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Using a RiskCost Calculator to make Good Maintenance Decisions

Abstract

Using a RiskCost Calculator to mak&ood Maintenance Decisions. Maintenance is aisk
management strategy usedctintrol plant and equipment operating risk. Because risk is situational
dependent there is no one universally right maintenance choice that always applies regardless of
circumstancesaA risk cost calculator is simple spreadsheet tool $tudythe risk in a guation and
help you understanithe impact of the choices that you have available to address the risk.
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Albert Einsteinadvisedusthaff Ever yt hi ng s hmopul led abse pnoasdsei balse ,s ib
Unfortunately,the opposite has happengdthe case othe risk equatiod it has been made so

simple thatmost ofits valueto business risk management and operational risk managéaent

been lost. It is nowtoo simplefor us to usdo fully understand oudangers and ouvptions for
managing risk. Fortunately,a risk cost calculatolets ususe the risk equation in a realistand

useful fashion

Thesimplified risk equation is usually written as:
Risk = Consequence ($) x Likelihood of Failure (/yr)
The risk equationis so simplified thatit mislead us and hides its full usefulness to.us
Unfortunately,it is so widely usd in books about risk that people think that ighakthere is to it.
As aresult,they miss the great decisiomaking value that is hidden in the equation.
The OLi kel i hdualydivimdsfurther sol théull 8sé& equation becomes:
Risk = Consequence ($) x [No. of Opportunities (/yr) x Probability of Failure]

1 The 6Consequenced i s thhappen®st t o the busi nes
1 The O6Number of Opportunitiesé is how many t

wrong, will producethe failure event (if an event happens every wsars,then the chance is

0.5 {/2) per year).
1 The O6Chance Pobabilfyais thewdds that g sduation will go through to failure. It

is one (1) if it will definitely fail every time the situation arises and zero (0) if there will never

be a failure if the situation arises. It normally takes values between llswwhOse the chance

of a thing going wrong is usually possible to some degree.
A vital connection that is missed in the simplified version of the risk equation is how risk and

reliability arelocked together Reliability is theoppositeof the probabiliy of failure. If you want
to reduceyour operating risk simply increase the reliability of your operating plant and equipment.

1-RELIABILITY

Risk = Consequence of Failure x [Frequency of Event x Probability of Failure]
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We can in fact control risk in three ways:

1. Consequence reduction:If an unwanteevent happengou act to reduce the conssence
(i.e. its impact or severity). For example, if a fire starts in your kitchen you get the fire
brigade out fast so only one room is destroyed but not the whole house. After the fire you
wonder if there should have been a fire extinguisindire blanketavailablecloseat-hand
(yes is the right answer because it probably would have saved the kitthéhg. case of a
wise business, they will have emergency plans already developed to address unwanted
events. Having the emergency plan minimisesithgact of the eveptthe event will
already have happened when the emergency plan is activated but the plan comes into
operation to limit the losses.

2. Opportunity removal: You remove the opportunity for the event to happen. The
opportunity for a kitcheffire is not possible if there iso fuel source to burn. For example,
instead of cooking a meal that creates hot oil spitting over the stove, whiclol=ot and
sustaina fire, you cook a different meal that does not need boiling hot oil.

3. Chance reduction: You minimise the chance that problem can occun a risk event
situation. If you mustiseboiling hot oil in the kitchen to make a favountesal,then cook
with the lid on the pan so less oil will spit out and thgriesse theamount of oilto catch
alight.

The simplified risk equation limits our thinking by listing only two factéys managing riskd
consequence and likelihooBecause of t h ity ewegmisathei fudl sonplexigaf mp |
risk, andwe missspottingother viablesolutions. A fuller appreciation of risk and of our migration
choices is possible by using a risk cost calculator that makes us look at the whole sathtabin

our risk contrboptions

Risk Cost Calculator

The operating and maintenance decisions available in a situation can be assessed with the use of &
risk cost calculator.A risk cost calculator turns the risk equation into an interactive risk model.
Typically, the calculations are done in a spreadshagietand the results can even be displayed
graphically on a chartWe will usethe exampleof the risk event in Figure tb see how a risk cost
calculator is developed and used.

Theimagein Figure 1is of aseizedreturn roller on a mined ore conveyor system. It is an event
well known in the mining industry thatccurs from time to timevhena roller cannot beguickly
andeasilyreplaed (known as maintainabilijy Oftenthe repair work is left until a shutdown

it can be safely accessed.

The problem with waiting to do the roller replacement is that the seized walecasingcan be

worn to a knifeedge by the conveyor belt at the spot the belt rubthe roller over the next few
weeks of operation. Ondbe knife edge forms thepportunityexiststhatthe edge can cut into the
rubber belt andip its full length A ripped beltis a major production outage and a big maintenance
job to install a new belt. In sonmtuations,the knife edge shreds rubberasings off the belt
which can collect around the drive motor and gearbox. If some part of the equipment gets hot
enoughe.g. from friction heatingor a spark is generated, the rubber shavings catch fire and burn
the complete conveyor system and drivéd.that happenghe site is forced to close down and
rebuild the entire conveyor system.
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Figure 1 Failed Conveyor Return Roller Figure 2 Roller Wall Cuaway

The cutaway of a lightweight roller in Figure 2 shows you the roller wall and rtbevwall creates

a knife edge once the roller wall is worn through. The wall thickness on mining conveyor rollers is
4Amm-6mm, much more than that of the roller in Figure 4, but the wall will still be worn through if
the belt is allowed to rub over it fiong enough.

The risk scenarios are identified one situation at a time. Had the roller been in proper working
condition there would be no risk of a catastrophic evene rigkcan beindicatedon a risk matrix

such as that in Figurg, which shows thator an annual maintenance cost of $1,000 there is an
estimatedisk of a failure event happening once in 1,000 years.

The risk matrix in the figure is calibrated with a Low boundary set at an equivalent risk of $10,000
per year. Above the Low rigdhoundaryyou wouldact to reduce risk to Low or less.
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Risk Level 1) Risk Boundary is set at 'LOW' Level
|2) Based on HB436:2004-Risk Management
Amber = High 3) Identify 'Black Swan' events as B-S (A 'Black Swan' event is one that people say 'will not happen' because it has not yet happened)
Yellow = Medium 4) DAFT Cost (Defect and Failure True Cost) is the total business-wide costs and lossses from the event
Green = Low

Blue = Accepted

Figure3 Risk whenConveyor Rolleis Operating Properly

Should one of theoller bearings in the return roller start to fail the risk now changes because the
path to a catastrophic failure has starteThe new risk is shown in Figude The bearing is still
turning but it is running hotter because a failure mode has initiated. The cost to repair the bearing is
now $12,000 and if nothing is done it is estimated that in about eight weekdwo maths,the

bearing will seize.
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Once a bearing in the roller seizes the roller stops turning and the belt begins to rub across the roller
wall gradually wearing it away to eventually create a knife edge where the belt touches the roller.

Figure4 Risk if Bearing in Conveyor Roller starts to fail

If the roller is not replaced before the knife edge forms the conveyor belt is then at risk of being
ripped its full length. This is an event that one often hears about in the mining industry and its
chance of occurrence severaltimes in a working career. The risk of ripping a belt because of a
knife edge on a roller is shown in Figure $he costshould the belt rip event happesill be a

total cost of $200,000 to stop the operafimna dayor twoand fit a new belt.

Figure 5 Risk if Bearing Seizes and Belt Rubs a Knife Edge into the Roller Wall

If the knife edge instead peels shreds dfbar from the belt and the shaveget deposited at a
position to catch alighthe entire operation will be stopped for months to replaeehines and
structures if a fire was to occur. The risk of a belt fire from shredded rubber is presented in Figure

6. Should the belt fire event hpen it will be a $10,000,000 catastrophe.
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