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Failure of Cooling Fan Shaft Bearings.

Introduction-

A facility manufacturing intermediate compounds fibaistics manufacture has a large
number of air cooled systems where there are marg/driven by electric motor and
speed reducing pulleys.

Over the years they had been suffering many premétaring failures on the fan shafts.
Machine details-

The process and service fluids are cooled throagik®of finned tube air coolers.

There are long banks of these coolers arrangedlissrt an elevated steelwork
structure.

The cooling fans are installed vertically underhdaasting air upwards
into the coolers.

Despite all the fans suffering premature bearinlgra at one time or another, there
were in fact two different types of arrangementatied.

One arrangement used spherical roller bearingsiftth the shafts on taper sleeves, with
the bearings installed in plummer block housings.

A second type of arrangement used deep groovééatings manufactured integrally
with the bearing housing. This is a lighter dutsaagement that is fitted to the
smaller of the fan coolers.

Initial investigation-

This plant had lived with having a high number oblers under maintenance for a
long period of time.

Comprehensive maintenance records were not avajlabt the operating and
maintenance management’s both confirmed that tlwere regular breakdowns.
Historically, the situation had been managed dubédlant operating well below its
maximum capacity so regular breakdowns were nobblem.

However, a change in the market led to the planinigeto run at high capacity. This
combined with a period of unusually warm weatheant¢hat fan breakdowns
suddenly became a high priority and were limitimgduction.

Inspection of failed bearings in the local plantkahop showed that the two
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arrangements were suffering from different failaredes as maybe expected from
two quite different bearing types. However, as Wwdcome clear later, there are
certain similarities in how the problems arose.

The spherical roller bearings are of 65mm boreaaeditted to the shaft with taper
sleeves.

Failures of the bearings were characterised bynaating of the races and

breakage of the plastic cages. The bearings arecaied axially against a shoulder
on the shaft. The axial position is set by measgpitie correct position and tightening
the taper sleeve. Axial location of the bearingdsin the top plummer block with a
locating ring, whilst the lower bearing is alloweedfloat axially in the housing.

The drive pulley was below the lower bearing outdasf the bearing housing. It was
noted that the bearings were standard clearance.

The deep groove ball bearings are of the type maithean integral housing so they
could be easily bolted in position. The shaft ditenes 50mm. The bearing inner
race is extended axially and incorporates a grudnséor locking the inner race to the
shatft.

The failures of these bearings was characterisem/bsheating but with
fatigue spalling of the races as well.

When the bearing was sectioned it could be clessfn that the wear track was offset
from the centre of the races. This condition intidaa high axial loading and the fatigue
of the races showed that the bearing was suffemimgverload in the axial thrust
direction.

The axial location of both the top and bottom hegsiwas set by the inner race butting
against shoulders on the shatft.

It was noted that the bearings are fitted withgraéseals and are lubricated for life.
Further investigation-

It was agreed that | would work with the maintereatechnicians whilst they were
repairing some of the fan coolers.

Firstly | worked with the technicians on the uritsed with spherical roller bearings.
The installation of these units was characterised large amount of grease spilling

out from the plummer blocks. The bearings wereit#ed by grease gun from a
remotely positioned grease nipple connected tplinamer blocks by plastic piping.
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Looking at this it was obvious that the operatiteean were resorting to regular
greasing of the bearings in an attempt to keep theming longer.

In fact they were completely filling the bearingusings with grease and the excess was
being ejected through the seals.

What was also obvious from the grease spilled wasthis was a high specification
grease with solid lubricants since the colour effileshly ejected grease was dark grey.
This level of dry lubricant package shouldn't rgdde needed for this kind of duty.

The maintenance supervisor confirmed that theyupaptaded the grease to a type with a
high level of extreme pressure (EP) and solid &t additive in an attempt to lengthen
the life of the bearings. The plant was payinggaicant premium for this type of
grease.

Inspection of the shafts where the bearings weratilng showed a high degree of
scoring which in turn was effecting the diametethef shatft.

The technicians were aware of this and were alsvatiat the axial location of the fan
assembly was secured purely by the friction oftéper sleeve onto the shaft. When
fitting the bearings the technicians were making 1 best they could that the shaft
assembly was located firmly by tightening up thgetasleeves as much as they could.

They also packed as much grease into the plumroek®las they possibly could. This
was to make sure that the bearing had “plenty e&gg”.

When the fans were put back into service the bganian hot straight away. | was
told that “they always run like that”.

There were certain things that stood out during éxeercise-

The technicians understood the need to securénifeaxially and that the scoring
caused by previous failures to the shaft comproanises security.

The technicians had been given no information om twofit the spherical roller
bearings properly.

Due to the above facts they over tightened thertslpeves reducing the bearing
clearance to zero.

The technicians thought they were doing a goodjpofgetting as much lubricant into the
bearing housing as possible.

As a result of the above findings the followingiaes were taken-
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New shafts were obtained for the fans to make theee were no security issues
with the taper sleeve. However, it is not reallpd@ractice to rely purely on
friction for axial security on a heavy duty asseynitti was agreed that this issue
was to be pursued as a redesign of the shatfts.

The technicians were given a training course erpigithe approved methods of
fitting spherical roller bearings to taper sleevieso methods were discussed, the
“drive up” method where the distance the bearindyigen up the sleeve is
measured and the internal clearance check method.

A laminated card was issued to each techniciana@xpp the methods with an
instruction to use the drive up method by countimggturns applied to the lock nut
and then double check the internal clearance dbéaeing with feeler gauges.

The bearings were re-specified to C3, increasaatatee. This meant that the
bearings could be secured on the shaft with thertsipeve but there would be a
definite amount of measurable clearance in theilg#éo check for with feeler
gauges.

The importance of not filling the plummer block wvijrease was explained to the
technicians.

The re-greasing facilities were removed and blardédo that the bearings ciouldn’t be
over greased after fitting.

The grease was re-specified as a NLGI2 Lithium desgrease without any of
the extreme pressure additives or solid lubricafitss specification is more than
adequate for the duty.

An automatic greasing cartridge was installed w&itetting to top up the bearing
housing over a one year period.

The results of these changes were immediate amdatia The bearings settled
down over few days, running only about 10 to 15s(tislabove the ambient
temperature.

The installations also were much quieter.

It was immediately obvious that there had beerep shange in the running condition
of the bearing installations.

Attention then turned to the smaller bearing areangnts fitted to the remaining fans.

With the success of the larger spherical rolleripganstallations behind us the
maintenance team were very keen to get to thecengte of the failures on the



Stephen H Shakeshaft Consulting Ltd
75 Mere Bank, Davenham, Northwich, Cheshire, CW9 8NB.
Tel- 01606 331558 Mobile- 07779 190087 Email- steve@shs-consulting.co.uk

smaller deep groove ball bearing installations.

Again | worked with the technicians on severalhef fan assemblies to look at the
underlying causes of the axial overload conditiansing failures of these
installations.

On the shaft of the 50mm bearing assemblies, tier irace of the bearings were
located axially against a shaft shoulder.

The bearings were threaded onto the shaft anatiex races were abutted against the
shoulders and a grub screw tightened up to sebarmmer race to the shatt.

The flanges of the bearing housing were then baltadn to the steelwork frame.
The pulley and fan then secured and the beltslfitte

The assembly was in fact very simple and the textums had been carrying out the
work for years.

However, there are a couple of fundamental probleitisthis
arrangement.

Both bearings were located against shoulders gavifiged distance between the bearing
housing flanges.

The shatfts, naturally, were all slightly differeqving slightly different distances
between the flanges. In addition of course, thelwtark frames were all slightly different
too.

So whatever happened, when you located the beagagast the shaft shoulders,
secured the grub screws and then bolted the asgéonible steel frame, you were
absolutely guaranteed to have an axial preloadh@mbéarings because all the assemblies
were slightly different.

Once this was pointed out to the technicians aat supervisor they were extremely
keen to resolve the issues.

In fact once the problem is understood, the satusovery simple-
The locating shoulder was machined off the upparibg location on the shatft.

This meant that the axial location and axial lo@adf the fan is carried on the
lower bearing (the fan blows upwards so the theudbwnwards).
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The bearing housing flanges are then fastened d@fore the inner race grub
screws are tightened.

These simple modifications and change in the Gtpnocedure were documented
and a procedure given to each technician.

As with the larger spherical roller bearing instfitins, the effect was immediate and
stunning.

Quieter operation, less heat generation and a rmack satisfied
operations management.

Conclusion-

In both cases installation of these fan shaftsim@sducing an overload condition
into the assemblies.

The bearings really had no chance at all to perfoomectly, yet looking at the shafts
installed one would be forgiven for thinking thiaétassemblies were so simple that
nothing could possibly go wrong.

In the case of the spherical roller bearings theateaance team were focused on the
aspect of axial security.

This was a focus given to them by the original glesr not understanding that on a heavy
duty fan assembly it is simply not good enoughely on shaft sleeve friction to secure
the axial position of the fan.

The maintenance team being well aware of this sharing did their best by tightening
the bearing as tightly as possible.

For many years they coped with this strategy danilfailures became a limiting factor
on the plant. Once the root cause of the failuras @xplained to the maintenance team
they were very enthusiastic to implement the resglghanges.

On the smaller units, the original design of thafsassembly provided axial location
for the bearings, but the designer hadn’t undedstbat when the assemblies are built
in the field, it is impossible to exactly match tentre distance between the bearing
flanges and the steel work locations.

In both cases, simple and straight forward modifices solved long standing
reliability problems.
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The cost of the solutions was as close to zeroaa®sno difference. But the
consequential savings in the maintenance budgegdms from resources redeployed on
more important tasks and the increased produationnto tens of thousands of Dollars
annually.

Follow up-
The plant is now operating these fans without baleakn maintenance.

Re-lubrication of the spherical roller bearingsasried out as an annual planned
maintenance task.

The bearings are changed every three years, bsgmtig it is being considered whether
to make the PM change out at five years, consideha lack of failures to date this
seems a good strategy to consider.

The 50mm deep groove ball bearing assemblies ateds®r life with lubricant and
are changed every three years.

To date there has been not a single breakdowredéthdrives and the memory of
the unreliability once caused by these units isd&sappearing into history.

Stephen H Shakeshaft IEng MIMechE MIET MIIE

© Note-This paper is copyright of Stephen H ShakeshaftsGibimg Ltd. It may be
reproduced or used by third parties provided pesimisis first sought from the
copyright holder.

About the author-

Stephen H Shakeshaft is a Mechanical Engineer baghd United Kingdom. He is

the Principal Consultant and Director of StepheBitdkeshaft Consulting Ltd., an
engineering consultancy specialising in optimigatb existing assets and engineering
design of new build projects.

Stephen is a registered professional engineeeityth and is a corporate member of
both the Institution of Mechanical Engineers arl Itistitution of Engineering and
Technology.

Stephen H Shakeshaft Consulting Ltd. can be founithe internet at the following URL-

www.shs-consulting.co.uk

The consultancy welcomes contact from all who arerested in plant and machinery
maintenance, systems and development.



