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Abstract
Condition monitoring of engineered operational pucts/systems has been a life time
career for me. Having commenced employment in Béyael971, starting as a 16
year old engineering apprentice by Rolls-Royce () @efence Engine Division at
Bristol through 43 years in the same company sstjomvolved in product
measurement engineering, | hold enormous knowletiges ‘science’ discipline.
| have completed an engineering apprenticeship wittigher National Certificate in
Engineering followed by a personal Technology/Smerducation through the Open
University. These educations and operations statiecassociation of how many
engineered products with a different operationadlgsis can map to an understanding
of how functional decay can be detected and unoedst



My vision for condition monitoring, as the humareadvances in science and
requirements for the future, is that it will be ahgely essential that a discrete
condition/health monitoring system integrated itite product/system as a prime
consideration of the product/system design, igmatted as an ‘add on’, as currently
considered.

The decay in the operation of an engineered prddystem will gradually affect the
functionability of the product/system and consetjyestart to define the probability
routes to an ultimate failure mode manifestatioowdver the definitions for the
probability routes that lead to the failure modes far more complicated than
expected, envisaged and perhaps understood and igssges | hope to express in this
document for prosperity.

For example, one of the key witnesses to a farluwde probability route maturing is
the ‘increase’in ascertainable ‘change’ ‘seen’ and reported lve tmonitoring of the
operational device, by for example a vibration seaocer.

In vibration monitoring the most common understagds that an ‘increase’ in
monitored vibration levels point at the ‘operataiunctionability change’ and define
the precursory view of decay onset, commencingdbatdown to system ultimate
failure. This is not necessarily the case as ‘#tastress’ wave sensors can/do
experience adecreasein the signature levels as the functionability epes, let's
explore, within the realms of the title ConditiomiMtoring.

Virtually all operational products / systems dentmate a phenomenon of operational
witness. For example, a living human operating radiynwill demonstrate a heartbeat
and a breathing action detectable via the ‘featwrgiesses of a pulse, the expansion
of the chest and usually structural movements. & tlege functions/operations
portray large variance in ‘feature’ perception;itgb describing nomenclature from
the ‘professions’ and the normal public includesdtt rate’, ‘fluctuations of beat’,
‘deep breathing’, ‘shallow breathing’, ‘pantingshortness of breath’, ‘wheezing’,
‘chest pain’, ‘angina’ , ‘twitches’, etc.

Part 1

Words that describe the ‘state’ of the humans tpraee ‘functionality’ to which
understanding of ‘condition’ can be applied, batacly these statements lack key
information as to the functionability, most of whits taken for granted.

This metric of detail to support functionability inodern science, engineering and
condition monitoring (all types) demands and reggito be taken more seriously than
at present and it is essential that the functiditalbeatures and phenomena are better
evaluated and built on.

These ‘conditions’ supported by the ‘witness’ dtjheartbeat, breathing and motion
offer understanding of the human condition. Howetlegse conditions are just the
‘tip of the iceberg’ in world of condition monitery as there are so many more
‘features’ that an operational product/system fsaéd by.



These ‘conditions’ and the ‘features’ are the keiriess’ to the functionality and the
functionability of the product/system and will hacdertain series of signatures of
operation throughout the products/systems functiltieaonly deviating from the
‘normal’ signature when ‘features’ manifest to ikegroduct/system operational
‘change’.

The problem with the current condition monitorifglpsophy is that the observed
onset of final operational functionability is vemgak, a philosophy usually driven by
the monitoring systems inability to detect ‘changéh which to attribute a ‘feature’
witness and no perceived ‘business’ requiremendectéo increase that fidelity of
detection.

The evolution of the engineering monitoring capéphas provided many operational
guestions in my experience. The questions poseduéad investigation and as the
transition from a measurement engineering occupati@n engineering health
monitoring occupation resulted in deep investigaito better explain, with evidence,
the nature of ascertainable operational moniterehts with their associated
‘features’.

This drove the idea of how to best comparator ‘geaim operational ‘features’ with
all associated phenomena surrounding the prodsteisyoperational environment.
The first issue (in my personal history) in thisngamign was the improvement in the
‘change’ detection and occurred in the middle te [E980’s when engineering
research was still a prime function of forward lomkmanufacturers and before
engineering measurement degraded to ‘not core éssinn my quest for better
capability at the time, frequency bandwidth was stiltlis the main issue of
recording media. In those days broad band tapedspmetape decks (up to 20 kHz)
enable certain measurement technologies to prqodilessibration, pressure
transducers, pulse probes for speeds, strain gaogise modulation like FM grids
and thermocouples for temperature capture. In tsdaygineering measurement
recording requirements the same issue still existexample when instrumentation
stimulus bandwidth requirements exceed 60 kHz, umthe digitisers (just like
magnetic tape) cannot capture spectra with thessacg fidelity, event recording is
compromised, missed altogether and the event matgdegraded in severity.

So the hunt was on for a dedicated system witHitydend data capture that focused
on a new idea. The rational | arrived at was thedlrte move up the frequency spectra
away from the low frequency range to find evideot#igher frequencies’ that
manifest during product/system operation, usuadigraying a picture evidence of
‘normal’ that when ‘change’ occurred could be aigtiished and build a knowledge
data base of ‘Cause and Effect’. | discovered thddwof Acoustic Emission base on
personal studies of Raleigh Waves, Elastic Stresses; and Lamb waves and very
quickly realised that these were the prime drigethé engineering measurement
world | needed to be able to express to peers mpgreences and findings,.

However due to many facets of the business wodsdted interests, complexities and
other strange cultures and following a presentadiosha runner up commendation at
the 2003 National Measurement Awards for my Acausthission science studies,
pushing the ideas forward is harder than runniegtlany marathons | have
completed.



However | did not acquiesce to the negative pressbecause my ideas are key to the
future of product/system health and condition nmammiy. Fortunately the Acoustic
monitoring measurement system moved to a produsgdfdevelopment system. |
saw the need to investigate the capability as Irhady personal examples of

‘intuitive change’ events while conducting enginegrtest experiments that | could
not explain but more importantly capture in a foriiat | could portray to others to
create discussion.

The program of investigations were a personal cagnp#o demonstrate capability
from discrete components through to complex higlvgraengines, all of which grew
in confidence that the capability does map detaadiochange’ during operation and
gradually started to relate detection to ‘featuses] probability routes to failure
modes.

One major problem was the name of the technologguatic emission technology
insinuates an ‘air borne’ transfer of energy t@maser. This is not the case and my
renaming of the technology was to better definddhation in science where the
technology sits.

The technology operates in the medium frequencyadoimetween 60 kHz and 700
kHz, it captures the energy in the product/systent eperates and transfers it to the
sensor (piezo crystal) from which the computer softivare create an instance
presentation of the spectra, thus the Medium FregyuEnergy TransfeiM FET
acronym was created. In the creation of the MFEBragn a period of ‘seismic
emission’ was adopted but as seismology appligettogy the name was always
contestable. This is a very brief back ground miocondition monitoring

engineering history (1971 to 2003). There are nranye aspects to this history which
are very important dimensions to add to the featiaety, but they are deeper and
very complex for this abstract, now back to thesce.

Energies exist in all products /systems, all ar@ngum related in the atom and sub
atom forms moving to multi atomic, molecular, Nemien structures of all types.
These energies that exist in the product/syste@riably operate over regions of the
frequency spectra from dc to gamma rays and thmdd my common denominator
from which to mount my sensor suit against andlaxate ‘features’ of functionality
for the product/system operation.

Clearly frequencies of operation that are monitoneithe low frequency spectra like
vibration are easy to capture both with vibratieo/eration transducers, the ‘pulse’
of sense by the human body, a glass of water, ang@wticle on a shaking structure,
etc., usually the repetitive sound pulse can bébhubeard and ‘change’ detection
easily discernible. However the eye captures thikaomof the water ripple and the
eye operates in the visual light spectra and alvags the frequency (range) is in the
sub atomic patrticle region where photons and pheaoa created so our eyes work in
the quantum field

The main issue with these very low frequencieglzaedeterminable ‘change’ usually
associates with serious degradation of the proslygt#m functionality, potentially
moving towards a failure mode rapidly.
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Imagine a boat riding the waves, the frequencygh the wave lengths are short;
therefore the waves under the boat are tight tegettaking the boat surf on a flat
surface so things are “good”. Now stretch the wiangths out so they are long the
frequency is low and the boat is now experiencingrg rough sea and things are
“bad”. This is exactly the way that vibration worksit the real problem is the short
period of time in the transition from the highezdquency short wave length to the
lower frequency long wave length.




In this very short time duration because the chasmge small, decay modes occur
rapidly giving very little chance to “capture” tioperational product/system
operation, shut it down and save a major failure.

Also the change in amplitude occurs usually becatiiee decay in frequency and it
is this enlarged stimulus that excites the vibratransducer to incite the ‘increase’ in
vibration levels, trigger alarms and raise concerns

If however the system detection monitored in a éighequency domain and captured
changes in the high frequency moving to a sliglayer frequency the boat would
still be “good” but a “change” has been detected\ag are on alert.

1 -y &
Feature 1“normal” Feature 2 “First change” Feature 3 “Second Change”

This is a very ‘simple’ demonstration of wave captbecause the actual wave forms
are also generated at various angles to the ‘mane and are the cause of ‘side
bands’. Unfortunately these witness bands usuallyfitside ‘normal’ operational
vibration monitoring for event/witness capture &eg withess/evidence is
lost/ignored for product/system decay/safety maimitp

The MFET (Elastic Stress Wave) sensor capabilityesdhe frequency domain up
into frequencies that are above the low Hz valuesia my experience into the
medium wave frequency region where ‘change’ effelgarly have longer periods of
time to mature before a failure mode is createdrhipmonths, years. These medium
wave frequencies exist with full spectra frequesrd offer a total insight to the
‘status’ of the product/system if we bother to ustiend it!

So let’'s examine key elements of the science weliaoeissing here.

The expressions of the frequency range then expaiod®e obvious, my eyes
operate in the Quantum field! This acceptance adisy, fact call it what you will is
so obvious that immediately | had taken the fregyespectrum from DC to visual
light and to take it to gamma was a formality widgstussed with fellows of the X-



Ray world. So | now had theeenominator to assimilate the withess phenomena of
prognostic understanding against, frequency anefive wave length.

This denominator also has a ‘cross over’ point whlewtonian Physics’ integrates
with ‘Quantum Physics’ for the frequencies defin€his cross over point in the
Newtonian field of molecule displacement to electagnetic field excitement and
displacement is very important, but essentially jasinderstand.

So getting back to presentations of the denomindéea, the magnitude of the
denominator is massive when the range of frequsrasie applied, so to represent this
on an A3 sheet of paper was impossible when clariynd the 700kHz bandwidth
over the full frequency spectra resulted in thestiperiod the width of my pencil!
Clearly the ‘Newtonian’ frequency features needeld frequency ‘banded’, as
would the ‘Quantum’ features to enable clarity bpaesentations. The problem is
that for decay/prognostics/functionality/functioiawitness etc. the dissections of
the product/system to component parts, to besheléfequency phenomena, can
interfere with the ‘total’ product/system understang.

This is where and why the current ideology of pisiits does not deliver, resulting
in the culture of ‘normalisation of deviance’, bedly it's been ok before therefore it
will be ok (Professor D.Vaughan Columbia Univergtythe Challenger Shuttle
Disaster). This disaster was ‘O’ ring seal relateghysical component part, not even
condition monitored signatures from sensors. So tanvsubjective sensor data drive
safety, by being accepted as creditable, beliawederstood and engaged in our
culture of science.

This stance is unacceptable to me and the prinsnsdor the need to look across
the frequency spectrum as a whole and link all pet/dystem operational phenomena
together to ‘lock down’ ‘change events’ and defatiehe witness occurrences that
could have caused that or the ‘change event instanc

The need for this pedantic attitude to prognostitd decay/change/witness
management is to be ahead of the failure mode gawhde professional in the
detection of the functionability change.

When we (the human race) move to more complex mtethystems that are
essentially monitored to prevent loss of life, flmeduct/system integrity must match
the expectation of product/system operational ssteas near 100% as possible.
| think this is a good point to close the rationiaggind my prognostic theorems and
the first of many papers/abstracts for the Science.



