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The trend is increasingly towards two-bearing units. They eliminate the need for self-aligning bearings and allow the use of single row deep

groove ball bearings suited to high speed operation.

1

Spherical roller ‘

bearings in fans
Fan-related bearing problems represent a significant

proportion of failures presented to SKF engineers.

This has led to the development of solutions to

overcome current shortcomings under light loads

and axial vibrations.

as | EVOLUTION

line that receives about 1.000 bearing-

related phone calls a week. About 600

of these are related to part number interpre-

tation, interchanges, tolerances and other

non—application questions. About 400 are

related to beating applications.

Sixty calls relate to applications where

beatings have failed prematurely, are

about to fail, or are not achieving perfor-

mance parameters (usually because of

excessive vibration or temperature). Of

those 60, some 24 are fan-related prob-

lems. This is by far the largest category

for bearing failures and problems in the

US today.

This has led to exploration of the reasons

why fans cause so many problems and pro-

posals of general solutions. These are gen-

In

the US, SKF operates a technical hot
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eral and conservative recommendations

intended to eliminate problems.

Fan-related problems proliferate because of

four main characteristics common to fans:

I. High speed 5

2. Low radial loads

3. High thrust load, particularly in

relation to the low radial load

4. Airflow over the bearings

(which can sometimes

be highly contaminated)

These four characteristics can intenelate

with one another in varying ways. This can

result in a bearing application that is prone

to failures. Problems can occur quickly and

without warning before the machine can be

shut down or appropriate action taken.

HIGH SPEED

The primary concern related to high-speed

bearings is the heat they generate. Heat is

generated in three ways in such bearings.

First there is the load-dependent friction,

which results from the deformation of the

rolling elements and the raceways. In high-

speed applications, this friction accounts

for about 25 % of the heat generated within

the bearing.

Load-independent friction is the second

heat source. This is caused by the rolling

elements pushing through the lubricant,

which accounts for about 75 % of the heat

generated within high speed bearings.

The third source of friction is the seals.

Heat generated by the seals is considered to

be extema] from the bearing. Labyrinth

seals contribute negligible heat to the bear-

ing, while rubber-lipped contact seals can

generate significant heat (up to 50% of the

total). The heat from integral rubber lip

contact seals is almost always taken care of

through reduced speed limit recommenda-

tions by hearing manufacturers.

The large proportion of heat generated

by the lubricant often leads to the miscon-

ception that bearing performance can be

improved by changing to a lower viscosi-

ty lubricant to reduce the temperature.

Certainly a thinner lubricant film will

lower operating temperature but this is at
the cost of film thickness which can be

considered as a safety factor for a bearing.

Although the temperature may be lower,

the separation between rolling elements

and raceways is reduced and bearing life

is sacrificed.
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Elevated operating temperature general-

ly creates a higher temperature for the inner

ring ofthe bearing than for the outer ring

since the outer ring can more readily dissi-

pate its heat. The temperature difference

between the rings results in greater thermal

expansion of the inner ring when compared

with the outer ring. This results in a reduc-

tion in radial internal clearance inside the

bearing. If this reduction is not accounted

for by using bearings with increased inter-

nal clearance as a pre-load condition, then

increased friction and added heat could be

the consequence. For this reason increased

clearance bearings, designated with suffix

C3, should always be considered in any

high-speed application.

Another characteristic of high-speed

bearings is their sensitivity to unbalance.

Centrifugal forces increase by the square

of the rotational speed so that unbalanced

forces can become significant at high

speed. This issue is discussed later under

light load restrictions.

HIGH-SPEED BEARINGS

There are several important factors to con-

sider for high-speed bearings. The primary

one is lubrication. The bearing must have

an adequate film of lubricant at its operat-

ing temperature. For operating tempera-

technology

tures up to 80 “C, it is recommended that

standard mineral-oil-based grease is used.

For operating temperatures between 80 “C

and 100 °C, it is recommended that a syn-

thetic oil—based grease is used.

For operating temperatures above

100 °C, a circulating oil system with

cooled and filtered oil is preferred so that

bearings receive a continuous supply of

clean, fresh oil. Molybdenum disulphide

lubricants should be avoided in high-speed

applications that are sensitive to moisture

contamination, however, as the sulphide

can combine with moisture to yield highly

corrosive compounds.

To accommodate the temperature differ-

ence between the inner ring and the outer

ring of the hearing, it is usually recom-

mended that a bearing with at least one

level of increased radial internal clearance

be used. These bearings are designated by

the suffix C3.

In some cases, when high operating tem-

peratures are encountered, air is blown

against the outside of a bearing housing to

cool the bearings. This usually results in

cooling the outer ring much more than the

inner ring and results in further reduction

in radial internal clearance. This added

reduction can yield a pre-load condition

that further increases bearing operating

temperature.
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LIGHT LOAD RESTRICTIONS

During [an design, the situation sometimes

arises where, due to the way the loads bal-

ance out, some bearings are only very

lightly loaded. This can be undesirable.

Rolling elements need load on them to

keep them in rolling Contact with the race-

way so they will not skid when they enter

the bearing load zone and damage the race-

way. For spherical roller bearings, the min-

imum load can be considered to be 2% of

the bearings dynamic capacity.

Generally fan applications with rotating

shafts and stationary loads have bearing

fits with the inner ring tight on the shaft

to prevent fretting and the outer ring loose

in the housing to accommodate axial ther-

mal expansion of the shaft. The centrifugal

force that results from unbalance must

be less than the applied radial load. This

is so that the unbalance force will not lift

the outer ring in the housing causing

relative motion that will result in fretting

corrosion, and eventually spinning. Either

will damage the surfaces and generate

additional heat.

AXIAL LOADS

The ratio of the axial load Fa divided by the

radial load Fr has a great influence on the

equivalent load P — and consequently the

L10 fatigue life — of both single row and

double row bearings. The relation between

P, F; and Fa depends on the internal geom-

etry of the bearing.

For spherical roller bearings, the follow-

ing two formulas show the calculation

method for the equivalent bearing load, P,

that takes into consideration both the radial

load and the axial load:

l_‘fFar|'Ff < C, P =F]_' + Ylx Fa,

lfFa/Fr > 6, P = 0.67 Fr + Y2 X Fa

where

Fa = Applied axial load

Fr = Applied radial load

P = Equivalent dynamic bearing load

Y1, Y2 and e are bearing calculation factors

The parameter “e" is defined by the Ameri-

can Bearing Manufacturers’ Association

(ABMA) and is given by virtually all bear-

ing manufacturers as part of the catalogue

information, and is a function of the con-

tact angle of the bearing.
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After calculating P, the theoretical

fatigue life L101, can be calculated:

L10 1, = (C/P) W3 l6,667ln

where

C = Bearing basic dynamic load rating

L10 [1 = Basic rating life in hours

in = Rotational speed in r/min.

Example:

For bearing 22217 CC/W33 operating

at 2000 r/rnin (11)

C=2l0,000 N, e : 0.22, Y) = 3, Y2 = 4.6

1. AtFa=2224N,Fr = 11,121 N

then Fa/Fr =0.2<e

P=Fr +Y| XFa= l7793N

L1m.=(C/P) W3 16,66’?/n

L101-,=33,400 hours

2. At Fa=2667 N, F; : 11,121 N,

then Fa/Fr =O.24>e

P=0.67 Fr +Y2xFa=19,7l9N

L101, = (C/P) W3 l6,667ln

L101, = 22,100 hours

Note that with the small increase in axial

load of443 N, the equivalent dynamic

bearing load increased from 17,793 N to

Belt driven centrifugal fan arrangeméiit'iiiifl1.

overhung mounted Impeller.

19,719 N and the resultant life decreased

from 33,400 hours to 22,100 hours. This

large reduction in life resulted because there

was a dilferent method ofcalculation as the

ratio Fa/F; was below e in the first case and

above e in the second.

Since spherical roller bearings are radial

bearings, they are intended for predomi-

nantly radia] loads. However, they are also

able to support considerable siinutaneously

acting axial loads.

The reduction in L10], life is a reflection of

the fact that the two roller rows of the hearing

will not be equally loaded under all condi-

tions ofcombined (radial and axial) load.

VIBRATION5

When analysing vibrations in fan applica-

tions, it should be kept in mind that bear-

ings are universal exciters ofvibration. This

means that the entire rotating and support

system must be considered when analysing

vibrations and not just the bearings. Vibra-

tion measurements are usually measured

on hearing housings so bearings are thought

ofas the primary cause of vibration. High

vibration, however, is rarely caused by

properly maintained bearings. More often

it is caused by unbalance or by the charac-

teristics of the entire system.

Bearings have discrete frequencies asso-
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Direct drive centrifugal fan arrangement with

straddle mounted impeller.

ciated with each of the four main compo-

nents of the bearing: the outer ring, the

inner ring, the rolling elements and the

cage. Ifthe bearing has surface damage

then a full spectrum analysis will reveal

spikes at least at one of these bearing defect

frequencies. lfa system has excas vibra-

tions the defect frequencies can sometimes

be difiicult to discem but modern analytical

techniques such as “enveloping” — expand-

ing a portion of the spectrum for a close-up

look — usually reveal whether or not there is

a bearing defect.

Bearing defects in radial bearings (virtu-

ally all fan bearings are radial) will gener-

ate primarily radial vibrations and not axial

ones. If a fan application has large axial

vibrations then bearing defects can be

eliminated as a primary source.

FUTURE TRENDS

Iffan bearing problems are to be reduced,

what are the future t:re11ds ‘.7 As speeds con-

tinue to increase there will be an increasing

need for higher-speed bearings. In con-

junction with this, loads will decrease.

The inevitable choice will be ball bearings.

The selfialigning ball hearing, which has

already seen some increase in usage, will

become even more popular.

With high loads and high speeds, the use
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ofcirculating oil lubrication will become

increasingly common. These currently

expensive systems will become more rea-

sonably priced as they are adapted for the

fan industry.

Use of the two—bearing housing will con-

tinue to increase. By supporting both bear-

ings in one housing, alignment is provided

between the bearings, eliminating the need

for self-aligning bearings and allowing the

use of the ideal bearing for high speed — the

single row deep groove ball bearing.

CONCLUSION

To eliminate problems with fan bearings it

is important to select the correct lubricant

and method of lubrication. Increased radial

internal clearance (designated by the suffix

C3) should be considered. Loads should be

kept above the minimum while the limita-

tions ofratio Fa/Fr should be kept in mind.

The implications ofreduced clearances

should be assessed before carrying out

direct air cooling on a bearing. Finally,

alternative types ofbearings should be con-

sidered when problems are encountered.

by William Doturoillr

SKF USA, Inc.

King of Prussia

Pennsylvania, USA

technology

Summary
Fans are common products in a

whole range of industrial and

commercial equipment. The very

nature of fan design presents

particular operating difficulties

for bearings. Often this can lead

to fan bearing problems.

Identifying the operating charac-

teristics of fans that can lead to

hearing failures helps to find

ways of overcoming bearing-

related problems and increasing

operating life.

Proper lubrication, increased

radial internal clearance and

bearing loading are all factors

that play a part in avoiding hear-

ing failures.
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