3
2 '/
CFC 40 CFCE 40 | 2.5000}| 63.500|1.0000| 25.400}1.500( 38.70( .098| 2.5 3.781 96.0 | 2.250 | 57.2|.562 | 14.3
s CF 44 CFE 44 | 2.7500| 69.850|1.0000| 25.400|1.500] 38.10| .098| 2.5| 3.781 96.0 | 2.250 | 57.2|.562 |14.3
27,
CFC 44 CFCE 44 | 2.7500| 69.850 {1.0000| 25.400]1.500| 38.10{ .098{ 2.5| 3.781 96.0 | 2.250 | 57.2|.562 | 14.3
CF 48 CFE 48 | 3.0000| 76.200|1.2500| 31.750| 1.750) 44.45| .118] 3.0| 4.281 [ 108.7 | 2.500 | 63.5|.625[15.9
3
CFC 48 CFCE 48 | 3.0000| 76.200(1.2500| 31.750| 1.750| 44.45| .118| 3.0| 4.281 | 108.7 | 2.500 | 63.5 |.625|15.9
, CF 52 CFE 52 | 3.2500| 82.550 |1.2500( 31.750| 1.750| 44.45| .118| 3.0| 4.281 | 108.7 | 2.500 | 63.5|.625|15.9
3 /4
CFC 52 CFCE 52 | 3.2500| 82.550 (1.2500{ 37.750|1.750] 44.45| .118| 3.0| 4.281 | 108.7 | 2.500 | 63.5|.625|15.9
; CF 56 CFE 56 ([ 3.5000| 88.900|1.3750| 34.925|2.000) 50.80| .118| 3.0| 4.781 | 121.4 | 2.750 | 69.8 |.688117.5
3 7
CFC 56 CFCE 56 | 3.5000] 88.900|1.3750| 34.925]2.000| 50.80| .118| 3.0| 4.781 | 121.4 | 2.750 | 69.8 |.688 | 17.5
CF 64 CFE 64 | 4.0000| 707.600 {1.5000| 38.100]|2.250( 57.15) .118| 3.0 5.781 | 146.8 | 3.500 | 88.91.750 | 19.0
4
CFC 64 CFCE 64 | 4.0000( 707.600 {1.5000] 38.7100|2.250| 57.715} .118] 3.0 5.781 | 146.8 | 3.500 | 88.9}.750|19.0

'} For crowned outside diameter, add suffix "Y", e.g. CF 36 Y.

For sealed version, add suffix "PP", e.g. CF 36 PP,
2} For specific dimensions on the eccentric collar, see table 2 on page 108,
3) For crowned roller outside diameter, a tolerance of 0 to —0.002" / 0 to -0.051mm applies.
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Series CFC R Series CFE "
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Series CFC...PP Series CFCE Series CF...SK
Load Ratings in Ibf Limit-| Mounting Dimensions in inch and mm
in

UNF Thread Lubrication Holes | Distance) Basic Track Roller Speged Stud Housing Diameter Clamping |[Ctamp.
Thread| Length 4) 5 Diameter |[Torque

G G, M M, C, |[dyn. | stat.| dyn. | stat. ) ds 6)
min nom nom nom |C CO CW COw inch mm min max
inch | mm | inch|mm}inch |mm|inchimm rpm min max min max | inch |mm | Ib.in.

3/,,-16| .875]22.21.188:4.8|.125|3.2}.031} 0.8/ 6800| 12800 5000| 9000{ 2700 ! .7500 .7505f 19.050 19.063]|1.047(26.6( 600

3/,-16| .875[22.2(.188(4.8|.125|3.2|.031| 0.8 4450{ 6400| 3550| 5100| 5000 | .7500 .7505} 19.050 19.063)|1.047| 26.6| 600

%4-16| .875]22.2|.188|4.8}.125/3.2].031| 0.8/ 6800| 12800| 5400| 10000| 2700 .7500 .7505| 79.050 179.063|1.047|26.6| 600

3,-16] .875122.2{.188{4.8|.12513.2|.081{ 0.8| 4450| 6400| 3750| 5600/ 5000 | .7500 .7505| 19.050 19.063|1.047| 26.6{ 600

“-14|1.000]|25.4|.188(4.8].125[3.2|.031f{ 0.8( 10100( 20000{ 7200| 13700{ 2300 | .8750 .8755| 22.225 22.238)|1.812] 30.6| 950

7.-14|1.000125.4|.188(4.8].12513.2{.031| 0.8] 6900| 10600{ 5400{ 8300{ 4100 | .8750 .8755| 22.225 22.238|1.812| 30.6| 950

76 -14]1.000)25.4]1.188(4.8].125{3.2.031{ 0.8| 10100| 20000| 8100} 16400{ 2300 | .8750 .8755 22.225 22.238|1.812|30.6| 950

7%.-14|1.000}25.4|.18814.8].125/3.2|.031| 0.8; 6900| 10600] 6000| 9600| 4100 | .8750 .8755] 22.225 22.238}1.812| 30.6( 950

1-14°)|1.125]28.6].1884.8].125[3.2{.031} 0.8] 13100| 27000| 10400} 21300| 2000 | 1.0000 1.0005| 25.400 25.413]1.375| 34.9| 1450

.0005| 25.400 25.413|1.375| 34.9| 1450

y

1-14%)|1.125|28.6|.188|4.8{.125] 3.2|.031( 0.8 8700{ 13400{ 7400| 11700| 3300 | 1.0000

.0005| 25.400 25.413(1.375] 34.9} 1450

—_

1-14°%)[1.125|28.6|.188|4.8{.125{3.2|.031] 0.8[ 13100] 27000| 11200| 23400 2000 | 1.0000

.0005| 25.400 25.4131.375| 34.5| 1450

Py

1-14°%)11.125(28.6].188(4.8|.125[3.2{.031| 0.8| 8700| 13400| 7800 12800{ 3300 | 1.0000

11-12|1.250(37.8|.250]6.4|.125}3.2|.031| 0.8] 18200{ 39500| 14300| 31500| 1600 | 1.2500 1.2505| 37.750 37.763|1.750|44.4| 2250

.2505| 31.750 31.763]1.750| 44.4| 2250

Y

11,-12|1.250|37.8|.2506.4|.125|3.2|.031] 0.8]| 12400 20900 10500} 18300| 2400 | 1.2500

.2505] 31.750 31.763{1.750{ 44.4| 2250

-

1va-12|1.250]37.8{.25016.41.125|3.2|.031| 0.8]| 18200| 39500 15200| 34500{ 1600 |.1.2500

1% -12[1.250|37.8|.250|6.4|.125|3.2|.031| 0.8{ 12400| 20900| 11000| 19500 2400 | 1.2500 1.2505} 37.750 31.763|1.750| 44.4| 2250

1%/6-12(1.875|34.91.250|6.4|.125|3.2|.031] 0.8| 23200| 52000{ 19000| 43000 1400 | 1.3750 1.3755| 34.925 34.838|1.922| 48.8| 2750

13/6-12}1.875|34.9).2506.4|.125|3.2].031| 0.8| 15900| 27500 13900 25000} 2100 | 1.3750 1.3755| 34.925 34.938|1.922| 48.8| 2750

.5005] 38.700 38.113|2.281] 57.9] 3050

Py

112-12[1.500138.7]|.250}6.4|.125|3.2}.031] 0.8} 30000 67000( 25000| 58000| 1300 | 1.5000

112-12{1.500| 38.1|.250|6.4}.125|3.2|.031} 0.8 20700| 35500| 18400 33000 1700 | 1.5000 1.5005| 38.700 38.113|2.281| 57.9| 3050

The basic load ratings C and Cgq apply if the bearing outer ring (with cylindrical outside surface) is mounted into a housing with standard bearing fit; when

used as track roller, the load ratings C,, and Cgq,, apply.

Limiting speeds shown is for grease lubrication. With oil lubrication, the speed can be increased by approx. 30% except for sealed versions.
Clamping torgue is based on lubricated threads. If threads are dry, double the values shown.

For hexagonal socket wrench sizes, see table 1 on page 105.

Sizes CF (C) (E) 40 and CF (C) (E) 44 have UNS instead of UNF thread.

=
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Shell Type Roller Clutche

with and without bearing supports '

INA shell type roller clutches have a small radial sec- INA Shell Type Roller Clutches, Series HFLZ
tion equal in size to standard shell bearings. They tran-
sit torque in one direction only allowing free wheeling in
the opposite direction. They are used for indexing oper-
ations, backstopping and overrunning

INA shell type roller clutches series HFLZ have two
integral support bearings. The support bearings are
arranged on either side of the clutch unit and handle
radial loads. The support bearings consist of needle

A complete line of INA metric shell type roller clutches rollers retained by plastic cages.
are also available. The same design features as described for series HFZ

INA Shell Type Roller Clutches, Series HFZ apply for the cluich portion.

Shell type roller clutches of series HFZ consist of a Torque Capacity
thin-walled drawn cup with ramps on the inside, a plas-
tic cage with stainless steel springs and needle rollers.
The ramp configuration is designed to minimize friction
in the overrunning mode and backlash angle during
engagement. The plastic cage ensures precise posi-
tioning and guiding of the needle rollers, which act as
wedging elements.

The maximum torque that can be transmitted, assum-
ing that proper application recommendations are fol-
lowed, depends largely on the configuration of shaft
and housing (material, hardness, wall thickness). The
stresses acting on the clutch can be supported only if
sufficient housing strength is present.

The inertial moments must also be taken into account
when evaluating the suitability of a clutch. Figure 1
shows the stresses on the housing and the minimum
housing wall thickness for various torques. The amount
of stress allowed should be lower than the strength of
the housing material selected.

The separate support needed to handle radial loads is
best provided by placing INA shell bearings on each
side or by utilizing a shell type roller clutch with inte-
grated bearing supports, series HFLZ. If a support is
needed on only one side, it should be placed in the
loaded area.

If the boundary conditions do not allow the use of a
roller clutch with sufficient torque capacity, two clutches
can be mounted side by side.

Series * INA sheli type roller clutches are available in the fellowing designs:
Series Description

HFZ shell type roller clutch without bearing support

HFLZ shell type roller clutch with integral bearing support
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Series HF, HFZ Series HFL, HFLZ

Examples
Siin Minimum wall thickness required (inches)

Set Actual wall thickness (inches)
oy Equivalent stress (psi)

% Mg  Percentage of maximum rated torque

A given: Clutch HFZ 040708 Torque 90 % My
Housing wall thickness .575" (14.6mm)
from figure 1: Minimum wall thickness required to
transmit the torque
Spin 1 -115" 2.92mm)
Smin/Seﬁ 0.2
The stress on the housing is o,:)
46000 psi (317 N/mm?)

B given: Cluich HFLZ 101416
Maximum allowable housing material stress
40000 psi (275 N/mmZ)
Smin/Seff 1
from figure 12: Minimum housing thickness:
Spin - -1" (2.5mm)
Maximum transmissible torque: 25 % M

Smln
in
.2504
.188+4
[} 4 i}
I~ __;;12_5--_4_/;//|
10,000 PS! ¥ .osz::/’/r
Oy 7 2 1 F %Mg
0 O A, . B R R
/i Fo.g20 40 60 80 100
/] ::0.6
Y 10.4
— = — 02
Smln
Seit

Curve I: HFZ 040708, HFZ 061008, HFLZ 061014

125 026US

125 003

If the housing thickness can be increased so S;,/Ses
equals 0.5, then the new S, is .125" (8.78mm) and

the transmissible torque becomes 50% M, for the
same 40000 psi (275 N/mmZ?) max stress.

Indexing Frequency

Because of their low radial section height, INA shell
type roller cluiches have a very low moment of inertia.
This combined with individually spring loaded needle
rollers allows for high indexing frequencies. The driving

forque should be transmitted through the shaft.

Indexing Accuracy

The needle rollers are retained individually to ensure

continuous contact between shafi and ramps, thus

allowing for a small reaction time which franslates in
high indexing accuracy. This accuracy depends not
only on the indexing frequency, but also on the type of
lubrication, the mounting fits, the elastic deformation of
the housing and whether the system is driven through

the shaft or the housing.

Curve IIl: HFZ 081208, HFZ 101410, HFZ 121610, HFLZ 081214, HFLZ 101416

Figure 1 + Minimum housing wall thickness as a function of torque

INA
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Friction

INA shell type roller clutches have a very low friction
moment. Nominal values are shown in figure 2,

In the overrunning mode, the friction increases with
increasing shaft speed. As the rotation speed of the
outer ring increases, the clutch friction initially increas-
es but then drops as a result of the centrifugal force,
acting on the needle rollers. The limiting speed for this
condition should not be exceeded since locking will no
longer occur.

Mounting Tolerances

INA shell type roller clutches assume their final shape
once assembled into the housing. No additional axial
location is necessary. Housing tolerances shown in the
dimension tables are for relatively heavy section steel
or cast iron housings. For non-ferrous housing recom-
mendations see table 1 and 2 on page 44.

A surface roughness of 32 puin AA (R, 0,8 um) should
be maintained for the housing bore. The shaft raceway
should be hardened and ground. A surface hardness of
HV 670 to 840 (RC 58 to 65) is recommended. Proper
clutch performance can only be guaranteed if recom-
mended installation and mounting instructions are fol-
lowed.

Friction moment ——»

25 35 55 Nmm
inch | mm
f | 30 T
|- 1.
2 20 £
5 -
h 10 o
- 1
5 5
& ®

0 123466789
Friction moment —=Ib.In.

125 025

Figure 2 « Nominal friction moment
of shell type roller clutches HFZ and
HFLZ as a function of shaft diameter

Inspection

Roller clutches can only be inspected for proper opera-
tion when mounted in a ring gauge and tested with dif-
ferent shafts. The ring gauge should be through-hard-
ened steel ring with a minimum wall thickness of .75"
(19.05 mm). The ring gauge bore and the shaft toler-
ances should conform to the limits listed in the dimen-
sion tables. A torque which is approximately 15% of the
rated capacity should be used to verify engagement
with the minimum shaft. Overrunning should still occur
with the maximum shaft. The inspection dimensions for
the bearing portion of roller clutches with integral bear-
ing supports are shown in the dimension tables on
page 119.

Temperatures

With suitable lubrication, INA shell type roller clutches
can operate continuously in the temperature range of -
20 to +25-°F (-30 to +120°C). For intermittent periods
temperatures of up to +300°F (+750°C) are permissi-
ble.
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Lubrication

INA shell type roller clutches are suitable for either oil
or grease lubrication, although oil lubrication is pre-
ferred. Oil levels should cover up to one third of the
diameter of the cluich in the horizontal, non-operating
condition. The oil viscosity should be no less than 15
centi-strokes at operating temperature. When using oil
lubrication, the clutches should be ordered ungreased.

Grease lubrication is acceptable for most applications.
INA shell type roller cluiches are supplied prelubricated
with a lithium based grease unless ordered otherwise.
This grease will give satisfactory operation from +15°F
1o +160°F (+70°C to +70°C). The clutch is approxi-
mately 40% full of grease which is sufficient to protect
the clutch without impeding the operation of the
springs. Other greases may be required below 15°F
(10°C), and/or for circumferential speeds above

0.7 * n,. Oil lubrication is recommended for tempera-
tures above +160°F (+70°C). Please consult the INA
Engineering department for assistance on proper
selection. To ensure proper distribution of the lubricant,
the clutches should be relubricated or reoiled only
when rotating.

N\

Figure 3 « INA press-in tool with a
15° chamfer relief

156 076

Installation

For proper installation, the housing bore and shaft
should be chamfered at an angle of approximately 15°.
Shell type roller clutches should be pressed into the
housing bore with an arbor that transmits the press-in
force to the shell wall itself as shown in figure 3.

The diameter of the abutment shoulder D on the press-
ing arbor should be .008 to .012" (0.2 tp 0.3mm) small-
er than the housing bore diameter; the arbor diameter
Fy should be .020" {.050mm) smaller than the shaft
diameter. An O-ring on the pressing arbor serves to
retain the bearing after it has been slid onto the arbor.
This simplifies mounting of the bearings on production
files. Mounting should be carried out using a press to
prevent tilting of the cluich.

The clutches will lock when rotated in the direction of
the arrow stamped on-the end of the cluich. Care
should be taken at the time of installation to properly
orient the clutch for operation in the application. If the
arrow of rotation is obscured for final assembly, some
external marking should be used on the housing.

”

Additional information in section “Technical Data

Page | Description

34 | Design of bearing arrangements
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Shell Type Roller Clutches

Series HFZ without bearing supports
HFLZ with bearing supports

==

i s

|

D 11 Fw
@Ltﬁ ]
&
Series HFZ
Dimension Table * Dimensions in inch and mm
Shaft Part Roller Clutch Dimensions Torque Limiting Speed 3
Dia. Number Inside Diameter | Outside Diameter Width Corner Az g
F Radius
w D C
+0.000 +0.00 s n nA4)
nom nom nom -0.010 -0.025 min Md rpm rpm
inch inch mm inch mm inch mm inch mm Ib. in.
1/4 HFZ 0407081 .2500 6.350 4375 11.113 .500 12.70 .03 0.8 18.6 21000 12000
3/8 HFZ 061008 .3750 9.525 .6250 15.875 .500 12.70 .03 0.8 50.4 14000 12000
1/2 HFZ 081208 .5000 12.700 .7500 19.050 .500 12.70 .03 0.8 85.9 11000 9000
5/8 HFZ 101410 .6250 15.875 .8750 22.225 .625 15.88 .03 0.8 175.2 8500 5000
3/4 HFZ 1216102 7500 19.050 | 1.0000 25.400 .625 15.88 .03 0.8 247.8 7000 4400
1 HFZ 162110 1.000 25.400 1.313 33.35 .625 15.88 .03 0.8 442.5 5300 5000
Dimension Table * Dimensions in inch and mm
Shaft Part Rotlier Clutch Dimensions Torque | Limiting Speed 3)| Load Ratings
Dia. Number Inside Diameter | Outside Diameter Width Corner AL dynamic| static
Fw D RaSIUS c CO
+0.000 | +0.00 s 4)
nom nom nom 20.008 | -0.20 min Md n nA
inch inch mm inch mm inch mm inch| mm Ib.in. rpm rpm Ibf Ibf
3g HFLZ 061014 .3750 9.525 | .8250 | 15.875 .875| 22.22 | .03 | 0.8 50.4 | 14000 | 12000 1350 | 1240
Vo HFLZ 081214 .5000 | 72.700| .7500 | 19.050 .875| 22.22 | .03 | 0.8 85.9 | 11000 9000 1720 | 1550
S/g HFLZ 101416 | .6250 | 15.875| .8750 | 22.225 | 1.000| 25.40 | .03 | 0.8 | 175.2 8500 5000 1720 | 1890

1) This size is also available with plastic springs, HFZ 040708 KF, for a maximum operating temperature of +60°C (+140°F)
2) Check for avallability
2) Limiting speeds shown apply for grease and oil lubrication.
4) Permissible speed with rotating outer ring.
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Series HFLZ

125 017

Clutch Inspection Data Mounting Dimensions in inch and mm Shell®)
Ring Gauge Locking Overrunning Shaft Diameter®) Housing Diameter 5) Bearing for
Diameter Diameter Diameter F G Radial Load
Support
inch mm inch mm order
inch mm inch | mm inch mm max min max min min  max min  max separate
4380 | 11.125 | 2495 | 6.337 | .2513 | 6.383 | .2500 .2495 6.350 6.337 | .4370  .4380 | 711.7100 11.125 | SCE 44
6255 | 15888 | .3745 | 9.512 | 3763 | 9.558 | .3750  .3745 9.525 9512 | 6245 6255 | 15862 15.888 | SCH 68
7505 19.063 | 4995 | 12.687 | .5013 | 12.733 | .5000 4995 | 12.700 12.687 .7495 7505 | 19.037 19.063 | SCH 87
8755 | 22.238 | .6245 | 15.862 | .6263 | 15.908 | .6250 6245 | 15.875 15.862 .8745 8755 | 22212 22.238 | SCH 108
995 | 25.387 | 7485 | 19.012 | .7501 | 19.052 | .7500 .7495 | 19.050 19.037 | 9995 1.0005 | 25.387 25413 | SCH 126
1.3130 | 33.350 | .9987 | 25.367 [ 1.0013 | 25.433 | 1.000 .9987 | 25400 25367 | 1.312 1.313 | 33325 33.350 | SCH 168
Clutch inspection Data Mounting Dimensions in inch and mm
Ring Gauge Locking Overrunning Bearing Shaft Diameter 5) Housing Diameter 5)
Diameter Diameter Diameter No Go Plug
and Bearing F G
Go Plug inch mm inch mm
inch mm inch mm inch mm inch mm max min max min min max min max
.6255 | 15.888|.3745 | 9.512| .3761 9.553] 3775} 9.588 | .3750 .3745 | 9.525 9.512 | .6245 .6255 | 15.862 15.888
.7506 | 19.063.4995 | 12.687| .5011 | 12.728] .5025 |12.764 | .5000 .4995 12.700 12.687 | .7495 .7505 | 19.037 19.063
.8755 | 22.238.6245 | 15.862] .6261 | 75.903| .6275 |15.938 | .6250 .6245 | 15.875 15.862 | .8745 .8755 | 22.212 22.238
5y For non-ferrous housing recommendations refer to page 44, tables 1 and 2.
6) For additional sizes and sealed versions refer to pages 48 to 61.
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Special INA products

139 0698

Rotating devices such as sprockets,
pulleys and rollers are available from
INA. Mounted or housed bearings are
also available. A few typical arrange-
ments are illustrated here.

Designed especially for the require-
ments of specific applications, they
result in ouistanding value at optimum
cost. Consult INA for a value engineer-
ing analysis of your rotating devices.

139 069C

139 069D
139 069E
139 089F

R

139 069G
139 069H
139 0691
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Corporate Offices

Schaeffler Group USA Inc.

308 Springhill Farm Road

Fort Mill, South Carolina 29715
Telephone: 803-548-8500

Fax: 803-548-8599

USA SALES OFFICES

[ATLANTA

| DETROIT

[ MILWAUKEE

207 N. Lewis Avenue, Suite G
LaGrange, GA 30240
Telephone: 706-883-7305
Fax: 706-883-7315

1750 East Big Beaver Road
Troy, Michigan 48083
Telephone: 248-528-9080
Fax: 248-528-4381

N16 W23233 Stoneridge Drive, Suite 170

Waukesha, Wisconsin 53188
Telephone: 262-544-8270
Fax: 262-544-8271

[CHARLOTTE

[HOUSTON

[MINNEAPOLIS

377 Carowinds Boulevard, Suite 120
Fort Mill, South Carolina 29708
Telephone: 803-547-7970

Fax: 803-548-6361

10101 Southwest Freeway, Suite 400
Houston, Texas 77074

Telephone: 713-219-1430

Fax: 713-219-1431

80 W. 78th Street, Suite 270C
Chanhassen, Minnesota 55317
Telephone: 952-934-8822

Fax: 952-934-8833

[CHICAGO

[ KANSAS CITY

[ PHILADELPHIA

2525 Cabot Drive, Suite 110
Lisle, lllinois 60532
Telephone: 630-955-9360
Fax: 630-955-9365

14425 College Blvd., Suite 110
Lenexa, Kansas 66215
Telephone: 913-451-0300

Fax: 913-451-0302

3000 Cabot Blvd. West, Suite 220
Langhorne, PA 19047

Telephone: 215-891-8500

Fax: 215-891-0554

[CLEVELAND

[LOS ANGELES

[ PHOENIX

12306 Woodward Boulevard
Garfield Heights, Ohio 44125
Telephone: 216-587-4393
Fax: 216-587-2655

34700 Pacific Coast Highway, Suite 203
Capistrano Beach, CA 92624

Tel: 949-234-9799

Fax: 949-234-9899

6619 N. Scottsdale Road, Suite 5
Scottsdale, Arizona 85250
Telephone: 480-296-2060

Fax: 480-596-5745

|DALLAS

[LOUISVILLE

[QUAD CITIES

1660 South Stemmons Fwy., Suite 360
Lewisville, Texas 75067

Telephone: 972-221-5150

Fax: 972-221-5373

14419 Micawber Way
Louisville, Kentucky 40245
Telephone: 502-254-9590
Fax: 502-254-2760

300 NW Banktower, 2550 Middle Road
Bettendorf, lowa 52722

Telephone: 563-355-0383

Fax: 319-355-1937

[ DAYTON

[ MEMPHIS

[ SEATTLE

261 Regency Ridge Drive
Centerville, Ohio 45459
Telephone: 937-433-6404
Fax: 937-433-6814

1922 Exeter Road, Suite 20
Germantown, Tennessee 38138
Telephone: 901-756-0023

Fax: 901-756-0260

40 Lake Bellevue, Suite 100
Bellevue, Washington 98005
Telephone: 425-646-9477
Fax: 425-646-9471
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