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Maintenance and Asset Managemenstrategy Using Physics
of Failure Factors Analysis

Abstract

Maintenanceand Asset Managemei@trategy using Physics of FailureFactors Analysis The
Physics of Failuréactors Aalysis for selecting maintenance strategyg ioneperson exercise that
identifies all the ways that a component can physically fail. Equally important to its simplicity is its
ability to select the most effective life cycle strategies for maximising reliability. Another powerful
business advargais the failureaddressing solutions arrived at are universal solutions that apply to
every other identical component, whatever equipment it is in. Do a Physics of Haltioes
Analysis for one part and you do it for all identical parts for theofifgour operation. It is a highly
accurate andosteffectivemaintenance strategy selectimethodology.

Keywords: failure prevention strategy, Physics of Failure, operating risk reduction, maintenance
strategy selectigrife cycle asset managementagegy

Current Maintenance Strategy Selection Method®o Not Prevent Failure

Top-down maintenance strategy selectionmethodologies such as Planned Maintenance
Optimisation (PMO) selectequipment maintenance strategy based on historic farhodes
Maintenance history is reviewed ittentify thelocations andvays in which a item of plant can fail
andappropriate maintenanstrategy to prevergquipmentailure is selected If it is not possible
to preventa failure condition monitoringneansare seletedto investigate anddentify if there isa
problemand when to repair genew a component

The alternative methofibr maintenance strategy selectisnto use a bottorap approactsuch as
Failure Mode and Effects Analysis (FMEAD select appropriatestrategies and practices to
maximise equipment reliability. In this caseteam of subject matter specialisteoks at the
equipment and identés how its assembliegan fail and howeachfailure is prevented.Where
failure cannot be preventedndition monitoringis used to identify initiation of failure. When the
evidence ofnimpending failure is detected titemis scheduled for replacement.

The béter maintenance strategy selectipractices toalsoincludecostanalysis of a failure and use
the financial impact to make sound business decisions about the best mix of lifenapelgement
practicego implementthat maximise operating profit.

Current maintenance strategy selection techniques like those described above do not prevent
failures. They are designed tobok for disastrous problems to fixthey are failurfocused They
permitdefectsto become serious problems befgoel act to prevent &reakdown If you only look

atyour machines for problems to fix, then problems is what you Wwithygs have.

As useful as these methocEnbefor improving equipment reliabilityn reactive organisatiorteey
cannotmaximisereliability because they allow failur@nd cannot minimisemaintenance costs
because thegenerate maintenance. They als expensiveo do andcompanies balk ahe cost,
only apply them to the fewest items of plant possible. Becausdhef manpowerand time
commitment needed for analysisand the drain on resources and costs to implement
recommendationsthesefailure-focused methods aranosty used onmission critical plant and
equipment This means there arstill many machines and equipmatéms in every company
wherepreventabldailurescontinue tahappen.
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Physics of Failure Factors Analysigor Lasting Plant Health and Wellness

If you want outstandingly reliable plant and equipment you cannot go around maintaining and
repairing them. You neeelquipment andnachines that do not failThat requiresmachinesand
operating practicewhere failure is not initiatedlt is a differentreliability paradigm to that used
failure-focusedmaintenance strategwhich finds and fixes problems Figure 1 highlights the
difference between a failfecused perspective and a machine hefaltused view. In failure-
focused maitenanceyou fix machinery problems as you find them. In wellressised
maintenance you create machine health so no problems &irigeu want healthy machines you
must provide the conditiortbat caus¢heir healthand wellness

Design Your Life Cycle for Outstanding
Equipment Reliability

Equipment Life Cycle (say 25 years)
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Figure 1 The Diférence Between Failufeocused and HealRocused Reliability Strategies

Identifying healthfocusedreliability strategies requires different mainéace strategy selection
method than those used in the past. You needet away from failurespottingtechniquedike
PMO and FMEAto healthcreating technique®cused ordefect elimination and failure prevention.
The Physics of Failure Factors Analysis is sutboh

The Physics of Failuréactors Aalysis (PFFA) identifies the waysthe atomic structer of a
machinecomponentanfail and what to do to prevent failure situations arisinfjthe causes of
microstructurefailure in every part ofan equipmenare prevented thettastingmachinehealthand
outstanding reliabilitywill naturally result PFFA shows you which life cycle strategies and
practices to use to stop a r misrastructure damage arnthus produce maximum reliability
througtouttheentireoperating life
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Unlike FMEA, it is not necessary fiorst know all thefailure mode®f a componen In PFFAyou
dondét need to know any failure modes at all
health to everp a ratofis structur@ndmicrostructureyou do not care how many ways it can be
failed. You only care about what you det® do to keep the materials of construction of each part
in perfect healtland condition

The atomic bonds and microstructure of mateigah bedestroyedn only afew ways The PFFA
identifies all causes of atomic structure and microstructureréaalypart can suffeand guides you
to selectand usehosepracties that createma ¢ h i n dealthaYou ds dottry to prevent failure;
you instead maksurethe conditions needed farellnessare always present

The Physics of Failure Factofistedin the first column ofTfable lare theknown scientific causes
of atomic bond and microstructure failureBhere are not many ways in which atomic bonds can be
broken. The list is extended as matauses oatomicstructurefailure are identified

Theremaining columns list the life cycle situations andghgsicsof-failure mechanisms that can
lead to atomic bond failure and breakage. To ensure matefietsstruction do not fail we need
only ensure that the situations amgchanismhat can causatomic structureto failure do not
arise. This is theinglemost powerful concept in Plant and Equipment Wellnessiiather asset
management stratgdnasd identify, deliver and sustain the conditions for lasting reliabiliyhere
other asset managent strategies focus on failure identification ammmnoval and so allow
unending failures, Plant Wellness focusedasting health and so produces the conditions needed
for lasting and outstanding reliability.

The col um@ompgomenatdite Cyclé Siation® i s used t duringdhe lifea i f y
cycle human error can contribute to component failuklteis also used in later decisianaking to
selecthealthcreatingstrategies during the life cycleNotice that the Physics of Failure Factors
Table does not contain a large number of ésstinat destroy our equipment.

Confirming Business Benefits

Many maintenance activities only add cost to a business and do not actually make the business
money nor do theymake the equipment reliabldf doing amaintenance activity does not surely
protect your business more than not doing the activity, then doing the mainteaskisa waste of

time and resourcewith no business benefiwhatsoever A maintenance activity must definitely
reduce the cost of ifare or it must definitely reduce the frequency of failure, and preferably both.

To ensure beneficial business decisions are mada Rhysics of Failure Factorsnalysis a
calibrated risk matrix like that of Figure 2 is useddsta mitigatiors valle. The risk matrixis

used toprove if aselectedactivity is good for your company because it shafvhe risk to the
businesswill be reducedby the activity On the matrixyou show the current businessde risk

should the part being analysed fail ahd extent of the risk after your selected Physics of Failure
mitigations are in place and being properly doiBg. using the risk matrix you can readily prove
that the mitigations you chose will actually deliver financial benefits to the busifsw the

Low Risk line (green) you do nothing to prevent a failure event from happening except to ensure
the event is a low or lesser riskkbove the Low Risk lingou selecthose mitigationscrossthe

life cyclethat produceastingatomic structure health.

Follow the recommendations of recognised international risk management standards (such as ISO
31000 Risk Management Gueithes) when you develop and calibrate your business risk matrix.
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Physics of Failure Guidewords

Factors thatCause Atomic

Compressive force overload

Tensile force overload

Shear force overlad

Cyclicstress fatigue

Shock force overload

Punch hole in molecular structure

Melt molecular structure

Crack in molecular structurlislocaton)
Material missing from molecular structure
Material rippedfrom molecular structure
Wrong atoms in molecular structure
Electromagnetic radiation

Chemical reaction

Crystal lattice attack

Depolymerisation

Metallurgy error
Formulation error

Misalignment
Foreign inclusion

Component
Bondor Microstructure Failure Manufacturing Events

Process conditions error
Interference fit tight
Interference fit loose
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Component Operational Stress

Events
(Horizontal, Vertical, Axial)

Pressure

Underloaded

Interference fit tight
Interference fit loose
Insufficientload (looseness)
Physical deformation (bend, twist, squash
Pressure hammer

Shrinkage

Expansion

Misalignment

Unbalance

Punch (Impact load on small area)
Hydraulic shock

Vibration shock

Abrasion (wear material away)
Hammer impact

Gouge

Impingement (jet of fluid)
Foreign inclusion
Detachdebonddelaminate
Actsof-Gad/Acts-of-Nature
Fracture

Buckling

Yield

Creep

Material fatigue

Physical abuse

Vehicle impact
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Compament Environmental
Events / Conditions

Electrical discharge
Thermal high
Thermal low
Corrosion

Erosion

Electrostatic

Density gradient
Thermal gradient
Radiation
Electromagnetic
Diffusion

Humidity
Contaminant ingress
Moisture ingress
Product ingress
Chemical reaction
Vibration

Rate of change of event
Lubrication degradation
Oxidisation
Dissimilar materials

Component Life
Cycle Situations

Conception
Feasibility
Approval

Final Design
Project Management
Installation
Manufacture
Assembly
Operation
Maintenance
Overhaul / rebuild
Transport
Storage
Restitution

Hygromechanical (moisture absorption)

Inclusions

Crystal lattice attack
Elasticity degradation
Metal migration

Corrosion (pitting, glvanic, crevice, etc)

Threshold Voltage Shift
Leakage current
Power dissipation
Stray electrical current

Table 1 Physics of FailuféactorsGuidewords List
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Figure 2 Use a Business Risk Matrix to Prove Mainten&wicks Value to the Business
Doing aPhysicsof-Failure Factors Analysis

The Physicsof-Failure Factors Analysis is performed in a spreadsheet by a person competent in the
design and use of the equipmentAn experiencediscipline Maintenance Engineer,rétess
Engineer orlong-serving Maintenance Supervisare the type of functions with the level of
engineering and equipment knowledge neddatb the analysis

Figure 3 Motor Drive End Deep Groove Ball Bearing
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Figure4 PartialPhysicsof-Failure Factors Analysis Tabler Rolling Element in Deep Groove Ball Bearing
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