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to receive 
my monthly 
e-newsletter
and weekly 
maintenance 
stories
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Two tenets of RCM that 
reduce preventive maintenance 
drastically:

⚫Don’t do PM to prevent 
failures that have 
acceptable consequences

⚫Do PM strictly on-condition 
wherever practicable
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Condition-based maintenance 
requires determining condition

How can we do that?

⚫ Disassembly inspection

⚫ Direct visual inspection (incl. borescopy)

⚫ Indirect evidence (compression, oil analysis)

⚫ Sensor data (predictive analytics)
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During the past two decades, 
there has been a serious
revolution going on
in predictive analytics

⚫ mostly with airlines 

⚫ quietly trickling down 
the aviation food chain
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Modern air transport aircraft 
and engines are built with 
thousands of sensors…
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⚫ Engine parameters

⚫ Electrical parameters

⚫ Hydraulic parameters

⚫ Air data

⚫ Vibration

⚫ Flight control position

⚫ Landing gear position

⚫ Fluid levels

⚫ Cabin pressurization

⚫ Etc.

Sensor data is digitized 
by a DAU and 
downlinked in real-time 
or captured by a QAR
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Predictive analytics employs 
computer algorithms to process 
this sensor data and detect 
patterns indicating 

⚫ preventive maintenance is necessary 

⚫ incipient component failure is likely
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Detection of parameter 
degradation, exceedance, or 
adverse trending

⚫ low tire pressure

⚫ high electrical bus voltage

⚫ decreasing oil pressure

is generally pretty easy
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Prediction of “rare events”

⚫ contaminated fuel nozzle

⚫ damaged compressor blade

⚫ failing engine bearing

tends to be difficult and
may require complex algorithms
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Boeing pioneered 
predictive analytics 
in 2004 when it 
introduced a 
service it calls 
Airplane Health 
Management (AHM)
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Boeing’s AHM 
monitors the health 
of an airplane in 
flight and relays 
that information in 
real time to airline 
personnel on the 
ground
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When the airplane 
lands and arrives at 
the gate, 
maintenance crews 
are ready to make 
any needed repairs 
quickly
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AHM algorithms 
also try to predict 
when aircraft 
components are at 
risk of failing so 
they can be 
replaced or repaired 
at the next 
maintenance check
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Nowadays, 
virtually 
every airline 
that flies 
Boeing’s 777s 
or 787s uses 
AHM
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Airbus entered into a 
partnership with Delta 
Air Lines as the pilot 
customer for Skywise 
Predictive Maintenance 
on Delta’s A320 and 
A330 aircraft
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Delta claims a success rate 
of over 95 percent for 
pending failure predictions

⚫ 55 maintenance-related 
flight cancellations in 2018

⚫ 5,600+ maintenance-related 
flight cancellations in 2010
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Launched 
in 2013

▪ Free

▪ Pro

▪ Pro Packs

Predictive Maintenance



web-based platform

Universal, omnilingual: supports 
virtually all piston digital engine 
monitor makes and models
(certified and experimental)

Accessible from any device
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Incredibly powerful tool 
for diagnosing a broad range 
of piston aircraft problems

⚫ Mechanical (problem with the aircraft)

⚫ Operational (problem with the pilot)

⚫ Instrumentation (problem with the equipment)

⚫ Forensic (cause of an accident or incident)

Totally non-invasive
Predictive Maintenance
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Ignition System Fuel System

Abnormal Combustion

Electrical System

Sensors/
Instrumentation

Operational Issues
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Our platform has now 
aggregated data from 
3,000,000+ flights
⚫ An average of ~35,000 

data samples per flight

⚫ That comes to roughly 
10 billion data samples

⚫ Enough to do 
some interesting things
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Report Card
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Trend Report



Copyright 2021 Savvy Aviator, Inc. 32

Predictive Maintenance

Our first attempt at 
predictive maintenance came 
in 2014 with FEVA: 
Failing Exhaust Valve Analytics 
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When an exhaust valve fails in 
flight, the consequence is usually 
a partial loss of engine power

⚫ At minimum, one cylinder shuts down

⚫ Turbocharger damage sometimes 
results, causing additional power loss

⚫ Catastrophic engine failure and total 
loss of power is rare, but happens on 
occasion
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Worst-case scenario…
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But there’s some good news…

Valve failure usually occurs gradually

⚫ On the order of 50-100 hours from the 
threshold of detectability to outright 
failure

⚫ Borescope is the best way to detect

Valve failure is relatively rare

⚫ Our data suggests that about 2% of 
exhaust valves are in the process of failing 
at any time
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Borescope is the 
gold standard for detecting 
incipient valve failure
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We recommend valves be 
borescoped at least each 100 
hours, but this is seldom done

⚫ Many aircraft mechanics still don’t 
own a borescope, and many who do 
fail to use it regularly

⚫ Can be legally performed by the
aircraft owner, but few owners are 
comfortable doing it on their own
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Perhaps we can use 
engine monitor data 
analysis to alert us 
when borescoping should 
be done soon (and not 
wait for the next annual  
inspection?)
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FEVA 1.0 (2014)

⚫ Our first attempt at predicting 
valve failure using engine monitor 
data analysis

⚫ We had noticed that sometimes 
exhaust valves that are starting to 
fail produce a slow, rhythmic, 
cyclical EGT oscillation
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We created an algorithm to 
detect this pattern, and used it 
to screen all uploaded flights

⚫ This was an “expert system”: 
it tried to mimic a human analyst

⚫ It  looked at only one thing (EGT)

⚫ It turned out to be not as accurate 
or sensitive as we’d hoped
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The fundamental limitation
of an expert system is that 
it can only be as good as 
the human experts that it 
mimics
⚫ Engine monitors generate huge amounts 

of data from numerous sensors

⚫ Humans aren’t good at recognizing 
complex interrelationships in big data
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Can we do a better job of 
predicting exhaust valve failure 
if we look at more parameters 
than just EGT?

A computer should be able to recognize 
patterns and correlations in a large data 
set far better than any human could

Seems like a job for Machine 
Learning!
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EXPERT SYSTEM

COMPUTER
Data

Program
Output

MACHINE LEARNING

COMPUTER
Data

Output
Program
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Building the ML Model

⚫ Data set not large enough for 
Neural Network model

⚫ Trained on a variety of ML models:
⚫ Decision Tree
⚫ Random Forests 
⚫ Support Vector Machine
⚫ ADA Boost

⚫ Random Forests performed best



Predictive Maintenance Copyright 2021 Savvy Aviator, Inc. 51

Building the ML Model

⚫ We came up with 35 different 
parameters calculated from raw 
engine monitor data

⚫ We calculated mean and std. deviation

⚫ We analyzed phase of flight

⚫ We performed Fourier analysis on 
various parameters including EGT
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Training the ML Model

We searched our maintenance ticket 
system and found 3,400 cases where 
exhaust valve condition was known, 
determined by borescope inspection

We identified each of these 3,400 
cases as “Failing” or “Normal”

We split these cases into two parts: 
a training set and a test set
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Training the ML Model

For each known case, we 
captured engine monitor 
data from up to 10 
recent flights prior to 
the borescope inspection 
that determined valve 
condition
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Measuring Model Performance

⚫ Sensitivity: What percentage of 
failing valves are correctly identified 
by the model? (How good is it at 
identifying real failures?)

⚫ Positive Predictive Value: What 
percentage of valves the model 
predicts to be failing are actually 
failing? (How good is it at avoiding 
false positives?)
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So, how did 
FEVA2 perform 
on the test set?
What was the actual failure 
rate (per borescope) vs the 
FEVA2 predictive score?
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⚫ Sensitivity:
The model correctly catches 50% 
of the actual valve failures

⚫ Positive Predictive Value:
3 out of 4 failure predictions are 
false positives
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Stated differently:

⚫ About 1 in 30 valves were actually in 
failure as determined by borescope

⚫ A valve predicted by the model to have 
“Above average probability of failure” 
has a 1 in 4 chance of actually being in 
failure

⚫ A valve predicted by the model to have 
“Below average probability of failure” 
has a 1 in 100 chance of being in failure
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Is this good 
enough to 
be useful?
Let’s think about this…
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⚫ As a diagnostic test:
The model would be an abysmal 
failure due to the high (3-in-4) 
rate of false positives

⚫ As a screening test:
The model is extremely useful, 
since it’s calling for a borescope 
inspection that has a 1-in-4 
chance of finding a failing valve
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Aircraft Owner Psychology 101
Since we started sending out FEVA 2 
reports to our clients:

⚫ We’ve gotten numerous complaints about 
false positives (“You scored me at risk for 
no reason”)

⚫ We’ve gotten ZERO complaints about false 
negatives (“Why didn’t you catch this?”)

Apparently, our clients prefer getting 
good news that isn’t true to getting bad 
news that isn’t true!
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Lesson learned:

Must make clear the distinction 
between “Screening” and “Diagnosing”

⚫ FEVA isn’t condemning your valve!

⚫ FEVA is giving you guidance whether or 
not early borescoping is worth doing
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N12345 – Cirrus SR22TN – IO-550
About 
4x as 

likely to 
fail as 

average

About ½  
as likely 

to fail 
as 

average
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NOT 
RED!
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Health?
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Framing model predicted 
failure rate helps understanding:

⚫ Lower than average:
1:100 probability of failing valve

⚫ Average:
1:30 probability of failing valve

⚫ Higher than average:
1:4 probability of failing valve
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Cost of False Positive? 

⚫ Monetary cost of doing a 
borescope inspection that reveals 
a healthy valve is low (especially if 
done at next oil change)

⚫ However, the emotional cost to 
the client can be high—unless the 
client understands what the FEVA 
2 score means (and doesn’t mean)



Copyright 2021 Savvy Aviator, Inc.

Sometimes You Can’t Win…
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Sometimes You Can’t Win…

We reviewed Jim’s FEVA 2 report—it 
was actually quite a good report—no 
valves at above-average risk

We asked Jim to clarify what he meant 
by the report being “mean” and “not cool” 

Jim said, “You sent me a report,
so something must be wrong!”

For Jim, ANY report is bad news!
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Clients don’t read fine print!

In fact, if there is a chart, they 
don’t read any print! 

They fixate strictly on the chart

Lesson learned:

Make sure the chart is self-explanatory—
don’t rely on a textual explanation
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Watch Your Language!

Avoid using “trigger words” that 
can elicit an emotional response

⚫ “Risk” means something different 
to statisticians than to normal 
people

⚫ Consider saying 
“Valve Health Report” 
instead of “Failure Risk Analysis”
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The Flat Top Problem

Some clients upset if model’s 
scoring bars are not completely 
even

⚫ The highest bar is perceived as 
the “bad valve”, even if clearly in 
“Average failure rate” category 

⚫ This was one of Jim’s impressions
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SEVA—Sticky Exhaust Valve Analytics

⚫ Valve doesn’t slide freely in guide due 
to deposits 

⚫ Eventually can result in bent pushrod, 
valve strike, power loss, catastrophic
engine failure
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SEVA—Sticky Exhaust Valve Analytics

⚫ Initial symptoms: “morning sickness”

⚫ SEVA’s goal is to identify this problem 
early before any damage can occur
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Flight 1540635
- Grumman Tiger
- Lycoming O-360

Engine start-up

Quickly rising EGTs

Exhaust valve 1 stuck open

Dramatic drop in EGT

Confirming change in CHT
Valve becomes un-stuck

EGT re-joins the pack

Confirming change in CHT

Start-
up

8 min

Identifying a Sticky Valve 
at Engine Start
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EGTs

CHTs
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Sticky Valve Heuristic
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DBSCAN
Density-
Based 
Spatial 
Clustering of 
Applications 
with Noise

Startup/
Shutdown

Runup

Cruise



Ideas for Future Projects
⚫ Detection of detonation and 
preignition events

⚫ Detection of worn cam lobes 
and/or collapsed lifters?

With more sensors,
the sky’s the limit!
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Predictive 
maintenance
is clearly
the wave of 
the future

The more sensors we have in our 
planes, the more comprehensive 
and powerful it will become



Predictive Maintenance Copyright 2021 Savvy Aviator, Inc. 83

Over time, it will 
increasingly be 
our aircraft—not 
our mechanics—
that tell us what 
maintenance 
needs to be done X
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to attend my free monthly 
maintenance webinars

on the first Wednesday 
of each month 

(sponsored by EAA 
and Aircraft Spruce)

to participate in my free monthly 
podcast “Ask the A&Ps” 
with my colleagues Colleen Sterling A&P/IA 
and Paul New A&P/IA sponsored by AOPA
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to receive 
my monthly 
e-newsletter
and weekly 
maintenance 
stories
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I’m happy to 
autograph your book

Predictive Maintenance



Questions?

Contact info:

Mike.Busch@SavvyAviation.com
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.com

To receive my monthly newsletter and weekly maintenance stories, 

text “SAVVY” to 33777


