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What does unplanned maintenance What does unplanned maintenance 
cost?cost?

• Direct cost - $300K per year per airplane
• Casebank Technologies Inc.

• Goodwill
– Delayed passengers
– On-time ratings

• Schedule disruptions
• Crew 

– Overtime costs
– Underutilization



OutlineOutline

• What is Anticipatory Maintenance?
• How do you use the results of an Anticipatory 

Maintenance analysis?
• Fine tuning your analysis
• Case study



AM in a nutshellAM in a nutshell

• Calculate probability of failure of specific 
parts based on an analysis of historical repair 
records, and use those probabilities to reduce 
unanticipated down-time and overall 
maintenance costs.

• Know what to replace before it breaks!



Produce information from historical Produce information from historical 
datadata

• What does the data look like?



What do the rules look like?What do the rules look like?

• Expected – Prior probability of RightSide
• Confidence – Probability that RightSide follows LeftSide
• Lift – Confidence / Expected (surprise factor)
• Support – Frequency of occurrence
• The Fuel Transfer Pump Motor needs to be replaced in 

50% of all cases following a Transducer Module 
replacement. This rate is 1.68 times higher than the 
normal 29.82% replacement rate.



How can a failure in Part A predict a How can a failure in Part A predict a 
later failure in Part B?later failure in Part B?

• While Part A deteriorates, Part B experiences
– Higher/lower temperature, pressure
– Higher/lower voltage, current
– Increased loads or usage
– Vibration
– Debris

• Repair of Part A disturbs Part B
– Changes position
– Releases debris or contamination



CausalityCausality

• Analysis does not determine causality
– Finds correlations
– Leads to discovery of causality

• Expert vetting of rules
– Suspend rules that are hard to believe and/or 

have low level of support



How do you use the results of an How do you use the results of an 
Anticipatory Maintenance analysis?Anticipatory Maintenance analysis?
• Identify parts likely to fail for

– Immediate replacement
– Scheduled replacement

• Use probabilities and costs to optimize
• Uncover hidden lore 
• Improve repair procedures
• Re-engineer equipment



Fine tuning your analysisFine tuning your analysis

• Exploring latency effects
• Comparing across

– repair facilities, 
– engineers, 
– sub contractors, 
– product versions, 
– day of the week



Exploring latency effectsExploring latency effects

• Any later time
• Specific time intervals

– E.g., 0-5 hours
– 1-3 months
– Compare 0-4 weeks to 5-9 weeks

• Next failure



Comparing rules across another Comparing rules across another 
attributeattribute

• Uses XAAM Partitioning & Discriminator
• E.g., compare across Loco Type



Deployment at the repair facilityDeployment at the repair facility

• XAAM Deployment Tool
– Links to rule warehouse
– Select part being replaced
– XAAM suggests other parts to replace by

• Probability of failure
• Earliest failure
• Maximum savings

• Integration with maintenance management 
software



XAAM Deployment ToolXAAM Deployment Tool

• Immediate – SS_X Traction Motor Speed Sensor
• Schedule – IMC_X Invert Motor Controller & PE Bearing 

Rotor



Cost ComponentsCost Components

• Direct cost
– Part cost
– Labor cost

• Unplanned maintenance costs
– Service interruption
– Co-locate parts, equipment, engineers
– Under utilization of equipment, personnel



Costs Costs –– Now vs. LaterNow vs. Later

• Repair now
– Direct cost, plus
– Cost of additional 

downtime

• Repair later
– Direct cost, plus
– Unplanned 

maintenance costs



Using Probabilities to Compute Using Probabilities to Compute 
Expected CostExpected Cost

• Repair now
– 100% * Cost

• Repair later
– (Probability of failure) * 

(Future Cost)



Example Example –– Two CandidatesTwo Candidates

• SS_X Traction Motor Speed Sensor
– 78.26% Propensity to fail
– Repair now – $157
– Repair later – $1,688

• 0.786 * ($157 + $2,000) 
– Savings from AM: $1,531

• IMC_X Inverter Motor Controller
– 21.74% Propensity to fail
– Repair now – $896
– Repair later – $412

• 0.2174 * ($896 + $1,000)
– Wait till it breaks



Example (cont’d)Example (cont’d)



AM Compared to PM and CMAM Compared to PM and CM

• PM – Preventative Maintenance
– Scheduled lubrication and cleaning
– Replace parts based on estimated life

• CM – Condition Monitoring
– Use sensor data, anomalies to predict failure
– Requires engineering knowledge to correlate data with 

predicted failures
• AM is like CM in that it predicts failure

– Does not require sensor data
– Uses data mining to correlate historical failure patterns



What is the value of Anticipatory What is the value of Anticipatory 
Maintenance?Maintenance?

• Reduce unscheduled service interruptions
• Reduce need to bring equipment to 

maintenance depot, or
• Reduce need to bring repair crew to failed 

equipment
• Reduce time waiting for parts to arrive
• Increase safety



Case studyCase study

• Demonstration of XAAM
– Data
– Rule generation
– Deployment


