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EHMS

* Engine Health Monitoring Systems
= A prognostic system which
+ Accepts analogue data from van ous sensors
+ Analyses the data

+ Decides whether the engine 15 safe to continue
= And, ideally

+ (qives advanced warning of impending failure.

PSCL

* Predicted Safe Cyclic Life
= Measured in stress cycles

= Defines the age before which thereisa 10™
probability of an “engineering™ crack occurring

= Used with safety-critical parts to set an upper
age limit.
= Determined using accelerated spin/rig tests
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EUMS

* Engine Usage Monitoring Systems
» Accepts analogue data from vanous sensors
» Converts it to digital

m Andrecords it

* Ground Data Processing Station
» Eeads the tapes
» Calibrates and validates the data

» Conwerts this through complex algorithms into stress
cycles and accumulates these

O1l Debris Monitoring

* JefSCAN

sranning Electron Wicroscope

Tsing Spectroscopy

Determines the elements present in each particle

Hence tdentifies the source

Iz uzed to estimate rates and am ounts of wear

Predicts when a component needs to be replaced
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Current Status

« EUMS fitted to a small sample of aircraft in
each of the RAF {fleets

« Data is collected, downloaded and analysed
regularly
* Cyclic Exchange Rates are calculated

+ These are used to decide when life-limited
parts should be replaced.

Near Future

« EMS
» Fleet-wide fit on Eurofighter
» On-hoard analysis
» Exchange rates only needed for fill-in
s Mo proghnostic capability.
* (il Debris Monitoring
s Offwing
» Expensive
® Eegures high skill levels
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The Future?

EMS on wider range of parts

Jet-path sensors

Vibration monitors

Life Monitoring Devices

DAMAGE PROGNOSIS TECHNOLOGY
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The Need

Alrcraft- power by the hour [airframe and engine) |8 '

Muclear - life extension of power plants
Earthguakedferrorism - future use of buildings
Frosthetics

Ml ilitary

Ervironment

Levels of Health Monitoring

fe and quantif,

emaining life
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PREDICT REMAINING USEFUL LIFE

Damage Prognosis provides
the near real-time prediction of
an engineered system’s remaining useful life.

Outcome of Prognosis

hinaor: Continue aperating with monitoring

&.4. high fatigue

Chronic: continue operating at reduced load

g.g.l0ss5 of contral suface

ACUte: immediate action reguired

e.0. Fan blade off
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Rotary wing monitoring system - example

Flight Hours
OO5T DESIGM PREDICT PREDYOSM A .|"FI.T HE
FEIH U 4.3 104y

Tatal (73 Port Mo'sy: $175.37

Variability in Component Life
AH-1W Rotor Pitch Link (P/N 214-010-410-119)

— Clies gn

-
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5. Simulate Updated

B. Predict the Remaining Useful Life of the System

WHAT CAN BE DONE TO ADVANCE
DAMAGE PROGNOSIS TECHNOLOGY?

i, coordinated, multidisciplinany effort is
equired to capitalize on recent
evolutiohary advances in:

= Smart microelectronic sensing
technology
Tera-scale computer simulations of
damage evolution
Machine leaming and information
technology for model compression
large-scale data management,
mode] comelation and
probabilistic systemn
life prediction
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Smart Dust
,_?‘B_E[Pruf S}meve Smith -.__SI_}IL
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Power Considerations
Idle

Z mA
Radic 4.5 mA [RX)
EE-From

Phata Diede 200 pA

Temperature 200 pA

augh, sleep!
ission uses same energy as 11,000 eyeles of computation

oF dotal

Energy Scavenging

| Generator

Iretial Humean Presar

Integrated micro-vibrator
provides 10-100 pW of free
power [equivalent to 2340
free DSP operations/sec)
[Amirtharajah & Chandrakasan,
bIsP599]
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DAMAGE PROGNOSIS SOLUTIONS. ...

Require coordinated advances in

sterm life prediction

Can only be solved in an envirohment that prom otes
multi-disciplinary research.
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FFT of Loose and Fixed Prostheses

Level 3 DIWT decompaosition of output signal
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DWT level 1 decompositions for 4 patients
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Visualisation of NN input data sets
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Neural Network Hyperplanes

| entify

ctra generated by
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Present State vs Future Vision

Usage Monitoring Damage Prognosis

Time-based maintenance Condition-hased maintenance

cing (10's of

Prediction by obseration and Meat-real-tirme prediction with
EXpErienCe validated computational models

Data trending

Significant Challenges
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Key Technology Elements

Engineering Mecha =1 T zient Monlinear a1l 1l ation,
F'n-'rTl T e ; i delzs

Integrated ©om puting

Computer Sciences Metworking, Machine Learning, ©omputing Hardware
Architecture

onand Communicstion, Lar
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Summary

* LMD can detect structural changes

= Hag its limitations {excess temperature and
vibration)

= Has wide area of applicability

= Cheap

= Fit and forget (7)

» Uszeful for determining reliability and crack
propagati on times.
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