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MIRCE Science

The philosophy of MIRCE Science is based on thenme that the purpose of
existence of functional systems is to do a workictlis perceived as delivering of
function through time, like transportation, comnuation, computation, protection,
and others, with measurable functionality perforoegnlike speed, capacity,
frequency, power and similar physical properties &l physical phenomena
associated with functionality performance are cti@rssed by certainty,
reversibility and independence of time, locatiord dluman influences, it can be
accurately predicted, at the design stage, by applknown laws of natural
sciences, such as: Newton’s laws of motion, MaXwddw of electrodynamics,
Coulomb’s law of solid friction, Boltzmann’s law ¢giermodynamics, Hook’s law
of stress and strength, to name a few.

While doing the work, functional systems are explos® complex interactions
between their consisting parts on one hand andhtpacts of natural environment
and human actions, on the other. As result a wamétmechanical, electrical,
chemical, thermal, radiant and other types of enarg generated, some of which
affecting the ability of systems to function, knovas functionability. Hence,
actions like servicing, repairing, testing, reptegichanging the mode of operation
and similar must be performed on functional systémenable them to continue
doing the work. Experience teaches us that the rnmtion regarding
functionability performance of functional systenmamely the amount of wofk
done by and on the system and the resources usbdtfg is almost non-existent at
the beginning of their in-service life. The reasdieing, all associated
functionability phenomena are characterised by nardy, discontinuity,
irreversibility, inseparability, and are dependemt time, location and human
influences. Hence, the known laws of natural s@sncannot be used to predict
functionability performance of functional systems.

To seek the body of knowledge that enables theratpredictions of
functionability performance of future functionalssgms to be made, at the design
stage when it is possible to achieve the best comise between competing
solutions, rather than to wait for the users to sneafunctionability performance,
Dr Jezdimir Knezevic resigned from the Researchtt@dor Managing Industrial
Reliability, Cost and Effectiveness, MIRCE, at Eetdt/niversity in UK, in 1999, to
established the MIRCE Akademy at Woodbury Park t&x&K. Staff, Fellows,
Members and students of the Akademy have endeaytmibject in-service
behaviour of functionable systefrts the proven methods of science and
mathematics to:

1. Physically observe and measure their functiongtjlérformance that are
quantified through the work done by a functionatystem (positive) and

! Functionability, n. ability to deliver expectedhittion, Knezevic, J., Reliability, Maintainability

and Supportability — A probabilistic Approach, Textd Software package, pp. 291, McGraw Hill,
London 1993. ISBN 0-07-707691-5

Z Boeing 747, registration number N747PA, been aint80,000 hours, transported 4,000,000
passengers, burned 271,000,000 gallons of fuekwhdeiving 806,000 man-hours of maintenance
and consuming: 2,100 tyres, 350 brake systemsehgies, among other parts, during the 22 years
of in-service life, at Pan Am airlines.

% Functionable system constitutes of a functionatesy and the set of the rules that govern
associated functionability processes, responsdrléélivering functionability performance
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the work done on functionable system througholgence life (negative),
together with the resources consumed in these ggeseto determine the
patterns of their behaviour in respect to time.

2. Scientifically understand physical phenomena anmddruactions that
govern occurrences of functionability evértsrough life of functionable
system types to the level of the dimensional fitgetanging from the atom
(10 metre) to the Solar System {i@netre).

3. Mathematically describe the observed physical mees of doing positive
and negative functionability work through time bgiaen functionability
system, which are characterised by uncertaintgodgisnuity, irreversibility,
inseparability, and dependence on time, locati@hrammans.

Decades of research have generated a theoretaaldd&nowledge, named
MIRCE Science, which comprises of mathematical 8gna and computational
methods that enable predictions of functionabpigyformance of a given
functionability system to be done, at the desigget driven by: the physical
properties of functional systems, given rules (ezldao the operational scenario,
environmental conditions, maintenance policiespsuistrategy) and in-service
constraints.

4 Any event, induced by nature or humans, which irtgotiee functionability performance of functionable
systems.

© MIRCE Akademy, Woodbury Park, Exeter, EX5 1JJ,,lkcember 2017 5
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Physical Reality of Mirce-mechanics- Part 1. AtomidNorld

Dr J. Knezevic,
MIRCE Akademy, Woodbury Park, Exeter, EX5 1JJ, UK

Abstract

This paper, through three parts, provides an intrctibn to the Mirce-mechanics, a
new discipline that studies the in-service behavaiun-service life of

maintainable systems in order to develop a scientiethods for the prediction of
their functionability performance. The in-servide is viewed as a sequence of
occurrences of functionability events that are ngkplace in the direction of time.
The main argument provided here is that succegsédiction can be achieved only
by understanding the mechanisms that drive phypicadesses, which generate the
occurrence of functionability events. It is autisostrong conviction that the
understanding of those processes must be placédwiite physical scale that will
provide adequate level of fidelity. That scaleasging from the size of Atomic
System (18° metre) and by the Solar System*fI@ietre) on the other. Analysis
and research performed in any “smaller scale” woulok give the fidelity of
observations which could lead to prediction errdpsurt 1, is focussed on the
fundamental aspects of atomic world and its imjacthe functionability events in
the world of maintainable systems, as perceivethéwauthor.

1. Introduction

Humans have ability to know things, i.e., the fagoif creating links between them
and establishing a chain of cause and effect. @iffietimes in history saw different
ways of realising these human capabilities. Ouriag®é age of science. We have
become so used to identifying the concepts “knogéédvith “science” that we
cannot conceive any other knowledge than scierkifmvledge.

The essence of the scientific method can be exgdaguite simply. The method
enables knowledge about phenomena to be obtaiaéddh be checked, stored and
passed on to other generations. It follows thars® does not study phenomena in
general, but only recurrent phenomena. It is mamtigrested in seeking laws
governing these phenomena.

Science has been created by humans for humangsarntimate purpose of all
concepts is to explain and predict things thatcaféeir senses or machines.

Science, as we know it today, started with Galilgo is regarded as the father of
experimental physics, and Newton who is the originef theoretical physics. In
their time, of course, physics was considered tedrand indivisible science. In
fact, there was not even physics as such for itthves called natural philosophy.
However, this division is very significant. It edab us to bring out the two aspects
of scientific method, namely, experiment and mattsrs.

© MIRCE Akademy, Woodbury Park, Exeter, EX5 1JJ,,lkcember 2017 6
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Science started when people learned to singleiioyies regularities from the chaos
of available facts. It relies routinely on the ars& of facts and search for cause-
effect relations, to find an eternal law, confirm®danother scientist by experiment.

The scientific method has transformed the worldiwesin. It has populated this
world with machines, it has given sufficient foadeople and protected them from
diseases. Triumphs of the scientific method hayeedered and strengthened a
new faith — a faith in science. The change caugestientific method in the minds
of people is only comparable with such great religiconcepts as Buddhism,
Christianity, Islam and others. This all becomegiole due to a discovery that
many things in nature can be described using nusnbith equations establishing
the relationships between them.

The power of science lies in its universality.léte/s are free from the arbitrariness
of people; it only represents their collective exgece, independent of age,
nationality, rank, or frame of mind. It has a aiib@ of truth and its language does
not contain the words “like” and “dislike”. In sciee truths are proved and
phenomena are explained.

2 Mirce-mechanics

Mirce-mechanics is a new discipline that is defibgdhe author as the study of the
in-service behaviour of maintainable systers. make the clear different between
the systems, whose life ends up, as far as desigmerconcerned, by delivering
them to the customers, whose performance is mehtw@ugh functionality
performance, In Mirce-mechanics,: a set of comptmput together to deliver
measurable functionality performance together wites and actions required to
maintainmeasurable functionability performance. It coessdn-service life is a
sequence of functionability events along the tixis.dts objectives are to:

"1 Understand physical processes and factors thatndieie the system in-service
life,

1 Generate rules and methods that analytically deschieir functional
relationships

1 Systematically predict the in-service life of thestem in time and space.

The word System is used as a generic term to repieall maintainable and
managed products, constructions and organisatieaser to deliver function(s)
with a measurable performance and attributes. §esgate term for function,
performance and attributes is functionability.

To deliver functionability in time domain all maabable systems must engage in
in-service processes that consist of the flow @rapon, maintenance and support
tasks. Successful execution of these in-servidestas time and space, ii connected
with a necessary type and quantity of resourcesgdérsonnel, equipment, facilities,
tools, data and material.

In-service experience teaches us that irrespecfibew good the maintainable
system may be, interruptions in the provision ef filmctionability will occur
during its life, caused by:

© MIRCE Akademy, Woodbury Park, Exeter, EX5 1JJ,,Ml¢cember 2017 7
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inherent deficiencies of materials, design and pectidn processes
irreversible processes that take place in the sygself,
interaction of the system with its in-service eowiment,

planned execution of in-service and maintenandestas
insufficient in-service and maintenance resources.

However, the flow of the system functionabilitydhgh its in-service time is not a
deterministic process and cannot be treated wétstime degree of certainty as the
system’s performance, weight and other physicalatdteristics. To deal with
variability, inherent in the system itself and s in-service interactions with natural,
human and business environments, Mirce-mechanagsdon the concept of
probability. The role of probability is to facili@the prediction, as it is impossible
to know exactly what sequence of events a in-seifie of maintainable system

will consist of.

3. In-service Life of Maintainable Systems

In-service life of maintainable systems is a segeeof functionability events that
take place in the time domain. Functionability eégeare occurrences that alter the
in-service future of the system or cause the insthange of the state of the system.
However, functionability events are direct consewpes of the in-service processes
that are taking place during the lifr of a systdinose processes could be internal
or external to the maintainable system itself. €abbives the list of observed in-
service processes or events that the students, ensmbstaff or Fellows of the
Mirce Akademy have collected during an extensiuwgopeof research.

Table 1. Some of the observed processes/evenigieatt system in-service life

Lost concentration

Stressed operator

Software error

Frost damage

Expanded Scored Dirty Parts missing
Air starved Fused Bogus part Corroded
Overheated Incorrect surface finish ~ Speeding I@bviring
Grooved Maintenance error Incorrect tension Rotted

Oil saturated Stretched Undersized Faded
Blocked Bonding unsatisfactory = Smashed Bird strike
Computer virus Incorrect assembly Twisted Distorted
Shrunk Incorrect rating Faulty part Torn
“Wrong snow” Thunderstorm Absent operator Broken
Incorrect installation Oversized Contaminated dradd
Software error Vandalism Head wind Coalition
Transport damage Battlefield damage Drunk operator Punctured
Spun off Discoloured. Run out of fuel Melted
Seized Typing error Eroded Perished
Poor electrical joint Inspection Incorrect focusedDamp

© MIRCE Akademy, Woodbury Park, Exeter, EX5 1JJ,,lkcember 2017 8
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High/Low resistance | Shark bite Weld defective. Disaged
Renewal Replacement Lubrication Modification
Short circuit. Incorrect adjustment Scratched Burnt
Power cut “Too fine sand” Bent Charging
Communication error| Dented Incorrect storage Noisy
Head wind direction | Rodent attack Blistered Sadaiation
Calibration Overhaul Cleaning Repair
Unbalanced Incorrect drawing Transport damage  Lost
Frayed Adjustment Testing Bad weather

4. The Physical World

Fully aware that the future in-service life of maimable system cannot be
improved by doing better statistics on the recordiata related to the past in-service
life, the Mircé™ Science Laboratory set to collect the physicallence about the
mechanisms that drive system in-service proces®agimhate functionability

events. Having collected the “physical evidendedw the events in the system in-
service process the MIRCE Akademy set up a vergiléetresearch programme
with the objective of understanding them.

In order to understand system in-service procdsgegaecessary to understand the
mechanisms that generate the motion. That repex$anteal challenge. Answers to
the questions “what is the real cause of say,datithe wind direction change,
suncups formation on the blue ice runway, faultydwhird strike, perished rubber,
maintenance induced error, carburettor icing”,dme just a few, have to be
provided. Without accurate answers to those queshie prediction of their future
occurrences is not possible, and without abilitpitedict the future, the use of the
word science become inappropriate.

After a numerous discussions, studies and triglgs been concluded that any
serious studies in this direction, from Mirce-meuala point of view, have to be

based between the following two boundaries:

* the "bottom end” of the physical world, nothing d&y than the atom system,
» the "top end” of the physical world, nothing smallean the solar system.

This range is the minimum sufficient “physical alvhich enables the
understanding of cause-effect relationships betvggstem in-service processes
and system functionability events, and providesughdnformation for the accurate
predictions to be made. In other words, this isghsical range within which, the
system in-service processes mentioned above (&ttha wind direction change,
suncups formation on the blue ice runway, birkstrperished rubber, carburettor
icing) take place and could be understood.

4.1 The Bottom End: Atomic System

© MIRCE Akademy, Woodbury Park, Exeter, EX5 1JJ,,Ml¢cember 2017 9
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The basic building block of matter is an atomslthe smallest unit into which
matter can be divided without the release of aleaity charged particles. It also is
the smallest unit of matter that has the charattemproperties of a chemical item.
As such, the atom is the basic building block craistry. Currently, there are 109
elements out which 89 are natural. [6]

Most of the atom is empty space. The rest consfsispositively charged nucleus
of protons and neutrons surrounded by a cloud géineely charged electrons. The
nucleus is small and dense compared to the eles;tvdrich are the lightest charged
particles in nature. Electrons are attracted toosgjtive charge by their electric
force; in an atom, electric forces bind the elatérto the nucleus.

All atoms are roughly the same size, whether treehhree or 90 electrons.
Approximately 50,000,000 atoms of solid matterding in a row would measure
one centimetre. A convenient unit of length for sweang atomic sizes is the
angstrom A, defined as T®metre. The radius of an atom measures betweed 1 an

2 A

Compared with the overall size of the atom, thdeusis even smaller. In volume,
the nucleus takes up only 10of the space in the atom. A convenient unit ofjtan
for measuring nuclear sizes is the femtometre (fwhjch equals 1% metre. The
diameter of a nucleus depends on the number dtlegrit contains and ranges
from about 4 fm for a light nucleus such as cartaoh5 fm for a heavy nucleus
such as lead. In spite of the small size of théaus; virtually all the mass of the
atom is concentrated there. The protons are magsigéively charged particles,
whereas the neutrons have no charge and are gligbtle massive than the protons.
The fact that nuclei can have anywhere from orabtut 250 nucleons accounts
for their wide variation in mass. The lightest raud, that of hydrogen, is 1,836
times more massive than an electron, while heaelenare nearly 500,000 times
more massive.

Although electrons exhibit complicated behaviouthwvi an atom, they are
characterised completely by a few parameters. iitnmsic properties of an
electron are its charge, mass, an internal motdled spin, and magnetic moment.
It may be better to call them “quanta”, to register difference between the
classical, distinguishable particle and a quantemdlike an electron. All
electrons have identical properties. This exacatyus not merely statistical. To
high precision, there is no variation in whatevgpext from electron to electron. In
contrast, in classical physics, one would expeaxréain spread in these values, if
one imagined electrons to be small physical obj&dtsr all, in biology, the
different individuals in a certain species diffégistly, through not so much as to
pass certain bounds that define the species. Btecare all radically equal. An
electron’s individuality is its species, and nothimore, it is always an instance of
electronhood, never a “noninstantiable” individuggcause of this, the term
“particle” is misleading, since it suggests a badth certain characteristic features
or markings, or at least capable of being markexbme way. As Schodinger
emphasised, only are all electrons exactly alikia@ir observable characteristics,
there is no way one electron could be marked dattbauld be distinguished from
the others. One must let go of the preconceptiahdhe could pick out a certain
electron either by noticing some characteristi¢uiess or by marking it, so that one

© MIRCE Akademy, Woodbury Park, Exeter, EX5 1JJ,,¥cember 2017 10
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could follow its subsequent life path. As no hunemmguage had an adequate word
for their condition (“lack of individuality” misledingly implies that electron should
have individualities, but are defective) Pesiaittaduced a new worddenticality.

It means that the members of species have idamiltyas instances of that species,
without any features that distinguish one individuvam another. It signifies the
exact negation of individuality; it includes totatistinguishability and complete
equality of all observable features. It has no iehereference to time or space, and
so experimentally all electrons have the same featwhenever or wherever they
are observed. [11]

As the lightest charged particles in existencested@s are absolutely stable
because they cannot decay into smaller units. pimeas the electron provides it
with a directional orientation. The electron haaagnetic moment along its spin
axis. Electrons are subject not only to the elestrgnetic force but also to the force
of gravity and the so-called weak interaction, fivee primarily manifested in the
radioactive decay of nuclei. Most properties ohage—particularly those associated
with chemical bonds, physical forces, and the prtoggeof bulk matter—depend
solely on the behaviour of the electrons surrougd@ nucleus. The chemical
properties of an atom depend on the arrangemets electrons making up the
cloud around the nucleus. The atoms of one eledi#fat from those of other
elements in the number of their electrons. [9]

If chemical items are building blocks, then compasiare the buildings.
Compounds are made of two or more different atdrasdre chemically joined.
The atoms in compounds are always in definite pitages by weight. The
compounds cannot be separated by purely physicahsne

Matter is a material substance that constitutestiservable universe and, together
with energy, forms the basis of all objective plegtphenomena. Matter in bulk

may have several states, the most familiar of whrehthe gaseous, liquid, and

solid states. Less clearly definable but also reteto as states of matter are plasma,
clusters, and amorphous conditions such as theygtate. Each such state exhibits
properties that distinguish it from the others. Btorer, these general states can be
subdivided into groups according to particular g/péproperties. Solids, for
example, may be divided into metallic, ionic, card| or molecular based on the
kinds of bonds that hold together the constituéoma.

Matter has two fundamental properties: mass angiwe!l The mass of a body is a
measure of its inertia, though it is commonly takera measure of the amount of
material contained in the body. The volume is tm@ant of space it occupies.

4.2 The Top End: Solar System

To be covered in Part 2.

4.3 The Media between; Human World

To be covered in Part 3.

5. Examples

© MIRCE Akademy, Woodbury Park, Exeter, EX5 1JJ,,Mlcember 2017 11
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The following two examples are used to illustrdie necessity for considering in-
service life of maintainable system and systemtionability events through the
physical scale adopted by of the Mirce-mechanics.

5.1 Atomic World
5.1.1 Material Imperfection

The purpose of this analysis is to briefly descebme types of imperfections,
understanding of which is essential for gainingghsin behaviour of materials
which are in turn one of the main drivers of sysftanctionability events.

System failure, as one of the possible functiontgi®lvents, could originate as a
result of imperfections in material that may:

* reduce the overall strength of the material,

» provide preferential paths for the propagationratks,
* act as notches,

» serve as sites for preferential pitting-type atfack

* provide paths for intergranual corrosion.

Failures related to segregation, lamination, inolus, porosity, voids and similar
causes are often encountered in real life situation

Pure crystalline materials are characterised byeahearkably perfect order with
which the atoms are arranged. In a typical spetioie pure metal, less than one
atom in a hundred thousand lies within one atonameter of a place where there
is a mistake in the occupation or arrangementlesites. However, it is events
that occur only at the rare imperfect regions tledermine the structure sensitive
properties of a material.

A perfect crystal is one composed of identical aaa@mnatom groups located at the
points of a space lattice so that the surroundasggewed from any one of the
points are identical. Obviously crystals of finsige cannot be ideally perfect in

this sense because some of the atoms will bersgarbounding surfaces. Another
inevitable type of imperfection is the thermal dég@ment of atoms from the lattice
points. In a real crystal, the lattice points sant only the average positions of the
atoms, the temperature being a measure of theatiom energy.

However, crystals are rarely perfect. Many ofithportant properties of

crystalline materials are determined by variousdrfgrtions in them. The
imperfections that can be described as disrupfiotise space lattice are called
lattice imperfections and can be characterised géucally, according to whether
the centre of the disruption is at a point, alorig@, or over a surface. Real crystals
usually are not composed simply of identical at@msdentical sites throughout a
regularly repeating three-dimensional lattice. yrbentain imperfections or

defects. The imperfections that disrupt the stm&most are the imperfections in
the space lattice. Since the space lattice i9mggic concept, it is natural to
classify lattice imperfections geometrically. Thaero-dimensional (point), one-

© MIRCE Akademy, Woodbury Park, Exeter, EX5 1JJ,,Mlcember 2017 12
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dimensional (line), and two-dimensional (surfaceperfections are treated
separately.

Point imperfectionThis is a very localised interruption in the regitieof a lattice.
A point imperfection comes about, as a rule, besafishe absence of a matrix
atom (an atom that would be present in a perfestal), the presence of an
impurity atom, or a matrix atom in the “wrong” p&ata site not occupied in the
perfect crystal). The absence of an atom from anatly occupied site is called a
vacancy.

Line imperfectionsLike point imperfections, are defined by the wawinich their
presence causes disruptions in what otherwise wwmeila perfect space lattice. As
the name implies, the distortion around a line irfgxion is centred along a line;
thus the imperfection can be considered as thedsyrbetween two regions of a
surface which are perfect themselves but are orgg$ter with each other.

Surface imperfectiong his type of failure of a structural nature arifesn a

change in the stacking of atomic planes acrossiadsry. The change may be one
of the orientation or of the stacking sequencédefglanes. Grain boundaries are
those surface imperfections that separate crystalgferent orientations in a
polycrystalline aggregate. As a result the boundaéoyns in two randomly
orientated grains cannot have a perfect complewofesurrounding atoms; as a
result, a region of transition exists in which #temic packing is imperfect. In
three-dimensions, this transition occurs acrossfase separating the grains.

According to Callister [4] the equilibrium numbena@cancies, Nfor a given
quantity of material depended on and increasesteftiperature according to:

N, = Nexp(-Q, /KT),

where N is the total number of atomic siteg,i€Xhe energy required for the
formation of vacancy, T is the absolute temperatui€elvins, and k is the gas or
Boltzmann’s constant (k=1.38xf8J/atom-K, or 8.62x10eV/atom-K, depending
of the units for Q).

Thus the number of vacancies increases expongniigh temperature. For most
metals, the fraction of vacancies/N just below the melting temperature is on the
order of 10%, that is, one lattice site out of 10000 will bepyn As ensuing
discussions indicate, a number of other materiedrpaters have an exponential
dependence on temperature similar to that of tatemn above. [4]

For example, the equilibrium number of vacanciescpbic meter for copper at
100C°C, could be determined in the following way. Themgy for vacancy

formation is 0.9 eV/atom, the atomic weight andgilign at this temperature, for
copper are 63.5 g/mol and 8.4 gfcmespectively. Thus, the number of atomic sites
per cubic meter for copper , from its atomic weight its densityp, and

Avogadro’s number N is equal to:

© MIRCE Akademy, Woodbury Park, Exeter, EX5 1JJ,,Ml¢cember 2017 13
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_ N,xp _ (6023x10*atoms mol)@84g/cm’)@0°cm’/m )

N = 80x10%atomg m®
A, 6359/ mol
Thus, the number of vacancies at 1WDQ1273K) is equal
Q
N, = Nexp-——
v p( kT)
= (80x10”%atoms m®) exp(- _(50.9eV) = 22x10®vacanciegm’
(862x107eV/K)(127X)

5.1.2 Corrosion Process

It has been estimated that approximately 5% ohduastrialised nation’s income is
spent on corrosion prevention and the maintenanogptacement of products lost
or contaminated as a result of corrosion reactions.

Corrosion is the primary means by which metalsritt#te. Most metals corrode
on contact with water (and moisture in the airjdscbases, salts, oils, aggressive
metal polishes, and other solid and liquid chemsidsletals will also corrode when
exposed to gaseous materials like acid vapoumndiniehyde gas, ammonia gas,
and sulphur containing gases.

Corrosion specifically refers to any process inutgvthe deterioration or
degradation of metal components. Corrosion prosesseusually electrochemical
in nature, having the essential features of a hat®hen metal atoms are exposed
to an environment containing water molecules treygve up electrons, becoming
themselves positively charged ions, provided aatedal circuit can be completed.
This effect can be concentrated locally to formtap sometimes, a crack, or it can
extend across a wide area to produce general veadtagalised corrosiothat

leads to pitting may provide sites for fatigueiatibn and, additionally, corrosive
agents like seawater may lead to greatly enhanaeutly of the fatigue crack.
Pitting corrosioralso occurs much faster in areas where microstralcthanges
have occurred due to welding operations.

Corrosion is the disintegration of metal throughuamtentional chemical or
electrochemical action, starting at its surfacé.ndétals exhibit a tendency to be
oxidised some more easily than others. A tabulation oféaive strength of this
tendency is called the galvanic seriéaowledge of a metal's location in the series
Is an important piece of information to have in mgkdecisions about its potential
usefulness for structural and other applications.

As the rusting of steel is the best known caseafosion let us briefly analyse it.
Rusting of iron consists of the formation of hyabxide, Fe(OH) FeO(OH), or
even FgO3H,0. It is an_electrochemical procdbat requires the presence of water,
oxygen and an electrolyte. In the absence of aeyobthese rusting does not occur
to any significant extent. In air, a relative hurtydf over 50% provides the
necessary amount of water and at 80% or abovesiorrof bare steel is worse.
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When a droplet of water containing a little dissmhoxygen falls on a steel pipe,
the solid iron or Fe(s) under the droplet oxidises(s)~ Fe&'(aq) + 2& The
electrons are quickly consumed by hydrogen ions fnater (HO) and_dissolved
oxygenor O,(aq) at the edge of the droplet to produce wate: 484 (aq) + Q(aq)
- 2H,O(l). More acidic water increases corrosion. If iteis very low the
hydrogen ions will consume the electrons anywayingghydrogen gas instead of
water: 2H(aq) + 2é — H(g) . Hydrogen ions are being consumed by the gsce
As the iron corrodes, the pH in the droplet rig¢gdroxide ions (OH appear in
water as the hydrogen ion concentration falls. Tieagt with the iron(ll) ions to
produce insoluble iron(ll) hydroxides or green ruists:

Fef*(aqg) + 20H(aq) — Fe(OHY(s).

The iron(ll) ions also react with hydrogen ions axggen to produce iron(lll)
ions:

4F€*(aq) + 4H(aq) + Q(aq) - 4F€*(aq) + 2BO().

The iron(lll) ions react with hydroxide ions to pikece hydrated iron(lll) oxides
(also known as iron(lll) hydroxides):

Fe*(aq) + 30H(aq) — Fe(OHX(s).

The loose porous rust or Fe(QHpan slowly transform into a crystallised form
written as Fg03.H,O the familiar red-brown stuff that is called "rus$ince these
processes involve hydrogen ions or hydroxide itresy will be affected by changes
in pH. With limited O2, magnetite is formed ¢ER).

Having just explained the process of corrosios itormal to ask a question: where
does oxygen come from? To answer that questiomii&aow only in the XIX
century as a result of an international consteltatif science, who established that
0.1 percent of sunlight causes in green leavetrdnsformation of carbon dioxide
and water into sugar, starch and wood fibre withrlease of oxygen.

Man and the entire animal kingdom on Earth ardlireapects dependent on this
process: we breathe atmospheric air, eat breadilded cereals, drink milk
produced on pastures. But just as we are genenadlgnscious of the air we breathe,
so we rarely trouble ourselves with the thougha absmic role of plants, for they
are only living things on Earth capable of catchilng energy of solar radiation and
turning in into the chemical energy of organic caupds needed to support the life
on animals and man.

Chemical aspect of photosynthesis proceeds indll@ring manner [7]: a water
molecule, HO combines with a carbon dioxide molecule,,C&hd forms a
building block, CHO for many organic compounds (for example, gluctgé; O,
or (CHO)s consists of six blocks). That is:

CO, +H,0 — CH, +0, -5eV.
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This atomic restructuring requires much energy3 &9 to break the bonds
between the hydrogen and oxygen in the water miemd 1.68 eV more to
remove the oxygen atom from GO 'his atom then combines with another oxygen
atom from molecule §D to yield the molecule DThe green leaf takes the required
energy from the flux of sunlight quanta. Each cheahbond is formed by a pair of
electrons. Therefore, when two hydrogen-oxygen bamd broken four electrons
have to be shifted. It was found that for this sgat least eight quanta of red
light are needed, i.e. two quanta per electronréibee, the detailed photosynthesis
equation has the form:

CO, +H,0 - 8hv - CH,0+0,.

A quantum of red light with a wavelength of 700@stnoms has an energy of 1.8
eV, and the total energy of eight quanta is 14.4@ie third of this energy is
stored as the energy of chemical bonds in the gkiomolecule. Hence, when
human drink sweet tea and breathe, the oxygen mekepicked up by
haemoglobin combine in the presence of enzymesghiitose molecules in the
reverse reaction liberating the energy of sunlggated by chlorophyll, which in the
final analysis supports our life. Thus,

CH,0+0, — H,0+CO,

The simplicity of the photosynthesis equation isleading: this is not just another
reaction but, rather, a complex biochemical prooebsch incorporates several
stages and, dozens of various reactions.

6. Mirce-mechanics and Engineering Design

Science does not have to be useful, science
only needs to be truthful (testable by
observation)A. Dubi

However, there is an endless list of practical @ptibns of science that
fundamentally have changed the life of humans araldertain extend altered the
natural world.

The concept of design, of making something thatoaexisted before, is central
to engineering. However, Petroski in [8] argued ttlee concept of failure,
mechanical and structural failure, is central tdenstanding engineering, for
engineering design has as its first and foremaogtctibe the obviation of failure.
Colossal disasters that do occur are ultimatelyri@s of design, but the lessons
learned from those disasters can do more to advengiaeeering knowledge that all
the successful machines and structures in the wioidie@ed, failures appear to be
inevitable in the wake of prolonged success, wkiotourages lower margins of
safety. Failures in turn lead to greater safetygmarand, hence, new periods of
success. To understand what engineering is andengateers do is to understand
how failures can happen and how they can contriimaiee than successes to
advance technology.

6.1 Atomic World
© MIRCE Akademy, Woodbury Park, Exeter, EX5 1JJ,,Mlcember 2017 16



2017 Annals of MIRCE Science

To illustrate the potential benefit of Mirce-mechanto the system design process,
let us look at the corrosion process again. Wheigdeng against corrosion, one of
two general philosophies may be adopted:

If attack proceeds fairly slowly and at a reprochleiand predictable raie
‘corrosion allowance' may be built into the desgmthat a safe material thickness
remains at all points after the anticipated lifetiof the structure. Typical
phenomena that may be addressed in this way indisgdelution of steel in acid
media and elevated temperature oxidation. A linwitabf this approach is the
accuracy of the predictive tools or 'corrosion nigdevailable and it may be
appropriate to perform non-destructive evaluatibthe actual rate of corrosion
during service or at shutdowns, so that the carrosiodel can be refined
periodically. Thus the actual useful life of thent may be determined with greater
accuracy than via use of a model alone. To asssapproach, the environment
may be modified to reduce corrosion rates, wheaetfmable.

If attack may become localised and propagate rapadfice initiatede.g. pitting

and crevice corrosion of corrosion resistant allayis normal to design so that
attack can never initiate. This requires appropmaaterial selection. The simplest
approach to materials selection is to rely on pesiexperience, although it is
essential to understand the operating environnsertthat changes between past and
future service regimes can be accounted for. Whier@ous successful experience
does not exist, materials testing may be requoetemonstrate fithess for purpose.
Testing typically seeks to recreate the princigathponents of the service
environment, whilst increasing the aggressivertesshtain a suitably short test
exposure period. This may be achieved by increasimgerature, increasing the
concentration of certain environmental speciesydolcing electrochemical
changes.

A similar approach may be taken when designingregaitress corrosion cracking,
e.g. chloride stress corrosion cracking of austesiainless steel and sulphide
stress cracking of carbon steels, where any cratétion is considered
unacceptable due to the rapid rate of subsequepagation. In this case, three
factors contribute to cracking

* material type and microstructure,
» applied stress and
* the environment.

Therefore, avoidance of the problem may be achidwexigh appropriate material
selection or by keeping the stress below the atitevel for cracking. Where
practicable, the environment may be modified algiott is only occasionally
possible.

7. Summary
Mirce-mechanics is a new discipline that studiesithservice life of maintainable

systems through the sequence of functionabilityhes/&aking place along the time
axis.
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Fully aware that the future in-service life of maimable system cannot be
improved by doing better statistics on the recordigta related to the past in-service
life, the Mircé™ Science Laboratory set to collect the physicallence about the
mechanisms that drive system in-service proces®agihate functionability

events.

Having collected the “physical evidence” about évents in the system in-service
process the MIRCE Akademy set up a very detailedarch programme with the
objective of understanding the mechanisms and psase

In order to understand in-service processes iktessary to understand their
physical causes, and that represented a real ogallén sense, what is the real
cause of say, fatigue, the wind direction changec¢sps formation on the blue ice
runway, faulty weld, bird strike, perished rubbmgintenance induced error,
carburettor icing, to name just a few.

After a numerous studies, discussions and triglgs been concluded that any
serious studies in this direction have to stathat‘bottom end” of the physical
world, namely with the atom system and to finiskthat"top end” of the physical
world, the solar system. This range is the mininsufficient “physical scale”

which enables the understanding of system in-sematise-effect relationships and
provides enough information for the accurate pitashs to be made. In other words,
this is the physical range within which, the sysfemctionability events mentioned
above (fatigue, the wind direction change, sundapsation on the blue ice

runway, bird strike, perished rubber, carburettorg) take place and could be
understood.

The rules, algorithms and methods developed btihee-mechanics should
enable the accurate predictions related to thelivice life of maintainable systems
to be made. However, analysis and research perébmmany “smaller scale” could
lead to prediction errors

Further more, by applying the knowledge of Mirceetmenics during the System
Engineering Process it becomes possible to adsess-service life of design of
each design alternative, at the time when a coetsteicourse of action could be
taken. This could provide a considerable reduanaesting time, data collecting
activities and modifications, which in turn coulbpide a considerable reduction in
development cost and in-service risk.
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Physical Reality of Mirce-mechanics- Part 2: NaturaWorld

Dr J. Knezevic,
MIRCE Akademy, Woodbury Park, Exeter, EX5 1JJ, UK

Abstract

This paper provides an introduction to the Mirceetmenics, a new discipline
that studies the in-service behaviour of in-senlifgeof maintainable systems
in order to develop methods for the predictionhait functionability
performance. The in-service life is viewed asqusace of occurrences of
functionability events that are taking place in three domain. The main
argument provided here is that successful predictian be achieved only by
understanding the mechanisms that drive physicatgsses, which generate
the occurrence of functionability events. In thegper the mechanisms that
cause the occurrences of negative functionabilignés that originate from
the natural world have been addressed and analysisd, the natural
environment that souring most maintainable systeassbeen briefly
analysed in order to familiarise the members ofrtdesign teams with daily
natural environment of their systems. Also, theaiah of that environment on
the occurrences of the negative functionabilitynéydas been analysed and
illustrated with several “real life examples”.

1. Introduction

Humans have ability to know things, i.e., the fagoif creating links between them
and establishing a chain of cause and effect. @iffietimes in history saw different
ways of realising these human capabilities. Ouriag® age of science. We have
become so used to identifying the concepts “knogéédvith “science” that we
cannot conceive any other knowledge than scierkifmvledge.

The essence of the scientific method can be exgdaguite simply. The method
enables knowledge about phenomena to be obtaiaéddh be checked, stored and
passed on to other generations. It follows thars® does not study phenomena in
general, but only recurrent phenomena. It is mamtigrested in seeking laws
governing these phenomena.

Science has been created by humans for humangsarntimate purpose of all
concepts is to explain and predict things thatcaféeir senses or machines.

Science, as we know it today, started with Galilglo is regarded as the father of
experimental physics, and Newton who is the originef theoretical physics. In
their time, of course, physics was considered tedrand indivisible science. In
fact, there was not even physics as such for itthvs called natural philosophy.
However, this division is very significant. It edab us to bring out the two aspects
of scientific method, namely, experiment and matsrs.
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Science started when people learned to singleiioyies regularities from the chaos
of available facts. It relies routinely on the ars& of facts and search for cause-
effect relations, to find an eternal law, confirm®danother scientist by experiment.

The scientific method has transformed the worldiwesin. It has populated this
world with machines, it has given sufficient foadeople and protected them from
diseases. Triumphs of the scientific method hayeedered and strengthened a
new faith — a faith in science. The change caugestientific method in the minds
of people is only comparable with such great religiconcepts as Buddhism,
Christianity, Islam and others. This all becomegiole due to a discovery that
many things in nature can be described using nusnbith equations establishing
the relationships between them.

The power of science lies in its universality.léte/s are free from the arbitrariness
of people; it only represents their collective exgece, independent of age,
nationality, rank, or frame of mind. It has a aiib@ of truth and its language does
not contain the words “like” and “dislike”. In sciee truths are proved and
phenomena are explained.

2 Mirce-mechanics

Mirce-mechanics is a new discipline that is defibgdhe author as the study of the
in-service behaviour of maintainable systers. make the clear different between
the systems, whose life ends up, as far as desigmerconcerned, by delivering
them to the customers, whose performance is mehtw@ugh functionality
performance, In Mirce-mechanics,: a set of comptmput together to deliver
measurable functionality performance together wites and actions required to
maintainmeasurable functionability performance. It coessdn-service life is a
sequence of functionability events along the tixis.dts objectives are to:

"1 Understand physical processes and factors thatndieie the system in-service
life,

1 Generate rules and methods that analytically deschieir functional
relationships

1 Systematically predict the in-service life of thestem in time and space.

The word System is used as a generic term to repieall maintainable and
managed products, constructions and organisatieaser to deliver function(s)
with a measurable performance and attributes. §esgate term for function,
performance and attributes is functionability.

To deliver functionability in time domain all maahable systems must engage in
in-service processes that consist of the flow @rapon, maintenance and support
tasks. Successful execution of these in-servidestas time and space, ii connected
with a necessary type and quantity of resourcesgéesonnel, equipment, facilities,
tools, data and material.

In-service experience teaches us that irrespectihew good the maintainable

system may be, interruptions in the provision effitmctionability will occur
during its life, caused by:
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inherent deficiencies of materials, design and pctidn processes
irreversible processes that take place in the sygself,
interaction of the system with its in-service eowiment,

planned execution of in-service and maintenandestas
insufficient in-service and maintenance resources.

However, the flow of the system functionabilitydhgh its in-service time is not a
deterministic process and cannot be treated wéls#me degree of certainty as the
system'’s performance, weight and other physicalattaristics. To deal with
variability, inherent in the system itself and tig in-service interactions with natural,
human and business environments, Mirce-mechan@gsdon the concept of
probability. The role of probability is to facili@the prediction, as it is impossible
to know exactly what sequence of events a in-sefie of maintaainable system

will consist of.

3. In-service Life of Maintainable Systems

In-service life of maintainable systems is a segeaeof functionability events that
take place in the time domain. Functionability egeare occurrences that alter the
in-service future of the system or cause the insthange of the state of the system.
However, functionability events are direct consempas of the in-service processes
that are taking place during the lifr of a systdinose processes could be internal
or external to the maintainable system itself. €abbives the list of observed in-
service processes or events that the students, ensrobstaff or Fellows of the
Mirce Akademy have collected during an extensivgopeof research.

Table 1. Some of the observed processes/evenisieatt system in-service life

Lost concentration

Stressed operator

Software error

Frost damage

Expanded Scored Dirty Parts missing
Air starved Fused Bogus part Corroded
Overheated Incorrect surface finish  Speeding lre@dviring
Grooved Maintenance error Incorrect tension Rotted

Oil saturated Stretched Undersized Faded
Blocked Bonding unsatisfactory = Smashed Bird strike
Computer virus Incorrect assembly Twisted Distorted
Shrunk Incorrect rating Faulty part Torn
“Wrong snow” Thunderstorm Absent operator Broken
Incorrect installation Oversized Contaminated dragd
Software error Vandalism Head wind Coalition
Transport damage Battlefield damage Drunk operator Punctured
Spun off Discoloured. Run out of fuel Melted
Seized Typing error Eroded Perished
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Poor electrical joint Inspection Incorrect focusedDamp
High/Low resistance | Shark bite Weld defective. Disaged
Renewal Replacement Lubrication Modification
Short circuit. Incorrect adjustment Scratched Burnt
Power cut “Too fine sand” Bent Charging
Communication error| Dented Incorrect storage Noisy
Head wind direction | Rodent attack Blistered Sadaliation
Calibration Overhaul Cleaning Repair
Unbalanced Incorrect drawing Transport damage  Lost
Frayed Adjustment Testing Bad weather

4. The Physical World
4.1 Solar System

The Solar System may seem enormous. In factpitliga small corner of the
Universe. The Sun is a member of a vast groupao$ €alled the Galaxy. All
together, the Galaxy contains around 100,000 mikitars. Distances are so great in
astronomy that they have to be measured in ligatsyeSince light travels at 320
kilometres per second it is obvious that we ardinigavith bodies at incredible
distances. On this scale, the Galaxy is 100,00Q-kgars across, and the Universe
does not stop there. Scattered throughout spacmiflions of other galaxies. No
one knows how big the Universe really is becaus&titnds beyond the reach of
our telescopes. However, these instruments haeetéetbodies that could be as
much as 15,600 million light-years away. For congum, the farthest distance that
man has travelled into space, to the Moon, takgd & mere 1 ¥ seconds to cross.

However, the entire solar system contains only piaeets that move in elliptic
paths around the Sun. All of them are lit by th@ 8od do not produce their own
light. The Sun’s group of planets, together witeithmoons and other bodies, such
as comets and asteroids is called the Solar Sy3teendistance between the Sun
and the Earth is 15xmetres (150 million kilometres) and the distancigo
furthest member, Pluto, averages nearly 8xll@metres.

Each second the Sun radiates 4.2%iof photons. The Earth receives only
0.0000000045 part of it, which is 1.85 kilogramsthe cold waste of cosmos it is
less than 2 kilograms of photons per second they beir planet green and warm.
Owing to them rivers flow, winds blow, forest restind the human race flourishes.
However, two kilograms of photons is not that sm&lfom Einstein’s formula
E=m¢ their energy of 1.7x¥0joules, which is 20xI{times the power of the
world’s industry (about 18 watts). About a half of that energy (0.8x1®atts)
reaches the terrestrial surface, which is 3%$Quare metres in area, i.e. the average
power of the solar radiation at ground level is #80ts/nf. The bulk of it, 99.9 %,

is absorbed by the soil, and goes into the evaiporaf water, causing winds,
thunderstorms, and all that we loosely call weathbus, only 0.1 per cent of the
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radiant energy of the Sun (around1@atts) is captured by plants through
photosynthesis of organic substances from carbaxidé and water. It is this
energy that supports all the living things on Eaitbm bacteria to animals and
human. [6]

The distance between the Sun and the Earth is 1%xBtres (150 million
kilometres).

4.2.1 The Planet Earth

The planet Earth is one of many “celestial bodiesit,as it is so special to us we
decided to a have a special name for it. In ouydanversations we call it - the
world. Its radius is 6350 kilometres (3945.8 mildsyery day, the Sun crosses the
sky, rising at dawn in the east and setting at duske west. Night comes as the
Sun moves beyond the horizon to the other sideeoorld and our side is shaded
from its light. We say, for convenience, that then$rosses or moves in the sky,
but it is, in fact, the Earth that is moving, arat the Sun. The Earth rotates once
every 24 hours, spinning in a west-to-east direchiot to anyone on the Earth’s
surface, the Sun appears to move from east to Westever, the length of day and
night varies throughout the year. In summer, tigsdare long and nights short,
while winter is a time of short days and long ngghThese changes happen because
the Earth’s axis is tilted. The Earth’s axis isimaginary line about which the
Earth rotates, it runs through the middle of thetlie&com the North Pole to the
South Pole. If this line were exactly at right Esgto the plane of the Earth’s orbit
around the Sun, then all days and nights wouldxbetly the same length, 12 hours
each, and there would be no seasons. But thesaied at an angle of 23% As
the Earth moves around the Sun in its orbit, first pole tilts towards the Sun and
then the other pole does. The earth’s movemeniarthe Sun thus causes
seasonal changes in the world, creating a phenamé&nown as a climate.

When it is summer in the Northern Hemisphere, tbetiNPole is tilted towards the
Sun, making the Sun appear to be high in the skyidgday. Days are long and it is
warm, because the Sun’s rays come straight dovanigihrthe atmosphere and can
heat the ground for a long time. At the same tiinig,winter in the Southern
Hemisphere. The South Pole is pointing away froenSun, making the Sun
appear to be low in the sky in the Southern Hengsph The days are short and
nights long, and it is cold because the Sun’s esgser the atmosphere at a narrow
angle and have little time to heat the groundx rsonths later, the poles are
pointing the other way and it is winter in the N@tn Hemisphere and summer in
the Southern Hemisphere. In between, spring ahdrauoccurs in each
hemisphere. Then neither pole is tilted very miwostards or away from the Sun.
As a result, days and nights are about the sangghleluring both the spring and
autumn months.

4.2.3 The Atmosphere
The atmosphere of the earth is a thin sphericallghcomposed of a mixture of
gases and retained by gravitational attractioexténds to a great height, but

around 90% of the total mass of the air is foundwe5 miles (40km). This thin
layer of air makes life on earth possible.

© MIRCE Akademy, Woodbury Park, Exeter, EX5 1JJ,,¥cember 2017 24



2017 Annals of MIRCE Science

The lowest layer of the atmosphere, the one in lwhignans live, is called the
troposphere. The Greek word tropos means turnimgutent air motion results in
continual mixing, and the troposphere is host tainef what is called weather.

The air in the atmosphere is constantly circulatiitgs like a vast system powered
by the Sun. However, heat is unevenly distributied effect of the Sun being
greatest at the Equator, where it passes direcdyhead. As a result, there are
great variations in air pressure, causing air eusrévinds) to flow from high-
pressure areas towards low-pressure areas.

At the Equator, air near the ground is heated, ngakiexpand and rise. As a result,
equatorial regions are characterised by a low-presar system, called the
doldrums.On both sides of the Equator, air flows towardsdbklrums in the
trade-wind belts. The warm air rising above theatgrial zone cools as it ascends
and spreads out north and south. Finally it sk to Earth around latitudes°®30
N and 30 S, creating two high-pressure belts calledhibiese latitudes.At the
surface, some of the descending air flows intarthee winds, and some flows
towards the poles in a westerlies. They meet a@dse air flowing from the poles
along the polar front. The intermingling of warmght, sub-tropical air with cold,
dense polar air creates rotating low-pressure systealleddepressionsThese
bring changeable, stormy weather to middle latisude

This simple pattern of atmospheric circulationasnplicated by several factors.
First, because the Earth spins on its axis, wiredsa flow north south, but are
deflected to the right in the Northern Hemisphere & the left in the Southern
Hemisphere. Winds are also deflected by mountaiges. Another important
factor is the seasonal development of large amty fstiable air masses. For
example, the interiors of large mid-latitude coatits heat up in summer. Large
low-pressure air masses form into which winds asevd. However, in winter,
these continental interiors are cold, and so higfsgure air masses form, from
which icy winds blow outwards.

4.3.4 The Weather

Weather is the day-to-day condition of the atmosph&he chief items of weather
are:

» the temperature and pressure of the air,

* wind speeds and directions,

« the amount of moisture in the air — particularlyhié moisture is being
precipitated as rain, snow, hail, sleet, dew ostfro

All air contains moisture in the form of water vappwhich is water in gaseous
form. Warm air can hold more water vapour tham @t. When warm air is
cooled, usually by moving upwards in the troposphis capacity to hold water
vapour decreases. Finally, the condition is redatigere the air is completely
saturated, having a relative humidity of 100 pettcknown aslew point.Further
cooling beyond dew point leads to water vapour eosahg around nuclei, such as
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specks of dust or salt, to form water dropletsrocold air, minute ice crystals.
Large quantities of condensed water vapour formado

There are two main kinds of clouds: cumuliform @péclouds) and stratiform
(‘layer’ clouds). Clouds are classified accordingheir height. Low clouds,
within 1.5 miles (2.5 kilometres) of the surfaaggglude: grey stratus; cumulus, a
white heap cloud; cumulonimbus, a heap thunder¢loindbostratus, a layer cloud
often blurred by rain or snow; and stratocumulugregyish-white layer cloud.
Medium-height clouds, from 1.55 to 3.7 miles (2%tkilometres) are the greyish-
white, rounded altocumulus, and the altostratuschvis a greyish layer cloud.
Above 3.7 miles (6 kilometres) are the high cloudsluding the feathery cirrus,
cirrocumulus and cirrostratus.

Clouds form part of the water cycle, by which wasecontinually conveyed from
the oceans to the land, where it is released franair as precipitation. This
provides the land with the fresh water needed laypalrand plant life. Finally, the
water completes the cycle by returning to the osean

Generally speaking there are three main kindsiof ra

» Convectionalwhich occurs, especially in the tropics, when hiotises and
water vapour condenses into towering, often amgped cumulonimbus clouds.
Inside the turbulent clouds, the water dropletsid®| fuse together and fall as
raindrops.

e Cyclonic,that takes place in depressions when warm air asese wedges of
cold air along cold and warm fronts and occlusiolmsthe middle latitudes,
clouds contain super-cooled water droplets, whiehséill liquid although their
temperature may be as low as“@@nd ice crystals. The ice crystals collide
with super cooled droplets and grow in size. Tthen start to fall, melting
near the surface to become raindrops or, if thesaold, they then join together
to form snowflakes, or even hail.

» Orographic,which result from the air rising over a mountainge.

Precipitation is a feature of storms. The commbstEsms are thunderstorms,
about 45,000 of which break out every day somewimetiee world. Thunderstorms
occur when strongly rising air currents cause camuhbus clouds to form. As
temperatures within the clouds fall, the outer Ish&fl super cooled water droplets
freeze and acquire a positive electrical chargevélder, when the core
subsequently freezes, it has a negative chargecdreeexpands as it freezes and
shatters the outer shell, tiny splinters of whicftwpwards, giving the top of the
cloud a positive charge. The heavier cores retoarer down, building up a large
negative charge. The air between the cloud angdngraormally acts as an
electrical insulator. But, when the charge ondloeid becomes great enough, the
insulation breaks down and lightning — a giganpiark — occurs. Along the
lightning’s path, heat causes a violent expansfdheair, and the resultant
compression wave is heard as thunder.
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Other storms include large, rotating hurricanesy &hlled tropical cyclones.
Hurricanes strike the coasts of Central Americathedsouth-eastern United States
about 11 times per year. They cause much damagecklly because strong
winds hurl high waves onto the shore, causing flogd Tornadoes are smaller,
measuring about 500 metres across. Wind spedtese rotating, funnel-like
columns of air may reach 400 mph (650 km/h).

Weather satellites orbiting the Earth help foresasto track hurricanes and give
warnings of their advance, besides supplying mubaranformation. At surface
weather stations, on land and at sea, meteorodagise regular measurements of
air conditions, including temperature, pressurecipitation, and wind speeds and
directions. Information about conditions in theapair is provided by radio
sondes — hydrogen-filled balloons carrying instratae

Information from weather stations is sent to fost@@ntres, where it is often
analysed by computers. Synoptic charts are prdggraummarising weather
conditions over a large area. By comparing thestagynoptic chart with preceding
charts, developments are noted. Meteorologista@edow weather conditions

will probably change and express them on a foredaat, from which forecasts are
made for the general public.

5. Natural World Induced Negative Functionability Events

As a part of the continuous observation of the beha of maintainable systems
through in-service processes, the author has diéideollect the worldwide events
that are relevant to Mirce-mechanics. Over thesjeghen new and relevant
information was needed the author looked at thedllriend” named Aviation
Weekly. In this “digital internet” driven world, Aation Weekly, was providing
fast and up to date information through their dalyation Weekly Bulletin service.
Full text of the relevant events and processesyis ik the archive of the MIRCE
Akademy, while a short statement about them isgqubsh the Akademy’s website
and shared with all interested parties, of course, of charge.

« 12" June 2014 Unfavourable Winds Delay Test Flight dlASA's Low-
Density Supersonic DemonstratarNASA is suspending efforts to test
launch a disk shaped craft for the demonstraticedinologies intended to
greatly increase the payload mass that can bedamuléhe Martian surface,
at the U.S. Navy's Pacific Missile Range Faciliye to “two weeks of
uncooperative wind conditions”. The announcemeihbvieed half a dozen
attempts since Juné'3o launch the rocket powered Supersonic Inflatable
Aerodynamic Decelerator from a high altitude batlodhe NASA team
studied wind data in the region from 2012-13 an@d809 that suggested
early June was favourable for the test flight. Hegrethe weather pattern in
the Northern Hemisphere changed this year, leagimgonger winter and
unfavourable winds in the region. The test fligipiresents a major
milestone for the $200 million, five-year old LDShitiative managed by
NASA'’s Space Technology Mission Directorate. Cutteshnologies

*ttp://www.mirceakademy.com/index.php?mact=News titetail 0&cntntOlarticleid=15&cntnt0
lreturnid=15
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support Martian landings with masses of about oneA human mission of
the type NASA envisions for the 2030s would reqai0 ton capability.

« 25" July 2014: MD-83 Wreckage Found in Mali:Near the border of
Burkina Faso, the wreckage of Air Algerie Flightt50(AH5017) has been
found in a “disintegrated state”. Contact with MB-83, operated by
Spanish wet-lease company Swiftair on behalf ofAdgerie, was lost on
the morning of 24 July, just 50 minutes after take-off from Ouagagtmu
en route to Algiers, just as air traffic controlvesskd the aircraft to change
course due to extreme weather conditions over Afiithere were 117
passengers and 6 crew members on board. Repggsesiuhat the aircraft
broke up only upon impact with the ground, ratlentin mid-air.

« 28" December 2014 — Air Asia Airbus A320 crashes in éhJava Sea:
Z8501, a flight operated by Indonesia Air Asia, veasroute from Surabaya,
Indonesia, to Singapore early in the morning of R&& The aircraft, an
Airbus A320-200, was flying around 120 nm southed®elitung Island
when the crew requested to climb from Flight Le320 (32,000 ft.) to
FL380 and deviate from its planned track to aveidese weather. Air Nav
Indonesia approved the request, at least partialifyis reported to have
cleared the aircraft only to FL340 initially to asidraffic. When air traffic
control cleared the aircraft to the new altitude5:44 a.m. local time,
QZ8501 did not respond. The aircraft disappearech fradar at 6:18 a.m.
Wreckage and bodies found in the Java Sea offntthenlesian part of
Borneo on Tuesday have been confirmed by Indonesithorities to be
from the missing Airbus A320, delivered to Air Asia2008. It was
registered as PK-AXC. There were 155 passengeospitats, four flight
attendants and one aircraft engineer on boardc@ptin had accumulated
20,537 flight hours, 6,100 of which were with Aisid Indonesia on the
A320 fleet. The first officer had 2,275 flight hauwith the airline.

« 26" January 2015: Airlines Cancelled 1,900 U.S. Fligktas Storm Hits
Northeast: Air travel to New York is being slashed as carrsecsp
thousands of U.S. flights to keep planes, crewgassengers out of the path
of a blizzard threatening the Northeast with asmag 2 ft. of snow. New
York’s three airports: LaGuardia, Kennedy and Newvsdy's Newark
Liberty, are feeling the brunt of the schedule e Airlines eliminated
about half of Monday’s arrivals at the trio of hulahich make up the
busiest U.S. travel market, while departures weatdyg more than a third.
Preliminary cancellations in the face of foul wesathelp carriers in part by
relocating aircraft to unaffected airports. Thasigions airlines to resume
service faster once flight conditions improve.

« 2" March 2015: USAF Weather Satellite Explodes AfteiThermal
Spike: The U.S. Joint Space Operations Center is trackidgbris field of
43 objects after a weather satellite launched Bbl&pparently
exploded. United States National Oceanic and Agrthesc Administration
operators detected a sudden thermal spike in thEgkte Defence
Meteorological Satellite Program Flight 13 (DMSPH18hich was
followed by an unrecoverable loss of altitude cokiton Feb &' at 4:39
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a.m. EST. (Space News was first to report the ev@miginally launched
by the Air Force, DMSP satellites operate in poldnit about 458 mi. over
Earth, collecting a variety of weather data. A dexi was made to "render
the vehicle safe” and shift a dying satellite iatdisposal orbit to avoid
collisions of 43 debris objects created by the esion with other
operational satellites. Source: http://aviationweek/space/usaf-weather-
satellite-explodes-after-thermal-spike? NL=AW-05&8Ies AW-
05_20150303_AW-05 67&YM_RID

« 4™ March 2015: Turkish Airline jet skidded in Nepal: A Turkish Airlines
jet that skidded off a slippery runway while langlin dense fog is seen at
Tribhuwan International Airport in Kathmandu, NepBhe plane with 238
people on board was coming from Istanbul when to&ant happened.
Officials say passengers had bumps and bruisesdusgrious injuries. The
plane with 238 people on board was coming frormistdwhen the
accident happened. Officials say passengers hagdand bruises but no
serious injuries.

« 29" March 2015: Air Canada A320 skidded upon Landing aHalifax:
Environment Canada issued a snowfall alert warofrigw visibility in the
eastern Canada. Air Canada flight AC624 from TavdatHalifax “exited
runway upon landing.” The flight consisted ofréw and 133 passengers,
23 people were taken to hospital. The cause oA828 coming off the
runway hasn’t been confirm&dinformation collected by Stuart Peake
MFMA, from

« 16" April 2015: Throttle Valve Checks after Flawed Faton 9 Recovery
Attempt: The Falcon 9 was seconds away from what would baea the
first successful landing of a used booster stagBpateX’s Autonomous
Spaceport Drone Ship when the vehicle toppled amdrwas destroyed.
The landing attempt occurred following the launchApril 14" of
SpaceX'’s sixth cargo resupply mission to the Irdéomal Space Station
from Cape Canaveral Air Force Station, Florida.adéiebf the stage
descending to the landing ship showed the vehmbecaching quickly but
decelerating. However, closer to the platform takeén 9 showed an
excessive horizontal velocity component that pradphe single engine
used for landing to Gimbals to correct the flighttpangle. The exhaust
from the Merlin engine could be seen raising cloofdwater from around
the platform as the stage manoeuvred close todfe ef the landing zone.
The control system then commanded vectoring oétigine nozzle to an
angle that effectively over compensated for theripres flight path angle
correction. By this time the vehicle was too lowrake further corrections
and landed at too great a tilt and speed to s&aly. SpaceX is thought to
be focusing on static friction in an engine thetthlve as the prime suspect
for the loss of the Falcon 9 first stage duringttiied attempt at recovering
the booster.

® http://www.straitstimes.com/news/world/americasiglair-canada-jet-skids-halifax-runway-least-
23-injured-20150329
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30" April 2015: Bird Strike During Flight-test of Airb us A320neo:
While testing Pratt & Whitney PW1100G-powered A320MSN6101, fire
was emitting from the core exhaust of the rightéhangine resulting from a
bird strike. No details of the incident have bessued, but the position of
the aircraft’s flaps and transitioning main geavers appear to indicate the
A320neo was climbing out when the event took pldoeording to engine
manufacturer the event is treated as if it wagmvise, which means that
the replacement is processed using the standapbsigystem of repair
manuals and spare-parts distribution.

« 9" May 2015: Airbus A400M Crashes during Test Flighin Spain: The
Airbus A400M aircraft went down several minutesiattest flight before
being delivered to Turkey, next month. Among tixepgople on the plane,
all Spanish employees of Airbus, four were Killed &vo seriously injured,
Airbus said. The accident occurred about 1 p.nallome Saturday, 1 mile
north of Seville’s San Pablo Airport, which stayadsed while fire-fighters
responded to the incident, but it was able to reapeing the early
afternoon. As the aircraft took off from Runway, @ crew immediately
reported technical problems, which a German neulstduas described as
multiple engine failures. The crew attempted tameto the airport’s
Runway 27, but the A400M struck electricity pyldrefore making a hard
landing on agricultural land near an airport indasestate. The engines are
built by a consortium that includes Rolls-Royce tiogs Plc and France’s
Safran.

« 10" May 2015: MAB0 Wing Detaches in Runway ExcursionElight
JR1529 was operating the Yiwu-Fuzhou route wherattugaft, registered
B3476, veered off the runway upon landing at FuzGbangle International
airport. As a result the complete wing of an Avia®0 turboprop airliner
became partly detached then pivoted on the fuselage people among the
45 passengers and seven crew members of the Jayréiaft suffered
minor injuries. Photographs of the wrecked aircsafhw failure of the
centre wing box’s rear attachments to the fuseldgth the wing-mounted
landing gear still attached, the wing pivoted arfarward attachments.
Hence, when the aircraft came to rest the wintj,cetimplete from tip to tip,
was at negative incidence to the forward fuselaggh, the fronts of the
engine nacelles resting on the grass. The MA6Qingea0-60 passengers, is
an updated version of the Y-7, itself based onAhnov An-24. Like the
following MAG0O version, it features Pratt & Whipn€anada PW127
engines and western avionics. Joy Air belongs tie Avhich became a
carrier in 2008 to operate the MAGO.

« 25" May 2015: Double Engine Failure of Airbus A330Singapore
Airlines flight 836, from Singapore to Shanghaiffeted a double engine
(Rolls-Royce Trent 772B turbofan) failure on May"25The Airbus A330-
343 was flying through the outflow of a huge stojust south of Hong
Kong, when the incident occurred. The aircrafthwli82 passengers and 12
crew on board, dropped from 39000ft to 13000ft keefuower was
restored. Despite being relatively close to Hormpéthe pilots decided to
continue to Shanghai after restarting the engil@s.the ground in
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Shanghai the aircraft was tested but no faults fered. Singapore’s air
accident investigation bureau is looking into theident.

« 29" July 2015: Hail Damaged Boeing 787 returns back t€hina:
American Airlines’ Boeing 787 was climbing out oéiBng, China; when it
encountered a hailstorm that left the 3 month ofdlane somewhat beaten
up. Flight 88 from Beijing to Dallas/Fort Worth raport, DFW, was about
20 minutes out of Beijing and climbing above 26,88& when it began
descending. It landed back at Beijing less thamittutes after takeoff.
Once the necessary repairs to make the airplawerdity are made in
Beijing, the airplane will go to American’s DFW mé&nance base for more
repairs and checks

« 30" July 2015: Dubai Airport Planning Camera-based Deklis
Detection: To enhance the process of identifying and remodelgyis from
runway areas, and improve flights safety, Dubarmational Airport plans
to begin using camera-based foreign object deb@d)) detection system
early in 2016. Current statistics shows that ihoat’s two parallel
runways on average, experience one event in e&#40Q landings or
takeoffs. While that number is down from the 1.130Findings per 10,000
movements in 2010, the detection rate has beernngadteady for the past
three years as traffic continues to climb. The nsagtificant event of FOD
took place in 2010, when a high-speed rejected aéidey an Emirates
Boeing 777-200 occurred, after a nose gear tyheréaat more than 170 kt.
beyond which pilots will generally continue a taié In this case, the
pilots applied full reverse thrust and braking at@pped the aircraft with
4,000 ft. of runway remaining. This even, enhan€@i protection
program that included training, visual inspectidoperational areas, and
FOD reduction programs and maintenance. The nexct®n in FOD
events is expected to come from an electro-opéindlinfrared FOD
detection system that will provide real-time alevtsen items less than 5 cm
in diameter are spotted, with the location repoliack to within 10 cm
accuracy. Other airports are using similar techgylncluding an electro-
optical and millimetre-wave radar FOD detectiontsysat the Tel Aviv,
Boston and Seattle-Tacoma airports.

« 12" August 2015: American Airlines Repaired Hailstormdamaged
B787: The composite fuselage, one of the things thatragpéhe Boeing
787 from most other airplanes, itself took no appaidamage on the July
27" hailstorm northeast of Beijing. The radome noseedhat protects the
radar and other avionics on the airplane’s frqmitas hammered. It was
replaced in Beijing with a spare radome that Anseridirlines flew over to
Beijing airport. They also covered some small pureg on the wing’s
underside with speed tape, a strong, thin alumirtape. The airplane was
flown to Tokyo’s Narita International Airport, wheerepair personnel
replaced the side windscreens on the left and siglets, on August™® The

" http://t.co/lom3uoLds6 pic.twitter.com/I0jO2FujsN Flightradar24
(@flightradar24).
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windscreen’s outer panes had cracked on their &#dges and bottoms, but
the inner panes were not damaged, and the integjritye window was
maintained throughout. Then, the airplane retutoddallas/Fort Worth,
American Airlines repair facilities, where majospections started. Thus,
44 panels were removed and shipped to Americamgogite shop at its
Tulsa composite repair centre maintenance basepairs and

repainting. Their large autoclave is to repair pnahthem at one time.
Some curved aluminium pieces that form the wingading edge are also
being replaced. American Airlines expects to pagdd-up Boeing 787
back in the air in next week.

« 16" August 2015: Indonesia’s Trigana Air, ATR 42 Crasled: The ATR
42-300, was flying from Jayapura on the northerstof Papua to the
inland town of Oksibil lost contact with air tragfcontrol just before 3 p.m.
local time. There were 54 people on the aircraftnprising 49 passengers
and 5 crew. The route was over a remote mountaigerebad weather and
poor visibility were reported in the area. Wreckagéeved to be from a
missing aircraft has been located in mountainouaitein the Papua region
of Indonesia, on the island of New Guinea. LocHhgers had earlier
reported seeing wreckage. It is not yet knowneféwere any survivors.

« 19" March 2016: Fly Dubai Flight FZ981 Crash Landing Killing 62
People on the BoardThe final frames of imagery captured by several
surveillance cameras of the Boeing 737-800 witlp&2sengers and crew
plunging into the ground in a steep nose-downualtitat the Rostov-on-Don
Airport. It arrived in this area at approximatetp@ a.m. local time after a
4-hr. flight from Dubai. The first attempt at thestrument landing system
approach to Runway 22 ended with a missed apprio#@ted at more than
1,700 ft. above ground, well above the 480 ft. munn. It is possible that
wind shear conditions, which the approach chatestean be “expected on
the final” arrival to the runway, may have playerbke in the abort. Climb
rates during the first go-around averaged abol®{2 min. up to 8,000 ft.,
where the aircraft maneuvered in the local are2%omin. FZ981 later
climbed to 15,000 ft., where it held for nearlyrl intil attempting a second
instrument landing to Runway 22 at approximate803.m. On the
recording, voices from the cockpit appear to benddroughout the ensuing
approach, informing the tower controller that tiveraft would climb to
8,000 ft. in case of another miss. The pilots regmbbeing “established on
the localizer,” meaning the aircraft had lockedtsnateral guidance on the
ILS. As it descended through approximately 1,50@divever, the pilot
radioed the tower, “Going around, 981.”

6. Summary

Mirce-mechanics is a new discipline that studiesithservice life of maintainable
systems through the sequence of functionabilityhes/&aking place along the time
axis.

Fully aware that the future in-service life of maimable system cannot be
improved by doing better statistics on the recordiata related to the past in-service
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life, the author set to collect the physical eviceeabout the mechanisms that drive
system in-service process and originate functiditalevents.

This paper provides an introduction to the Mircechranics, a new discipline that
studies the in-service behaviour of in-service ¢ifenaintainable systems in order
to develop methods for the prediction of their fimaability performance. The in-
service life is viewed as a sequence of occurreatesctionability events that are
taking place in the time domain. The main argunpeavided here is that
successful prediction can be achieved only by wstdeding the mechanisms that
drive physical processes, which generate the oesoerof functionability events.

In this paper the mechanisms that cause the ocm@seof negative functionability
events that originate from the natural world hagerbaddressed and analysed. Also,
the natural environment that souring most maintaaaystems has been briefly
analysed in order to familiarise the members off tthesign teams with daily natural
environment of their systems. Also, the impacthait environment on the
occurrences of the negative functionability evédrats been analysed and illustrated
with several “real life examples”.
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Physical Reality of Mirce-mechanics- Part 3: HumanNorld

Dr J. Knezevic,
MIRCE Akademy, Woodbury Park, Exeter, EX5 1JJ, UK

Abstract

This paper provides an introduction to the Mirceetmanics, a new
discipline that studies the in-service behavioumes$ervice life of
maintainable systems in order to develop methodthéoprediction of
their functionability performance. The in-servide is viewed as a
sequence of occurrences of functionability evdrasdre taking place
in the time domain. The main argument provided letkat successful
prediction can be achieved only by understandirgniechanisms that
drive physical processes, which generate the oetioe of
functionability events. In this paper the mechasishat cause the
occurrences of negative functionability events tireginate from the
human world, has been addressed and analysed. thisdyuman world
that is inevitable part of the maintainable systdras been briefly
analysed in order to familiarise the members oirtesign teams with
their particular characteristics that are very @ifent from the technical
world familiar to mechanical, electrical, aeronacai and other types of
engineers. Also, the impact of human actions orotoerrences of the
negative functionability events has been analysetlidustrated with
several "real life examples”.

1. Introduction

Humans have ability to know things, i.e., the fagoif creating links between them
and establishing a chain of cause and effect. @iffetimes in history saw different
ways of realising these human capabilities. Ouriage age of science. We have
become so used to identifying the concepts “knogéédvith “science” that we
cannot conceive any other knowledge than scierkifmvledge.

The essence of the scientific method can be exgaguite simply. The method
enables knowledge about phenomena to be obtaiaéddh be checked, stored and
passed on to other generations. It follows tharem does not study phenomena in
general, but only recurrent phenomena. It is maimtigrested in seeking laws
governing these phenomena.

Science has been created by humans for humangsaritimate purpose of all
concepts is to explain and predict things thatcaféeir senses or machines.

Science, as we know it today, started with Galilgoo is regarded as the father of
experimental physics, and Newton who is the originaf theoretical physics. In
their time, of course, physics was considered tedrand indivisible science. In
fact, there was not even physics as such for itthvs called natural philosophy.
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However, this division is very significant. It edab us to bring out the two aspects
of scientific method, namely, experiment and mathtrs.

Science started when people learned to singleimgtes regularities from the chaos
of available facts. It relies routinely on the ass&d of facts and search for cause-
effect relations, to find an eternal law, confirm®danother scientist by experiment.

The scientific method has transformed the worldivesin. It has populated this
world with machines, it has given sufficient foadgeople and protected them from
diseases. Triumphs of the scientific method haygeedered and strengthened a
new faith — a faith in science. The change caugestientific method in the minds
of people is only comparable with such great religiconcepts as Buddhism,
Christianity, Islam and others. This all becomegiole due to a discovery that
many things in nature can be described using nusnbiéin equations establishing
the relationships between them.

The power of science lies in its universality.létw/s are free from the arbitrariness
of people; it only represents their collective exgece, independent of age,
nationality, rank, or frame of mind. It has a aiib@ of truth and its language does
not contain the words “like” and “dislike”. In sciee truths are proved and
phenomena are explained.

2 Mirce-mechanics

Mirce-mechanics is a new discipline that is defibgdhe author as the study of the
in-service behaviour of maintainable systers. make the clear different between
the systems, whose life ends up, as far as designerconcerned, by delivering
them to the customers, whose performance is mehthm@ugh functionality
performance, In Mirce-mechanics,: a set of comptmput together to deliver
measurable functionality performance together wites and actions required to
maintainmeasurable functionability performance. It comssdn-service life is a
sequence of functionability events along the tixis.dts objectives are to:

Understand physical processes and factors thatrohéte the system in-service life,
Generate rules and methods that analytically désctheir functional relationships
Systematically predict the in-service life of tlgstem in time and space.

The word System is used as a generic term to reptesill maintainable and
managed products, constructions and organisatioaated to deliver function(s)
with a measurable performance and attributes. Tdgregate term for function,
performance and attributes is functionability.

To deliver functionability in time domain all maamable systems must engage in
in-service processes that consist of the flow efajon, maintenance and support
tasks. Successful execution of these in-servi&s,tastime and space, ii connected
with a necessary type and quantity of resourcespigrsonnel, equipment, facilities,
tools, data and material.
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In-service experience teaches us that irrespectihew good the maintainable
system may be, interruptions in the provision effitmctionability will occur

during its life, caused by:

« inherent deficiencies of materials, design and pectidn processes
e irreversible processes that take place in the sygself,
* interaction of the system with its in-service eowiment,
» planned execution of in-service and maintenandestas
» insufficient in-service and maintenance resources.

However, the flow of the system functionabilitydhgh its in-service time is not a
deterministic process and cannot be treated wétstime degree of certainty as the
system’s performance, weight and other physicaladteristics. To deal with
variability, inherent in the system itself and s in-service interactions with natural,
human and business environments, Mirce-mechanassdon the concept of
probability. The role of probability is to facili@the prediction, as it is impossible
to know exactly what sequence of events a in-sefie of maintainable system

will consist of.

3. In-service Life of Maintainable Systems

In-service life of maintainable systems is a segeeof functionability events that
take place in the time domain. Functionability egeare occurrences that alter the
in-service future of the system or cause the insthange of the state of the system.
However, functionability events are direct consewes of the in-service processes
that are taking place during the lifr of a systdinose processes could be internal
or external to the maintainable system itself. €abbives the list of observed in-
service processes or events that the students, ensmbstaff or Fellows of the
Mirce Akademy have collected during an extensiuwgopeof research.

Table 1. Some of the observed processes/evenigieatt system in-service life

Lost concentration

Stressed operator

Software error

Frost damage

Expanded Scored Dirty Parts missing
Air starved Fused Bogus part Corroded
Overheated Incorrect surface finis Speeding I@bviring
Grooved Maintenance error Incorrect tensior Rotted

Oil saturated Stretched Undersized Faded
Blocked Bonding unsatisfactory = Smashed Bird strike
Computer virus Incorrect assembly Twisted Distorted
Shrunk Incorrect rating Faulty part Torn
“Wrong snow” Thunderstorm Absent operator Broken
Incorrect installation Oversized Contaminated dradd
Software error Vandalism Head wind Coalition
Transport damage Battlefield damage Drunk operator Punctured
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Spun off Discoloured. Run out of fuel Melted
Seized Typing error Eroded Perished
Poor electrical joint Inspection Incorrect focusedDamp
High/Low resistance | Shark bite Weld defective. Disaged
Renewal Replacement Lubrication Modification
Short circuit. Incorrect adjustment Scratched Burnt
Power cut “Too fine sand” Bent Charging
Communication error| Dented Incorrect storage Noisy
Head wind direction | Rodent attack Blistered Sadaiation
Calibration Overhaul Cleaning Repair
Unbalanced Incorrect drawing Transport damage  Lost
Frayed Adjustment Testing Bad weather

4. The Physical Reality

4.1 Human World

All modern men and women, therefore, belong tostteciedHomo sapiens And
so, scientifically, all people belong to one rabe, human race. However, people
display differing physical features, including skiolour, eye and hair colour, skull
shapes, height and build. Anthropologists havesgeMwarious methods of
classifying mankind, but it is generally accepteal there are three broad sub-
groups. They are, in order of population size, Wiete-skinned' Caucasoids, the
'yellow-skinned' Mongoloids and the 'black-skinndgroids.

The human world is also divided in accordance &oftilowing criteria:

e Languages: There are nearly 2,800 languages, dating dialects. Some
languages, such as those spoken by small groisica and the Amazon
basin, are spoken only by a few thousand peopteer§, such as Chinese

and English, are used by millions. A few langudgg#e achieved

international importance. The languages most usedernational business
are English, French and German, which togetheused for about four-
fifths of all business transactions. These langsdwave spread around the
world, partly because of migration and colonisatima partly because the
countries in which these languages are spokennaoagthe world's
foremost trading nations. Other languages thag Ispvead widely from
their original area are Spanish and Portuguesejapethroughout South
America. Russian, Italian and Arabic. Chinesefisiajor importance in
terms of number of people who speak it, but thigjleage is of minor
importance in international business.

* Religions: Most religions combine the worship okar several gods with
ethical rules of conduct, although some are chietihycal and philosophical.
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There are 10 major religions; Christianity, Islddmduism, Confucianism,
Buddhism, Shinto, Taoism, Judaism, Sikhism andiskain

Human population is around 7 billion people. Mdsthe growth is expected to

take place in developing nations. The density efgbpulation is 12.6 per km? (by
total area) and 43.1 per km2 (by land area). Theeaagl sex rations are shown in the
table below:

Age structure | Total Male Female
Otol4years | 299% 154% 14.6%
15 to 64 63.2% 320% 31.29
65 and over 6.9%| 3.0% 3.9%

Life expectancy at birth, for the total populati@d: years, (male: 62 years and
female: 65 years). Total fertility rate: 2.8 chéd born/woman (2000 est.)

5. Human Performance in Maintainable Systems

In order to understand and use task maintenandgs@éi is necessary to first
understand human performance. Advanced maintairsgbtems consist of
hardware, software and personnel. These compoaentsgether to accomplish
some mission or output goal. The accomplishmeanhadutput goal depends on a
number of variable that represent system functidnsther words, system
functions are activities that control the variathlat influence the goal output of a
system.

System functions may be executed by personnel tiabyware-software
components of the system, but often involve b&brsonnel performance
requirements in function execution depend on tlggeseof automation of the
system. At the lowest level there is no automatoorly mechanisation: personnel
directly control the hardware and monitor its periance parameters and results by
means of displays of sensor outputs, by directgpian, or buy a combination of
these. As automation increases the “machine’dseasingly able to control its
own performance (eg to maintain a functional patemat a given value without
human involvement; or a t a higher level, to mamseveral parameters in proper
relationship; or at a still higher level, to altmmtrols schemes to optimize
parameter relationship across functions for difieraodes and conditions of
operation).

With higher levels of automation, human performareggiirements become
increasingly supervisory in nature. Personnelfyemonitor and evaluate the
execution of system functions by the hardware afidvare constituents, and adjust
and co-ordinate their performance as requiredfegsard the system and maintain
productivity.

The human constituents of a system bear the ukimesponsibility for recognising,
interpreting, compensating for, and correcting drgating the consequences of
deficiencies, failures and malfunctions in the &k and software and in their
own performance. Thus “human error” or “judgememor” are terms found
frequently in reports on system failures. In maages, however, system failures
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can be attributed to the poor design of tasks fimndn capabilities, to defective
interfaces between task performers and equipmdstystems, to inadequate
training, to poorly conceived operating or maintaceprocedures, or to other
situational factors. In-depth investigation andlgsis of accidents and injuries
provide proof that often inadequate attention v@gito describing, evaluating and
facilitating the human performance required byshstem.

The broad objective of task analysis is to meetg¢heeeds. Human error cannot be
completely eliminated by systematic forecastingcd@tion, and analysis of human
tasks during system development, not by the evialuaf actual task performance
during system test and evaluation, abut such amtefan go a long way to
achieving system designs that make the best useno&n capabilities, provide
adequate margins of safety, and are more effertigaehieving system goals
economically.

6, Impact of Human World on Maintainability Systems

Human beings are an irreplaceable part of any miaiable system, Given the
major contribution of human behaviour to the fakiraccidents and other
functionability events that take place during tipem@tion, maintenance and support
processes, over the last hundred years an enoramoaisnt of research has been
conducted in human physiology and psychology. ¢ébisimonly accepted that the
processes taking place in the human mind and ititeractions with the human’s
physiological functions are extremely complex. Anher of facts have been
established but many theories still exist whichentvbe proven or discarded.

One of the main research topics undertaken at teCHE Akademy are to studies
the maintenance process, which is a highly errotipetive process. It withesses a
large- proportion of human factors problems in deviange of hazardous
technologies. However, human errors in mainten&ateto systematic patterns
relating, to both the nature of the activity ane types of error involved. There is
considerable evidence to show that re-assemblyretallation are associated with
the major share of the human errors made. In adgimissions, failing to carry
out necessary actions, usually when putting thbagk, make up the largest single
category of maintenance errors. Finally, most ektherrors have been judged by
experienced maintenance engineers as having happefare - and are seen as
likely to happen again. The fact that the samergieep on happening to different
people in different organisations strongly suggéstsneed to focus remedial
attention more upon the task and the workplace tipam the presumed
psychological inadequacies of those making ther&rro

As a part of the continuous observations of theabetur of maintainable systems
through in-service processes, the author has diéideollect the worldwide
functionability events that are relevant to Mirceghanics. All of the examples
presented below are from Aviation Weekly and Spgaashnology. Full text of the
relevant events and processes is kept in the ardiithe MIRCE Akademy, while
short descriptions of them are presented here;.thus

« 12" June 2014 Unfavourable Winds Delay Test Flight dlASA's Low-
Density Supersonic DemonstratarNASA is suspending efforts to test
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launch a disk shaped craft for the demonstraticledinologies intended to
greatly increase the payload mass that can bedamaléhe Martian surface,
at the U.S. Navy’s Pacific Missile Range Faciliye to “two weeks of
uncooperative wind conditions”. The announcemeihbvieed half a dozen
attempts since Juné&3o launch the rocket powered Supersonic Inflatable
Aerodynamic Decelerator from a high altitude batlodhe NASA team
studied wind data in the region from 2012-13 an@d809 that suggested
early June was favourable for the test flight. Hegrethe weather pattern in
the Northern Hemisphere changed this year, leagimgonger winter and
unfavourable winds in the region. The test fligipiresents a major
milestone for the $200 million, five-year old LDShitiative managed by
NASA'’s Space Technology Mission Directorate. Cutttechnologies
support Martian landings with masses of about oneA human mission of
the type NASA envisions for the 2030s would reqai0 ton capability.

« 239 June 2014: Fire on Board of F-35ADuring the preparation for a
training mission of an F-35A fire was detectedha &ft end of the single-
engine, stealthy fighter. Emergency responderSghin Air Force Base in
Florida, USA, used foam to extinguish the fire.eTdost of the damage to
the aircraft is likely to be the first F-35 clasm&hap, which is an event
where an aircraft sustains more than $2 milliodamage or results in a
fatality, as the fire is thought to have badly dgeththe Pratt & Whitney
F135 engine. The event is under investigation.

« 17" July 2014: Malaysia Airlines Flight MH17 Shot Down A Boeing
777- 200ER registered 9M-MRD en route from Amsterda Kuala
Lumpur, crashed Thursday 30km from the Tamak waypabout 50km
from the Russia-Ukraine border. There were 283gragss and 15 crew on
board. The flight was operated as a code-sharingceewith KLM Royal
Dutch Airlines. The aircraft was cruising at 33,0Gand at a speed of 476
knots. It left Amsterdam at 1215 and was due tivain Kuala Lumpur at
0600 local time on Friday. There were no survivors.

« 16" October 2014: Solar Power Channel Repair of the kernational
Space Station;Two NASA astronauts successfully replaced a failed
sequential shunt unit on solar power channel thatlieen shut down since
May &". They spacewalked from the far starboard to thedat side of the
station's near 360-foot-long solar power truss.imyuthe repair the
astronauts encountered several balky bolts, wiiaatened to slow or
interrupt an ambitious list of secondary tasks oAtkey battled the
difficulties with a combination of power and hamls to restore an ISS by
an internal short and then clear the path for esleeconfigurations next
year that will accommodate a pair of docking péotsnew Commercial
Crew Program spacecraft. Source: http://aviatiekiyecom/blog

« 22" October 2014: 218 minutes of Functionability Actins on the
International Space Station:To maintain the functionability of
International Space Station two Russian astrorsudsessfully performed
several functionability tasks. During the first iogt they removed a
protective cover from a European science expeririattexposes seeds,
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bacteria spores, fungi, ferns and other samplésetbarsh environment of
space. The second spacewalk was conducted to discioand discard two
obsolete antennas that used to guide visiting gpaitéo docking

ports. They will remain in orbit for up to a ydsefore, when pulled by the
Earth's gravity they will be incinerated in the asphere.

+ 8" December 2014: Light Jet Crashed near the airporin Washington
D.C. Area: In 2009 a built light jet Embraer Phenom 100, cealshear an
airport in the Washington, D.C area. It has beerfioued that three people
on the aircraft as well as three people in a htlaeburned down as a result
of the crash were killed. Eye witnesses describhedircraft as flying very
low with motion that could indicate a stall-likeratition. The pilot did not
make any distress calls before the accident. Airpidicials had been
warning other pilots in the traffic pattern of aga amount of bird activity
in the vicinity of the runway end.

« 14" January 2015: Astronauts Forced to Abandon Part ofSS: At about
4 a.m. International Space Stations systems inglicditat measurements of
ammonia in the cabin appeared to be off-scale Hstkaastronauts quickly
donned masks and ordered to evacuate into Russgamesit. Once it was
confirmed to be clear of ammonia, they were pegaditb remove their
masks. After reviewing data in Houston, teams tbh&lastronauts to return
to the American segment, but an increase in prespossibly from
ammonia entering the cabin, forced the crew to @gaen don masks and
seal themselves in the Russian segment. The Ini@nahSpace Station's
cooling system features ammonia in its loops oexterior that transfer
heat from the inside. Because ammonia is toxicemiatused inside to
transfer the heat to the ammonia loops on thedritsi

« 19" February 2015: NASA delays space station space Wdlecause of
suit issue:A series of planned space walks at the Internati®pace
Station will be delayed, as a result of a spacesuéstigation. Two critical
fan and pump units for the astronauts' spacesiledfrecently during
routine maintenance in orbit. Engineers suspeotmggeped into the
bearings, causing them to corrode and seize u Bats were returned to
Earth on the Dragon capsule last week. The spasdhbat will be used for
the spacewalks have check out fine. NASA says godiaiture would cut
short a spacewalk, but not endanger anyone. Arlataceproblem with the
same component led to an astronaut's near-droviumi2g@13.

« 19" March 2015: Lufthansa Technik’s Robot-based Inspeion of
Engine Components:Based on the principle of white light interferonyetr
(WLI), the goal of the Lufthansa' Auto Inspecteasch project is to
generate digital geometry and damage informatidretased for robot
based automated inspection process chain and eldorfully automated
detection procedures for combustor components @ngines. The
interference effect of light waves is used to cartduhigh-resolution scan
of the component surface, with this optical measer® procedure.
Lufthansa Technik has filed an international patenthis technology.
Currently, this type of repair and inspection usesulti-stage, energy
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intensive and sometimes ecologically harmful insipegrocess. Itis
expected that this automation will mitigate cosd arcrease quality by
transforming the process to one automated ‘clerycgss step. Source:
Regina Kenney AviationWeek.com

« 24" March 2015: Germanwings A320 Reached Ugly State french
Alps: German wings flight 4U 9525, with 150 people onrdo&rom
Barcelona at 10:01 a.m. reached its cruising dkitof 38,000 ft. at 10:27.
Its last air traffic control (ATC) contact took paat 10:30 a.m. and was a
routine communication that cleared the aircrafttfa IRMAR waypoint
around 25 nm south of Barcelonnette, France. Onetaiater the aircraft
began its unexpected descent, losing approxima®BO0 ft. in altitude in
8 min, which was a steep drop, but well within #iveraft’'s normal flight
envelope. The last recorded altitude was 6,175Slityhtly higher than where
the aircraft reached the ugly functionability stlyecrashing into a
mountain. There were no Survivors.

« 24" March 2015: Near Loss of U.K. A330 due to Positiong of
Captain’s Personal Camera:The report published by the Military Aviation
Authority describes how the Airbus A330-200 Voyageiiti-role tanker
transport came close to being lost with all 198pagers and crew on-
board. The event took place during a trooping flighAfghanistan on Feb
9" last year at 33,000 ft. over the Black Sea. Thtata was alone on the
flight deck as the co-pilot took a break. Duringsttime, the captain took 28
photos of the flight deck using his personal digefore placing the camera
between the captain’s seat arm rest and the lefi-sale-stick controller.
One minute before the incident, the captain movsdéat forward, creating
a slight physical jam between the arm rest anditthe stick, which had the
camera wedged between them forcing the side-atibkfbrward and
initiating the pitch-down command. The stick comuhaiisconnected the
autopilot and sent the aircraft into a steep doging 4,400 ft. in 27 sec.
With no co-pilot in the right-hand seat, the comohaould not be
countermanded. The aircraft’'s on-board self-pradectystems overrode the
stick input, with pitch-down protection activated@&c. after the pitch-down
command was given, while high-speed protectiontwggered 13 sec. after
the event started as the aircraft passed throu@tkB3Vith the flight
control system idling the engines, it recovereddive to level flight.
Report states that the camera became free frosidbestick and armrest
after 33 sec. During the action in the cockpit,geagers and crew in the
cabin were thrown to the ceiling, with 24 passesgeistaining injuries
during the dive, along with all seven of the catiiew. Most of the injuries
occurred as the individuals hit the ceiling andrbead fittings or were
struck by loose objects. The flight was divertednirlik air base in Turkey,
where it safely landed. Although the event cawds@dage to a number of
fixtures and fittings inside the cabin, there wasdamage to the cockpit and
no structural damage to the aircraft.

« 6" April 2015: First Great Western train driver takes wrong train &
goes wrong wayA train driver and train manager boarded a sernvice
Banbury Oxfordshire intending to take passengetotwon
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Paddington. Instead the train crew got on a theading to Swansea in
South Wales and proceeded to make the journey.nii$take was realised
after a short time, the simplest solution was tarrethe train crew to
Banbury to collect the correct train. The sentc&wansea and the service
to London Paddington each incurred a half hourydeéfdormation collected
by Stuart Peake, Master Fellow of the MIRCE Akaddroyn the

Huffington post, UK.

« 12" May 2015: 4 hour delay due Transportation Security
Administration agents having gone homeSpirit Airlines flight 332 was
due to leave Atlantic City for Boston at 5pm on it# May 2015, bad
weather delayed the pilot and the first officenang at the airport so
boarding didn’t commence until 8pm. A further deleas incurred as there
were no TSA personnel available to process thegitdhe gate agent who
came onto the plane with an update said the pali@on their way but they
can't get to the plane because there’s nobody Attd$rocess them. The
TSA folks had gone home, so they were waiting onsbody to come back
to the airport from TSA. How can Atlantic City aomh be without a TSA
presence when there are still people there? Thig Splines did confirm
that the “TSA had closed operations but reopen&pait’'s request and the
crew was able to make the flight.” and that pasesengere allowed off the
aircraft while they waited for the crew to arrii@Angeleo said he arrived
in Boston about 4 hours behind schedule. Informatmllected by Stuart
Peake, Master Fellow of the MIRCE Akademy, OrigiAdicle
flightclub.jalopnik.com | May 12 10:26 AM

« 29" May 2015: Falsified Records for Used CFM56 EnginBlades: CFM
International has discovered several cases of pesters are offering used
CFM56 high-pressure turbine (HPT) blades with feddirecords that
misrepresent the parts’ service histories. Thetsrexent alert added an
eighth set to seven flagged alerts earlier in #eryln one case, CFM’s own
documentation showed that a set of blades had @h0&nd 4,207 cycles
at its engine’s first shop visit in 2006. The a#ldty current paperwork now
accompanying the blades lists just 2,600 hr. ar&dc§8les since the parts
entered service. In other cases GE and CFM fournrthchgnomalies,
including “engine-data submittal” records sourceFM that did not
match documents issued by the manufacturer; stsijprecords attributed
to both GE Engine Services and Snecma that wersswéd by the MRO
providers; falsified airworthiness release formgj aecords tracing the
blades back to airlines that never operated thdra.récords-falsification
efforts mixed sophistication with amateurism, Gpgravork sent to FAA
shows. One set of shop records lists a real Sn&anaces employee as an
authorized approver, but the signature on the fatogs not match the
employee’s verified signature. The same set ofroscases the wrong
Snecma Services logo. The documents also clairbl#aes in question
were once installed on an engine operated by Awra$i Argentinas, but GE
verified through its own records that the engimegas@umber listed never
flew on any of the carrier’s aircraft. One suspécet consists of 80 blades,
enough for one engine, and retails for about $lioninew. Source:
Aviation Weekly Newsletter.
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« 29" May 2015: A400M Crashed by Incorrectly Installed Ehgine
Software: Airbus Group revealed that incorrectly installedjiee control
software caused the fatal crash of an A400M aérift Spain on'® May.
Incorrect installation took place during final asddy of the aircraft, which
led to engine failure and the resulting crash. @dweclusion was based on
the data extracted from the flight data recorddrictv confirmed the Airbus
engineer’s internal hypothesis that there had Ibegoroblem with the
aircraft. Of the five A400M operators, only Frart@es continued flying its
fleet of six aircraft. Germany, Malaysia, Turkeydahe U.K. are still
pausing flight operations.

« 15" June 2015: Heavy Fumes in Cabin Force Passengers on Wing:
After the Allegiant Air flight 331 from Los Angelds Boise landed heavy
fumes began filling the cabin. The situation quyokscalated and
passengers began to worry, especially as the flighw offered little
assistance or instruction, according to passengersce, as the central aisle
crowded with people desperate to get off the plaapour (believed to be
smoke) began entering through the air vents, crga&though panic that
passengers decided to take matters into their @amds$and open the
emergency exits and escape onto the wing. The plathd 63 passengers
and six crew members on board. 'Passengers ort BBhhave been issued
$50 vouchers for future travel. The plane involves a MD-80, a twin-
engine commercial jet.

« 30" June 2015: Man Commits Suicide in Japan Bullet Tra: A
Japanese Shinkansen bullet train made an emergtogs a passenger
was found at the entrance of a carriage coverddnmmable liquid,
officials said. The man, said to be in his 30€] arfiemale passenger, died,
according to reports. At least six passengers vwuieed and several others
were reported to be suffering from the effectsrobke inhalation. The
woman who died was found at the other end of tineagge on the train,
which was bound for the western city of Osaka fibokyo.

« 8" July 2015: United Airlines experienced Nation-widesrounding:
United airlines delayed more than 700 flights aadoelled 16, during the
90 minutes of nationwide grounding of all its maielflights. According to
the company they were experienced, a network cdmitgdssue, due to
software malfunction. According to the united pdesat, chairman and
CEO Jeff Smisek airline was "working on a root-@asalysis to tell us
what it was" that led to the disruption.

« 14" December 2015: A member of Air India's ground crew'sucked"
into an Aircraft Engine: A member of Air India ground crew was "sucked
into" an aircraft engine and killed the technicieno worked for Air India
died when he was working on the plane that wagaldig from Mumbai to
Hyderabad. The plane was "pushing back" from the tgabegin its taxiing
to the runway when the accident happened, The Tahkxlia reported.
Information collected by Stuart Peake, Master keld the MIRCE
Akademy
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« 29" January 2016: Two Incidents by South Korean Low-Cst-Carriers:
South Korea’s transport ministry is demanding eckdrsafety measures
such as more flight and ground crew per aircradt lagtter facilities at
airports to service them, after two incidents ia past month. These
involved a Jeju Air 737-800 that underwent an eraecy descent after the
pilot forgot to engage cabin pressurisation, adahair flight that took off
with an unsealed door. Hence, the objective iotovince the 5 LLC, that
control more than 50% of domestic flights, that tputational cost of a
crash far outweighs savings from skimping on maiatee or training.
Something that other countries have understoodekample Europe, for
Ryan Air and Easy Jet have never suffered a magdent or accident-
related death, while U.S. operators such as JetBloethwest and Spirit
also have safety records comparable to, or bditer full-service airlines.

« 19" March 2016: Fly Dubai Flight FZ981 Crash Landing Killing 62
People on the BoardThe final frames of imagery captured by several
surveillance cameras of the Boeing 737-800 witlp&2sengers and crew
plunging into the ground in a steep nose-downualtitat the Rostov-on-Don
Airport. It arrived in this area at approximatetp@ a.m. local time after a
4-hr. flight from Dubai. The first attempt at thestrument landing system
approach to Runway 22 ended with a missed apprio#@ted at more than
1,700 ft. above ground, well above the 480 ft. munn. It is possible that
wind shear conditions, which the approach chatestean be “expected on
the final” arrival to the runway, may have playerbke in the abort. Climb
rates during the first go-around averaged abol®{2 min. up to 8,000 ft.,
where the aircraft maneuvered in the local are2%omin. FZ981 later
climbed to 15,000 ft., where it held for nearlyrl intil attempting a second
instrument landing to Runway 22 at approximate803&.m. On the
recording, voices from the cockpit appear to benddroughout the ensuing
approach, informing the tower controller that tiveraft would climb to
8,000 ft. in case of another miss. The pilots regmbbeing “established on
the localizer,” meaning the aircraft had lockedtsnateral guidance on the
ILS. As it descended through approximately 1,50@divever, the pilot
radioed the tower, “Going around, 981.”

« 7™ April 2016: Unseen Blast Injuries to the Brain Trauma: Medical
profession has long term concern for the superssitockwave that
accompanies bomb blasts, as it can affect the braimys that might not be
readily apparent and cause undetected damage. .Bhé&ifice of Naval
Research, ONR, wants to expand understanding ofshoekwaves’ impact
affect the brain, by funding research at two USAvdrsities that analyse
the effect of micro cavitations. They are energgkea bubbles less than 1
mm in diameter which caused by shockwaves that forthcollapse in the
brain. They appear, burst and disappear quicklycameot be detected by
brain-imaging technology. Collapsed micro cavitasidthey can damage
surrounding cells and tissue, which creates leakageigh the blood-brain
barrier, a tight network of blood vessels thatwalleealthy molecules to
enter the brain from the bloodstream while preventhe entry of harmful
ones. The research is focused on learning howctigrese damage in the
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blood-brain barrier, knowledge of which could bediso develop medical
treatments for memory loss, headaches and theoshatic stress
disorder that may result from this injury. One albije is to identify
localised biomarkers such as proteins, chemicapoomds and blood
particles that indicate the presence of micro ediaihs. This would help
doctors identify areas of the brain that mightrjaried.

e 17th April 2016: Smoke and fumes event involving Being 787, N36962:
Boeing 787-9, (N36962), operated by United Airlisasflight UAL870,
departed Sydney, for San Francisco, USA, when aalenv switched on the
aft galley ovens in preparation for meal serviédter the two ovens were
switched on, there was a short burst of smoke, wéet off a fire alarm in a
nearby toilet for about one minute. One of the evdisplayed a
“FAILURE” message. Several cabin crew detected@ngtchemical odour
and an electrical smell, as well as a blue haze.cFéw immediately pulled
all relevant circuit breakers, and switched offeddictrical sources to the aft
galley. By the time that the in-flight service mgea(ISM), together with a
relief pilot from the cockpit arrived at the aftligg with fire extinguishers,
the smoke had dissipated, but the odour persiéted.could not be
confidently ascertained that the ovens were the solirce of the problem,
the captain contacted the ground-based technieahtipns maintenance
controller (TOMC) by satellite phone. It was agrélealt the safest option
was to return the aircraft to Sydney. As the aftaras well in excess of its
allowed landing weight, fuel was dumped duringdlescent. The aircraft
landed without incident in Sydney with emergenayises in attendance. A
post-engineering inspection quarantined the suspest, and after an
inspection, a fuse was replaced. After approptiegéng, the aircraft was
released back to service. Boeing and the oven faetower investigated the
cause of the ‘Critical Error’ fault displayed oretbven screen. The
manufacturer individually tested all oven composeiitey reported that all
individual components worked correctly, howeveradditional
measurement of the oven motor current detectedhbkanotor did not run
smoothly, and tits temperature was also above nipmust likely from
insufficient airflow. This known fault had been téied with a new oven
software release. Boeing reported that the overufaaturer is working
with United Airlines to update the software in@levant ovens in their
fleet. The exact cause of the odour could not berdened. . (Source: AO-
2016-033)

* 15th May 2016: Smoke event involving Airbus A380Qantas Airways
Airbus A380 (VH-OQD) was on route from Sydney, N8auth Wales to
Dallas-Fort Worth, USA, when about two hours ptmthe aircraft's
arrival, a passenger alerted the cabin crew tptegence of smoke in the
cabin. The cabin crew then initiated the basicdinié procedure. Two of
the cabin crew proceeded to the source of the smwakdire extinguishers.
At the same time, the customer services managevij@&de an all
stations emergency call on the aircraft interphtonaert flight crew and
other cabin crew to the presence of smoke. Thencabiv located the
source of the smoke at seat 19F, on the upper déekcrew removed the
seat cushions and covers from the seat while th ged off the power

© MIRCE Akademy, Woodbury Park, Exeter, EX5 1JJ,,Mlcember 2017 46



2017 Annals of MIRCE Science

to the centre column of the seats. When the seafwvther dismantled, the
crew found a crushed personal electronic devicd|jP&ontained a lithium
battery, wedged tightly in the seat mechanism.tiy time, the PED was
no longer emitting smoke, however, a strong aandlsremained in the
cabin. The crew then manoeuvred the seat and fhecED and it placed it
in a jug of water, which was then put in a metat bad monitored for the
remainder of the flight. No passengers were injaned the aircraft was not
damaged in the incident. (source AO-2016-053)

* 3rd August 2016: Emirates B777 at Dubai landed witlGear Retracted
An Emirates Airlines Boeing 777-300, registratio6-EMW performing
flight EK-521 from India, with 282 passengers addctew, was on final
approach to Dubai's runway 12L at 12:41L (08:41#t)ditempted to go
around after first ground contact. The aircraft boer did not climb, but
after retracting the gear touched down on the ryraval burst into flames.
All occupants evacuated via slides, 13 passengeesved minor injuries,
10 were taken to hospitals, 3 treated at the dirfptwe aircraft burned down
completely. A firefighter attending to the aircrbgst his life. Tthe airline
reported that both captain and first officer hadumeulated more than 7000
flying hours. The aircraft involved in the "opematal incident" was
equipped with Trent 800 engines and had been detivi® the airline in
March 2003. A ground observer reported EK-521 nsadermal approach
with the landing gear extended, touched down haddveent around, the
gear was retracted, however the aircraft appearttk power and sank
back onto the runway skidded shaking violently anohediately filling
with smoke and came to a stop. All doors were opem@ppeared however
not all of them were used for evacuation. Aftedisly down the chute the
passenger began to run, about 100 meters fromrttrafaan explosion was
heard, as the aircraft erupting into flames", ilgatrwing caught fire and
including right hand engine separated from theraftc

» 8th August 2016: Passengers Stranded after Deltai§hts Grounded
Worldwide: Tens of thousands of people were stranded aftda [Béi
Lines flights were grounded around the globe dug sgstem outage. As for
the cause of the snafu, Delta pointed to an ovhtimgwer outage in its
hometown of Atlanta that it said "impacted Deltanputer systems and
operations worldwide, resulting in flight delayBelta said that systems
were back online by 8:40 a.m. ET, but warned disoag would continue
amid a "limited" resumption of departures. By 1@BM. ET, the airline had
canceled 451 out of its daily 6,000 flights. It m@med to be seen how large
a portion of the carrier's daily schedule wouldnudttely be cancelled by the
end of the day.

e 15th August 2016: RAF Pilot Who Sent A330 Into Pluge With Camera
To Be Court-Martialed: In February 2014, according to the U.K. Military
Aviation Authority (MAA) the aircraft's commander—ald placed his
personal digital SLR camera between the captagds armrest and the left-
hand side-stick controller during a flight from tbeK. to Afghanistan. As
the captain moved his seat forward, the positiothefcamera forced the
side-stick fully forward. This initiated a pitch-da command, sending the
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aircraft into a steep dive, with the A330 losing@ ft. in 27 sec. During
the dive, passengers and crew in the main cabia theown to the ceiling,
with 24 passengers suffering injuries, along witlsa@ven of the cabin crew.
Most of the injuries occurred as the individualmeanto contact with the
ceiling and overhead fittings or were struck bysewobjects. Several of the
198 passengers onboard the aircraft are now shellinistry of Defence.
The eight men and two women have said they haversdfflashbacks as a
result of the incident, as well as nightmares anddnswings. Three service
personnel have been medically discharged fromnimed forces as a result.
A crash was only narrowly avoided thanks to therait’s flight envelope
protection system, the report said. The aircraftienan emergency landing
at Incirlik Air Base, Turkey.

e 27th August 2016: Power plant’s inlet cowl detacheth midair of
Boeing 737-700A highly unusual negative functionability event kqaace
on the left CFM56-7B engine on a Southwest AirliBeging 737-700,
when power plant’s inlet cowl, on engine numbeddtached in midair,
causing the engine to be shut down as well asfgigntly damaging the
airframe. The flight was enroute from New Orleam®©tlando, Florida and
landed to Pensacola, Florida, while—appear to sthevian and centrally
located spinner intact after the cowl separate@rd@ s no apparent
indication that the cowl loss was associated wiitiee a fan-blade failure or
the release of a blade. Passengers reported a¢asel accompanied the
event, which occurred around 13 min. after takadbtiround 31,000 ft. over
the Gulf of Mexico. The cowl is normally attachedthe fan case by bolts
and two alignment pints located at the 3 and Socklpositions around the
inlet. Damage visible to the airframe includes gigant buckling of the
leading-edge wing root fairing, indicative of a agampact from part of the
inlet assembly, as well as a puncture of the figgetkin below the window
belt above the leading edge. This latter damadkely the main cause of
the cabin depressurization which occurred on séparaf the inlet.
Photographs also show dents to the midspan ofdhedmtal-stabilizer
leading edge and, perhaps surprisingly, the leagdtgg of the left winglet.

* 4th October 2016: Human Error Behind Air Asia X Diversion: While
programming an AirAsia X Airbus A330-300’s initiebordinates, a
captain’s data-entry error, led to myriad navigatorors and an eventual
diversion. The March 10, 2015, incident began wihencaptain entered
incorrect coordinates into the Air Data and In¢fRaference System
(ADIRS). The longitude was incorrectly entered &519.8 east (15 deg.
19.8 min. E. Long.) instead of 15109.8 east (151 88 min. E. Long.). As
a result, the aircraft’'s systems placed it neareCepwn, South Africa,
instead of at Sydney Airport’s International TeraliGate 54. The
magnitude of this error adversely affected therafts navigation functions,
global positioning system (GPS) receivers and sel@eronic centralised
aircraft monitoring alerts, The flight crew did neglise it had a problem
until a series of warnings upon takeoff en rout&t@la Lumpur. The crew
then attempted to follow the course assigned byraiic control, including
a right turn. But the aircraft, operating on autofpand guided by the
erroneous starting coordinates, turned left insteaussing the departure
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path of a parallel runway. After nearly an houfraftless troubleshooting,
the crew diverted to Melbourne Airport; weatheSgitiney had deteriorated,
and the AirAsia X crew, suspecting navigation peoh$, wanted a visual
approach. The incident’'s cause was clear: The pestyongitude triggered
a series of events that led the flight crew toebadithe aircraft had
malfunctioning avionics. But extensive post incidieaubleshooting
concluded that the only problems were human faclated: erroneous data
entry and missed clues that would have highliglthedoroblem.

7. Summary

Mirce-mechanics is a new discipline that studiesithservice life of maintainable
systems through the sequence of functionabilityhes/&aking place along the time
axis.

Fully aware that the future in-service life of maimable systems cannot be
improved by doing better statistics on the recordiata related to the past in-service
life, the author set to collect the physical eviceeabout the mechanisms that drive
system in-service process and originate functiditalevents.

Having collected the “physical evidence” about ¢wents in the system in-service
process the author set up a very detailed res@aogfiamme with the objective of
understanding the mechanisms and processes

In order to understand in-service processes itessary to understand their
physical causes, and that represented a real ogallén sense, what is the real
cause of say, fatigue, the wind direction change¢sgps formation on the blue ice
runway, faulty weld, bird strike, perished rubbmgintenance induced error,
carburettor icing, to name just a few.

After a numerous studies, discussions and triakgs been concluded that any
serious studies in this direction have to stathat'bottom end” of the physical
world, namely with the atom system and to finiskhat”top end” of the physical
world, the solar system. This range is the mininswfficient “physical scale”

which enables the understanding of system in-sematise-effect relationships and
provides enough information for the accurate pieahs to be made. In other words,
this is the physical range within which, the sysfemctionability events mentioned
above (fatigue, the wind direction change, sundapsation on the blue ice

runway, bird strike, perished rubber, carburettorg) take place and could be
understood.

The rules, algorithms and methods developed biviihee-mechanics should
enable the accurate predictions related to theivice life of maintainable systems
to be made. However, analysis and research pertbrmany “smaller scale” could
lead to prediction errors

Further more, by applying the knowledge of Mirceetmenics during the System
Engineering Process it becomes possible to adsess-service life of design of

each design alternative, at the time when a cottsteicourse of action could be
taken. This could provide a considerable reduadtidesting time, data collecting
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activities and modifications, which in turn coulbpide a considerable reduction in
development cost and in-service risk.
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The Job of RMS Community is Provisioning
of Work by Maintainable System$

Dr Jezdimir Knezevic
MIRCE Akademy, Exeter, UK

“Airlines are in the transportation business; BogiBguglas,
Lockheed, Airbus, they're in the airplane busin&ssi1 can have the
shiniest looking airplane in the world, the mosnaxkably
engineered airplane in the world, it's an academarvel, it's an
engineering marvel, but if the damned thing isatd3 in Chicago at
9.15 to originate the trip to Cleveland, forget it.

Jack Hessburg (1934-2013) Grand Fellow of the MIRKE&Bdemy,

1. Introduction

Since it's beginnings in late 1950s, the ReliahilitMaintainability and
Supportability, RMS, theories have been based othenaatical theorems rather
then on scientific principles. Hence, a massivemapits where made to the further
applications of the existing mathematical and ogpamal research methods and
analysis without understanding "the functionabilityechanicd”. Then, in mid
1980s, practicing RMS engineers and analysts, ithmat have neither ability nor
need to understand the mathematics, turned to wiest have had, enormous
practical experience and analysis like FMECA, MTARA, LSA, LCC and many
others were created and applied to the design oftanaable systems. Thus, a large
number of the best practices for RMS analysis @f tiew systems have been
developed and used, but still without understandemgd addressing “the
functionability mechanics". Consequently, duringtl&0 years the RMS theories
made a very little progress, if any, in the direstof becoming the science based
foundation for RMS engineering and management psod@. The reason is very
simple; it has been between the mathematicians dilonot have in-service
engineering experience and in-service engineers awlanot have mathematical
skills and yet are put in the design office to perf RMS predictions and influence
the design process that is dominated by enginebosevmethods and skills are
based on the principles of fundamental sciencks,fiechanics, thermodynamics,
material science, fluid mechanics and so forth.

Even further, majority of the RMS method based est Ipractises and governing
industrial/military standards address specificaénvgce characteristics of the
components of maintainable systems alone, likalvéiiy, maintainability,
supportability, testability, availability and sirail However, in the late 1990s the

88 This paper is dedicated to the life of Sarah Palfmmpkins (23.12.1971-8.2.2017) a person
whom | never met but whose the most genuine, stnard cheeky attitudes towards life constantly
generated a unique smile in me, during her welkced public appearances.

° Functionability mechanics is a part of the Mirceahanics that scientifically studies the physical
mechanisms and human actions that cause the nafteomaintainable system through functionable
and non-functionable states throughout their iviserlives. Dr J. Knezevic
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author became fully aware that, despite the facifdhese specialist subjects have
their own specifications and contractual requiretsethere was nothing to
“normalise” them and predict the overall in-servgeformance of maintainable
systems on the “drawing board”. Hence, it was insfide to even address the
guestions how many daily flights “to Cleveland” &ikely to be delivered on time
during the in-service life of a given aircraft dgsior how much electrical energy
will be delivered by a given design option for ayao station or any other measure
of functionability performance of maintainable gyst.

Hence, it became crystal clear to the author ti@aptrpose of every maintainable
system iqot to deliver MTBF, MTTR, MLDT, MTTS and similar cartctually
required measures of RMS. Their purpose is to davtrk'°. Nothing is
intentionally specified, designed, produced anduaedq by somebody in order to
do nothing. To be in the position to fully addréss complex problem of
generating accurate predictions of the work dorterasources required to support
operation and maintenance of maintainable systdmmjghout their in-service life,
the author resigned from Exeter University, UK1899 and established the
MIRCE Akademy at Woodbury Park, Exeter, UK.

2. A Few Words about Mirce-mechanics

“A theory can be proved by experiment; but no path
leads from experiment to the birth of a theor®lbert Einstein

The development of science started when peoplenbegatudy phenomena not
merely observing them. People developed instrumants learned to trust their
readings, rather than to rely on their own perogsti They recorded the results of
their measurements in the form of numbers. Suppléti these numbers they
began to seek relationships between them and te dawiwn in the form of formulas.
Then the formulas became the only things they cemteust when they began to
predict things they could not physically experience

However, people communicate with each other by medrwords, not formulas.
Hence, when they want to speak about new phenortea have to invent
concepts that correspond to them. Even though tkbeseepts are often quite
extraordinary, people become accustomed to thenteand to apply them correctly
and even create images for themselves that thegiags with the new concepts.

Years of intensive research at the MIRCE Akadenwelgenerated a new, science-
based, body of knowledge, named Mirce-mechanicanitprises axioms, laws,
mathematical equations and calculation methodsetiable accurate predictions of
the work done by the maintainable system and th& vemuire to be done on the
system to maintain the flow of functionality thrdump-service life [1]. Thus, from
now on, design teams will be able to “normalisé’fedsible solutions regarding all
relevant RMS issues at the system level, in amgrated and mutually related
manner, by using Mirce-mechanics obtained predistiaf functionability
performance to compare all feasible options tocséhee most suitable compromise

1%1n Mirce-mechanics the work is considered to beedby a maintainable system when, at least
one, measurable function is deliver at a unit tirfier J. Knezevic)
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for all stake holders, based on their throughrigeds. It is an imperative, as a
maintainable system comprises not only the engtivdring functionality
performance but also functionability performancéjch is govern by every facet

of the universe that is needed to operate, maiatachsupport it. This includes, but
is not limited to: the time it is intended to operahe capacity it has to do work in a
given time; the supplies and resources requiretistain and maintain its
operation; the capability of the supplies and resesito provide sustainment and
maintenance, the environment around it (weathest, @ontaminants), location
(global and installed), access (physical and opmeral), financial constraints and
many more. [2]

The main objective of Mirce-mechanics is to provideplatform for design
engineers, scientists, operators, maintainersstic@ns, programmers, planners,
budget managers, economists to get involved intopbexity of the process of
guantifying the consequences of their specialistisigns, usually at the
components and modules level, on the functiortghilerformance of a givéh
maintainable system in the future.

3. A few words about the laws of probability

The role of probability in Mirce-mechanics is orfgpeediction. In classical science
two identical tests under identical conditions dd@lways yield the same end
result. This is idea behind classical causalityjeterminism. However, in Mirce-
mechanics causality is peculiar in that even uimdeariable conditions it can only
give the probability of the occurrence of functibilidy event in a single test; on the
other hand, it can, with absolute certainty, prettie distribution of occurrence of
functionability event for a maintainable systemeyp

The laws of probability are just as rigorous aseotimathematical laws. However,
they do have certain unusual features and clealipehted domain of application.
For example, it can be readily verify that in tlese of a large number of systems a
specific functionability event will occur in a spic number of the cases, and the
law is more accurate the more systems are obseitedever, this accurate
knowledge will be of no help in predicting the ooemce of that particular
functionability event to each individual system.is'ts what distinguishes the laws
of probability: the concept of probability is valahly for an individual event and it
Is possible to work out a number that corresponds. tHowever, it can only be
measured when identical tests are repeated a muegter of times. Only then can
the measured value, the probability, be used tesasthe chances of occurrence of
each individual functionability event, which is ookthe possible outcomes of the
in-service life

1 |n Mirce-mechanics a given maintainable systenefing through the following elements:
Functionality principles of a system (mechaniclceonic, thermal, electrical, nuclear, etc.),
Structure/construction of a system (dependencidsedundancies), Operational concepts and
scenarios (continuous, seasonal, one off), Maartea rules (schedule inspections, replacement,
testing and so forth), Logistics support (trainisgares, facilities, tools, equipment, etc.) and
Environmental conditions (climate and weather)
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The unusual features of the laws of probabilityéhavnatural explanation. In fact,
most probabilistic events are results of quite clcaped “physical” processes,
which in many cases cannot be studied or understoall of its complexity. Such
inability takes its toll, as it is only possible ppedict with certainty the average
result of numerous identical tests. Thus, for eactdom event it is only possible to
indicate its likely outcome.

In everyday notion the expression “each event tsa@wn cause” needs no further
explanation. Causality in science requires a laguide us through the sequence of
events in time. Mathematically, this law takesfibren of a differential equation,
known as an equation of motion. In classical memsasuch equations, Newton’s
equations of motion, enable us to predict the ¢tajy of a particle’s motion and
many other natural phenomena defined by the lavgsiehce that accurately
predict functionality performance of a maintainagystems.

However, in Mirce-mechanics such causality canreofdund. What is found is a
statistical causality that can only be predictemulgh probabilistic distributions.
However, probabilistic based laws are even moreeptulthan those laws that
govern mechanical deterministic relationships, esiitcidentifies and singles out
patterns in the “chaos of possible random evenBfirases like “statistical
causality” and “probabilistic regularity” could swodi very strange to the
deterministically minded people, but in Mirce-megita it is only possible to
utilise them when dealing with functionability pleenena, like wear, thermal
deformation, corrosion, no-fault-found, creep, tstdke, battlefield damage, bogus
part, transport damage, fatigue, and many othefladt) there is no logical paradox
here as the concepts of “probability” and “reguidriare complementary ones.
Hence, the starting axiom of Mirce-mechanics ist g@bability is a property
inherent in the motion of functionability phenomenhrough the life of
maintainable systems, rather than a convenientenahcal trick used to account
for observational evidence.

4. Mirce-mechanics Equation for Work of Maintainable Systems

According to the Mirce-mechanics a work is donewh maintainable system
considered delivers functionality at a unit of tifi® deliver functionality system
must be being in functionable state. Thus, the ebegework done by maintainable

system type during a given interval of calendaetiW(T), measured in Hours,
[Hrs], can be calculated by making use of the feifey equation:

W(T):].)(t)dt [ Hr$ 1

where y(t) is the quantity of work done at a uimite that is quantitatively defined
by Mirce Functionability Equation [3]

Ys() =1-@4(t)+ 1 1) 2

In the Equation 2 in-services measurable variaplgs) and u(t) represents the
expected number of functionability events that eatnansitions of a maintainable
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system to non-functionable state from its birthihe given instant of time t and the
expected number of functionability events that metihe system in the functionable
state in the given interval of time, correspondmdlhe later one comprises of the
time a system spends in active maintenance andirtiee the system spends in
support (waiting for spares, trained personnellstoequipment, facilities and other
necessary resources.). Equation 1 drives equatmnthe predictions of the in-
service costs, which are monetary value of theuess used for the execution of
operation, maintenance and support tasks.

Mirce-mechanics principles described in the paperaapart of the current design
processes at Finmeccanica Airborne & Space Sydbewsion, Edinburgh, UK [4]

5. Summary

Through Mirce-mechanics the RMS community has gairgle mathematical
equation for predicting the expected work donehef future maintainable systems
that simultaneously embraces all three in-servioecgsses, namely operation,
maintenance and support. This enables expertiseresmbnsibilities of all RMS
specialists to be integrated during the designgs®and the expected work done to
be predicted for each feasible alternative of naama@ble system considered and
thus compare them in respect to expected wholectif. It is necessary to stress
that all of this became available at the time whkmeign changes could be made
at almost no extra time and cost. Thus, designmgicraft that will be delivering
specified number of flights on time or power statiwith guaranteed annual
delivery of energy became reality due to Mirce-nstbs principles and mthods.
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Mirce- mechanics Approach to the Analysis of the
Cosmic Radiation Impact on Aviation Reliability

Dr J. Knezevic
MIRCE Akademy, Exeter, EX5 1JJ, UK

Abstract

The main objective of this paper is to demonstita¢enecessity of
addressing all physical causes that lead to thadri@on of
maintainable systems from positive to negativetfanability state
during their lives. Addressing the reliability claateristics of
components and systems in isolation from the aisabfshe impact of
the natural environment on it, is not sufficienertde, results of the
research performed in accordance to the Mirce-madsaprinciples,
have shown the significant impact of cosmic radan the in-
service behaviour of aviation systems Due to tipgdradvances in
electronics technology and the unrelenting demandhicreased
avionics functionality the complexity of avionigstems has risen
exponentially. Hence, ever more advanced microgsmeand
memory semiconductor devices are being used thatiean
increased susceptibility to cosmic radiation pheeom Single Event
Effects have been the primary radiation concernai@onics since the
late 1980’s when the phenomenon, which had prelyjiaundy been
observed in orbiting satellites, also began to appe aircraft
electronic systems. The trend with each new geioeraf avionics
system is to use increasing quantities of semiactoduemories and
other complex devices that are susceptible to @sa®in reliability
due to ionising radiation from the cosmic rays frepace. and alpha
particles from radioactive impurities in the devitgelf. The
interaction of this radiation can result in eithertransient ‘soft error’
effect such as a bit flip in memory or a voltagesient in logic,
alternatively a ‘hard error’ can be induced resuly in permanent
damage such as the burn out of a transistor. Ttinis paper
concludes that Mirce-mechanics approach to relipik the only
way forward for all members of the reliability comnity who wish to
develop a method for accurate predictions of raligh cost and
effectiveness of aviation systems at early desages, rather than to
measure their in-service values and produce enifleo$tatistics.

1 Introduction
Earth weather, manifested through physical phenarfika wind, snow and rain,
has significant terrestrial impacts on the funcioitity of maintainable systems.

Physical causes of these metrological phenomen@asenably well understood
and included in reliability analysis of maintainalslystems.
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Space weather, manifested through physical phenatienevolving ambient
plasma, magnetic fields, radiation, particle flawspace, has significant impact on
the functionability of maintainable systems [1].eldffects of space weather are
observed in the interruption or degradation of fiomality and performance of
space related systems during their in-service lieaddition, increased radiation
due to pace weather may lead to increased heskh fior astronauts participating
in manned space missions. The aviation sector hsayexperience damage to
aircraft electronics and slightly increased radiatiloses at aircraft altitude during
large space weather events. Space weather effegi®ond can include damage
and disruption to power distribution networks, eesed pipeline corrosion and
degradation of radio communications. Collatera¢@§ of longer-term outage
would likely include, for example, disruption okttransportation, communication,
banking, and finance systems, and government ssvic

The complexity of avionics systems has risen expbaky, due to the rapid
advances in electronics technology and the uniiegdiemand for increased
avionics functionality. Hence, ever more advancédoprocessor and memory
semiconductor devices are being used that exmhbit@eased susceptibility to
cosmic radiation phenomena. Since the late 198@esSingle Event Effects, SEEs,
have been the primary radiation concern for avemiben the phenomenon, which
had previously only been observed in orbiting $ites| also began to appear in
aircraft electronic systems. According to Baumadreft unchallenged, soft errors
have the potential for inducing the highest failtate of all other reliability
mechanisms combined.” [2]

Cosmic radiation causes daily concerns regardiegehability of avionics
equipment, particularly for those systems thatcaresidered safety critical. The
trend with each new generation of avionics systeto use increasing quantities of
semiconductor memories and other complex devicsatte susceptible to failures
induced by ionising radiation from the cosmic ré&gsn space and alpha particles
from radioactive impurities in the device itselhi¥ radiation can result in either a
transient ‘soft error’ effect such as a bit fliprmemory or a voltage transient in
logic, alternatively a ‘hard error’ can be induaedulting in permanent damage
such as the burn out of a transistor.

If device memory cells used for flight safety orssion critical functions are
affected the concern is that the loss of key sydtarationality due to corrupted
data could cause a flight safety or mission criitiadure. The ability to predict and
guantify the rate of occurrence of erroneous dasaito memories or voltage
transients in logic is one of the key objectiveshia field of avionics reliability
research. The reliability of their operation iduinced by a multitude of different
factors extending from the Earth’s atmosphere ¢dfdéin reaches of space beyond
our own galaxy. In order to determine the prob&bésiof occurrence and the
resultant impact of functionability events on ateys a full awareness of the
dynamic nature of the environmental phenomenagsired. To identify the causes
of functionability events the mechanisms that cdabese physical phenomena must
first be understood. [3]
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Consequently, the main objective of this papeo iargue that the Mirce-
mechanic¥ approach to the analysis of the impact of cosauiation on reliability
of avionics is the only way forward for all membefghe reliability community
who wish to make the reliability predictions, whiefll be confirmed during the
operational processes of the future systems. tlmoas view, accuracy of the
reliability predictions required scientific undeastling of functionability
phenomena [3]. This paper advocates that reseétbismature must include the
understanding of the cosmic phenomena, in ordesdourrence of functionability
events to be understood. Then and only then, aecaral meaningful reliability
and safety predictions become possible, whichuiiiinately lead to the reduction
of the probability of the occurrence of failure ateduring the life of maintainable
systems.[4]

2. A Few Words on Mirce-mechanics

While, aerodynamics is the scientific foundatiortte functionality performance of
aircraft, Mirce-mechanics: is a scientific theofytlee functionability performance
of maintainable systems, including aircraft. Itsoaxs, mathematical formulas,
rules and methods enable accurate predictionsgétem’s measurable
functionability performance characteristics lik&akility, punctuality and others to
be made with probabilistic regularity. [4]

After several decades of observing and experienoisgrvice behaviour of
maintainable systems, the author has concludetifrtima functionability point of
view, at any instant of time a maintainable systearsbe in one of the following
two states:

» Positive Functionability State, PFS, is the state/lich a maintainable
system is able to deliver expected functionalitg &amctionability
performance

* Negative Functionability State, NFS, is the state/hich a maintainable
system is not able to deliver expected functiopgdérformance, for
whatever reason whatsoever.

The motion of a maintainable system through fumaholity states, in respect to
time, is generated by functionability actions, whare classified as:

» Positive Functionability Actions, PFA, are humatiaties or natural
processes that compel the system to return to PFS.

* Negative Functionability Actions, NFA, are natupabcesses or human
activities that compel the system to move NFS.

The motion of a maintainable system through fumztholity states is observed
through occurrences of functionability events, hace classified as:

12 Mirce-mechanics is a theory created by subjedtiegmotion of maintainable systems through
Mirce-space to the laws of science & mathematisevelop a method for accurate predictions of
their functionability performance from the earlpgés of a design process till final disposal.

13 Functionability, n, ability of being functional,iézevic, J., Reliability, Maintainability and
Supportability — A probabilistic Approach, Text a8dftware package, pp. 291, McGraw Hill,
London 1993. ISBN 0-07-707691-5
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» Positive Functionability Events, PFE, well defirmzturrences in time when
transitions of maintainable systems from NFS to RiK® place.

* Negative Functionability Events, NFE, well definecturrences in time,
when transitions of maintainable systems from RFSHS take place.

Consequently, Mirce-mechanics as the science ahthteon of maintainable
system type through functionability states resglfrom any functionability actions
whatsoever and the actions required to producduargtionability related motions.
Thus, a life of maintainable system type could tvestdered as a sequence of
functionability events through time that is quasetifby functionability performance.

The main objective of Mirce Mechanics is the safenunderstanding of
mechanisms that generate positive and negativeifuadbility events.

For years, research studies, international conéersummer schools and other
events have been organised in order to explairdeand attentions to just the
physical scale at which failure phenomena shoulstbéied and understood. In
order to understand the motion of functionabiligmets it is necessary to
understand the physical mechanisms that causedt@irrences. That represented
a real challenge, as the answers to the questibat‘are the discrete physical and
chemical processes that lead to the occurrenceeh gunctionability events” have
to be determined. Without accurate answers to thasstions the prediction of
their future occurrences is not possible, and wittability to predict the future, the
use of the word science becomes inappropriate.

After a numerous discussions, studies and trighgs been concluded that any
serious studies in this direction, from Mirce-meuilea point of view, have to be
based between the following two boundaries [5]:

* the “bottom end” of the physical world, which isthé level of the atoms and
molecules that exists in the region of'£@f a metre,

» the “top end” of the physical world, which is aetlevel of the solar system that
stretches in the physical scale arount46f a metre.

This range is the minimum sufficient “physical alhich enables scientific
understanding of relationships between physicahpheena that take place in
natural environment and the physical mechanisntgyénaerate the failures of
maintainable systems.

Cosmic radiation if one of the interacting factram the physical world that
directly impacts the functionability performancenoéintainable systems in general
and aviation in particular. This paper thereforastders major properties of cosmic
phenomena, generated in the physical world, thpaanthe functionability
performance of aviation systems. To achieve tha,dbis paper examines the
cosmic phenomena to understand their mechanismscafrence; describes the
potential physical processes that regenerate megatnctionability events and their
possible impacts on aviation systems reliabilitg aafety.

3. Naturally-occurring Radiation
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Naturally generated radiations permeate everytbmthe planet Earth at all times
of the day. Some of them are generated near usyadius of a few thousand light-
years, while some only reach our planet after atteal-billion-year journey. They
are unnoticeable to humans, but some researchiegseothey may have played a
crucial role in the development of life on Earthgdanaybe even in some extinction
events.

Cosmic radiation is made up of high-energy protarigch are mostly generated by
supernova explosions and the ensuing shock waweseTs, at this point, no clear
way of finding out where they came from, mostly dngse they are prone to the
influence of magnetic fields. This means that ttiyunce” inside the galaxy for up
to a few million years, before finally making themy to Earth. Still, once here,
they usually don't reach the surface. They colvité ions (electrically charged
atoms) in the upper atmosphere, and break up istmaer of “secondary”
particles, which are harmless.

In the natural environment the fundamental radmgarticles that can cause
transient errors in electronic devices, can besdlad into the following three
groups:

« High-energy cosmic ray neutrons.

e Thermal or low energy cosmic ray neutrons.

« Low energy alpha particles emitted from within egniconductor device
and packaging materials.

Each of these particle categories is differenemmts of their physical
characteristics like, flux, energy level, chargeomposition. However, in essence
a single particle of any of the above forms cowddeayate a soft error if it deposits
sufficient charge within the susceptible volumeaafevice.

The cosmic ray particles penetrate the Earth's gpiivere and collide with atoms of
air. These molecular collisions give rise to theduction of more particles such as
protons and neutrons and others. A cascade otjesris generated by successive
interactions as they penetrate deeper and dedpahmatmosphere. As a result,
the flux of particles increases and reaches a maximf about 20 kilometres above
sea level. Below this point the intensity startsléorease due to energy losses and
particle interactions.

3.1 Galactic Cosmic Rays

Galactic Cosmic Rays are charged particles thgtraie outside our solar system.
They consist mainly of fully stripped atomic nucédong with some electrons,
positrons and anti protons. The nuclei are compasadly of protons and helium
nuclei, while about 1% are heavier nuclei repraagrdll know elements in the
periodic table. They travel through the Galaxy vativide range of velocities up to
near the speed of light. Recent experiments haliedted that the low to moderate
energy cosmic rays are almost certainly of Galaariigin. The currently favoured
theory for the origin of Galactic cosmic rays iattkhey are produced by a special
form of acceleration (Fermi acceleration) at strehgcks that occur at the
boundary of supernova remnants.
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Because the particles are charged they interahtthé irregular magnetic fields in
interstellar space so that by the time they araivEarth, all information on the
direction of their sources is lost.

Consequently the distribution of cosmic rays iriatellar space and near the Earth
is similar in all directions (isotropic). The int&ty of galactic cosmic radiation has
not varied significantly over the last few milligears.

3.2 Solar Energetic Particles

Our Sun constantly emits a stream of particles knas/thesolar wind that varies
in speed and intensity from day to day. The soladvs caused by the expansion
of the solar corona. Because the energy of thécpestin the solar wind is
relatively small, they are easily deflected by Beeth's magnetic field and they do
not impinge on the Earth's atmosphere. Howevegagasions, the surface of the
Sun releases sudden outbursts of energy in theddbgamma rays, x-rays and
radio waves.

This activity is governed by an eleven-year cyaldar which it rises to a
maximum and then becomes relatively quiet agaie. fiédquency and strength of
these so-called flarevents is generally highest around the solar maxirperiod.
During these events electrical activity is great aroving magnetic fields are
present which accelerate matter in the solar coamilgproduce high-energy
charged particles. The Earth is connected magtigttcathe Sun by field lines and
if the solar particle event occurs at a connegpioimt, then the energetic particle
accelerated from the corona will be observed athEdheir overall rate of
occurrence is one approximately every month, sp éne rather rare. The
phenomena can last for periods of from hours tesdwdays and their energy
distribution varies during their lifetime and fragwent to event. The intensity of the
protons can rise by anything up to several miltiomes normal values and very
high energies can be observed in the more dramcasies. In some cases the
energies are sufficient to allow the particles ¢ogtrate deeply into the Earth's
atmosphere and increase the radiation field atadiraltitudes.

Only a small fraction of the solar particle evemts,average one per year, causes an
increased dose rate at aviation altitudes. Thosete\can be observed with neutron
monitors at ground level and are called groundllevents (GLES). The largest
events often take place on either side of the gesfonaximum solar activity as
measured by sunspot number. Any rise in dose sataceated with an event is quite
rapid, usually taking place in minutes. The duraneay be hours to several days.
The prediction of which events will give rise tgmificant increases in dose rate at
aircraft altitudes is not currently possible. Esttran of the doses to aircraft crew in
the event of a GLE must be made retrospectivelis iBipossible due to the
existence of a number of geomagnetically dispegsednd level neutron monitors,
and because the observed neutron fluency at grewetlis primarily caused by the
cosmic radiation.

Sometimes decreases in the dose rate also ocanreffect of increased solar wind
and the increases in associated magnetic fielch S8uents are called “Forbush”
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decreases. They may occur on a handful of occasits year and may last for
several days. Decreases of more than 20 % haverbperied.

4. The Earth's Magnetic Field

The Earth's magnetic field plays an important mlshielding us from the lower
energy component of the cosmic radiation. The ad®on between a moving
charged particle and a magnetic field causes theleato be deflected.

Generally speaking, particles approaching the Baittinvery high speeds are only
slightly deflected by the Earth's field and they p&netrate into the atmosphere.
The probability to do so depends on the locatiahatop of the atmosphere and
particle speed. However, lower speed particlesclwhpproach the Earth from
space, are deflected significantly and can be tbnet® trajectories that take them
back into space. Thus a large part of the hazarduliation to which humans could
be exposed is deflected away form the Earth.

5. Single Event Effects in Avionics

In electronic devices, Single Event Effects, SEEe induced by charged patrticles,
with high energy, which reach the Earth’s atmoselfierm all directions. These
charged particles, with high energy, are calledrgéosays. Single Event Effects
occur when a single particle (neutron, proton deoteavy ion) interacts with the
atoms that makeup a semiconductor contained witt@relectronic component of
an aircraft system. Some examples of Single Evéat&ypes are:

* Single Event Upsets, SEU,

* Single Event Latchup , SEL,

» Single Event Gate Rupture, SEGR,
e Single Event Burnout, SEB.

The susceptibility of the electronics, used inrafi; has increased due to the
decreasing size of integrated circuit componentsrder number of Single Event
Effects are more likely to occur on aircraft flyinghigher altitudes and/or high
polar latitudes.

Potential Effects on The effects of Single Everfe&i on aircraft systems can be
varied. The effect could: result in a hardwareuiia] be transitory in nature and go
un-noticed. When the effect causes the malfuncaigpof a system and the crew
reports the system malfunction, the subsequerdstesn the ground or in the air
may not reproduce the system malfunction. Thisreanlt in a ‘no fault found’

entry in the aircraft technical log and the syseguipment may continue to operate
correctly with no further system malfunctions.

Aircraft systems and functions, which may be a#fdcinclude:

* fly-by-wire technology,

e autopilot,

* flight warning,

e communication (voice and data),
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* navigation

e displays

* FADEC (Full Authority Digital Engine Control)

* Any other aircraft system containing electronic paments.

It is necessary to stress that each communicatidmavigation system could be
affected to varying degrees. It is not expectetttia current levels of Single Event
Effects would affect all communication and navigat systems simultaneously.

6. Physical Analysis of SEE on Avionics

Single Event Effects have been the primary radiationcern for avionics since the
late 1980’s when the phenomenon, which had prelyicardy been observed in
orbiting satellites, also began to appear in dgir@lactronic systems.

The principal SEE affecting avionic devices is 8irgle Event Upset caused when
a sole incident particle creates a charge distadah sufficient magnitude in a
memory cell, flip-flop, latch or register to reversr flip its currently stored data
state. Alternatively, in logic or support circuitaytransient voltage pulse can be
generated that dependent on the right conditiongpoapagate through the logic of
the device and become latched into a memory celtage spikes on power supply
lines and noise can also cause transient errovge\rer appropriate shielding and
filtering design measures can suppress these ofplisturbances.

The primary sources of radiation are high-energyno particles, low energy
(thermal) neutrons and low energy alpha partictested from device and
packaging contaminants.

Radiation can affect electronic devices as the@gmsnce of a single energetic
particle strike, termed ‘single event’ or as muéiptrikes over an extended period
of time. The effects due to multiple events, Taosalisation Dose, TID, and
displacement damage manifest gradually in eleatroomponents as damage is
accumulated over time. These total dose effectdhandl SEEs whilst relevant to
electronic systems operating in the harsher spageomment have a negligible
effect on current semiconductor devices used irtdhvestrial environment.

Whilst each form of SEE is considered in this papermain focus will be on SEUs
which are the dominant mechanism affecting eleatrdavices in the avionics
environment.

The second most prevalent SEE is the Multiple Bisé&t, MBU, which occurs
when a single particle causes the upset of twoaemmemory cells. However, it
only form a fraction of the total number of SEUdji@gh means that they have little
significance except for memory architectures amg\krror Detection and
Correction techniques. In these circumstances,rabpg on the type of error
correction technique employed, multiple bit errcosild have significant
consequences if the protected memory is usedift fbr mission critical
applications. MBUs are generally assumed to ati&il3%o of the total upset rate,
although rates as high as 5% have been reported. [8
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Following MBU, Single Event Functional InterruptBl, and Single Event Latch
ups, SEL, account for the majority of the remainamgportion of SEEs affecting
avionic devices. SEFI occurs when an upset ingiateIC test mode or reset mode
that causes the device to temporary loses fundiipn8EL arises when an incident
particle creates a charge disruption sufficientugiato effectively short circuit the
device resulting in its permanent change of state some circumstances
permanent damage if excessive current flows asultref the latch-up.

The Single Event Transient, SET, is the last ofsingle effect events of avionics
relevance that can generate soft errors in thelogre of microprocessors and
microcontrollers. [8] They are transient and nostdective in nature, which are
capable of producing a soft error, manifested astbrage of an erroneous data
value in registers, memories or latches (onlyig propagated through the logic
pathways of the device). This is dependent on ymauhic state of the logic at the
time of the particle induced nodal voltage transitand the configuration of the
logic pathways within the device. If a soft erracars, normal system behaviour
can be restored by resetting or rewriting the inadrdata.

Of all the forms of SEE, SEUs are the most prevateavionic electronic devices
covering 90% of events, followed by MBUs (5%), Sengvent Functional
Interrupt (3%) and finally Single Event Latchup (%

The first efforts to calculate SEU rates were pnése in two papers in 1984, Tsao
et al. [10] and a companion paper by Silberbem.4t1]. The former paper
detailed methods of calculating SEU rates from prin& secondary cosmic rays
reaching down to 40,000ft and the latter papeothiced methods for calculating
SEU rates resulting from secondary neutrons irathsphere.

The reason that semiconductors have become susledptiSEES in the terrestrial
environment rather than existing solely in spacetmpartially attributed to the
commercial demands for increased functionality pedormance, whilst lowering
power consumption and cost. To fulfil these requeats component manufactures
have continued to reduce the geometry size of iated circuits with each new
generation resulting in higher gate speeds, ineceemature density and reduced
power consumption.

Whilst technology scaling enables the demands steay designers to be met the
downside of this is an increased sensitivity taaton. Within a memory device
this is caused by a reduction in the capacitansidéna cell and a significant
increase in the number of cells that could potéwtize upset within each device.
Less capacitance in a device due to the shrinkimpgazess technology and reduced
supply voltage means that the minimum amount ofgghaecessary to hold data in
a device, either logic 1 or O is also reduced.s Thiantity of charge, known as the
critical charge, is therefore more susceptible tharge disturbance caused by an
incident radiation particle, thus eroding the comgrats resistance to SEUs. A
lower nodal critical charge is therefore more k&l be ‘upset’ by incident
particles with a lower energy, because the flugredrgetic particles increases at
lower energy levels.
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The components most susceptible to SEU are therdfrices that contain the
largest number and density of potentially volabies namely memories and
microprocessors. Table below contains a list ofdinaces that are currently
considered to be the most susceptible to SEU anadiravionics systems and
includes the specific regions within the architeetthat are most at risk.

Devise Type Sensitive Areas
SRAMS and DRAMS Memory cells and control logic.
Microprocessors and | Registers, cache, sequential and
Microcontrollers combinational control logic.
FPGAs and ASICs Combinatorial logic and sequeldigit

Opto-electronics and power switching componentsabs@ susceptible, to various
forms of hard and soft SEE but are not considerdtis paper due to their very
low probability of failure in the avionics radiati@nvironment.

Each of the factors discussed in this sectiongim&ed functionality and
performance, lack of specialist devices, loweinaltcharge and higher cell density
all impact upon the SEU tolerance of advancing senductor designs.

The net effect is an increase in the overall deSER that if not adequately
mitigated against using appropriate methods su@mras detection and correction
(EDAC) and architectural redundancy, will resulamincreased system SER, plus
potentially an increase in the number of missioflight safety critical negative
functionability events.

7. Evaluation of the Cosmic Radiation Exposure of #craft Crews

Although Hess's discovery of cosmic radiation waslenonly a few years after the
Wright brothers' first flight it is unlikely thatven they could have realised that
within a few decades, millions of air passengexs @ew would be travelling
through this complicated radiation field each y&&turally, like the avionics is
affected by cosmic radiation, the travelling puldiaffected too. [12] However, the
most affected humans by the impact of cosmic ramhatre Aircraft Crews, who
are exposed to them for thousands of hours duhieig professional lives. [13]

Although the analysis of the impact of cosmic radraon aircraft crews and
travelling public is beyond the scope of this papes worth pointed out that the
annual dose to air crew rarely exceed 6 fiSwhich is well below the average
annual dose limit to radiological workers, whicl2@& mSv. However, itis
necessary to point out that the dose to the untdaitd is 1 mSv once the pregnancy
has been, discovered [14]

8. Conclusion
The main objective of this paper was to advocatenttcessity of addressing all

physical causes that lead to the transition of aaiable systems from positive to
negative functionability state during its in-seevidfe. Addressing the reliability

1 The millisievert (mSv) is a scientific measure loé absorption of radiation by the human body.
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characteristics of maintainable systems in gerardlavionics in particular, in
isolation from the investigation of the impact bétnatural environment is not
sufficient. Hence, Mirce-mechanics approach toréti@bility analysis of avionics,
presented here; have shown the significant implacbsmic radiation on the
occurrence of negative functionability events, aadsequently, the necessity for
addressing them when the reliability charactegsbicavionics are considered and
predicted, at the design stages of their life cpcdgagement process. [4]

Single Event Effects (SEES) have been the primeadiiation concern for avionics
since the late 1980’s when the phenomenon, whidmpheviously only been
observed in orbiting satellites, also began to appeaircraft electronic systems.
Cosmic radiation causes daily concerns regardiegehability of avionics
equipment, particularly for those systems thatcaresidered safety critical. The
trend with each new generation of avionics systto use increasing quantities of
semiconductor memories and other complex devicsatte susceptible to failures
induced by ionising radiation from the followingdwnain sources: cosmic rays
from space and alpha particles from radioactiveuntigs in the device itself. The
interaction of this radiation can result in eitleransient ‘soft error’ effect such as
a bit flip in memory or a voltage transient in logalternatively a *hard error’ can
be induced resulting in permanent damage suchedsutim out of a transistor.
These functionability effects caused by a singteatzon event are collectively
termed as Single Event Effects.

The research results obtained by applying the pilie of Mirce-mechanics
principles to the scientific understanding of tiigygical mechanisms that lead to
the occurrence of the Single Event Upset, whidhesprincipal SEE affecting
avionic devices, are presented in this paper.daissed when a sole incident
particle creates a charge disturbance of sufficeegnitude in a memory cell, flip-
flop, latch or register to reverse or flip its @ntly stored data state. Alternatively,
in logic or support circuitry a transient voltagdge can be generated that
dependent on the right conditions can propagateigir the logic of the device and
become latched into a memory cell.

Consequently, this paper concluded that the sieapproach to reliability is the
only way forward for all members of the reliabilt@mmunity who wish to make
accurate predictions that will be confirmed durihg operational processes of the
future systems. For that to happen scientific ustdeding of functionability
phenomena is required. Further more, this papevcades that physical scale from
10° metre to 10*° metre must be considered in order for functiorigbil
mechanisms like, single event upset, and many ithebe understood. Only then,
accurate and meaningful reliability predictionsdmae possible, which is
imperative for the development of the risk-basethm@logy and their successful
applications.
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New Book: MIRCE Science by Jezdimir Knezevic

This book is about the journey over
Jezdimir Knezevic the road that the author has travelled
since birth till today, but it is not a
book about him; it is a book about the
guest for the new body of knowledge
that he named MIRCE Science, the
theory for predicting functionability
performance of functionable system
types. This long and demanding
journey consisted of three paths:

» The first started with his childhood
obsession with cars and autosport,
progressing to building one by hand,
using parts obtained from scrap yards,
in a neighbour’s garden. Two years
later driving that car he earned one
point in the National Rally
Championship, while experiencing the
physical phenomena of operation,
maintenance and support processes
(Part 1 of the book).

The Origin of MIRCE Science « The second took the author to
universities, libraries, institutes,
companies and other organisations
worldwide, in the quest for the scientific undensteng of the mechanisms that lead to the
occurrence of functionability events, resultingnfrphysical, environmental and human
actions. (Part 2 of the book).

» The third culminated in the creation of MIRGRunctionability, Operability,
Maintainability, Supportability and Profitabilitydtiations, the mathematical derivation of
which has been fully described in this book, basedIRCE: Functionability Field and
Space. (Part 3 of the book).

MIRCE Science comprises axioms, laws, mathematigaations and calculation methods
that enable quantitative predictions of the impddhe physical world and in-service rules
on the functionability performance of each feasidgéon of the future functionable system
type to be made. The complexity of this undertakaggording to Jack Hessburg (1934-
2013), the World's first Chief Mechanic (Boeing §,/iequires the intellectual effort equal to
winning a Nobel Prize!
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