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FIGURE 12-34

Flanged sleeve bearing takes both
radial and thrust loads,
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MAXIMUM MAXIMUM MAXIMUM MAXIMUM
LOAD, TEMPERATURE, SPEED, Py

MATERIAL psi F fom VALUE®
Cast bronze 4 500 325 1 500 50 000
Porous bronze 4 500 150 L 500 50 000
Porous iron 8 000 150 800 50 000
Phenolics 6 000 200 2 500 15 000
Nylon 1 000 200 1 000 3 000
Teflon 500 500 100 1 000
Reinforced Teflon 2 500 500 1 000 10 000
Teflon fabric 60 000 500 30 25 000
Delrin 1 000 180 I 000 3 000
Carbon-graphite 600 750 2 500 15 000
Rubber S0 150 4 000
Wood 2 000 1 50} 2 000 15 000

*¥P = load, psi; V= speed, fpm,
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e FIGURE 11-3

{a) (o) (r
Deep groove Filling nateh Angular cantast
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HGURE 11-2 2 L () {1 (i3
L tarnul g -
Variaus types of bali bearings. ,EJL;:.LL. Double row Self-aligning Thrust Sell-aligning thrus

Types of roller bearings:

— {8} straight raller; (&) spherical
ralier thrust; {¢) lapered roller

fhrust; (d) needle; (&) tapsred

roller; {f) sleep-angle taperad

roliar. {Courfesy of The Timken

Comparny.)
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FATI6YE FAILURE S

Figure 13.20 Typical fatigue spall. [B. J. Hamrock and W. J. Andersan,
Rolling-Element Bearings, NASA Reference Publication 1105, 1983 ]
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PAE 2, |
EM’ il O e c., e,
2 10 30 9 5.07 2.24
5@'6 12 32 10 6.89 3.10
15 35 11 i 7.80 3.55

p— 17 40 12 - 9.56 4.50
20 47 14 : 12.7 6.20

25 52 15 ' 14.0 6.95

30 62 16 : 19.5 10.0

35 72 17 25.5 13.7

40 80 18 30.7 16.6

45 85 19 33.2 18.6

50 90 20 35.1 19.6

35 100 21 ' 43.6 +25.0

60 110 22 . 47.5 28.0

65 120 23 55.9 34.0

70 125 24 61.8 37.5

75 130 25 66.3 40.5

80 140 26 ' 70.2 45.0

85 150 28 83.2 53.0

90 160 30 ; 95.6 62.0

95 170 32 108 69.5

Diameter
series

Dimension
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TABLE 11-2

Equivalent Radial-Load
Factors for Ball Bearings

F.JF.=e F.F.>e
F./Cq e X ¥ X Y
0.014# 0.19 1.00 (0 0.56 2.30
0.021 0.21 1.00 0 0.56 2.15
0.028 0.22 1.00 0 0.56 1.99
0.042 0.24 1.00 0] 0.56 .85
0.056 0.26 .00 0 0.56 1.71
0.070 0.27 1.00 0 0.56 |.63
0.084 0.28 1.00 0 0.56 1.55
0.110 0.30 1.00 0 0.56 1.45
0.17 0.34 1.00 0 0.56 1.31
0.28 0.38 1.00 0 0.56 .15
0.42 0.42 1.00 0 0.56 .04
0.56 0.44 1.00 0 0.56 1,00

TUse 0,014 if F/C, =< 0.014,

D Mﬂ{mim _@_
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TABLE 11-6 TYPE OF APPLIGATION LOAD FACTOR
Load-Application Factors .

Precision gearing 1.0-1.1
Commercial gearing 1.1-1.3
Applications with poor bearing seals 12
Machinery with no impact 1.0-1.2
Machinery with light impact 1.2-1.5
Machinery with moderate impact 1.5-3.0 -

Load app/ication
. INCitesLe (Wi //y)
A 67 lLood E{';é =
e detends (7
el foding



TABLE 11-5

Bearing-Life
Recommendations for Various
Classes of Machinery

— . TYPE OF APPLICATION - LIFE, kh
Instruments and apparatus for mfrequent use Up to 0.5
Airrcraft engines 0.5-2
Machines for short or intermittent operation where service interruption

1s of minor importance 4-8
Machines for intermittent service where reliable operation is of great

importance 814
Machines for 8-h service which are not always fully utilized 14-20
Machines for 8-h service which are fully utilized 20-30
Machines for continuous 24-h service 50-60
Machines for continuous 24-h service where reliability is of extreme

importance 100-200
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Clerennes

" Clearance

FIGURE 11-17

Clearance in an off-the-shelf bear-

Ing; exaggerated for clarity.
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The traditional self-aligning
bearing arrangement

Bearings in rotating
equipment

In typical industrial equipment, rotat-
ing shafts are generally supported by
two anti-friction (rolling) bearings, one
at each end of the shaft. In addition to
supporting radial loads, one of the
bearings must position the shaft axially
with respect to jts supporting structure,
as well as carry any axial loads which
are imposed on the shaft. This bearing
Is referred to as the “locating”, “fixed"
or “held" bearing.

The other bearing must also carry
radial load, but should accommodate
axial movement in order to co mpens-
ate far;

* thermal elongation and contraction
of the shaft or structure with temper-
ature variations,

= manufacturing lelerances of the
structure, and

Traditional arrangement of two
self-aligning bearings with the bearing
to the right “axially free"

* positioning tolerances at assembly
of the machine,

This second bearing is referred to as
the “non-locating”, “floating” or “free”
bearing,

Using a self-aligning
ball or a spherical roller
bearing at both positions

This bearing combination has long
been the basis of many industrial
bearing arrangements — a simple,
robust arrangement capable of with-
standing high radial as well as thrust
loads whilst easily internally aceomod-
ating the misalignment typically im-
posed through machining and assembly
tolerances, thermal distortion or de-
flection under load. There are, however,
consequences to using self-aligning
ball bearings or spherical roller bearings
in the non-locating position (- fig EJ).
The non-locating bearing must slide
axially, usually inside the housing, to
accommodate shaft expansion or con-
traction. To achieve this movemeant, one
of the bearing rings must be mounted
with a loose fit and axial space needs

.Fisn

aSkKrF




The traditional self-aligning bearing arrangement

Influence of friction

A more general, but less recognised,
consequence of a bearing installed
with a loose fit is that there is always a
certain amount of friction between the
loose bearing ring and the housing (or
shaft) seating. In order for the shaft to
expand or contract in the axial direc-
tion, it must first overcome the fric-
tional resistance at the sliding contact.
This resistance has the magnitude
Fa=F =y, where F; is axial force,

Fr is the radial load carried by the non-
locating end bearing, and i is the cosf-
ficient of friction between the loose
bearing ring and the housing or shait
{for steel-steel and steel-cast iron
interfaces, values for | are typically
around 0,12-0,16 for surfaces in good
condition). Therefore, both bearings
on the shaft are subjected to an addi-
tional thrust load, equivalent to several
percent of the radial load (= fig H).
As a result of these internal thrust
forces, the load distribution within the
bearings is adversely affected, with
each row of rollers carrying a different
load (= fig EX),

Friction between outer ring and housing induees axial load

Unstable load
distribution

In cases with relatively high speeds,
the lead distribution is variable and
unstable. To visualide how this mech-
anism occurs, picture the inner ring of
one bearing being slightly askew an
the shaft relative to the true axis of
rotation - this is a common situation,
typically a result of machining inaccur-
acy of the shaft, deflection of the shatt,
combination of tolerances of shaft,
adapter sleeve and bearing ring, and
mounting inaccuracy. Then, as the
inner ring rotates, it performs a very
small “wobbling” maotion, which im-
parts a small axial oscillation to the
shait. This oscillation is then transmit-
ted to the inner ring of the second
bearing in the shaft arrangement. As
the inner rings move back and forth
with a frequency equal to the shait
speed, the two rows of rollers are al-
ternately loaded and unloaded (or at
least change the armount of load they
experienca). In some cases, the axial
motion is transmitted to the outer ring
ot the nen-locating bearing, bringing
about axial "scuffing” or fretting wear
in the housing. The typical results of
this uneven load distribution can be
generalisad as:

Fig Bl

= in high load applications — elevated
internal stresses, elevated temperat-
ure, impaired lubrication, acceleratag
bearing wear, reduced bearing
fatigue lite {reduction in fatigue life
can be calculated)

* in high speed applications - high
operating temperatures, alternating
acceleration and deceleration of the
roller sets with fluctuating load distrie
bution, high forces on the bearing
cages, increased rate of wear, high
vibration and noise |evels, rapid
deterioration of grease, general relj-
ability problems. (It is not pessible to
calculate any of these effects — this
is the distinction between fatigue life
and service life.)

These factors ocourto a greater or
lesser extent in all such bearing ar-
rangements, even when the compon-
ents are new and tolerances are within
specification. If there is something
other than normal friction which pre-
vents movement of the non-locating
bearing ring then the situation is
equivalent to having a very high cosfii-
cient of friction (y) at the non-locating
bearing, and the adverse effects dur-
ing operation are correspondingly
Severs,

Uneven load distribution due to axial friction forces

Fig [

20



shows measurements
‘outer ring of an oil-lubric-

t that the friction
earing and the housing
and does have a significant

-Eih earing arangement. As
emperature increases,

g axial movement is char-
by stationary periods, with
dden large movements,
iced that the move-

cur when the axial

built to such a level that
friction is overcome. With
nt of the outer ring,
mediate and noticeable

n in the operating temperat-

s the internal axial load is

INis process is repeated until (or
unless) a steady-state operating con-
dition is reached, and then will be
repeated (in reverse) with any decrease
in temperature of the shaft or struc-
ture. {(Shutdown, idle running, change
in process parameters.) During steady
state running conditions, it is likely
that there will be some residual axial
leading {uneven load distribution
between the roller sets)

Mote that for SKF "CC" and “E" _
spherical roller bearings, the ratio of
axial load to radial load must be quite
high (15 % or more) before there is a
significant increase in the total rolling
friction inside the bearing (total friction
= load-dependent friction + viscous
friction from the lubricant). Therefore,
for bearings under nominally pure
radial load, there must be a signific-
ant axial force resulting from friction
between the bearing ring and housing
in order for temperature variations
such as those In the diagram to be
noticeable. The fact that a change in
temperature is easily measured shows
that the friction factor acting will be = 0,1.

237



The new self-aligning bearing

system

Until recently, the design compromises
in each case simply had to be accept-
ed. Now, however, a completely new
design of non-locating rolling element
bearing has enabled all the comprao-
mises to be eliminated from shaft/
bearing systems.

The naw bearing type is the toroidal
roller bearing, so called because of the
form of the curvature at the contact
surfaces within the bearing. The
taroidal roller bearing has a single row
of long rollers with a slightly curved
profile. The internal desian enables the
bearing to accommodate axial move-
ment internally, like a cylindrical ar
needle roller bearing, without any fric-
tional resistance. This eliminates the
need for a loose fit for any of the bear-
ing rings, There is also no possibility
for generating additional axial (thrust)
forces between the two bearings on
the shaft (= fig Ef). :

In addition to eliminating all the axial
interaction between the bearings, the
roller and raceway profile in the
toroidal roller bearing is designed to
automatically adjust the roller position
inside the bearing so that the load is
distributed evenly along the roller con-
tact length, irrespective of any mis-
alignment. This means that there is no
possibility for high edge stresses, so
the bearing always operates at the
optimum stress level, and therefore
achieves its theoratical fatigue life
under all conditions (= fig B).

The combination of the self-aligning
Properties, and the frictionless axial
adjustment, ensures that the load is
distributed as evenly and consistently
a5 possible along all the rows of rolling
elements in bath bearings on the
shaft. The actual distribution will de-
pend on the externally applied radial
and axial loads. An optimised load dis-
tribution will mean that stresses ars
low, termperature is minimised, max-
imum fatigue life is always achieved,

SiF

and the chanae of vibrations and cage
damage are reduced. n addition,
because tight fits can be used for all
bearing rings in the system, the risk of
worn out housings due to spinning
rings can be eliminated (- fig ).

No axial force
induced with
toroidal rofler
bearing

Torofdal rofler
bearing contact
surface ensures
even load distri-
bution afong roller
length

twisted ring -

No imternally
induced axial load
ensures even load
distribulion in both
bearings

Flease nota thal when using CARB, the outer ring of
the non-locating bearing must also be fiked!

Fig [Ell

nﬂsaﬁgna:t axially displaced




The new self-aligning bearing system

Cost reduction through
downsizing

In addition to the obvious performance
enhancements, operating cost reduc-
tions and productivity improvements
that the CARB/spherical solution can
give, there are additional benefits that
can be realised from this new and
unigue seli-aligning bearing systam.
The bearing system with CARB as the
nan-lecating bearing has no internally
generated thrust forces (F, = 0 for both
bearings) whereas traditional bearing
arrangements do have thrust forces
{Fa = Fy = p for both bearings). From
this it is a simple matter to calculate
the difference in fatigue life obtained in
gach system. In cases where the life of
a conventional arrangement restricts
machine performance, substituting a
toroidal roller bearing at the non-locat-
ing position could significantly extend
sarvice life.

Where a conventional arrangement
provides adequate service life, then
using the new bearing system design,
but with smaller bearings in both posi-
tions, can also often achieve the re-
quired life (= Diagram [). Therefore,
there can be significant opportunities
to not only use smaller, less expensive
bearing assemblies without the risks
of failure associated with axial pre-
lpading and general lack of axial free-
dom, but also to reap the flow-on cost " As there is no risk of cross-location

The new self-aligning bearing system can
give better life even with smaller bearings

benefits by the consequential size and of the bearings due to the frictionless
weight reduction of other structural intarnal axial movemnent in CARE,
companenis. there is less importance placed upon
For example, if one size smaller bear- the form and rigidity of the support-
ing, housing, seal and adapter slesve ing structure for the bearings, mean-
assembly can be utilised at each end of ing that lighter, more flexible and less
a shaft, then the potential savings can precise components can be tolerat-
include: ed without a cormesponding reduc-

tion in bearing performance.
= hearing assembly purchase price
= bearing assembly weight
= shaft diameter and length reduction
{material cost and weight savings)
* support structure size and weight
reduction” (material cost and weight »
savings)
* less stringent machining and assem-
bly tolerances” (production time sav-
ings)
» fransportation cost reduction as a
result of decreased overall machine
weelght

14

Low load, high speed

In high speed applications where thera
are light loads and the possibility of
misalignment, self-aligning ball bear-
ings have bean the standard solution.
These applications can also benefit
greatly from using the toroidal roller
bearing at the non-locating position,
for all the same reasons as described
previously for the spherical rolier bear-
ing solution. Self-aligning ball bearings
are much more susceptible to damage
from axial preloading than spherical
roller bearings, so eliminating the poss-
ikility of friction-induced axial forces
has even greater significance in avoid-
ing premature failure (< Diagram El)-

aKF




SKF's new seif-aligning bearing sys-
term consists of 2 CARB® toroidal raller
bearing as the non-locating bearing in
combination with a double row spher-
ical roller or self-aligning ball bearing
g5 the lacating bearing.

The bearing arrangament accomod-
ates both misalignment and axial ad-
justment internally and without fric-
tional resistance, with no possibility of
generating internal axial forces in the
bearing system. Due to the ideal inter-
action between the two bearings, the
applied load is always distributed con-
sistently and in the assumed (theoret-
ical) manner between all load-carrying
elaments.

The design characterstics of both
bearings in the new system are fully
exploited; they function as the machine
designer intends and assumeas thay
should. This is often not the case with
other bearing systems, which have
some campromise in the arrangament
which produces non-ideal operating
conditions.

SKF

The new compromise-free SKF sys-
tem delivers increased reliability and
performance, enabling designers to
confidently optimise the safection of
bearings and the maching construc
tien as a whole.

Both manufacturers and end users
of machines achieve significant cost
reductions through a leaner design
and improved productivity.

Depending on the machine and ap-
plication, the benefits seen with SKF's
new seif-aligning bearing systam are!

= safer, more optimised designs

» increasad bearing service life

= extended maintenance intervals

= |[ower running lemperature

= |ower vibration and noise levels

= greater throughput of the machine

= same throaughput with a lighter, or
simpler machineg

= improved product quality/less scrap

3y=




