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Change to Component Health Monitoringfor Massive
Equipment Reliability Improvement

Abstract

Change toComponentealth Monitoringfor Massive Equipment Reliability Improvememany
condition monitoring (CM) techniques require thaiur machines and equipment reach a 1
failed state before they detect the symptoms of failure. This guarantees that you will hav
machinesn your operatioralways neato-failure. Outstanding reliability instead requires you
create the conditns of longlasting machineryhealth and to ensure those conditions are aly
present. As a consequence of ihgva machine health improvemefdcus youproactivelycause
equipment wellness in your operatiandtherebycreatehugereliability growth

Keywords: machine health monitoring, conidih monitoring failure elimination

When condition monitoringis used wrongly its sure that youmachines will fail. CM techniques
look for evidenceof a problemand by the time they detect the symptoms yeguipment and
machinesarealready in trouble Because you uséM to identify dangeryou permityour machines
to degrade to the pointherethey must be fixed CM makesyou wait for failureand so your
machinesalways needectificationand repair If you use CM only for warningbefore you act to
address the problethenyou easily and quicklypecomea failuredrivenorganisation.
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Figure 1 Roller Bearing Symptoms During the Four Stages of Bearing Failure
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The Dangerin Using Condition Monitoring is that it is Used as d.agging Indicator

Condition monitoring is failurdocuse@d you mustfirst have failure sahatyou can look for the
signs of failure, which means that when you find them the breakdown iloseby. Figure 1
shows you the four stagesraoiler bearing failure and the positions on the degradation curveevhe
various CM technologies identify evidence of a problem. Hivasing the bestvailablecondition
monitoring technologyby the time you deteat problema bearing has only 10% to 20% of its life
remaining befords total failure. CM tricks you intosendng your equipmento its death

Condition monitoringis too oftenwrongly used asa feedback methodology give you historic
information from the afteeffects of what is destroying your machines. When used that way CM
provides lagging indicator informatiory ou cannottake your company to world clasperational
performance where high plant reliability abounds if you use CMto find evidence of failure
because your machinasealreadyfailedandmust then beepaied

Condition monitoringwill let you preventhe breakdown, buthatdoes not improve reliabilityCM
will save you some maintenance costs becavitte sufficient warningyou can properlyplan the
repairandscheduleanoutagefor when it causes leaptoductiondisruption But the equipment has
to be stopped and the takeunt of operaion to do therestoratiorwork. Thatplantoutage reduces
your mean time between failusndyour equipmentreliability falls. When CM is wrongly used it
canrot make your plant reliable because your equipment is already alythgow you must fit it

Case Study: Shaft Quality Control Check
(Bearing Health Monitoring)

A 150mm spherical roller bearing will be mounted on the shaft
using a tapered sleeve. What will be the reliability of the bearing?
Will the bearing last its full design life?

0 Shaft Diameter Tolerance Form Form
mm h8 pm ITS pm IT7 pm
over ingl high low max max
18 30 0 -52 9 21
30 50 0 -62 1 25
i [ ] | 50 80 0 -74 13 30
e e S 80 | 120 | o | 87 | 15 3
: N 4 . ’ 120 180 0 -100 18 40
- . “w 180 250 0 -115 20 46
A B C 250 | 315 0 130 23 62
\ J
Y

Shaft condition requirements for full
bearing life as advised by the
manufacturer or from appropriate

Thanks to CBC Bearings and Rod Bennett engineering specifications
for the information and example

Figure 2 Shaft Health Conditid@riteria Specified by the Beawg Manufacturer

C:\UserdMike\Document¥.ifetime Reliabilit\LRS Maintenance Methodologyhange to Component Health Monitoring for Massive Equipment Reliability Improvement.docx 2



Phone:

Lifetime Reliability * Solutions o

Website:

+61 (0) 402 731 563

+61 8 9457 8642
info@lifetime-reliability.com
www.lifetime-reliability.com

Health Forecast Techniquedor FeedForward Equipment Monitoring

There is groactiveway to monitor your plant, equipment and machines that provides feed forward
indicationof equipmenteliability. Healthforecasttechnique ae leading indicatas of machinery

life andlet you predict if your equipment will or will not be reliable. It requires you to inspect for
evidence of thgoodhealth of your machine and not for evidence of approaching death. Figures 2
to 6 show youan exanple of how to apply health monitoring checks a shaft carrying roller
bearing to determine the roller bearingvill have the chance o4 full service life.

The makes of roller bearings desigher bearing for a minimum service life and they pide you
with the information you need to check whether the shaft and hoasnip the proper condition
for the bearindgo reach fulllife. Figure 2 lists th&KF requirements for shaffonditionneededy

a bearingto have a good chance of a long, trediibee operating life. Th&KF catalogue advises
that for a150mm spherical rollerbearingmountedon a tapered sleeve you neadshaft of h9
toleranceand a form better than IT5 (International Tolerance Grade 5).

Is the 150mm Shaft In Tolerance?

0° Shaft Tolerance | Form

T e — Diameter h9 u ITS

,“-n/ N i \\ over incl high Low max
AN J \ 7 10 18 0 -43 8
g \ y \ 18 30 0 -52 9
30 50 0 62 11

90° 50 80 0 -74 13
N 80 120 0 -87 15
120 180 0 100 18

180 250 0 115 20

1350 250 315 0 130 23
AN 315 400 0 140 25
400 500 0 155 27

500 630 0 175 32

630 800 0 200 36

800 1000 0 230 40

1000 | 1250 0 260 47

As an example, the measurements for a 150 mm shaft might look like this:

0° 45° 90° 135° Plane
Average
Plane A | 149.98 | 149.99 | 149.98 | 149.99 149.99
Plane B | 149.97 | 149.94 | 149.98 | 149.95 149.96
Plane C | 149.98 | 14998 | 14995 | 149.99 149.98

Shaft Tolerances for Bearing Adapter Sleeves

Figure 3 Shaft Condition is withifiolerance of the Bearing Manufacturer Requirements

To check the condition ohe shaftit is measured around its circumference in three planes at the
placeon the shaft where the bearing sleeve will be locateidne A and C are at the ends of the
sleeveand Plane B istthe e@ntre of the sleeveThe measurements at the 0, 45, 90 and 135 degree
positions are taken with a digital micrometer and the readings recordé¢abiie.
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The first bearing health chedoneis to prove the shatft is in toleranc&he h9 tolerance specified
by the bearing manufacturer means the shaft candmedrom 150.000mm to 149.99dn. The
highest value in the table is 149.99mm and the smallest is 149.94mm. The shaft is in tolerance.

During my fitter and machinisapprentceshipl was taught to make shaftsid housings | was
trainedto micrometer thenandcheckthatthey were in tolerancel was very good at both tasks.
Because omy training | thoughensuringthatthe tolerance was within range was all you had to do
to prove the shaft was propenyade. But | wastrainedwrondy because there is still more checks
needed to prove the full condition of the sBafte must check the shape form of the sh&ten
when | became a professional engineer and studied mechamgiaéering at university no one told
me of my mistaken belief and because no one correctdais thinking | carried that
misunderstandinmto my professional engineering career.

Vital Proof Teststo Check on Shaft Form to Predict Bearing Reliability

Is the 150mm Shaft Round?

b. Roundness Evaluation
Compare the maximum and minimum values for Plane A.
If the difference is less than the IT5 tolerance, then this plane 1s okay
roundness.
Repeat for Planes B and C.

Circularity Tolerance Zon

Plane

0 3 o g0
0 i 90 135 Average Max-Min

Plane A | 14908 | 14000 | 14098 | 149900 14999 0.01
Plane B | 14007 | 14004 | 14008 | 14005 149.96 0.04
Plane C | 140908 | 14008 | 14905 | 14900 14998 0.04
In this example the "Max-Min™~ values are 0.01, 0.04, and 0.04. D‘Shaf: ’ TO::; ance IF'l(') ; m
The tolerance is 0.02, so Planes B and C are out of round AARCICE - i > K
over incl high Low max
10 18 0 -43 8
18 30 0 -52 9
30 50 0 62 11
50 80 0 74 13
80 120 0 -87 15
120 180 0 100 18
180 250 0 115 20
250 315 0 130 23
315 400 0 140 25
400 500 0 155 27
500 630 0 175 32
630 800 0 200 36
800 | 1000 0 -230 40
1000 | 1250 0 -260 47

Figure 4 Shaft Health Condition for Roundness does not Meet Bearing Life Requirements

The next health checks are for shaft shape fotdsing the same measurements we check the
roundness of the shaft at each planelane A varies by 10 micron, which vgell within the
maximum 18 micron allowed by the IT5 requirement. But both Plane B and C vary by 40;micron
more than twice the maximum allowed for the beaifiiigs to get its full service life.

The circlessketcled on the shafin Figure 4shows tlat Plane A is adequately round, but Plane B
dips at the 45 degree and 135 degree positions, and Plaps & the 90 degree location.
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c. Cylindricity Evaluation
Compare the maximum and minimum values for each angle of measurement.
If the difference is less than the ITS tolerance for all angles, then the shaft 1s okay
for cylindricity.
Cylindricity [ /]
e Cylindricity Tolerance Zone .
e | 4 | o | B¥ v \ e
Average < i
Plane A | 14008 | 14000 [ 14008 | 140.00 1490.99
Plane B | 14097 | 14004 | 14008 [ 14005 149.96
Plane C | 14008 | 14008 | 140905 | 140900 14098
Max-Min | 0.01 0.05 0.03 0.04 Shaft Tolerance | Form
Diameter h9 u IT5
In this example the “Max-Min” values are 0.01, 0.05,0.03 and 0.04. ~ [-er1ncl | high | Low | max
The tolerance is 0.02, so the shaft is not cylindrical. 18 30 0 52 9
30 50 0 62 11
50 80 0 -74 13
80 120 0 -87 15
120 [ 180 0 100 18
180 | 250 0 115 20
250 | 315 0 130 23
315 | 400 0 140 25
400 500 0 155 27
500 | 630 0 175 32
630 | 800 0 -200 36
800 | 1000 0 -230 40
1000 [ 1250 0 -260 47

Figure 5 Shaft Health Condition for Cylindricity does not Meet Bearing Life Requirements

A further shape forncheckthat needs to be done is to see how cylindrical the shaft is under the
bearing sleeveln Figure 5 we gain use the measured diameters and in this case weddookthe
shaftfrom Plane A to Plane @longthe 0, 45, 90, and 135 degree lines.

The 0 degree line varies 10 micron, which is well inside the 18 micron maximum. But for the 45,
90 and 135 lines the variation is well outside of allowance. The sketch shows that along the 45
degree line there is a dip at Plane B, and along the 270edleggehe shaft falls away from Plane B

to Plane C. This is further proof that the shaft is not to the minimiumensionsto provide the
necessary support to the beariagit to get its full design life.

The final form check is for taperfFigure 6sketchshows the average diameter of Planes A, B and

C. The shaft is shaped like an hourglatider the sleevéhe shaftis tapered toward Plane B.
When the sleeve is mounted it will sit on the two outer planes and flex inwards at Plane B every
time aloaded rolling element passes overhis flexing causes fatigue of the sleeve &edring

rings as gaggerated in Figure.7Whenan oval shaft turns to the horizontal the rolling elements
and inner and outer rings are squeelzgdnassive forcepecause fothe outof-roundness These

rollers arealsonot in the lubricated zone at the bottom of the bearing and get overloaded without
the presence of oil to distribute the stresses. When the oval shaft turns to the vertical the operating
load is on fewer rdihg elements than the bearing manufacturer requires and again the rolling
elements and bearing rings are overloaded. Very quickly the bearing failfafrora mechanism

such as spalling. The bearidges nohave a chance of gettintp full design lfe because the shaft
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was not sufficiently round from the starfThe rolling elements and rings will be impacted and
hammered by the owf-roundness with every revolution of the shaft. This bearing will spall early
and release contamination into the tiken fail shortly after

|s the 150mm Shaft Tapered?

a. Taper Evaluation
Compare the maximum and munimum average diameters for the three planes.
If the Max-Min is less than the ITS tolerance, then the shaft is okay for taper

0° | 45 | oo° | 133 | JFlame
Average

Plane A | 14008 | 14000 | 14008 | 14000 | 14000

Planc B | 14007 | 14004 | 13008 | 14005 | 14906

Plane C | 14908 | 140.98 | 14995 | 149.99 140.08

Max-Min 0.03
In this example the “Max-Min™ value 1s 0.03 Shaft Tolerance | Form
The IT5 tolerance 1s 0.02, so the shaft has excessive taper. Diameter h9 u IT5 u
over incl high Low max
10 18 0 -43 8
18 30 0 -52 9
149.99 149.96 149.98 30 50 0 52 i
0 o o 50 80 0 74 13
. 80 120 0 -87 15
120 180 0 100 18
180 250 0 115 20
250 315 0 130 23
315 400 0 140 25
400 500 0 155 27
500 630 0 175 32
630 800 0 200 36
800 | 1000 0 230 40
1000 | 1250 0 -260 47

Figure 6 Shaft Health Condition for Taper does not Meet Bearing Life Requirements

This shaft is failed it is not in the right condition to deliver bearing reliabilityf you use this
shaft the bearing will not lasinywhee close tats full life. The bearing will fail early even if the
lubrication to it was perfectlf you only used condition monitoring you would wait to detect the
bearing failure and then schedule a repdy usingcomponent healtbheckng youd o tméed to
wait until the condition monitoring detects an impending failure toyll that therewill be a
breakdown. This simple shaft health check makes it very cleaalfg@dythe bearing on this
machineis in serioustrouble.

You can chose to esthe shaft anfit the bearing on it and then put the machine back into service.
No one will stop you. But do not expect trouflee operation for long. That will be impossible
because the owf-round, norcylindrical shaft will cause the bearingftl early.

If you mustinstall the shaft at least you know you have a problem and can make sure that during
operation the machine is treated gently and condition monitoring is use to observe the be#sing for
rate ofdegradation. In the mean time yaill get a new shaft made to the correct quality and have

it waiting, properly protected against rust and damage, until the CM tells you the bearing is failing
upon which you plan the replacement and install the good quality shatft.
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Figure 7 How ShafDut-of-Roundness Causes Bearing Failure
The Great Value of DoingMachine Component Health Checks

This shaft condition check is an example ofmachinehealth check. By measuring the shaft
condition and checking it against the necessary minimum quditylards you have a method of
proving component health. You have a féedvard method to predict the reliability of the bearing
from the level of quality of the shaft.

Dimensionaltests nee@lsoto be done for the bearing housing to prove its headtiustA classic
example of what great val@ebearing housinpgealth checikng can bring is in th story of a forced

draft fan bearing failure. The rear roller bearing on thectarcered never lasted more than about

two months after a repair. The dowme was an expensive and great inconveniencepréent a
breakdown the maintenance group replaced bdaring every six weeks It was alsoput on
vibration analysis observation. After several replacemtietg collectedenough vibration datto

diagnse a pinched outer bearing race. The rear bearing housing had been machined oval when
manufactured and it squeezed the new bearingferdund every time it bolted up.

You could say that vibration analysiendition monitoringdid wonderfully well. But the truth is

the repair procedure badfgiled the organisation If there had been a task in the procedure to
measure theuality of thebearing housing roundness and compare the dimensions to allowable
target measurementsey woud have found thevalshaped hole at the very first rebuild. There
was no need for the bearing to fail after the first time. A badly written procedieut quality

tests of the housing conditiodmad let the root cause of thdailed fan go undetectedor years
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