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Introduction

A Bearing Is a device to permit constrained relative
motion between two parts, typically rotation or linear
movement.

Objective of bearing:

To provide relative positioning and rotational freedom
while transmitting a load between two parts. Example:

a shaft and its housing.
Objective of lubrication: To reduce:

1. The friction
2. The wear

3. The heat between two surfaces moving relative
to each other.



Classification ot Bearings

Bearings are classified depending upon the load.

Bearings are also classified depending upon the type of
contact.

1. Sliding contact bearing
- journal bearing
- plane bearing
2. Antifriction bearing (Rolling contact bearing)
- Ball bearing
- roller bearing



Function ot Bearings

A bearing permits relative motion between two machine
members while minimizing frictional resistance.

A bearing consists of an inner and outer member
separated either by a thin film of lubricant or a rolling
element.

A bearing bears the load.
It locates the moving parts in correct position.

It provides free motion to the moving part by reducing
friction.



Rolling Contact Bearing

Rolling contact bearings are also known as antifriction
bearings.

The load, speed, and operating viscosity of the lubricant
affect the friction characteristics of a rolling bearing.

These bearings provide coefficients of friction between
0.001 and 0.002.

The designer must deal with such matters as fatigue,
friction, heat, lubrication, kinematics problems, material
properties, machining tolerances, assembly, use and
cost.



Rolling Contact bearing...

Advantages of rolling contact bearing:

Low starting and good operating friction
torque.

Ease of lubrication

Requiring less axial space.
Generally, taking both radial and axial loads.
Rapid replacement

Warning of impending failure by increasing
noisiness.

Good low-temperature starting.



Rolling Contact bearing...

Disadvantages of rolling —element bearings:

Greater diametral space.

More severe alignment requirements.
Higher initial cost.

Noisier normal operation.

Finite life due to eventual failure by fatigue.
Ease of damage by foreign matter.
Poor damping ability.
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Bearing types

Most rolling bearings are categorized in one of
the three groups:

1. Pure radial loads
2. Pure thrust loads (axial loads)
3. Combination of the two kinds of loads

There are two types of rolling bearings:
1. Ball bearings
2. Roller bearings.



Ball Bearing
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Ball Bearings

INNER
RING

How to Assemble

-Inner race press fit onto
shaft shoulder (FN1, FN2)

-Assembly slides into
housing (RC2) between outer
race and housing
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‘ Types of Ball Bearings

(a) (b) (c) (d) (e)

Deep groove Filling notch Angular contact Shielded Sealed
T . ﬂ
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External Double row Self-aligning Thrust Self-aligning thrust
self-aligning

Fig. 11-2



Types of Roller Bearings

(a)
Straight Cylindrical

(b)
Spherical Roller, thrust

()
Tapered roller, thrust

Fig. 11-3

(d)
Needle

(e)
Tapered roller

(f)
Steep-angle tapered roller



All these bearings may be obtained with shields on one or both sides. The
shields are not a complete closure but do offer a measure of protection
against dirt.

The spherical-roller thrust is useful where heavy loads and misalignment
occur. Needle bearings are very useful where radial space is limited.

Tapered roller bearings combine the advantages of ball and straight roller
bearings.
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Rolling bearings

Ball bearings

Radial bal! bearings

Single row deep groove ball bearings

Maximum capacity type ball bearings

Single row angular contact batli bearings

Duplex angular cantact ball bearings

Roller bearings

Thrust balt bearings

Double row angular contact ball bearings

Four-point contact ball bearings

Self-afigning baill bearings

Single direction thrust ball bearings with fiat back face

Single direction thrust ball bearings with seating ring

Double direction thrust ball bearings with flat back face

Radial roller bearings

Double direction thrust ball bearings with seating rings

v

Double direction angular contact thrust bali bearings

Single row cylindrical roller bearings

Double row cylindrical roller bearings

MNeedie roller bearings

Thrust roller bearings

Single row taperad roller bearings

Double row tapered roller bearings

Sphericai roller bearings

Cylindrical roller thrust bearings

Needie rolier thrust bearings

Tapered rofler thrust bearings

%ﬁﬁﬁ BB H PoEEE  EEEEEED

Spherical roller thrust bearings
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Ball Bearings

1. Deep groove (Conrad) bearing

Load capacity is limited by the number of balls

Primarily designed to support radial loads, the
thrust capacity is about 25% of radial load capacity
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Ball Bearings

2. Filling notch or maximum capacity ball bearings

Notch

(h)
Deep groove Filling notch

 Thrust load capacity drops to 70% (2 directions)
of radial load capacity.




3.

Ball Bearings

Angular contact bearings (AC)

Thrust face

-

~

Direction
of thrust

k’-

Contact
angle

— EXtra support
in the back

Used for high radial and thrust load applications
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Roller Bearings

Roller bearings have higher load capacity than ball
bearings, load is transmitted through line contact instead of
point

Straight cylindrical roller Needle type

Mechanically Greased retained
retained rollers rollers
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Radial Ball Bearings
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Angular-Contact Ball Bearings
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Thrust Ball Bearings
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Cylindrical Roller Bearings
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Spherical Roller Bearings
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When the ball or roller of rolling-contact bearings rolls,
contact stresses occur on the inner ring, the rolling element,
and on the outer ring.

Common life measures are

o Number of revolutions until the first tangible evidence of fatigue
o Number of hours of until the first tangible evidence of fatigue

Under 1deal conditions, the fatigue failure consists of spalling
of the load-carrying surfaces. The American Bearing
Manufacturers Association (ABMA) standard states that the
failure criterion is the first evidence of fatigue. The fatigue
criterion used by the Timken Company laboratories is the
spalling or pitting of an area of 0.01 in?.

The rating life of a group of nominally identical ball or
roller bearings is de%ine as the number of revolutions (or
hours at a constant speed) that 90 percent of a group of
bearings will achieve or exceed bet%re the failure criterion
develops also termed as minimum lite, L, life, and B, life.

The most commonly used rating life 1s 10° revolutions.
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Bearing life

Contact stresses occur on the inner ring, the
rolling element, and on the outer ring, when the
ball or roller of rolling-contact bearings rolls.

If:
o Bearing is clean and properly lubricated

o Mounted and sealed against the entrance of
dust and dirt,

o Maintained in this condition

o Operated at reasonable temperatures.
Then:

The only cause of failure is metal fatigue.
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Bearing Litfe...

American Bearing Manufacturers Association (ABMA)
established the following definitions associated with the
life of bearing.

o Bearing life: the number of revolutions or hours at
some uniform speed at which the bearing operates
until fatigue failure.

o Rating life L,y: The number of revolutions ( or hours
at a uniform speed) that 90% of a group of identical
roller bearings will complete or exceed before the first
evidence of fatigue develops.

o Median life: refers to the life that 50% of the group of
bearings would complete or exceed. It is about 5 times
of L,, life.
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0 The basic load rating C is defined as: the constant radial
load which a group of apparently identical bearings can
endure for a rating life of one million revolutions of the
Inner ring (stationary load and stationary outer ring)

The definition of the rating life L,,1s based on a 90%
reliability(or 10% failure)

A typical curve of bearing life expectancy is shown in the
figures

|
o
S

|

Median life

Percentage of Bearings in
o1
o
I

Operation

o
=

Life
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Load Rating Detinitions

Catalog Load Rating, C,,: Constant radial load that causes
10% of a group of bearings to fail at the bearing
manufacturer’s rating life.

o Depends on type, geometry, accuracy of fabrication, and
material of bearing

o Also called Basic Dynamic Load Rating, and Basic
Dynamic Capacity

Basic Load Rating, C: A catalog load rating based on a

rating life of 10° revolutions of the inner ring.

o The radial load that would be necessary to cause failure at
such a low life is unrealistically high.

o The Basic Load Rating is a reference value, not an actual
load.
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Bearing Load Litfe at Rated
Rﬁll@hiﬁ]fh&)@n at 0.90 reliability using a regression equation is

FLY* = constant

Where
a = 3 for ball bearings
a = 10/3 for roller bearings (cylindrical and tapered roller)

A catalog load rating is defined as the radial load that causes 10 percent of
a group of bearing to fail at the bearing manufacturer’s rating life.

In selecting a bearing for a given application, it is necessary to relate the
desired load and life requirements to the published catalog load rating
corresponding to the catalog rating life. |

rating life in hour desired life, hours

rating speed, rev/min desired radial load, 1bf or kN

Fie(ile”.'e()o e = FJ)(chI?DﬁO)/ \
catalog rating, Ibf or kN L desired speed, rev/min
S

The expression for a catalog load rating as a function of the desire load,
desired life, and catalog rating life is then o (Lo (Zono60)
w=Fa=Fo(72) = Fo (P23
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Load Rating Detinitions

Static Load Rating, C,:

Static radial load which corresponds to a permanent
deformation of rolling element and race at the most heavily
stressed contact of 0.0001d.

o d = diameter of roller
o Used to check for permanent deformation

o Used in combining radial and thrust loads into an
equivalent radial load

Equivalent Radial Load, F,:

Constant stationary load applied to bearing with rotating
Inner ring which gives the same life as actual load and
rotation conditions.
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Bearing Load Life at Rated Reliabllity

Experiments show that two groups of identical bearings
tested under different loads F; and F, will have
respectively lives L, and L, according to the relation:

b (i\ (11-1)

L, \F)
Where

L = the life of millions of revolutions or the life of hours at
a given constant speed n, in rev/min.

a = 3 for ball bearings

10/3 for roller bearings (cylindrical and tapered
roller)
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A bearing manufacturer may choose a rated cycle value
of 10° revolutions

Timken Company choose a rate of 90(10°) revolutions
which is based on 3000 hours at a speed of 500 rev/min.

L,, = (3000h)(60 min/ h)(500rev/min)=90(10°)rev.

Equation 11-1 can be written in more useful way as:

FL"? = const (11-2)
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Basic load rating - Catalog load rating C,,, denotes the
tenth percentile rating life for a particular bearing in the
catalog.

From equation (11-2)
1/a 1/a
FL " =FL;

PutL, as L,, and F; as C,,, we can write the above
equation as:

Coollft = FL
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Finally, we can write the equation in the general form as:

1/a
LDnDaoj
LN 60 )

C, = FD[ (10-3)

Where

C,,: catalog rating (Ibf or kN)

L: rating life (hours)

Ng: rating speed (rev/min)

Fo: desired radial load (Ibf or kN)
L: desired life (hours)

Np: desired speed (rev/min)
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Bearing Survival: Reliability Vs Life

If the machine is assembled with a total of N bearings, each
having the same reliability R, then the reliability of the group
must be:

Ry=RN
Suppose we have a gear-reduction unit consisting of six
bearings, all loaded so that the L, lives are equal.

For example, if the reliability of each bearing is 90%, the
reliability of all the bearings in the assembly Is:

R = (0.90)6=0.531

This points up the need to select bearings having reliabilities
greater than 90%
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Reliability based on Weibull distribution

Ball Bearing Roller Bearing
L/L.—0.02 1.483 m L5
R = - = — _ 10
eXp{ ( 4.439 j } R exr{ ( . 48j
L., = L | = L
© 0 0.02+4.439In(L/R)™ 7 4.48In(L/R)["
1/3 (L N /L n ) 3/10
_ (LDnD/LRnR) C.=F { p'lp ! LrllR }
ClO - FD{O,02+4.439[|H(1/ R)]1/1.483 10 D 4-48[”](1/ R)]l/l.s
1/a
C —F LN, 60
10— " D
L.Nn;60
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Example:

A certain application requires a bearing to last for 1800 h with
a reliability of 99%. What should be the rated life of the
bearing selected for this application?

Solution:
Given: L=1800 h , R=0.99
Required: Ly,
For Ball Bearing
L

L, = — 8197h
©0.02 +4.439[In(1/ R)["+4*

For Tapered Bearing ]

L, = — 8627h
P 4.48In(1/ R

37



Example

A roller bearing is to be selected to withstand a radial load of 4
KN and have an L,, life of 1200 h at a speed of 600 rev/min.
What load rating would you look for in searching the Timken
Engineering Journal?

Solution

Given:

Fp=4kN, L;=1200 h, np=600 rev/min,
L,=3000 h, ngz=500 rev/min,

Roller bearing = a = 10/3

Required: load rating C,,

/a
o _p [Lons60 e [ (1200)(600)(60) e 2N
PPl Lgng 60 (3000)(500)(60)
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Example

What load rating would be used if the application in the
pervious example is to have a reliability of 99 percent?

Solution:
From equation 11-10:

c. - FD{ (Lono /Lgne) | _,/((2200)(600)/(3000)(500)) | _ o yacin
4.48[In(1/R)['*° 4.48[In(1/0.99)'*°

This value let us enter the catalog with C,,=5.136 kN
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EXAMPLE 11-3

Solution

Answer

The design load on a ball bearing is 1840 N and an application factor of 1.2 is appro-
priate. The speed of the shaft is to be 300 rev/min, the life to be 30 kh with a reliability
of 0.99. What is the Cj( catalog entry to be sought (or exceeded) when searching for a
deep-groove bearing in a manufacturer’s catalog on the basis of 10° revolutions for rat-
ing life? The Weibull parameters are xo = 0.02, (8 — xo) = 4.439, and b = 1.483.

L 60Lpnp _ 60(30 000)300
LlO - 6OLRI’IR B 106

Xp = = 540

Thus, the design life is 540 times the L life. For a ball bearing, @ = 3. Then, from
Eq. (11-7),

540
0.02 4 4.439(1 — 0.99)!/1.483

1/3
Cio= (1.2)(1.84)[ :| = 29.7kN
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11.6 Selection of Ball and Straight Roller
Bearings

Ball bearings are usually operated with some combination of
radial and thrust load.

Since, catalog ratings are based only on radial load, it is
convenient to define an equivalent radial load F, that will have

the same effect on bearing life as do the applied loads
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An equivalent ABMA radial load equation for ball bearings is
the maximum of the two values:

F.=VF,
F. = XVF, + YF,
Where

. . applied axial thrust load

. applied radial load

o
. . equivalent radial load
: a rotation factor

- a radial factor

Y :athrust factor
A rotation factor V iIs defined such that:

When The inner ring rotates =V=10
The outer ring rotates =V=12

X < T T M
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= VF,
£ =1 when i <e

VF, VF,

Fe

=X +Y i when i > e
VF VF

r

VF,

The pervious equations can be written in one
single equation as:

F, = X.VF, +Y,F,

i=1 when 2 <e
where

| =2 when

"*"\|:-:-1

ey |




Table 11-1

Equivalent Radial Load
Factors for Ball Bearings

0.014*
0.021
0.028
0.042
0.056
0.070
0.084
C.110
.17
0.28
0.42
0.56

Q.19
0.21
0.22
0.24
0.26
0.27
0.28
.30
0.34
0.38
0.42
0.44

*Use 00141 Fy il < 0.014,

1.0

L v (s I N v s
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Table 11-2

Dimensions and Load Ratings for Single-Row 02-Series Deep-Groove and Angular-Contact Ball Bearings

Fillet Shoulder Load Ratings, kN
Width, Radius, Diameter, mm Deep Groove Angular Contact
ds dH Cio Co Cio Co
10 30 9 0.6 12.5 27 5.07 2.24 4.94 2.12
12 32 10 0.6 14.5 28 6.89 3.10 7.02 3.05
15 35 11 0.6 175 31 7.80 3.55 8.06 3.65
17 40 12 0.6 19.5 34 9.56 4.50 9.95 4.75
20 47 14 1.0 25 41 12.7 6.20 13.3 6.55
25 52 15 1.0 30 47 14.0 6.95 14.8 7.65
30 62 16 1.0 35 55 19.5 10.0 20.3 11.0
35 72 17 1.0 41 65 25.5 L3:7 27.0 15.0
40 80 18 1.0 46 72 30.7 16.6 31.9 18.6
45 85 19 1.0 52 77 33.2 18.6 358 21.2
50 90 20 1.0 56 82 35.1 19.6 37.7 22.8
55 100 21 1.5 63 90 43.6 25.0 46.2 28.5
60 110 22 1.5 70 99 47.5 28.0 55.9 355
65 120 23 1.5 74 109 55.9 34.0 63.7 41.5
70 125 24 1.5 79 114 61.8 375 68.9 45.5
75 130 25 1.5 86 119 66.3 40.5 71.5 49.0
80 140 26 2.0 93 127 70.2 45.0 80.6 55.0
85 150 28 2.0 99 136 83.2 53.0 90.4 63.0
90 160 30 2.0 104 146 95.6 62.0 106 135

95 170 32 2.0 110 156 108 69.5 121 85.0




The ABMA has established standard boundary dimensions for
bearings which define the bearing bore, the outside diameter
OD, the width, and the fillet sizes on the shaft and housing
shoulders.

Figure 11-7 Widih seres — : 3

The basic ABMA, plan for []-u:r::b:r

b::und-:l"-. dimensions. These seTies

apply o ba bearing g5, siraight

roller |::Ef'| 35 _.'1::| Char q_::|| =
[]'l*'r::r_i Ofl ——e

roller bearings, but not to in
series ball bearings or tapered

raller bearings T = oontour Fln.'u:r.:

of the cormer iE not spacified.
It iy be rounded or ‘
chamferad, but it must ba

small enc ugh fo clear the fillst

radius specified in the

ctandards. recommendations are based on the ratio of the thrust component F; to the basic static

The bearings are identified by a 2-digit number called the
dimension-series code.

First digit  : the width series

Second digit: the diameter series
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Bearing series

Three main series;
extra light (100)

light (200)--most common series for average
applications;

medium (300)--can handle 33% more load
than the 200 series
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Bearing series

There Is a heavy series, which can handle
20-30% more than the 300 series but it is
available in only a few types and sizes.

There are other series, but they are not
commonly used.
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‘ Bearing series

Note: all have the same ID

Extremely Extra light
light

Light Medium

Series classification
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Table 11-2
Dimensions and Load Ratings for SingleRow 02-Series DeepGroove and Angular-Contact Ball Bearings

Fillet Shoulder
Width, Radius, Diameter, mm

Load Ratings, kN

110
120
125
130
140
150
160
170

20
20

12.5
14.5
17.5
12.5
25
30
35
41
46
52
56
&3
70
74
79
86
23
Qe
104
110

du

27
28
31
34
41
47
55
&5
72
77
82

109
114
119
127
136
146
156

Deep Groove
Cio
507 224
689 3.10
780 355
Q.56 4.50
127 6.20
14.0 6.95
19.5 10.0
255 13.7
30.7 166
332 18.4
35.1 19.4
436 250
475 280
559 34.0
61.8 375
663 40.5
70.2 450
832 530
Q5.6 4620
108 a5

Angular Contact
494 212
/.02 3.05
8.06 3.65
G5 475

13.3 & 55
14.8 /.65
20.3 11.0
270 15.0
319 18.6
358 21.2
377 22.8
46.2 28.5
559 35.5
637 41.5
689 455
71.5 420
80.6 550

Q0.4 63.0

106 73.5

121 850
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Table 11-3

Dimensions and Basic Load Rafings for Cylindrical Roller Bearings

110
120
130
140
150

110
120
125
130
140
150
160
170
180
200
215
230
250
270

Load Rating, kN

02-5eries
Width,

mm c“;.
15 16.8
16 22.4
17 31.9
18 41.8
19 44.0
20 45.7
21 56.1
22 &4.4
23 765
24 /9.2
25 Q3.1
26 106
28 1o
30 142
32 165
34 183
38 229
A0 260
A0 270
42 319
45 445

G

8.8
120
176
240
255
275
340
431
51.2
51.2
63.2
694
8.3

100
112
125
167
183
193
240
260

110
120
130
140
150
160
170
180
190
200
215
240
260
280
300
320

03-Series
Width, Load Rating, kN
mm Cio =
17 28.6 150
19 36.9 20.0
21 44 6 271
23 561 32.5
25 721 45.4
27 88.0 520
29 102 &2
31 123 75
33 138 85.0
35 151 102
37 183 125
39 130 125
41 212 149
43 242 160
45 264 189
47 303 220
50 391 304
55 A57 340
58 539 408
&2 682 454
&5 781 502
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Table 11-4
Bearinglife

Recommendations
for Various Classes

Type of Application Life, kh

Instruments and apparatus for infrequent use Upio 0.5
Aircraft engines 0.5-2
Machines for shart or intermitient operafion where service

of Machinery inferrupfion is of minor importance 4-8
Machines for intermitient service where reliable operafion
is of great importance 8-14
Machines for 8-h service that are not always fully ufilized 14-20
Machines for 8-h service that are fully ufilized 20-30
Machines for confinuous 24-h service 50-60
Machines for confinuous 24-h service where reliability is
of exireme imporfance 100-200
Table 11-5
load-Application Factors Precision gearing 1.0-1.1
Commercial gearing 1.1-1.3
Applications with poor bearing seals 1.2
Machinery with no impact 1.0-1.2
Machinery with light impact 1.2-1.5
Machinery with moderate impact 1.5-3.0

Use as a factors of safety
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Example

An SKF 6210 angular-contact ball bearing has an axial load F,
of 400 Ibf and a radial load F, of 500 Ibf applied with the outer
ring stationary. The basic load rating C, is 4450 Ibf and the

basic load rating C,, 1s 7900 Ibf. Estimate the L,, life at a
speed of 720 rev/min.
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Solution
Outer ring stationary = V=1, F,/C,=400/4450=0.09
From table 11-1, using interpolation = e = 0.285
F,/VF, =400/ [(1)500]=0.8 > e = From equation (11-9) i =
F.= X,VF.+ Y,F,
X,=0.56, and Y,=1.527 by interpolation
F. = (0.56)(1)(500)+1.527(400)=890.8 Ibf
With Ly=L,, and Fy=F,
Using equation 11-3 to find L,

L,n,60)
ClO =Fp L 60
RnR )

L _ _60Lgng (Cy )| 10° (7900j3=16150h
> 6e0n, | F, ) 60(720)\890.8

1/a

2
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EXAMPLE 11-4

Solution

Answer

An SKF 6210 angular-contact ball bearing has an axial load £, of 1780 N and a radial
load F, of 2225 N applied with the outer ring stationary. The basic static load rating
Cp 1s 19 800 N and the basic load rating Cyg is 35 150 N. Estimate the Ly life at a
speed of 720 rev/min.

V =1 and F,/Cqy = 1780/19 800 = 0.090. Interpolate for ¢ in Table 11-1:

0.084 0.28
0.090 e from which e = 0.285
0.110 0.30

F,/(VF,) = 1780/[(1)2225] = 0.8 > 0.285. Thus, interpolate for ¥;:

0.084 155
0.090 Y> from which Y» = 1.527
0.110 1.45

From Eq. (11-9),
F.=X,VFEF, + Y2 F, =0.56(1)2225 + 1.527(1780) = 3964 N
With Lp = Lyp and Fp = F,, solving Eq. (11-3) for Ly gives

6OLRnR (C]())a _ 106 (35 150
F. ] 60(720) \ 3964

3
) =161395 h
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11.9 Selection of Tapered Roller Bearings

Tapered roller bearings
have a number of features
that make them
complicated

The tapered roller bearing
assembly consist of four
components as shown in
figure 11.3:

o Cone (inner ring)

o Cup (outer ring)

o Tapered rollers

o Cage (spacer retainer)

- Bearing width 7>

] |p I?,Ei;k - o s — Cup front
e radius J_\ length CAF‘ face radius
A [ i t
‘ — Cup front face
Cup back face — P )
P Cone back face rib
Cag
~— Cone back face
Cone front —
f rib
Q
3 =— Cone length B —
)
g | 2
= ; 2
= P | P L v =]
5 G 2
S =
e flee>
:_ '
8 |
Cone front
face radius N |
Cone front face i' { C Z
e 1 Cone —— Cone back

face radius R

Standout F
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A tapered roller bearing carries both radial and thrust (axial)
loads, or any combination of the two.

If there Is no external thrust load, there is still a thrust reaction
within the bearing due to the taper shape of the bearing.

To avoid the separation of the races and the rollers, the thrust
load must be resisted by an equal and opposite force. This Is
can be done by use at least two tapered roller bearings on a
shaft
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= In this case, the two bearings can be mounted either:

o The cone fronts facing each other (It is called indirect
mounting)

o The cone backs facing each other (It is called direct
mounting)

: 3 Direct mounting (m = 1)
Indirect mounting (m =-1)

Bearing A Bearing B | Bearing A Bearing B ‘
! ™Y i __' % B

—_—— —_—— .
:f —F < +F(I£’ 1'. ‘\ = ¢ +f ae j'.,
! ae ¥ b ae f
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Indirect mounting

[m]
&
=y g
b = !
= / kil\li.
. |.|IM1II l.emﬂ IIIII
A ! /Ea
_ﬂ.e nuna I
o
*
X
1=
¥ ;<
!
Y| B K |||||
= / T
v/ < _
- ]
3 :

A

Direct mounting
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The thrust component F, produced by a pure radial load F, is
specified by the Timken Company as:

B 0.47F,
K
Where K Is the ratio of the radial load rating of the bearing to
the thrust load rating
In design of bearing, the initial value of K Is chosen to be
K =1.50 for radial bearing
K = 0.75 for steep-angle bearings

After the analysis Is done, the correction value for K is
reselected from the catalogue and the analysis is repeated.

F
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The figure shows a typical bearing mounting subjected to an
external thrust load T..

The radial reactions F,, and F g are computed by taking
moments about the effective load centers G.

The distance for the value of a which is shown in figure 11.3 is
obtained from the catalog rating sheets.

Bearing A Bearing B
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SINGLE-ROW STRAIGHT BORE

cone cup
_ &glin g aj! art b
500 rpm for part numbers max backing max backing
outside ) 3000hours Lyo | fac- | eff. shaft | | shoulder hous- | shoulder
bore diameter | width tor load fillet | width diameters ing width diameters
one- center radius fillet
Tow thrust adi
radial cone cup Ll
N N ,

d D T Inf h K | a®@ RO B | dyp |dy | @ | C | Dy D,
25.000 52.0000 16.250 5190 5260 1.56 | -3.6 * 30205 & 30205 1.0 150840 30.5 290 1.0 130040 46.0 48.5
(L9843 20472 0.6398 1B40 1180 —0.14 004 | 05906 1.20 1.14 004 (05118 1.81 1.91
25.0010) 52.0M) 19.250 9520 9510 1. | 3.0 | #32205-B #32205-B 1.0 18.HM) 34.0 3.0 1.0 150004} 43.5 49.5
0.9843 20472 0.7579 2140 2140 —0.12 0.04 | O.TOET 1.34 1.22 0.04 | 05906 1.71 1.95
25.0040 52.000 220004 132040 To0 166 | 7.6 # 33205 #33205 1.0 22,0000 34.0 35 1.0 1800040 44.5 49.0
(L9843 20472 0.8661 2980 17940 —0.30 0.04 | 0.83661 1.34 1.20 0.04 | L7087 1.75 1.93
25.000 62,040 18.250 1304 [ 1] 195 | 51 # 30305 * 30305 1.5 17.0d) 325 300 1.5 150004} 55.0 57.0
0.9843 2.4400 0.7185 2030 1500 —0.20 0.06 | 0.6693 1.28 1.18 0.06 | 05906 217 224
25.0010) 62.0MM) 25.250 174404 8930 1.95 | 9.7 * 32305 * 32305 1.5 24,0440 35.0 3.5 1.5 20,0004y 54.0 57.0
0.9843 2.4409 0.9941 3910 2010 —0.38 0.06 | 0.0449 1.38 1.24 0.06 | 07874 213 224
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SINGLE-ROW STRAIGHT BORE

= D =
| I, |
| | d, - | r
rs
T +
T B a R
¥ -
4‘ *} - * \
‘ = i + = ‘
| d, |
- -D,u =]
cone cup
rating at
500 rpm for part numbers max backing max backing
outside _ 3000 hours Ly | fac- | eff. shaft _ shoulder hous- | . shoulder
bore diameter | width tor | load fillet | width diameters i width diameters
e center radius fillet
oW thrust radius
radial cone cup
d D T i e | K | a® RO| B | dy | d, | @ | C | Dy D,
25400 65.088 22.225 13100 164D 080 | -2.3 2310 23256 1.5 21.463 39.0 M5 1.5 15875 53.0 63.0
1.0000 2.5625 08730 20950 3690 —0.09 006 | 08450 1.54 1.36 0.06 | 06250 2.09 248
25400 66421 23812 1 84040 D 230 | 94 2687 2631 1.3 25433 335 35 1.3 19.050 58.0 &0
1.0000 2.6150 0.9375 4140 1200 -0.37 0.05 1.0013 1.32 1.24 0.05 | O.7500 228 236
25400 68.262 22228 15300 JLIUEL 140 | 5.1 02473 02420 0.3 22225 4.5 3is 1.5 17.462 59.0 63.0
10000 2.6875 0.8750 3440 2450 —0.20 003 | 08750 1.36 1.32 0.06 | 0.eETS 232 248
25400 T2.233 25.40M) 1 84040 172(H) 1.07 | —4.6 HME8630 HMB8610 0.8 25.404 39.5 3.5 23 19.842 0.0 69,0
10000 28438 10000 4140 3570 —0.18 0.03 1.0 1.56 1.56 0.09 | 07812 236 272
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The equivalent radial load on the bearings

, 0.47F
o Bearing A: F,,=04F, + KA[ < Lo +Tej

B

o BearingB:  F_, =0.4F, + KBLO'TZF”\ _Tej

A

After we calculate the value of F_, and F_g, we check the
following:

o IFF,,>F_, = use F,, for design of baring A.
a IFF A <F, = use F,, for design of baring A.
o IFFg>F., = use Fgfor design of baring B.
o IF Fg <F, = use F for design of baring B.

64



Steps in Tapered Roller Bearing

Selection

Given required bearing life L,, and load arranegment
Determine applied radial F,, and thrust T, loads

Distribute radial loads to bearings: F,, and F,g using estimated
“a” value to locate load center

Estimate Bearing K factors for induced thrust

Calculate equivalent radial loads F,, and F.g using estimated K
factor

Calculate rated load using actual load and desired life
Select bearing from those available (in table)
Check bearing loads using actual K factor and “a” values



Example

The gear-reduction unit is arranged to rotate the cup while the
cone Is stationary. Bearing A takes the thrust load of 250 Ib
and, In addition, has a radial load 875 Ib. Bearing B is
subjected to a pure radial load of 625 Ib. The speed is 150
rev/min. The desired L, life i1s 90 kh. The desired shaft
diameters are 1.125 in at A and 1 Iin at B. Select suitable
tapered roller bearings, using an application factor of unity.
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Solution

Given:

At Bearing A: T,=250 Ib, F,, =875 Ib, d,=1.125 In.
At Bearing B: F,g =625 Ib, dg=1 In.

L., = 90 kh, n5=150 rev/min. R=.9

Assume an initial value for K, and Kg as 1.5

F.,=04F, + KA(O'M i +Tej

B

= 0.4(875) + 1.5(0'47(625)

+ 250) =1020lb
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Since F_, > F,, = use F,, for design of bearing A.
Form equation 11-3

Loy 60" _ 1020( (9000)(150)(60))3/10 _19701h
LN 60 ) (3000)(500)(60)

ClO — FD(

Now, go figure 11-15 and with (d,=1.125 in ) select form
columns 4 and 5 the value of C,, that is equal or near to the
value that we calculate in equation above

Thus, we select 15590 cone, a 15520 cup, and K,=1.69

Calculate F_, and then C,, again with the corrected value of
K, We get: C,,=2130 Ib.
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SINGLE-ROW STRAIGHT BORE

i
| o, |
| _ i . _ | r
| 1 L
T x 7
T - B a R
A I
¥ F-—1 ¥ Y
I dh 1
o, 1
Cone CLup
rating at
SO0 rpm for part numbers max backing max backing
outside i F000D hours L g fac- eff. shaft i shoulder hous— ~ shoulder
bore diameter width tor load fillet width diameters i width diameters
ane- center radius ﬁﬁ%t
oW thrust —F=
radial cone cup
™ ™ ;

d D T N I K a® R B dy, dg ro C Dy, D,
2540 G5.088 22 225 13100 L L] L. 21] —2.3 23104 23256 1.5 21.463 300 34.5 1.5 15.875 53.0 GaB3.0
1D 2.5625 O.ETS0 2950 3620 — 0o s O.B450 1.54 1.36 OO D250 209 2.48
2540 Hih. 421 23 812 18400 Himm 230 —9.4 2687 2631 1.3 25.433 33.5 31.5 1.3 19050 S58.0 [R]
1D 26150 0.9375 4140 1 &0 —0.37 005 [l ] 1.32 1.24 o0s 0TSO0 2.28 2.36
2540 GHE. 262 22 225 15300 L] 1.40 —5.1 DZ4T3 24240 0.8 22 225 34.5 33.5 1.5 17.462 5040 GaB3.0
1D 2.68B7TS O.ETS0 S0 2450 —0. 20 003 O.BTS0 1.36 1.32 OO D.6RTS 2.32 2.48
2540 T2.233 25 40m 18400 LT 2y 1.0¢7 —d.6 HMES6 30 HM 88610 0.8 2544040 30.5 39.5 Zz.3 19842 A [ X
1D 2.B438 1 MM 4140 IBTO —.18 003 [ ) 1.56 1.56 o0 07812 2.36 272
2540 TZ.626 3. 162 22T 1 3mimy 1.76 — .z 3189 3120 0.8 29 997 35.5 350 3.3 Z3.812 [ ] o]
1D 2.B593 1.1875 5110 2910 —040 003 11810 (i ] 1.38 o1z 09375 2440 2654
26.157 62 N 19050 1210 TZHD 1.67 —5.8 15103 15245 0.8 20638 330 3.5 1.3 14.288 550 58.0
10298 244059 L 2730 1 &40 —O.23 003 O.BI25 1.30 1.28 o0s 0.5625 207 2.28
26.162 L L1 23 812 18400 Himm 230 —9.4 2682 2630 1.5 25.433 34.5 3Z.0 0.8 19050 570 590
13000 2 A4R43 0.9375 4140 1 &0 —0.37 s [l ] 1.36 1.26 003 0TSO0 .24 2.32
26.162 Hih. 421 23 812 18400 Himm 230 —9.4 2682 2631 1.5 25.433 34.5 3Z.0 1.3 19050 S58.0 [R]
13000 26150 0.9375 4140 1 &0 —0.37 s [l ] 1.36 1.26 o0s 0TSO0 2.28 2.36
26975 58.T38 19050 1 16 G560 1.77 —5.8 1987 1932 0.8 19.355 32.5 31.5 1.3 15080 520 54.0
120 23125 L 2610 1470 —O.23 003 O.7a20 1.28 1.24 o0s 0.5937 2.05 213

T 26.988 S50.292 14.224 T210 A 2N 1.56 —3.3 | R R L L i L1 a.s 14.732 37.5 3.0 1.3 | CURY 44.5 AT
7 10625 19800 O SG0H0 1620 L0 —0 13 o144 DS BO 148 1.22 o0s 42040 1.75 1.85
T 26.988 G325 19842 1 10wy G550 1.69 —5.1 15580 15523 e 17.462 38.5 3Z.0 1.5 15.875 510 54.0
7 10625 23750 O.TELZ 2480 1470 —0. 20 o144 D.6eBTS 1.52 1.26 OO D250 201 213
T 26.988 62 N 19050 1210 TZHD 1.67 —5.8 1510 15245 0.8 20638 33.5 33.0 1.3 14.288 550 58.0
7 10625 244059 L 2730 1 &40 —O.23 003 O.BI25 1.32 1.340 o0s 0.5625 207 2.28
T 26.988 Hih. 421 23 812 18400 Himm 230 —9.4 2688 2631 1.5 25.433 350 33.0 1.3 19050 S58.0 [R]
7 10625 26150 0.9375 4140 1 &0 —0.37 s [l ] 1.38 1.340 o0s 0TSO0 2.28 2.36
ZB.5T7S5 56.89G 19845 1 16 G560 1.77 —5.8 1985 1930 0.8 19.355 340 33.5 0.8 15.875 510 54.0
1.1250 22400 O.TEL3 2610 1470 —O.23 003 O.7a20 1.34 1.32 003 D250 201 211
ZB.5T7S5 57.1500 17462 1 10wy G550 1.69 —5.1 1 55940 15520 e 17.462 30.5 33.5 1.5 13.495 510 53.0
1.1250 22500 O.aETS 2480 1470 —0. 20 o144 D.6eBTS 1.56 1.32 OO 05313 201 209
ZB.5T7S5 58.T38 19050 1 16 G560 1.77 —5.8 1985 1932 0.8 19.355 340 33.5 1.3 15080 520 54.0
1.1250 23125 L 2610 1470 —O.23 003 O.7a20 1.34 1.32 o0s 0.5937 2.05 213
ZB.5T7S5 58.T38 19050 1 16 G560 1.77 —5.8 1988 1932 e 19.355 30.5 33.5 1.3 15080 520 54.0
1.1250 23125 L 2610 1470 —O.23 o144 O.7a20 1.56 1.32 o0s 0.5937 2.05 213
ZB.5T7S5 G325 19842 1 10wy G550 1.69 —5.1 1 55940 15523 e 17.462 30.5 33.5 1.5 15.875 510 54.0
1.1250 23750 O.TELZ 2480 1470 —0. 20 o144 D.6eBTS 1.56 1.32 OO D250 201 213
ZB.5T7S5 G325 19845 1 16 G560 1.77 —5.8 1985 1931 0.5 19.355 340 33.5 1.3 15.875 520 55.0
1.1250 23750 O.TEL3 2610 1470 —O.23 003 O.7a20 1.34 1.32 o0s D250 2.05 217




Again go to figure 11-15 and with (d,=1.125 in ) select form
column 4 the value of C,, that is equal or near to the value that

we calculate in equation above we have the same values:
15590 cone, a 15520 cup, and K,=1.69.
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For bearing B:
ATF
F. =04F; + KB[O % La —Te]

A

= 0.4(625) + 1.5(0'4172275) - 250) — 2401b

Since F.g > F g = use F g for design of bearing B
Form equation 11-3

1/a 3/10
C. —F. Lono60 ) _ oo (9000)(150)(60) _ 15101k
L.n,60 (3000)(500)(60)
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Now, go to figure 11-15 and with (dg=1 in) there are five
bearings from which to choose. The one at the top of the list
has the smallest rating, the smallest OD, and the narrowest
width.

Thus, we select 07100 Cone, a 07196 Cup, C,,=1570 Ib and
Kg=1.45
Calculate F_ gz and then C,, again with the corrected value of

Kg, we get the same C,,=1210 Ib. So the selection for bearing
B is: 07100 Cone, a 07196 Cup, C,;,=1570 Ib and Kz=1.45.
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Problem 11-13 :

240 Ibf

Gear 3, 24 dia.

Gear 4, 12 dia.

A gear-reduction unit uses the countershaft depicted iIn the
figure. Find the two bearing reactions. The bearings are to be
angular-contact ball bearings, having a desired life of 40 kh
when used at 200 rev/min. Use 1.2 for the application factor

and a reliability goal for the bearing pair of 0.95. Select the
bearings from Table 11-2.
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Solution

The bearings are to be
angular-contact ball
bearings, having a
desired life of :

o Ly =40Kkh

ng = 200 rev/min.
Application factor f=1.2
Reliability goal R, = 0.95

Select the bearings from
Table 11-2.

o O O 0O
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To find the reliability for each bearing:
R, = (R)? = R=( R,)¥?==(0.95)¥2=0.975

The torque at gear A:
T =240(12)(cos 20°) = 2706 Ibf - in

The force at gear B can be found by:

2706
 6C0s25

= 498 Ibf

0]
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In xy-plane:

> M, = -82.1(16) - 210(30) + 42R! = 0
RY =181 Ibf
RY =82 + 210 - 181 = 111 Ibf
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In xz-plane:

(Ciodo

(Cuo)c

= 226(16) - 452(30) - 42R’ = 0
= -237 Ibf

= 226 - 451 + 237 = 12 Iof

= (111% + 12°)Y2 = 112 Ibf  Ans.

= (1812 + 237%)Y2 = 298 Ibf  Ans.
= 1.2(112) = 134.4 Ibf

= 1.2(298) = 357.6 Ibf

~ 40 000(200)(60)
- 10°

= 480

1/3
=134.4 i 1/1.483
0.02 + 4.439[In(1/0.975)]"~
= 1438 Ibf or 6.398 kN

1/3
== 3576 480 1/1.483
0.02 + 4.439[In(1/0.975)]"
= 3825 Ibf or 17.02 kN
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Bearing at O:
Choose a deep-groove 02-12 mm with C,, = 6.89 kN and C, = 3.10 kN.

Bearing at C:
Choose a deep-groove 02-30 mm with C,, = 19.5 kN and C, = 10.0 kN.

Note:

It may be an advantage to use identical 02-30 mm bearings in a gear-
reduction unit.
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r Shown in Figure 11-12 is a gear-driven squeeze roll that mates with an idler roll. The

roll is designed to exert a normal force of 5.25 N/mm of roll length and a pull of 4.2
N/mm on the material being processed. The roll speed 1s 300 rev/min, and a design life
of 30 kh is desired. Use an application factor of 1.2, and select a pair of angular-contact
02-series ball bearings from Table 11-2 to be mounted at O and A. Use the same size
bearings at both locations and a combined reliability of at least 0.92.

100 dia.

Assume concentrated forces as shown.
P, =200(4.2) = 840 N
P, =200(5.25) = 1030 N
T = 840(50) = 42 000 N - mm
Y T =—42000 + 38F cos 20° = 0

42 000

=————= 1760
38(0.940)
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> M} = 145P, + 290R’, — 360F sin20° = 0;

thus
145(1050) + 290R>;, — 360(1176.2)(0.342) = 0
R}, =-256N
) M}, = —145P, — 290R — 360F cos 20° = 0;
thus

—145(840) — 290R%5 — 360(1176.2)(0.940) = 0
Ry = —1792N;
R4 = [(—1792)* + (=25.6)"]'/? = 1792 N

Y F*=RY+ P, + R + Fcos20° =0
RS + 840 — 1792 + 1176.2(0.940) = 0
R4 = —153.3N
Y FY=R)+Py+ R} — Fsin20°=0
Ry, + 1050 — 25.6 — 1176.2(0.342) = 0
R}, = —622N
Ro = [(—153.3)* + (—622)"]'* = 640.6 N



Answer

So the reaction at A governs.
Reliability Goal: 4/0.92 = 0.96

Fp = 1.2(1792) = 21504 N
xp = 30000(300)(60/10°%) = 540

540 Le
0.02 + 4.439[In(1/0.96)]!/1-483 }
— 21.59 kN

Cio= 2150.4{

A 02-35 bearing will do.

Decision: Specify an angular-contact 02-35 mm ball bearing for the locations at A
and O. Check combined reliability.
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Problem 11-14

The worm shaft shown in part a of the figure transmits 1.35 hp
at 600 rev/min. A static force analysis gave the results shown
In part b of the figure. Bearing A is to be an angular-contact
ball bearing mounted to take the 555-Ibf thrust load. The
bearing at B is to take only the radial load, so a straight roller
bearing will be employed. Use an application factor of 1.3, a
desired life of 25 kh, and a reliability goal, combined, of 0.99.
Specify each bearing.
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3 Worm pitch cylinder
| \ /,_.; Gear pitch cylinder

(b)

Figure P11-14: (a) Worm and worm gear; (b) force analysis of worm shaft,
forces in pounds.
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Solution

The worm shaft transmits 1.35 hp at 600 rev/min.

Bearing A is to be an angular-contact ball bearing mounted to
take the 555-1bf thrust load. Bearing B takes only radial load,
so a straight roller bearing will be employed.

Application factor f=1.3
np =25 kh, R=0.99.
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Bearing at A (Ball)

F, = (362 + 2122)12 = 215 Ibf = 0.957 kN
F, = 555 Ibf = 2.47 kN

Trial #1:

Since we do not have a value for the specification of the
bearing, we start by selecting one of the bearing from the table.

Therefore, select a 02-85 mm angular-contact with C,, = 90.4
KN and C, = 63.0 kN.
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F,/C,=2.47/63.0=0.0392
Form table 11-1: by interpolation e = 0.236

F,/VF =247/[(1)0.957]=2.581 > ¢
= From equation (11-9) i =2

F=X,VF+Y,F,
X,=0.56, and Y,=1.88 by interpolation
F. = (0.56)(1)(0.957)+1.88(2.47)=5.18 kN
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With the application factor Fp=1.3(5.18)=6.73kN

(LDnD/LRnR) .
Co=Fp ]1/1.483

0.02 + 4.439[In(1/R)
Ln L = L _ (25000)(200)(60)rev 900
L, (10 )rev
900 1/3
..C,, =6.73 =107.7kN
¥ {0.02 +4.439[In(1/0.99)[ % }
We found that: (Clo)calculated > (Clo)selected from the table

107.7 kN > 90.4kN,
Therefore, we try another bearing with the specification:

Select a 02-95 mm angular-contact with C,, = 121 kN and C,
= 85.0 kN.
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Trial #2;

Tentatively select a 02-95 mm angular-contact ball with C,, =
121 kN and C, = 85 kN.

F,/C,=2.47/85.0=0.02906
Form table 11-1: by interpolation e = 0.222
F,/VF, =247/[(1)0.957]=2.581 > ¢
= From equation (11-9) i =2
F=X,VF +Y,F,
X,=0.56, and Y,=1.98 by interpolation
F. = (0.56)(1)(0.957) + 1.98(2.47) = 5.427 kN
With the application factor F=1.3(5.427) = 7.05kN
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(LDnD/LRnR) .
Co=Fp ]1/1.483

0.02 + 4.439[In(1/R)
Ln/Lon, = L _ (25000)(6600)(60)rev 900
L, (10 )rev
900 1/3
.Cyy =7.05 =112.82kN
. {o.oz +4.439[In(1/0.99)[ "+ }
We found that: (Clo )calculated < (Clo)selected from the table

112.82 kN < 121kN
Therefore the specification of the bearing A is:

A 02 series angular-contact with Bore 95 mm, C;, = 121 kN,
and C, = 85.0 kN.
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Bearing at B (Roller):

F = (362 + 672)2 = 76.06 Ibf = 0.3385 kN
F, =1.3(F,) = 0.44 kN

C _ F (LDnD/LRnR) N
P 710.02+4.439[In(1/ R)[*

L (25000 )600)(60)rev
o Lty = = dée)rii )
10

=900

900
0.02 + 4.439(In(1/0.99

3/10
" Cp = 0.44{ )]1,1_483} = 5.34kN

From table 11-3, using a 02 series cylindrical roller bearing
with Bore 25 mm, C,, = 16.8 kN, and C, = 8.8 kN.
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EXAMPLE 11-8

Solution

Figure 11-18

Essential geometry of helical
gear and shaft. Length
dimensions in mm, loads in N,
couple in N - mm. (a) Sketch
(not to scale) showing thrust,
radial, and tangential forces.
(h) Forces in xz plane.

(¢) Forces in xy plane.

The shaft depicted in Fig. 11-18a carries a helical gear with a tangential force of 3980 N,
a radial force of 1770 N, and a thrust force of 1690 N at the pitch cylinder with
directions shown. The pitch diameter of the gear is 200 mm. The shaft runs at a speed
of 800 rev/min, and the span (effective spread) between the direct-mount bearings is
150 mm. The design life is to be 5000 h and an application factor of 1 is appropriate.
If the reliability of the bearing set is to be 0.99, select suitable single-row tapered-
roller Timken bearings.

The reactions in the xz plane from Fig. 11-184 are

3980(50)
Ry = oV aBTg
zA 150
3980(100)
=227 _2653N
4 150

The reactions in the xy plane from Fig. 11-18¢ are

1770(5 16
_ 177060) | 169000 _ o 6o 1717 N

AT 150 150

1770(100) 169 000
Rop — — — 533N
yB 150 150 =

3980 ¥y 1770

169 000 N = mm
(h) ()
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The radial loads F, 4 and F,p are the vector additions of R,4 and R 4, and R,p and
R_g, respectively:

Foa = (B2, + B2 = (1327 + 1T17H)2 = 2170N
Frp = (R% + R2,)"% = (26537 4 53.3)"/2 = 2654 N

Trial 1: With direct mounting of the bearings and application of the external thrust
to the shaft, the squeezed bearing is bearing A as labeled in Fig. 11-18a. Using K of
1.5 as the initial guess for each bearing, the induced loads from the bearings are

_ 047F,4 _ 0.47(2170)
= K 1.5

iA = 680N

0.47F,5 0.47(2654
Fp— 2= (265 _ g3oN
Kz 15

Since F;4 is clearly less than F;p + F,., bearing A carries the net thrust load, and
Eq. (11-16) is applicable. Therefore, the dynamic equivalent loads are

Fop =04F, 4 + Kao(Fip + Fue) = 0.4(2170) 4+ 1.5(832 4 1690) = 4651 N
F.p = F,p = 2654 N

The multiple of rating life is

_ Lo _ £5np60 _ (5000)800)(60) _
T T T R

Estimate Rp as +/0.99 = 0.995 for each bearing. For bearing A, from Eq. (11-7) the
catalog entry Cjq should equal or exceed

2.67
(4.48)(1 — 0.995)2/3

3/10
Cio = (1)(4651) [ ] 11486 N
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From Fig. 11-15, tentatively select type TS 15100 cone and 15245 cup, which will
work: K4 = 1.67, Cip = 12 100 N.
For bearing B, from Eq. (11-7), the catalog entry C;o should equal or exceed

2.67 3/10
Cip = (1)2654 16554 N
(4.48)(1 — 0.995)2/3
Tentatively select the bearing identical to bearing A, which will work: Kp = 1.67,
Cipo =12 100 N.

Trial 2: Repeat the process with K4 = Kp = 1.67 from tentative bearing
selection.

_ 0.47F,a _ 0.47(2170)

F;
z Ka 1.67

=611N

_047F,p  0.47(2654)

Fip = - =747 N
Kp 1.67

Since Fj;a is still less than F;p + F... Eq. (11-16) is still applicable.
Fop =04F, 4 + Ka(Fip + Fg.) = 0.42170) + 1.67(747 + 1690) = 4938 N
F.p = F.p = 2654 N

For bearing A, from Eq. (11-7) the corrected catalog entry C;o should equal or
exceed
2067
(4.48)(1 — 0.995)2/3

3/10
Cm:(l)(4938)[ :I =2 195N
Although this catalog entry exceeds slightly the tentative selection for bearing A, we
will keep it since the reliability of bearing B exceeds 0.995. In the next section we
will quantitatively show that the combined reliability of bearing A and B will exceed
the reliability goal of 0.99.

For bearing B, F.z = F,p = 2654 N. From Eq. (11-7),

2060
(4.48)(1 — 0.995)2/3

3/10

Cio = (1)2654 [ :| = 6554 N

Select cone and cup 15100 and 15245, respectively, for both bearing A and B. Note
from Fig. 11—14 the effective load center is located at ¢« = —5.8 mm, that is, 5.8 mm
into the cup from the back. Thus the shoulder-to-shoulder dimension should be
150 — 2(5.8) = 138.4 mm. Note that in each iteration of Eq. (11-7) to find the catalog
load rating, the bracketed portion of the equation is identical and need not be re-entered
on a calculator each time.
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EXAMPLE 11-11

Solution

Consider a constrained housing as depicted in Fig. 11-19 with two direct-mount tapered
roller bearings resisting an external thrust F,, of 8000 N. The shaft speed is 950 rev/min,
the desired life is 10 000 h, the expected shaft diameter is approximately 1 in. The reli-
ability goal is 0.95. The application factor is appropriately a; = 1.

(a) Choose a suitable tapered roller bearing for A.

(b) Choose a suitable tapered roller bearing for B.

(¢) Find the reliabilities R4, Rp, and R.

(a) By inspection, note that the left bearing carries the axial load and is properly
labeled as bearing A. The bearing reactions at A are

Fra=Fp=0

Faa = B = 8000 N

Since bearing B is unloaded, we will start with R = R4 = 0.95.
With no radial loads, there are no induced thrust loads. Eq. (11-16) is applicable.

Foa =04F 4 + Ka(Fip + Foe) = KgFoe
If we set K4 = 1, we can find C,( in the thrust column and avoid iteration:
F.4 = (1)8000 = 8000 N
Fop=Fp=0
The multiple of rating life is
Lp _ £Lpnp60 _ (10 000)(950)(60)

= = =6.333
U= Lz 90(10°)
Then, from Eq. (11-7), for bearing A
¥ 3/10
Co=arF,
197 Epted [4.48(1 - RD)2/3]

3/10
6:32 ] =16 159 N

= (1)8000
(1) [4.48(1 — p95)44
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Figure 11-19

Answer

The constrained housing of

Ex. 11-11.

Answer

Answer

Answer

Answer

Figure 11-15 presents one possibility in the 1-in bore (25.4-mm) size: cone,
HM88630, cup HM88610 with a thrust rating (Cy9), = 17 200 N.

Bearing A Bearing B

F,=8000N

(b) Bearing B experiences no load, and the cheapest bearing of this bore size will do,
including a ball or roller bearing.
(¢) The actual reliability of bearing A, from Eq. (11-21), is

3/2
R,=1-— i
4 {4.48[C|0/(af Fp)]1973 }
3/2
L { 6.333 _ 3} — 0.963
4.48[17 200/(1 x 8000)]'"-

which is greater than 0.95, as one would expect. For bearing B,

Fp=F,=0
6.333 3
Rg=1- =1-0=1
R [0.85(17 200/0)10/3]

as one would expect. The combined reliability of bearings A and B as a pair is

R = RyRy = 0.963(1) = 0.963

which is greater than the reliability goal of 0.95, as one would expect. ?>
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Figure 11-24

Arrangements of angular ball
bearings. (a) DF mounfing;
{b) DB mounting; [c] DT
mounfing. (Courfesy of The
Timken Company:)

F

(c)

Figure 11-26

Typical sealing methods.
(General Motors Corp. Used
with permission, GM Media
Archives.)

() Felt seal (B Commercial seal

(c) Labyrinth seal
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Cortrect assembly

|
WRONG CORRECT
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PREPARATION FOR MOUNTING AND
DISMOUNTING.

Before mounting, all the necessary parts, tool, equipment and data
need to be at hand. It is also recommended that any drawings or
Instruction be studied to determine the correct order in which to
assemble the various components.

Housing, shafts, seals and other components of the bearing
arrangement need to be checked to see that they are clean,
particularly any threaded holes, leads or grooves where remnants of
previous machining operation might have collected.
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MOUNTING METHOD

Depending on the bearing type, and size, mechanical, thermal and
hydraulic methods are used for mounting.

1. Cold Mounting Method.
2. Hot Mounting Method
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COLD MOUNTING

If the fit is not too tight, small e
bearings may be driven into Rl
position by applying light '”"_JT

hammer blows to a sleeve placed ] \
against the bearing ring face. | | -

The blows should be evenly _
distributed around the ring to | gk __
prevent the bearing from tilting CTH LD )e
or skewing. S [

The use of the mounting dolly
instead of a sleeve allows the
mounting force to be applied =
centrally. o,
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HOT MOUNTING

It is generally not possible to mount larger
bearing in the cold state, as the force
required to mount a bearing increases
very considerably with increasing
bearing size .

The inner rings or the housings are there
fore heated prior to mounting.

Bearing should not be heated to more than
125c¢ as otherwise dimensional changes
caused by alterations in the structure of
the bearing material may occur.

Bearing fitted with shields or seals should
not be heated above 80c because of their
grease fill or seal material.
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DISMOUNTING METHOD

If the bearings are to be used again after removal, the force used to
dismount them must never be applied through the rolling elements.

With separable bearings, the ring with the rolling element and cage
assembly can be removed independently of the other ring.

To dismount a bearing having an interference fit, the tools described in
the following section may be used, the choice of tools will depend on
bearing type, size and fit.

1. Cold dismounting.
2. Hot dismounting.
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HOT DISMOUNTING

Special induction heaters have been
developed to dismount the inner ring
of cylindrical roller bearing having
no flanges or only one flange.

They heat the inner ring rapidly without
heating the shaft to any degree, so
that the expanded ring can easily be
removed.

Fig
— .ﬂ" =
#{1_[;. DY
B =
=5 I
SR
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BEARING LUBRICATION

Lubrication reduces friction. It also prevents wear and
corrosion, and guards against

solid and liquid contamination. Theoretically, a properly
lubricated bearing operating

under ideal conditions will last forever. This Is not
possible in reality, of course. But a

properly lubricated bearing has the best chance of
achieving its maximum service life.
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LUBRICANT SUPLLY
SYSTEM

Oil and grease require different types
of supply systems.

Several oil and grease supply
systems exist that meet the needs
of various bearing applications.

Oil supply systems include: oil baths,
circulating oil systems, spray or
mist systems, and the wick feed
method.

Oil bath with constant level
oiler

Grease supply systems include:
housings (with or without grease
fittings), grease chamber
lubrication, and the grease
quantity regulator.
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'LUBRICANT SUPLLY SYSTEM

1 Jil-air current

i e ks

Midngsahe | o
wilhoul own matering

Compragesd aF _— 1
with awn metaring |
i
Flow wolume dividar:
Dikak currans
to tha lozads
- -
CII l' E \
F— | Figtan distributare ¥y ¥

il mist lubrication

109



