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Preface

“l shall conduct the reader over the road that Maamyself
travelled, rather a rough and winding road, becaofieerwise |
cannot hope that he will take much interest inrggailts at the
end of the journey.”  Albert Einsteih

This book is about the journey over the road | haaeelled since birth till today, but it is nobaok
about me, this is a book about the quest for thebwdy of knowledge, which was named MIRCE
Science, by me, without reasonable excuse!

According to my mother | loved the smell of petndiilst still in her womb. Hence, my childhood was
dominated by a love for cars and everything rel&denotorsport. For me, a year was the measurienef t
between two Formula 1 Monaco Grand Prix races. \ttighpassing of the years my attention gradually
drifted towards the Monte Carlo Rally. | found tbtarresistible the challenge of driving as fast a
possible for hours and days on many different saathces, continuously facing numerous challenges,
from traffic conditions to system failures, whildlbwing the strict time table governed by the suend
regulations. While attending secondary school ligedlved with the maintenance of my father’s dar.
my mind that brought me closer to rallying, whdre principal axiom is: crossing the finish line.ride,
from a very early age | learned the relationshipvieen reliability, maintenance and crossing thiskin
line.

In 1971, when the time came to choose a univessilyect, | had no dilemma. The Faculty of Mechanica
Engineering was the place where | expected to leawto design reliable cars and how to maintain
them, thus crossing the finish line, on time, atéind of a rally. While studying mechanical engiimegl
started rallying in a car that | assembled by haimdhe neighbours’ garden, from parts obtainedfr
Belgrade’s scrap yards. Not having any car manufacs sponsorship, in addition to the cost of
competing, | had to look after the preparation araintenance of the car, with an almost non-existent
student’s budget. Hence, the origins of the quedtiat has tormented me for years: which spares to
purchase? For example: a fuel, water or oil puragaech of them requires different tools for rephaest
and have different consequences on my quest fesitrg the finish line. The more integrals and
differential equations | solved, while studyingtmedynamics, fluid mechanics and many other subject
the more | realised that a mechanical engineeragget will not equip me with the knowledge required
to address my challenge, which was how to maximigehances of crossing the finish line, with the
resources that my budget allowed.

After graduation | started working as a researahdavelopment engineer in industry, while “privgtel
continuing the quest for the knowledge that is eeed provide the solutions to my quest. This jeyrn
took an additional three years of studies for thestdr of Science in Maintenance Engineering (Append
A). Still not satisfied, | spent a further 5 yedrsng research that culminated in the award ofxbetor

of Science in Reliability Engineering (Appendix Both degrees | obtained from the Faculty of
Mechanical Engineering at Belgrade University. Big time | had stopped rallying, without findingth
solution to my quest for crossing the finish liklndeterred, | went to Exeter University in the UK,
continue the quest, while learning English, whiatuld enable me to: access the body of knowledge
contained in the western-world Educational Institug and also enable my use of computers.

After several extremely demanding but immenselpyatile years, totally devoted to research, my
professional breakthrough came. For this | hawbdaok the visionary Director of the School of
Engineering, Professor John Flower. He gave mepipertunity to start teaching Reliability and
Maintenance Engineering to second year undergradiiatients of Engineering Science. This was
exactly what | was hoping to learn when | had bieeheir position. This new development inspired me
to work even harder on solving my quest for cragsire finish line. During the years, at Exeter
University, | came to the realisation that the dshe world has very similar problems to rallyvers.

! Proceedings of the Prussian Academy of Scienaesn6logical Considerations on the General Theory of
Relativity, Vol. X, 1917 (p. 142)



For example, the transportation industry is al$eedr by the strict time scheduled delivery of deyaas
and arrivals of aircraft, trains, buses and shfmnufacturing and production organisations haveréss
their own “finish line” set by various stakeholdess the end of each day, week, month and yeah Wit
that realisation | established a self-financingdesh Centre foM anaging ndustrialReliability, Cost
andEffectiveness, M.I.R.C.E., at the School of Engiivegrin 1988. Very quickly the Centre attracted
industrial sponsorship, and started running re$eargjects, scientific symposia, and training s&ssi In
1991 we offered the world’s first Master Programimeogistics Engineering, from the School of
Engineering, which was followed by the Master Pangmes in Reliability and Maintainability
Engineering (1996) and finally in 1997 a MasterdgPamnme in System Operational Effectiveness. All the
activities within the Centfegenerated a new body of knowledge towards thé $wlation to my quest
for crossing the finish line. Some of them werespraed in my book, “Reliability, Maintainability dn
Supportability - A Probabilistic Approach”, publesth by McGraw Hill in 1993.

| earned my salary at Exeter University by fulfili all the contractual obligations regarding the
undergraduate degree courses, at the School oh&smgng. To broaden young students’ horizons and
motivate them to dream about big engineering aveatiduring the dark and cold winter months, Itstar
giving Evening Lectures related to Boeing 747, Gwde, Ferrari F40, French High Speed Train (TGV)
and similar engineering marvels. Then, while sdagcthrough material for those Lectures | came s&ro
a few articles related to the development of the passenger aircraft, by the Boeing Corporatioovkn
as the triple seven (777). The more | read the meaes impressed with it. Very soon, | learned dbou
great Boeing engineers who were working on thiggetolike Neil Standal, Ron Ostrowski, Granny
Frazer, Jim McWha, Henry Shomber, Tom Gaffney, &egardy, Fred Howard and many othieTde
whole effort of the Boeing Company was orchestratedler the slogan “Working Together”, coined by
the inspirational project director Alan Mulally, whinderstood engineers, managers, contractors,
customers, and, above all, the aircraft itself.M Hdéearned that since 1916, when the first Bogimgraft
was produced, there has been a Chief Engineer hied Rllot for each model. However, on this occasio
a new “Chief” was created, and it was the Chief Maic, whose job was to make the aircraft
“maintenance friendly”. This “discovery” totally ahged my professional life forever.

The more | read about the Chief Mechanic of theildp&77 (B777), whose hame was Jack Hessburg,
the bigger and bigger his stature became in my agdsnaturally, | wanted to know more and more
about him and his job. Based on what | read, immmyd, he became one of those rare people you
describe as “larger than life”. From the perspect¥someone who learned through rallying that
maintenance is an integral part of the life of apgtem, and as such needs to be considered from the
moment a system is being conceived. Jack was @oiagtly that on the B777, with the assistance of
hundreds of first line mechanics from the worlddieg airlines, like United Airlines, British Airway

All Nippon Airways and a few others. Jack broudigge mechanics into the design office to talk eali
to Computer Aided Designers. When asked, to explermaintenance philosophy of the B777, he
replied, “All I want is to go to Cleveland on tira@d never crash.” Immediately, | realised that las the
first design engineer who spoke my language, asyishort rally career all | wanted to do was tossro
the finish line, within the allocated time, of cear without crashing. My professional “obsessioithw
Boeing’'s Chief Mechanic continued with exponeniaticreasing intensity. This was exactly what | had
been searching for, during my engineering educatr@hprofessional engineering career, but neverdou
it, till now. My evening Lectures on the B777 wevell received, as each year | had a student dbieig t
final year project related to this aircraft.

All the pieces of my “B777 jigsaw puzzle” came ttge, for me, during the*World f Aviation
Congress in Anaheim, California,"13 15" October 1997. There, during the three days, lafi¢hree of
my B777 heroes, Alan Mulally, Jack Hessburg andd@oVicKinzié, United Airlines representatives
for the B777. The rest is history, partially debed in the book.

%2 Ten Years of Achievement MIRCE 1988-1998, pp 28#ted by David Harvey, designed and produced by
Ampersand Publicity, Exeter, UK, 1998.

%3 Sabbagh, K., “2%t Century Jet, The Making of the Boeing 777", padeRan Books, London, UK 1996.

4 Gordon A. McKinzie-In December of 1990, Gordon was named to head#AdPTogram after leading United’s
technical evaluation for a new wide body aircraftéplace the DC-10. As Manager of New Technoldghatime,
Gordon was also responsible for new aircraft a¢tipisprograms and other development initiativegiming
engines, avionics, and flight systems. Prior toasgignment, Gordon managed Operational Enginedtligt



Our meeting in Anaheim ignited and united Jack@ any lifelong passion for creating and maintaining
systems that are destined to work in complianck sgheduled timetables, under operational pressures
and with huge consequences for failing to do sar after hour, day after day, year after year. Jack
accepted an invitation to visit my Centre at Exétriversity and give a Lecture to the Members ef th
M.I.R.C.E. Industrial Club. On the ?Z]anuary 1998 he delivered his first Lecture aidbatre, entitled:
“Airlines do not spend millions on aircraft to mataost for pigeons on vertical fin, fouling the &dg

This Lecture totally shaped my life, and | am prettre that it heavily influenced each of the 125
attending professionals. During my student and excédlife, | attended hundreds and hundreds of
lectures, but none of them, neither before noraft@de such an impression on me. Jack confirmed th
“larger than life” perception that | had of him. ldelivered 90 minutes of smooth, interesting, ligeht,
informative, philosophical, provocative, and auttative presentation regarding his job as Chief
Mechanic, the first and the only one in the wowithout a single slide, notes, or any other teag!aital.
The transcript of the full lecture is given laterthis book, so future generations can learn abiaak’s”
genius, from the words spoken by the man himself.

During the Lecture, Jack said, “Now, how do youthet equipment availability? There's a number of
ways you can do it, but some of them have very egpensive consequences. What you must have is an
extremely high degree of reliability. | can do tifdtput my designer’s hat on, but the problemyisu're

not going to like the price. I'll give you 100%pde&ture reliability as a VP of maintenance at tinkne,

even if you Boeing, don't do it, | can still dobgcause I'll throw enough parts and people atdtld

give you 100% departure reliability that I'm brokea week. So | am immediately, as in all desigmkv

and engineering work, faced with the business offromise, | have to trade cost ‘producibility’, awn
costs, with a degree of reliability. Now we hagestart thinking about, where I'm going to havetart
making these trades. That's a cute stunt.”

As a student who self-financed his rallying amlmiipl fully understood every single word Jack sait
their implications. Then, he continued by sayifg@ ‘how, | as a designer, and | have to fill my congr

in as well, | have to decide where I'm going to @ednomic redundancy into my design, because is cos
money. We have really not developed the disciplihere we know how to normalise that, yet. But you
begin to put those into the design. What happeé®ativeen a Minimum Equipment List, a basic decision
on the degree of reliability of the device and exoit redundancy, if you hit the right combinatigoy
should never find the vehicle in a position wherie not able to fly because you have intruded upon
airworthiness. But, by the way, don't spend sohmuaoney; because I'm paying extra for these things,
I'm going to be carrying it for the next 20 yedfsiou have the full answer to that, would you gesee
me after this meeting! There's a Nobel Prize.inTihese words have been governing my life everesin
because it was exactly that type of knowledge Ithats hoping to gain from my University Degree
Programme, but had not. There was nothing wronly thié Mechanical Engineering Degree Programme
| studied; all that was wrong were my expectatioas it. Mechanical Engineering Programmes have
not been designed to even address this type of llkdge. Furthermore, | discovered that a University
Degree Programme, which would deliver this typ&rawledge, does not exist anywhere in the world!

The following decades of my professional and pexkbie have been driven by the search for the
solution to my quest for crossing the finish libepsted by Jack’s “Nobel Prize Hint". For me, itssthe
most significant revelation: my rallying dilemmaavie been pushed back by Jack, into the desigreoffic
where much more could be done than merely managiag spare parts and tool selection to bring to the
starting line. This brought my life’s obsessionhwétar rallying and my professional focus on meatelni
engineering design, together in such a natural@gidal way thanks to Jack. That realisation, wtiith
added incentive behind the “Nobel Prize Hint”, m& into a very challenging, professional and peakon

Technical Standards, Fuel and Performance Corinolwas United’s first Factory Representative atd Beach
on the DC-10 program. While with United, Gordon bagn stationed in San Francisco (three timesyaghbi,
Denver, and Los Angeles, but now calls Seattlegisttvmove) the final destination! Prior to Gordo9 years at
United, he was a Flight Test Engineer at Edwarad-Arce Base on a number of supersonic fighteNd8d OL
aircraft programs. Gordon was also involved in awbesl design projects at Ling-Temco-Vought in Dallesking
on tilt-wing transport concepts, and at Northroj@s Angeles on F-89, T-38, and F-5 strike aircr@ftrdon holds
Management and Engineering degrees from Claremaitedna College and Stanford University. He is ddvel
and Distinguished Lecturer of the American Insétaf Aeronautics and Astronautics, and a privalt.pi



situation. My academic standing was very high amwad well respected by the world leading defenck an
aerospace organisations, which were regularly sgnstudents to my educational programmes and
training courses, which were praised by externah@rers and well respected by the students
themselves. For many of them this was the pinnafdiieeir professional education. However, truth be
known, | knew that my exploration of all of thessues, although important and connected, were
nowhere near sufficient to address Jack’s “NobieRtint”. Fully aware that the entire operatiortioé
Centre for M.I.R.C.E. during its 10 years of exigte was self-financed, gave me the strength to star
thinking of the unthinkable. That was to take auffge”, leave Exeter University and establish an
independent organisation, exclusively dedicatetiéadevelopment of science based knowledge that
would provide the solution to my original quest éoossing the finish line and inevitably win thebéb
Prize, because its applications will be found tdthe greatest benefit to humankind” in the year of
discovery.

“Fast forward”, | decided to resign from Exeter Uerisity and founded MIRCEScience Limited as an
independent institution, to engage in scientifdy@ational, training, literary and professional @aburs
related to the development of the scientific botligrmwledge required to provide a solution for nueqt

for crossing the finish line, and personally regsptimJack’s “Nobel Prize Hint”. To my great pleasur

and pride, on the 35May 1999, the MIRCE Akaderfiywas officially opened by the great Jack Hessburg
himself in Woodbury Parfkabout 6 miles from the city of Exeter. At the Usisity of Exeter, all the
undergraduate degree courses | had been teachirthepostgraduate Programmes offered by the Centre
for M.I.R.C.E. were discontinued. The following d&igel Mansefl, who fully understood and

supported our quest for the scientific solutionth®problems that caused his 108 DNF (Did Notdfipi

out of 187 Formula 1 Grand Prix races, deliveradittaugural Lectureof the Akademy.

Consequently, the scene was set for the sear¢hddyody of knowledge to fully address and ultiate
conquer the quest for crossing the finish line. Moee time that passed by, the more | realisedhthial
truth of the Einstein’s statement: “A theory canpbeved by experiment, but no path leads from
experiment to the birth of a theory.” | have expeded many in-service phenomena and had learned
about many more through literature, but | couldfimat anything to guide me to the road towards the
birth of a theory. That was the dilemma the MIRClEademy faced during the early years of this century
Despite putting in hours, months and years of estterresearch and hard thinking, we could not fived
correct path forward. In moments of “desperationalmed myself by saying that even the great Jack
Hessburg, who created the role of Chief Mechatsgpb description and then finally delivered the
“maintenance friendly B777”, did not have a name"fois discipline”, which is how he had to referit

in his Exeter University Lecture. Even further, tkalisation that, to the best of my knowledge, the
mighty Boeing Corporation that has all the depantm@ecessary for the advanced research,
development, design, manufacturing, certificatiod austomer support of their numerous productsg hav
not yet developed a body of knowledge to deal Wihfs discipline”, made me fully conscious of the
height of the mountain to climb!

| knew, from the outset, that some physically obalele characteristic(s) that would reflect the aller
“reason for existence” of functional systems havbe created in order to quantitatively determine
measures of their ability to continue to functiontheir functionability if you will, that quantsis their
in-service behaviour. This was a crucial probleat tthad to resolve, but the most difficult one fan
There is no question that, from anybody’s pointiefv, in say the aircraft design office, the reafmn

the existence of an aircraft is to deliver passengad cargo from A to B through the air, with best
possible functionality performance (maximum speed minimum fuel consumption for a given payload
at the minimum overall cost). Generally speakingemf these parameters could be quantified, fon eac
aircraft type by a single number known as the “pot@aveight ratio”, which it is possible to accueigt
predict with the existing knowledge of aeronautmadineering, but conveniently omits the cost el@me
(procurement and operational). At the same timeretlis no question, from anybody’s point of viemw, i
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the Board Room of any Airline that the main reamrexistence of an aircraft is to “generate ptofit
which is only possible by delivering all schedufights “on time and never crash”, with a minimum
demand on procurement, operation and maintenasoenaes. All of these words could be quantified, fo
each passenger aircraft type, by a single numbawikras the “dollars per seat per miles”, which is
measured and summarised by each airline in theiratipnal statistics, many decades after the dircra
design was completed.

Hence, | understood, extremely well, what the Chlethanic’s job was in the design team. However, |
also understood, equally well, that, while doing job, Jack did not have a proven body of knowlddge
rely on, which was equivalent to the body of knadge contained in aeronautical engineering,
extensively used by his colleagues. Of course, daek as an individual had, from my point of vievas
unparalleled in-service experience, total devot@mdesigning “aircraft that go on time and nevesti
and personal integrity to publicly declare the ssitg for the new “discipline”, worthy of the Nobel
Prize. In summary, as | saw it very clearly, while body of knowledge contained in the aeronautical
engineering predicts “power to weight ratio”, thexllp of knowledge that | was seeking, should be able
predict “dollars per seat per miles”. Although “ghenny had dropped”, regarding what has to be done,
the huge question mark for me was how to do it?

Needless to say, | was fully aware that there \mdeege number of specialist system engineering
disciplines that address and deal with specificgadttaristics of systems, like reliability (usually
quantified through the Mean Time Between FailuMEBF), maintainability (usually quantified through
the Mean Time To Repair, MTTR), supportability (aky quantified through the Mean Time To
Support, MTTS), availability (usually quantifiedrtlugh the inherent Availability, ;Aor operational
Availability, A,) and similar. In this context the curricula of maducational and training programmes
were established and delivered all over the w@ldcourse, | would be the first to say that the
educational programmes and training courses, whiechan at Exeter University, were exactly the same.
Unquestionably it was correct for those who wisteedpecialise in these disciplines. However, despit
the fact that all of these specialist subjectsthrit measures have their own specifications asdde
requirements, there was nothing to “normalise” tleemd define overall in-service performance of a
system that would indicate how many daily flights Cleveland” are expected to be delivered “on time
and do not result in a “crash” during the in-seeMife of the given aircraft type, which are theima
drivers of the “dollars per seat per miles” figure.

While | was thinking hard about that all embracingervice performance characteristic that quaifi
the “purpose of existence” of a functionable systeraceived an email from a classmate, from Xilll
Belgrade Classical Gymnasium asking me to writevagages for the book “Collection of Memories
(1967-1971)" that was going to be published as gkitie celebration of the Anniversary of our
matriculations. During the following weekend | ‘tisplanted” myself into those beautiful and indeed
memorable years of my life, recorded them in a 4@epessay and emailed it to Belgrade.

Subsequently, throughout the following few dayggyamemories continued coming back to me. One of
them was the matriculation exam in physics, whiegevery first question was related to the concegt a
units of work in physics. | still remember evergglie word written in my notebook related to worktth
says “In physics, work is considered done whenljaabd is moved over a distance by an external force
applied in the direction of the displacement. ¥ thrce is constant, work may be computed by
multiplying the length of the displacement by thece acting along the path.” Suddenly | realised the
concept of work presented to me almost 40 yearsagbaccepted by me as a given truth, could be the
starting point for solving my quest for crossing fimish line, invigorated by Jack’s “Nobel PrizénHl.

It became crystal clear to me that the purposbegkistence of every system that humans have ever
created is to do something, as it is inconceivablae that something would be specified, designed,
produced and acquired by somebody in order to ¢liimgp Finally, the “eureka” moment came, and |
realised that the “purpose of existence” of anyeyss to do the work. To differentiate the coricap
work in physics and in “my science” the latter tygdevork | named, as the functionability work.
Immediately | realised, that functionability work éonsidered done while a system is delivering its
expected function over time, in a similar way tasdical physics, where work is considered done when
an external force is displacing an object overaisé’.

2 Work of one Joule is done when a force of one Newdisplaces an object for one meter. (J=Nm)



Consequently, in “my science” the concept of fumability work, as far as | was concerned, shoeld b
classified into the following two types:

1. Positive Functionability Work (PFW): a generic nafoethe physically measurable performance
of a functionable system type proportional to theation of the calendar time during which the
expected function(s) are performed, measured insHélr].

2. Negative Functionability Work (NFW): a generic nafaethe physically measurable
performance of a functionable system type propoatito the duration of the calendar time
during which required positive functionability amts are performed, measured in hours [Hr].

After several months of self-celebrations for hguitiscovered the concept of functionability work in
“my science”, the way forward became much cledfer.the very first time | saw the method for
bringing together a “Minimum Equipment List, a lwadecision on the degree of reliability of the devi
and economic redundancy”, which are Jack’s desggioms for “never finding the vehicle in a position
where it is not able to fly because you have irgdudpon airworthiness.” Needless to say thatainges
logic applies to my quest for crossing the finigie] and all other business that have set up mpothl
annual targets. Thus, from now on, design tearfihawe a single, all embracing, measure of the
“goodness” of the design, regarding the in-serpiedormance of their future systems. This pradijcal
means that each feasible design solution will lIse@ated with positive and negative functionability
work, accomplished in the direction of calendargtinAlthough | was extremely happy with the
discovery, very soon it become clear to me thaiai only a part of the solution to my quest forssing
the finish line. The reason being, these are imisercharacteristics of systems measured by tiseirsy
which means that they will become known to thegleseam several decades after they have completed
their design. The data | quoted in the Inauguratle were statistics compiled by Pan Am over 2&ye
of flying the B747, rather than Boeing'’s predicton

During the following months of the development ofy* science” it became clear to me that the disgover
of functionability work, as a measurable physidamcteristic of functionability performance was no
the end of my quest for the finish line, nor suéfit for Jack’s “Nobel Prize Hint.” There is a cav¢hat
was described, by none other than, Jack himsejfthB way do not spend so much money, because I'm
paying extra for these things. I'm going to be giag it for the next 20 years.” Translating intadamary
English” it means that it is not enough to detemrtime design solution that will provide the maximum
positive functionability work during the in-servitige of a functionable system, because the main
objective of any business is to stay in businesd far that to happen: revenue generated mustdbeshi
than the cost of doing the business. Again, in ilewynobody expressed it better than Jack when he
stated, “Airlines are in the transportation busiéoeing, Douglas, Lockheed, Airbus, they're i th
airplane business. You must keep equipment avelldadu can have the shiniest looking airplane & th
world, the most remarkably engineered airplan@éwtorld, it's an academic marvel, it's an enginger
marvel, but if the damned thing is not at gate B&hicago at 9:15 to originate the trip to Clevelan
forget it.”

Having established the concept of positive and tagéunctionability work, | came to the realisatio
that it is essential to address the resources iassdavith realising them. For me, as an enginadr a
scientist, a monetary value of the physical ressaitsed to generate the desired functionabilitykwor
constitutes the cost. This topic | studied as pfhtthe research related to my Master Dissertafioesis,
(details are given in Appendix A). Consequently;nty science” | established the concept of
functionability costs, and then grouped them imitofving two general types:

1. Cost of Positive Functionability Work, whichtise monetary value of the resources used for
doing the work, like personnel, material, equipméailities, energy and similar. Thus, a cost of
doing positive functionability work could be meastifor each system considered

" During the Founder’s Lecture | stated that a Pams®Boeing 747, has flow 80,000 hours and consumed
273.000,000 gallons of fuel, which is only one ofihundreds and hundreds cost elements relatde: taesources
required for a machine to deliver positive functbility work.



2. Cost of Negative Functionability Wortghich is the monetary value of all thesources
necessary used for doing the work, like spare paaimed personnel, material, equipment,
facilities, energy and similar. Hence, the costlaihg negative work is a measurable quantity for
each system consideféd

Although | was not deeply interested in the findaceountancy per se, | knew that functionabilitgtco
categories are very well monitored and accountgfothe numerous departments and experts from
organisations involved in operating systems, fioafficial, statistical and controlling purposes. Haavel
was fully aware that the order of magnitude of ¢hessts is pre-determined by the decisions matteein
design office at the very early stages of the sgstesign process. Hence, there is a “life timefedénce
between the time when the functionability costdmmitted in the design office and the time when the
functionability cost is recorded by the accountaoffice of its user. This fact of life brought Jaakd me
together. He needed a “discipline” that would eadbk design office to compare many feasible swisti
regarding the new system type, and for the choeertminform the airline’s accountancy office witet
functionability costs are expected to be, rathantto “keep fingers cross for decades” in the hHbpe
the final numbers would be good enough to reaépeated sales. Although | had understood Jack’s
“Nobel Prize Hint” in the early 1990s, nearly 2Gay® after my quest for crossing the finish line was
facing very similar problems and consequences. fEaiisation had now triggered several decades of
intensive research and thinking leading towardscthation of “my science”, as a solution to it.

In summary, the philosophy of “my science” is basadhe premise that the “purpose of existence” of
any system is to deliver positive functionabilitgrk. This is associated with necessary resourkes li
personnel, material, faculties, energy and so fdrtie monetary value of resources consumed detiyeri
the positive functionability work constitutes a fioe functionability cost. Complementary, the néga
functionability work is done while a system is imegative functionability state and exposed to the
actions required to recover it to a positive fumictibility state, which are associated with the ssaey
resources such as personnel, spare parts, mateoial, equipment, faculties, data, energy andsb f
plus the cost of the positive work lost, constitgtthe negative functionability cost. At this paimthe
development of “my science”, it became clear ttgairain objectives were not to develop methods for
measuring and statistically analysing the functimlitst performance of systems, but to develop aybof
knowledge that would enable designers to predantfor each feasible option, based on both sets of
figures, and then to select the most favourableregarding, as | saw it at the time, the “dollags peat
per miles” in conjunction with the “power to weigfattio” figures. To achieve that goal | decided to
expose the in-service behaviour of systems to thregm methods of science and mathematics to:

1. Physically observe and measure a functionabilitjogpmance of functionability system types
quantified through the positive and negative waskelduring their in-service life, together
with the resources consumed in the procédsasd to determine the patterns of their
behaviour in the direction of calendar time.

2. Scientifically understand the physical phenomerdhlfamrman actions that govern the
occurrences of functionability eveHtshrough the life of functionable system typeshe t
level of dimensional fidelity spanning from the mt¢10"° metre) to the Solar System {10
metre).

3. Mathematically describe the observed physical meee of doing positive and negative
functionability work through time by a given funmtiability system types, which are

12 buring the Founder's Lecture | stated that a Pams®Boeing 747, N747PA, has consumed, among marersit
the following resources: 2,100 tyres, 350 brakéesys and 125 engines. Also, this cost categoryd®ed costs of
personnel, material, equipment and energy useepiace the metal skin, on its superstructure, wangsbelly
which were done 5 times, numerous structural inspes performed to detect metal fatigue and coomsivhich
consumed more than 9,800 individual X-ray frame8lof and the cost of all resources needed for#macements
of passenger compartment and lavatories, four times

13 Boeing 747, registration number N747PA, been aint80,000 hours, transported 4,000,000 passergersed
271,000,000 gallons of fuel while receiving 806,088intenance man-hours and consuming: 2,100 t§&és,
brake systems, 125 engines, among other partsgititeé 22 years of in-service life, at Pan Am a@$.

14 Any event, natural or induced, that impacts onftimetionability performance of a given functionabletem.



characterised by uncertainty, discontinuity, irmsiglity, inseparability, and dependence on
time, location and humans.

The journey, along the road described above, hasrgied a body of knowledge, that | named MIRCE
Science. It is based on the scientific understandfrthe mechanisms that cause the motion of @isyst
through in-service states in the direction of cdartime. MIRCE Science comprises axioms, laws,
mathematical equations and calculation methodsatiable accurate predictions of the functionability
performance of a given “future” system to be caltedl. Hence, it is a scientific solution to my 4@ars
quest for crossing the finish line and Jack’s “Ndbeze Hint” given at Exeter University Lecture in
January 1998.

The latest developments regarding MIRCE Scienceediation activities related to the publicatiams i
scientific journals, professional communication®tigh conferences and list of selected positive and
negative functionability events that took placehie world during the last few years that | recordad
analysed in order to the scientifically understdr@lmechanisms that cause their occurrences are als
presented in this book.

Tragically, towards the final stages of this loegaarch journey, constantly driven by Jack’s “Nobel
Prize Hint”, an email from our mutual colleague dnend, Justine Hale, arrived in July 2013 witk th
following content:

“Mr. Jack Hessburg has suffered a debilitatingkstrand is currently unable to speak or interadh wie
world around him. This occurred almost 3 months. dgck is living in a rehabilitation Hospital, s
made little real progress towards being himselfragham sorry to write with this discouraging rew

but I knew you would want to know.”

Within a week | re-arranged all professional anspeal commitments and flew to Seattle, on board on
of Jack’s B777. By some magic, Jack recovered safrhés mental capacity and we had the most
memorable time together, between 08:00 and 201@hglthe three days | spent with him. Sadly Jack
passed away two weeks after he addressed me gfgeti last time, with the following words,"l am
ready for you to go home.”

Dr Jezdimir Knezevic
Founder & President
MIRCE Akademy
Woodbury Park
Exeter, UK

Post Scriptum: | have started writing a book on“Mathematical Principles of MIRCE Science” which
will contain all the knowledge required for thelfapplication of the MIRCE Science theory to theiga
and management processes of transportation, coratign, defence, aerospace, nuclear, medical,
energy and many other system types, the originhaélware presented in this book.
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Part 1: Quest for Crossing the Finish Line

“Creating a new theory is not like destroying an darn and
erecting a skyscraper in its place. It is rathéseliclimbing a
mountain, gaining new and wider views, discovetingxpected
connections between our starting point and its galrironment. But
the point from which we started out still existsl @an be seen,
although it appears smaller and forms a tiny pdrbor broad view
gained by the mastery of the obstacles on our ddwaums way up.”
Albert Einstein®

“Why did he have to park his car in front of ouruse?” Asked a seven-month pregnant wife to her
husband! “How do you know, lying in bed in a daokm that it is in front of our house?” replied the
husband. "Can’t you smell the petrol?”

Two months later the couple had their first chdldson named Jezdimir. During the coming years, |
clearly demonstrated a love for cars and othemtieehsystems. According to my mother, at the aige
two and a half, walking home with my parents, | salaand Rover parked in front of the British Emlyass
in Belgrade, and insisted | must have a photo tafehe “jeep” and myself. In the mid-1950s, in
Yugoslavia, hardly anybody possessed a camera.etdawmy “organic love towards cars” was stronger
than any other natural necessity. The family “letjesaid that | stood in front of the “jeep” for Dirs,
while the hunt for a camera was going on, withawtaords of complaint or desire for food, water or
toilet. Finally, the camera was found and the phaken, which shows a young boy with a huge smile
and a clear expression of happiness.

During my whole childhood no toy lasted 10 minutesx, as | dismantled it, including my sister’slgol
to see what was inside and how they worked! On mauseoccasions my mother would say, that the best
job for me would be to “manage a scrap yard”.

The love for machines was present throughout miglicbod and well supported by my parents. From the
age of three | had my first tricycle that | consetkas an extended part of my body. All winter Lo

ride it in the flat with assistance from my nanjaet would necessitate moving chairs and all other
obstacles in my way. At the age of four | staralter-skating and never stopped, yet! The stursbnaf

the metal frame and the wheels that were attachad/tfeet by bright red leather belts impressechme
end. Every free moment of every day | was out enpivement skating with my friends or just by
myself. At the age of five my mother bought me auiiul blue bicycle in Venice. That started thevne
era in my life. Pneumatic white tyres, front andrrbrakes, dynamo for the front light and the red
reflector on the back, gave me extra hours of enyt. Very quickly, with help from the older boys i
the neighbourhood, I learned how to maintain timeemt tyre pressure, lubricate the drive chainystd]

the brakes and similar maintenance tasks. My owlthox consisted of one universal bicycle spanner an
one screwdriver. Pliers and other tools | wouldrarfrom my friends, but with ambition to have my
own one-day. Hence, it was very easy to chooshkdaist and New Year presents for me.

My family bought our first car when | was the adesleven. | went with my father to collect theirdgla
1000 MB from the dealer and as the “happiest peirstime world” arrived home sitting in the front
passenger’s seat. By definition that was my sedt &ardly ever ventured to the back seats. The
following day we got the number plate, BG 424-16jak “the boys” attached to the car and made it
legal.

Within weeks, | started checking the oil and wéeel of the engine and managing the tyre pressure.
Almost every Sunday my father and | washed thesearewhere in the suburbs of Belgrade, where the
water was publicly available. During those timegakched and learned how to start the engine ané som
other driving skills. By the age of 13, | convincey father that the washed car should be dryingidet

'8 The Evolution of Physics (pp. 158-159), Simon Sotiuster, New York, New York, United States of Aiteer
1938



the puddle in which it was washed, so | was alloteeeixecute that “crucial manoeuvre”. Father’s
agreement was the happiest moment in my entireTltien, | learned that the bigger puddle | maddewhi
washing the car, the longer drive it would be. Hemay driving distances were increasing meter-by
meter, but in the “good direction”!

My father drove the car because somebody withirilyanad to, but he took very little pleasure in i

it. To the contrary, for me that car was the ceofréhe universe. | learned, at the age of 14, tow
change the engine oil, and what type of oil shdaddised in the cold winters and in the warm summers
Needless to say that replacing the water with i@®#e in October and draining the engine in spriege
one of the most important assignments in my life.

All of my pocket money received for birthdays, N¥&ar and other occasions, | spent buying models of
cars that my family could not own. In that way maay types made by Ferrari, Porsche, Ford, Lancia,
Alfa Romeo, Renault, Pontiac, Simca, Datsun, Togoigh other manufacturers started entering into my
“bedroom garage” in scales of 1/18, 1/25 and 1/43.

Hands-on Experience

At the age of 14, after a lot of persuasion, iflitiaf my parents, and then the owner of the SkBdevice
and Repair shop in Belgrade, | managed to secyeaidinvork as a car mechanic apprentice. At thad tim
in Yugoslavia it was illegal to have anybody unther age of 18 in the work place. However, with full
parental approval and the sympathetic views ofivage owner | spent the whole month working from
07.00 to 15.00, Monday to Saturday in a proper wgrigarage. That was the best holiday | could
imagine. The smell of petrol and oil, proper blwemills, a huge collection of tools, inspection pit
diagnostic equipment, compressor, hydraulic trgiéeks and many other special tools and test
equipment.

During these times | saw maintenance manuals &fittst time in my life. | saw and used wiring
diagrams, tyre construction and pressure charggulBdy, | complained to my parents that none et
means of technical communication were ever mentiémeny classes in school, and yet they are
essential for keeping machines in good working orde

At the end of each working day it was my job tded the tools from the whole repair shop and patt
on the wall at the marked places, and of coursegort if any were missing. The prime reason fat th
was to ensure no tool has been forgotten in aninergy or car that could cause problems to thesosvn
and users.

From the money received for my"1Birthday | bought a hydrometer, a special instmintieat measures
the specific gravity of the electrolyte in a bagtdrdid this after reading somewhere that at thgifning
of each winter the electrolyte specific gravity bade above 1.2 g/ml. If that is not the casebdutery
needs to be purged and recharged, in order todoly fer sub-zero temperatures. When my first
inspection of the battery was finished, | went hdmeeport the state of it to the “family committee
Before | had a chance to say a word, my motherdaskéhat have you done with your trousers?” When |
looked down, to my horror, the trousers looked bksieve — hundreds of small holes were covering
them. Somehow, without knowing the nature of tleetebdlyte, | spilled it causing the total destraatiof
my trousers. By some miracle my hand and legs wetaffected with this “beginner’s error”. However,
when | said that | must go back to the car to ckharbattery terminals and cover them with acid
protective grease, otherwise the battery wouldsbigsal as my trousers, my father said, “My son you
cannot go out like this.” | replied, “Why not?” Bet anybody had a chance to say anything else, |
disappeared.

Meeting in the Car Park at Belgrade Railway Station

In early 1960s there were quite a few cars in Belgr so when owners of the same type of car nuztrat
parks they usually exchanged their experiencestdahegarages that serviced their cars. So it hais t
one day while my father was waiting for some vistat the main railway station in Belgrade, a white
Skoda 1000 MB parked next to him. Without hesitatioe driver of the car approached my father and



wished him a good afternoon. Word by word theyaieced that they were waiting for the same train,
which was delayed for about 15 minutes.

Inevitably, their conversation reached the topisaivicing their Skodas. With very few garages that
specialised in Skoda cars, they then discoverddtbg were using the services of the same garsgje.
both of them were very satisfied with the work ddims topic was exhausted very quickly. Then my
father was asked “When were you there last tim&gveral months ago,” he replied. “Well, | would
advise you to go there before the end of July.p8sed, my father asked, “Why before the end ofJul
“Well, you must go there and see a very young bbg i8 working there as volunteer during the month
of July. During the academic year he was attentliegschool, but during the July, with permissiomisf
parents, he is helping at the garage to learn @iooet repairing Skodas, as his special interedewA
days ago | was there and observed him helping2th@00 km service on my car. | have never seen
anybody enjoying so much doing mundane work likes&crossing’ wheels, changing the oil, spark
plugs, contact breakers and other consumable festemed to me that his feet did not touch tloeigd.
The enthusiasm and energy for what he was doingealy impressive. His parents must be the happies
people in the world.”

Totally speechless, but proud, my father listerethis praise about his son. Then he said, “Itysson,
we could not stop him doing it. Every morning hésgep at 05:45, by himself, has the breakfast pespa
by his beloved nana, with a cup of cocoa and leat68:15, in order to catch the bus at 06:19r1vea
at the garage a few minutes before opening howg:a0. Normally, he stays there until 15:00, thut i
there is any extra work to be completed for the daghing will stop him staying until the work isie.”

Over the years my competence was growing rapidiye © my determination to learn: how the car
works, what to do in order to keep it working anldaivto do when it fails to work. By the final yesr

my voluntary apprenticeship | had learned to penfoather complex tasks. | was confidently: adjugstin
clutch pedals; clearance of engine valves; comtiagzkers; spark plugs; adjusting the mixture offtied

in the air in the carburettor and a few other taslsof that | learned by carefully observing whhe

other mechanics in the garage were doing. Therenwd@®ok or any written material that | had everse
that explained these activities. In the servicekispthe Skoda car producer clearly explained which
maintenance tasks should be done at what frequbnotyf course not how they should be done. It was
expected the general public would take their aaesuthorised garages for servicing and repairs.

During daily rides in public transport, to and frohe garage, | entertained myself by addressing the
following types of questions:
* Who and how do they determine the frequency anddhgent of inspections and servicing
tasks?
« How all of that is coordinated across all partshef car that are so different from each other?
« Do designers design the car and then while theyeating them decide the frequencies of
adjustments, inspections and servicing or do tleejde that before and then design it to those
requirements?

Grand Prix Bedroom

Cars of all shapes, types, colours and usage Wwer®tus of my life. However, racing and rally cars
were closest to my heart. That was clearly margté#itrough the decoration of my bedroom. Wallpapers
were never changed, as there was not a singleestgdr on any wall where pictures of cars and dsive
were not covering it. They were: Graham Hill, J&kham, Jim Clark, Johan Rindt, Jo Siffert, Jackie
Stuart, Clay Regazzoni, John Surtees, Mario Anicaatt other drivers of that era.

| loved cars as the entity that made me happyynshape, form or size. All cars are equally bdaluti
and attractive, without contradiction, from my pooh view. Hence, without any particular order, ¢&ks
constructed by teams like Lotus, Ferrari, Hondal_den, Matra, March, Cooper, Brabham, Surtees,
BRM and others were displayed on the walls of ngrbem. Most of these pictures came from
Autosprint, the main Italian Journal for motorspdmtschool | learned Russian as a foreign langulage
my love for racing made me start learning Italiaegening classes.



Apart from a bed and a desk, in my room the biggeste of furniture was a huge display cabinet,rehe
| proudly showed my prized possessions: modelaltyf and racing cars. To the big surprise of my
mother | even dusted the cars inside the cabingetydrdly ever picked up my socks from the floor,
somehow those things were outside of my life. Nesgito say the boundless love of my grandmother
Katarina, contributed to this type of behaviour.

The Red Notebook of F1 Failures

While the whole world was watching and followingttace winner, | was collecting the data aboutghos
that did not finished, as many of them were victohfailures of different parts of the car, pit rheaics
errors and other causes that prevented driversiongthe finish line. | liked mathematics, and dpin
some maths on F1 races was the best thing to dtoadays after the races, something that I still do
today. In fact | looked at the data for days aretitto envisage what really cased failures likg: oi
suspension; brakes; engine; out of fuel; water puowoint electrical and similar words used by
newspapers and auto sport journals when they egptne outcomes of the races.

Running out of fuel, use to bother me for montiés tlear that the engine cannot run without foelt,
there are many reasons why the fuel was not aVaitalihe engine. For example, the race engineer di
not calculate accurately the amount of fuel reglicecomplete the race. Of course, it is alwaySibbes
to put more fuel in, but then that extra fuel beesran unnecessary load that negatively affects the
performance of the car. The other option is thatrite engineer calculated the correct amountebiofut
the mechanics failed to put in the amount requiFeatthermore, it could happen that all parties,rdee
engineer and the mechanics have done their joleabyy but there was a fuel leak somewhere in tie¢ f
system. Well, just stating “fuel system” as a caufSilure is such an all-encompassing expression
saying very little about the real cause. Did thereoriginate in the manufacture of the fuel tamka
missing washer somewhere in the fuel line, or acped” rubber seal during the pipe replacementecaus
the leak? | had many questions, each technicatlyphysically, based on my limited knowledge of car
maintenance. Was the failure of a fuel pump, caatbors, fuel filter or any other part the caus¢hef
event that was reported in the newspapers as fduey?

To deal with the phenomena that prevented racirgarad their drivers from crossing the finish lihe,

kept records of all failures of all F1 races, tosdme statistics and write possible reasons faetho

events. | named it “Red Notebook of F1 Failuredie ook became my prized possession and was never
far from me. It went with me on summer holidaysctwer the F1 races that took place in August, liysua
Austrian, Hungarian or German GP, and to help maduhe long summer nights, which were very hot
and full of “cheerful mosquitoes”, which regretfutiever failed to find me.

The Red Notebook of F1 Failures was full of simaios, between the number of cars that finish the
race and those that started. It was followed byfuht&er classifications of those that did notgimi into
following three categories:

e “Team” causes, that included all the failures & tars, pit stop errors and from similar.

» “Driver” causes mainly covering spins, accidentsj aimilar actions.

» “Other” causes that included events like race stdpue to bad weather and similar events that
could not be attributed to the first two categaries

Pages and pages of tables and graphs are in my &bokwhich were free drawn by me, constituting
my world, science, pleasure, fun, focus and enjoyme

Monaco Grand Prix

Growing up in the Socialist Republic of Yugoslaviay favourite annual event of the global significan
was the Monaco Grand Prix. It is a Formulal moagerthat is held each year on the Circuit de Monaco
since 1929. This event is widely considered to e @ the most important and prestigious automobile
races in the world, alongside the Indianapolis 20@, the 24 Hour Le Mans. The circuit has beeredall
“an exceptional location of glamour and prestige'ttae race is held on a narrow course laid outen t
streets of Monte Carlo, with many elevation charayabtight corners as well as a long tunnel, making
one of the most demanding tracks in the Formulddndar.



Watching the world of glamour and motorsport ongh®ll black and white TV screen was a source of
enormous pleasure for me. The beauty of Monte Gaaona, filled with yachts and beautiful ladies,
thousands of spectators scattered along the sttketiegendary tunnel through which cars go at ful
throttle, and the magic sound of racing enginesdpeiew.

For me, watching each lap, following overtakingzidents and failures, on sunny or extremely weatkisa
were sources of huge enjoyment. The whole eveniweagc for me, as | dreamed of going there
sometime in the future, of course, as a drivehofé beautiful cars. It was a source of my motvato
study physics and maths, as without good scienseddanowledge about racing cars there is no chance
of being part of that community, in my view!

Races were always exciting irrespective of the harathe winning team or the driver. It was two tsou

of pure adrenaline, which came to my life with aalfeiequency. However, the culmination of the day
was the award of the Trophy to the winning driveiHer Royal Highness Grace of Monaco. The beauty,
elegance and always-present smile made her my deeiaicess, forever. The only other female who
could come anywhere near her, was the actress ttlrpburn. Torn between these two global
celebrities, | enjoyed my life by regularly watcithe F1 races and analysing the failures thatgorte

the drivers from crossing the finish line, as soavet had become intrigued with the challenge of
preventing this happening.

Finally, Dream Comes True

From the age of thirteen, when | started movingfatlger’'s car a few metres up or down from the place
we washed it. | continued driving whenever we editny grandmother, who lived in a rather isolated
village on mountain Zlatibor, 200 km south of Belde, far away from the main roads and any traffic.
That was my testing ground where | practiced dgvand the skills of driving slowly, which accordita
many is more difficult than driving fast. Occasitipghese visits would be during the winters, wiieere
were lots of snow and ice on these off road traeksch were challenging even for my father. Withia

of fatherly pride, he always stopped when we ledtrain road and let me drive the last few kiloe®tr
through woodlands to granny’s house. The same Im&op&hen we were going home.

For about 4 years my only dream was to become a&y@d and to pass my driving test. Time passes
rather slowly when you are a teenager, so | ché&thaty love for driving towards enlarging the
collection of car models and spending as much &impossible working on real cars.

The family Knezevic lived in a skyscraper contains® flats, out of which at least 30 possessed.a ca
Hence, it was an amateur mechanics paradise. thaawing oil for half the building before the surmme
or winter season. | proudly used my battery chaagerhydroscope to deal with ignition systems
problems on my neighbours’ cars, during the fromerier months. Occasionally my parents were not
that happy with my generosity towards our neighbauno were now relaying on me, but | always
defended myself, as it was my pleasure and furo,Aslping my neighbours | had the opportunity to
learn on other cars that were designed and repdiffedently from my father's Skoda. Hence, | had
access to Fiat 1100, 1300, 124 and 125, Zastavari®850, NSU 1000, 1200, Wartburg 1000,
Volkswagen Beetle and a few other makes.

A few weeks before my f8birthday, I took a double lesson with a qualifigéling instructor to check
my skills and to make a plan for the rest of thecgicing. At the end of the lesson the instrucbdd me
that | was ready to book the test, as he had p#ise to teach me. The rest is history.

On my first solo drive | took my beloved nana tsitvvher friend, who lived on the other side of Balig,
whose health conditions prevented her going outt Was my way to say a huge thank you for
everything that she had done for me over the Bstehrs.

To drive more and more, during the school holidanes, | used to get up at 06:00, and drive my garen
to work in the morning and picked up my motherha afternoon. Every Sunday, at noon, | would go to
pick up my grand aunt Lija and bring her to out fa lunch. | never said no to any demand from
anybody, which involved driving, at any time of tth&y or night.



| was one of the very first pupils in my class wiassessed a driving licence. Predictably, gidefthe
school would occasionally ask me to drive them &zttheir boyfriends or to pick them up after they
missed the last public bus! Of course, | did ithadgreat pleasure, as | enjoyed both their compadytize
driving.

Monte Carlo Rally

As a “realistic dreamer” with a driving licence, raitention was gradually moving from F1 cars téyral
cars, which are in all respects much more accestbppeople like me. So, | started attending a few
opening or closing stages of some car ralliestthat place around Belgrade and the nearby mountain
Avala, which is the closest place where the speald were taking place. | loved the dynamics @&f th
competition, variability of the road conditionsdligh different stages, noise of the engines, aad th
diversity of skills demanded from the driver anddriver. In F1, there are so many people doingthei
extremely specialised jobs, and all that happenirtigin two hours of going around the same circimit.
rallying, each kilometre of the competition is difént, spread over thousands of kilometres of ddy a
night driving, with continuous map reading, seluphing for refuelling, maintenance, food, drinking,
toilets and other actions!

As an award for the successful completion of mygedary school education, my mother bought me a
book about the Monte Carlo Rally. Unlike books terit by Dickens, Hemingway, Tolstoy and similar
that stayed unopened for months and years, thiswary ever left my hands. | learned that frosn it
inception in 1911, by Prince Albert I, this rallyag/a proving ground for the competition under cliffi
and demanding conditions. It was an important meéissting the latest improvements and innovations
to automobiles. Winning the rally gave the car tgpgreat deal of credibility and publicity. Thisnaml
rallying event was organised by the Automobile GlgbMonaco. Yes, the same one that runs Monaco
Grand Prix for the F1 cars. In the late 1960s cditgre would set off from all four corners of Eump
like: Stockholm; Paris; Glasgow; Lisbon; Frankfudarsaw and Athens to “Rally” towards the final
competition stages around the frozen hills of M@ntacdetermine the winner and celebrate the erad of
unique event. Typically, each year the rally woattact around 150 crews, some of which would
represents the world leading car manufacturers kked, Lancia, Porsche, Renault, British Leyland,
Simca, Peugeot, Saab and so forth, whereas otwws consisted of rally enthusiasts which were table
put together the necessary resources to particigzdesequently, legendary rally drivers like: Henr
Toivonen, Ari Vatanen, Walter Rohrl, Bernard Dah@cJean-Pierre Nicolas, Sandro Munari, Jean-
Claude Andruet, Rauno Aaltonen, Pauli Toivonen,d iékinen, Paddy Hopkirk, Erik Carlsson and
others found their place on my bedroom walls.

From the same book | learned that the Royal cowpleomes the competitors at the finish line to
congratulate the winner and present the trophiésr fhe sensational victory of 1964 Paddy Hoplinki
Henry Liddon, in the Mini, Paddy said, “When | reaa the trophy from Prince Rainier and Princess
Grace, | was dumbstruck. | could barely find therae to speak because Princess Grace was such a big
star at the time™®

To order the book go to
http://www.mirceakademy.com/uploads/ORDER%20FORM%2MMIRCE%20Science.pdf

19 http://www.mirror.co.uk/news/real-life-stories/paddopkirk-won-monte-carlo-3039368.5.2017)




Part 2: Quest for Crossing the Finish Line Knowledg

“The principal goal of education is to create indiuals who are
capable of doing new things, not simply of repeptimat other
generations have done.” Jean Pi&yet

Since the smell of fuel attracted me, from the timeas in my mother’s womb, and in all subsequent
years, | enjoyed nothing more than driving, repagiricleaning or just looking at cars in motion ba t
road or underneath from an inspection pit. Hercapbody'’s surprise, during the interview for
compulsory military service in the Yugoslavian Matl Army, | managed to convince the Military
Authorities to send me to the transportation donisiwhich was as far away as possible from the guns
hated and close to the motor vehicles | adored.

A few days before going to Military service, | saidrery emotional goodbye to my “hand-made” Z750.
During the last three years “we” visited many pkgeEurope, participated in 5 rallies, travelledylto
the University and facilitated the kissing of a fgins, of course, only while stationary! From tmeney
obtained, | bought an accordion for my father, \alwsays wished to have one and a substantial golden
chain tor my mother, as a sign of appreciatioref@rything that they had done for me during aln2dst
years of my life.

| spent a year at the School for Reserve Traffiic®fs in Titograd, Montenegro, where | learned hHow
drive heavy goods vehicles. Driving lessons ondility and deserted fields around Titograd were the
brightest moments of my military career. It was thesest that | ever came to the “Safari Rallyg th
event | had been dreaming about participating thstiti do! Even more, during those months |
understood the inevitability of equipment failueesd the importance of the maintenance management
process that deals with them, together with thestmg support function that provides all necessary
resources for repairing the failed systems. | foaraot of similarities between preparing a cardaally
and preparing a military vehicle for a mission.

In summary, | learnt how to drive heavy goods vigsicluring the first six months of military serviaed
taught the theoretical principles of the workingisnmtor vehicles to the new generation of reserve
officers, during the remaining six months.

On the morning of the™February 1978, | shaved for the last time andrnetti to civilian life within a

few hours. After the daylong train journey to Belde, | was met at the railway station by my parehts
rest of the family and friends were waiting at hoiued the welcoming party had already started. My
parents took me towards a brand new Skoda 120 hishw had never seen before, and while my father
was giving me the keys of the car, my mother wétlrs in her eyes said, “This is our present to gsu,
you have done us proud all your life.” Totally owéelmed by this “huge present” speechless, | kissed
both of them and started the engine of my new car.

While re-acclimatising to “normal” life and lookirfgr my first job, | published my first scientifgaper
in a professional Jourrfal which was based on the research preformed foGraguation Dissertation.

To make up for the “lost time” in military servickespent the whole month of July driving and canggim
my beloved ltaly, with my primary school friend jéina, now a piano teacher, and some of her friends.
During that time we got to know every single vikegnd place on the circular train line
“Circumvesuviana Napoli-Sorrento”, visiting pladé® Torre del Greco, Pompeii, Vesuvius,
Herculaneum, Torre Annunziata, and the island gfrCa

At the beginning of August | started looking for figt job and actively thinking about the contitioa
of my postgraduate studies.

0 Jean Piaget (1896-1980), a Swiss clinical psydisidnown for his pioneering work in child devefoent.
Piaget's theory of cognitive development and epistegical view are together called "genetic episitgy"
21 Knezevic, J “A Contribution to Testing Grapho-Analytical Methfmt Determining Acceleration Time of
Passenger Cars”, Journal "TEHNIKA Masinstvo', Ngpp010-13, Belgrade, Yugoslavia, 1978.



The Industrial Experience

The first job | applied for was at the GOSA Ingifin Belgrade. Within two weeks | had an interview,
medical check and a job offer. My parents wereesmgly happy that | had got a job with one of the
biggest companies in Yugoslavia. Especially asas the only job | had applied for, thus far!

| started my working career as a development eegimeSeptember 1978, in Belgrade. Whilst leaving
for work, for the first time, on the doorstep ofrdlat, my parents wished me a successful careernay
mother added that the “world is ready to be chahdextlapted very easily to the working hours, from
07:00 to 15:00, and to wearimgwhite shirt and tie daily.

However, | still had the burning desire to leara thcientific way” of understanding the failures of
machines that | had experienced and the managemesdsses that should be applied to deal with them
in the best way possible.

Postgraduate Ambitions

In order to get permission and support from my @yg, | volunteered to give a research seminar to
colleagues about my postgraduate ambitions. Trewde well received and the date was set for my
presentation. | addressed about 10 colleagues deghees in engineering, economics, management,
material science, mining, mathematics and physiith, the following words:

“As you all know | recently completed my Militargr8ice. During those, rather long, 12 months | gpen
in isolation from the “normal” world, | thought figuently about my university studies. Those thoughts
helped me a lot while | was going through all tixereises, drills and routines of military life. Atiugh |
joined you recently, by now everybody knows tihavie a huge love for machines, irrespective of
whether they are pumps, generators, engines, CEB@IE, cars, airplanes or any other entities. Today
see machines as a set of components that perfeimdisignated functions by means of their mutual
interactions. Thus, the common characteristic amalhgiachines is their ability to do something.
Consequently, functionality is the most importardracteristic of any machine, which is quantified
through their performance characteristics, like sgecapacity and others. Hence, the whole purpbse o
engineering is to design them in accordance wighgibecifications. Translating it into simplified
language, it means that a kettle, for example,nsaghine that is able to satisfy a need for raigimg
temperature of the given amount of water to themgtemperature, within a given interval of time and
then cutting off the mains supply.

A few months ago | started thinking about the feila: if they all exist to perform a function ietle any
scientific principle that enables them all to d& sthus, today | wish to share, briefly, my current
thoughts on that self-imposed question.

Based on all I have learnt so far, it seems to Ima¢ the main scientific principle that “drives” all
machines to perform their designated functionsiésgrinciple of conservation of energy, which ekyda
what happens to the energy when used. Despifat¢héhat this covers the functionality of all mawts,
it is really simple. It says that the amount ofrgyeobtained from the machine is equal to the arhofin
energy put into it in the first place. As you vesil know, classical mechanics distinguishes batwee
potential energy, which is a function of the pasitdf an object, and kinetic energy, which is afiom
of its movement. For example, there is energyithstiored in a spring, the heat energy in a pegmadine
or the electrical energy stored in an electric nmotdence, when a machine transmits force that elus
deliver a function, it can only deliver the sameoamt of energy as that put into it. In thermodynzsni
one of the most challenging subjects | tacklednatarsity, this principle is known as the law of
conservation of energy and it governs all movemein&dl machines.

2 Government of Serbia, in 1956, had establishedrtstitute for education of the management persiann
economy, in Beograd, which 10 years later, becdmértstitute for organisation and automation ofitess
“Organomatik. Then in 1978 it became the Insti@@SA working exclusively for factories in the GO&Aoup.
Its main task was to give a support to businesstioins production units, but, also, to be in thekaa

competitively and professionally and be ready trtéo changes



For example, friction, which is the force betwesn sliding surfaces, converts energy to heat, therw
everything is taken into account, no energy is teg@a@nd none destroyed. If energy was to be desdroy
as machines operate then, no matter how powerfigeelmachines might be, they would slow down and
eventually stop. At the same time, if the operatmimachines create energy, then all machinesduosil
getting faster and faster and the energy level didwiild-up to an unimaginable scale. Either wang t
world would not have been as it is.

I am not sure if all of you are very familiar witthermodynamics, but as it is important to my future
studies, please let me share my current understgnafiit, with you now. It is a systematic studyhef
relationship between heat, work, temperature aretgy) which encompasses the general behaviour of
physical systems in a condition of equilibrium.ehtcal consideration of thermodynamics is that all
physical systems exchange energy and materialthéih environment. Thus, eventually they will
spontaneously reach a stable condition (equilibdiginat can be described by specifying their projestt
such as pressure, temperature, or chemical composif the external constraints are changed, for
example, if the system is allowed to expand, thesetproperties, generally speaking will changeisTh
thermodynamics attempts to describe mathematitiadlye changes and to predict the equilibrium
conditions of the system.

Initial research in thermodynamics started in th#l®entury, when the main interest was focusedhen t
question of the efficiency of heating enginesliimachines of that type heat is converted intdfulse
work, with an unavoidable and irreversible processlissipation of useful energy. It means thahalit
can never be converted to work. Now, comes thenamigpart of thermodynamics. The key concept in
understanding these transformations is not enasgythe human created concept named enfrofije
law of conservation of energy states that whenewergy is converted in one form from the other, the
total quantity remains the same. However, the nrderest of thermodynamics is the usefulness of
energy. Roughly speaking, energy of “ordered” thitig useful, whereas the energy of “disordered”
things cannot be harnessed to do work. For exantipteenergy stored in an “ordered” battery is udefu
whereas the energy from the “disordered” fire thifdsipated into the environment is effectively.lost
Now, the real “killer” statement comes, entropy pides a measure of the degree of usefulness afener
of “disordered” systems. This means the higherdiserder the higher the entropy. When the entrdpy o
a system reaches maximum, no further exchangezofers possible as the system is totally disordlere
This condition of a system is named the equilibréi@te. The second law of thermodynamics statas, th
in closed physical systems, entropy does not dserddat is, if the system is initially in an orelérstate
(low-entropy state), spontaneously its conditioh efiange towards a disordered state, finally reiagh
the state of maximum entropy.

Let me give you an example. If two pieces of metalifferent temperatures, are brought into thekma
contact, the unbalanced temperature distributioa af/stem, which represents a partial orderinghef t
energy, rapidly decreases to a state of unifornmpnature, as energy flows from the hotter to theleo
place. Having achieved this state, the systemégjinlibrium. The motion of a system towards an
equilibrium state is an irreversible process.

This natural tendency towards an equilibrium stateo fundamental to physics that the great Albert
Einstein defined the second law of thermodynamittstie following words: “Itis the only physical
theory of universal content, which | am convindat twithin the framework of the applicability & i
basic concepts will never be overthraivn

Well, my dear colleagues after 12 challenging mesient in Military service, | have reached thdesta

of the maximum entropy, and | am sure you too,ndutfie last 20 minutes of my presentation. Hermce, t
change the current state, | have to bring extrargpéo my system, which means | have to make tkte ne
move. | want to research the application of thergmaanics and other sciences, to the further
understanding of the mechanisms through whichrtlegersible processes of conversions of mechanical,
electrical, thermal, chemical, and other types médrgy into each other generate failures of machines

3 Rudolf Julius Emanuel Clausius, (1822-1888), a Gerphysicist and mathematician, had noticed thairin
ratio was constant in reversible, or ideal, heatesy The ratio was heat exchanged to absolutegenye. In 1865
he decided that the conserved ratio must corresfmadeal, physical quantity, and named it "engfop



Then and only then, in my view, we engineers withlle to successfully manage the consequences of
failures on the reliability and safety of machindsring their in-service life. Frankly speaking tiveas

my main reason for going to study mechanical ereging 7 years ago, but nothing of that happened.
Thus, | hope the second time | will be “luckier”.

In summary, | have decided to enrol on the postgasel studies in Reliability engineering, at the
University of Belgrade. Most of you are aware tRabfessor Jovan Todorovic, from the Department of
Engines and Motor vehicles, is the leading expkthis subject in Yugoslavia. Thank you very moch f
your time and | hope that the knowledge that | ekfmegain will be beneficial to all of us at the
department

My presentation was well received by colleague® Fkad of our Division said that the GOSA Institute
would support my ambitions for the postgraduatdistiin all ways possible, but regretfully they \bu
not be able to pay my University fee or any otreogiated expenses. Without “wife and kids”, | was
happy to support my quest for science based kn@eledl failures of machines and their management
through appropriate maintenance methods. | coresildihis step to be essential for understandingriil
mechanisms, some of which | had had practical éepeed during the few years of rallying and many
others through the collection of related data ffetnGrand Prix races.

Postgraduate Studies in Mechanical Engineering

At the beginning of the 1978/79 academic year liagdor the postgraduate studies at the Faculty of
Mechanical Engineering, at the University of BettgaHowever, my average mark, from the
undergraduate studies, was not in the top five anleose who applied that year and was advisegto tr
again sometime in the future.

| accepted the rejection from the University of @ade | had, after all, spent much of the five gear an
undergraduate rallying. Not to be deterred, | deditb apply to study at the Technical University of
Kragujevac (the birth place of the body shell of A60). | was accepted by the Faculty of Mechanical
Engineering, as a part-time postgraduate student.

During the academic year 1978/79 | drove to Kragageesach weekend to attend postgraduate lectures,
and from Monday to Friday | worked as a projectieegr, at the GOSA Institute in Belgrade.

Becoming an Academic

After receiving six salaries from the GOSA Instutvithout being asked to do any specific job,dided

to look for a new job. | said to my parents, “Ag tworld cannot be changed by doing nothing, | have
decided to look for a new job." The reactions of payents were very different. My mother immediately
supported my decision, while my father recommentiadion, as a managerial position could be possible
within the next two or three years, in GOSA itsdlfvas not prepared to sit and wait for somebady t
leave the company, or retire, in order for me tégygemoted”.

A few days later my father mentioned to his godenfd, the Director of the College for Advanced
Education of Metal Workers, within the UniversitiyBelgrade, that his son was looking for a job.asw
invited for an exploratory interview and within time | had become an academic. My first job was to
run tutorials in mechanics (statics, kinematics dywbmics), for a group of 30-40 students.

The sudden change in career came as a surprise. fcatways considered myself as a “hands-on” perso
rather than a “bookworm” person. The transitiothi® academic world was challenging for me, as among
many other things, the vast majority of studentsavadder than me. However, | was highly motivated t
help them, as most of them had left school a lang tigo and had had some difficulties switchingbac

to learning mode. | organised additional tutortal&elp the “struggling” students to see the world
through the eyes of scientists that communicathk thi¢ rest of the world through the language of
mathematics.



As the lessons were delivered between 17:00 ariD2because the students were working in factories
and production plants, from 06:00 to 14:00 houlgd plenty of time to focus on my postgraduate
studies.

Being associated with an academic institution, $ webtivated to write technical and scientific papend
to share my knowledge with other colleagues byndttey professional conferences and symposia.

Life Changing Event

In May 1979, during the International Symposiunt'8nience and Motor Vehicles”, | met my supervisor
from the undergraduate studies at the Universialgrade, Professor Jovan Todordliét the end of

a brief walk, along the lake in Bled in Slovenia,duggested that | should transfer to the Uniyeddit
Belgrade and continue postgraduate studies undeulpiervision.

This was more than | could have hoped for. Afearesal months of extended administrative procedures
and a few extra trips to Kragujevac, | was accefgdin the second year of the postgraduate stiatie
the University of Belgrade, under the conditiont th@assed all the exams from the first year ofligtsi
there.

In summary, at the end of the move to Belgradedl progressed one year forward regarding the legrni
process of my post graduate studies, but seveaaheXbackwards”, as far as the University of Bedgra
was concerned.

Return to the University of Belgrade

At the beginning of the academic year 1979/80 thnenee five exams from the first year of studies
waiting for me to pass, which were related to treghmods for scientific research, graph theory, roa;
statistical methods and a few other elements cdackd mathematics. | also attended six postgraduate
courses specifically related to the advanced ssudfielifferent aspects of motor vehicféglowever, my
main problem was that these courses were basdtkalirect application of the laws of thermodynamics
fluid mechanics, materials science, dynamics,teitthey did not address the observed operational
behaviour of motor vehicles, which includes faikjreepairs, replacements, spares provisioning and
similar activities. Although these laws are vahdheir domains, they are not sufficient on thewmndo
create reliable and cost effective engineeringesyst

| passed all the exams from the first years ofisjdequired by the University of Belgrade. Thestno
demanding was Computer Programming. The whole eauves based on the FORTRAN IV
programming languad® For me, who could not speak a single word of Bhgit was extremely
demanding, as | had to memorise all the commaratsatére in English. Although | had never seen a
computer, | was able to create the necessary #igmwiand write code that theoretically speakingldiou
be able to run on a mainframe computer. It waseratikciting and frustrating, at the same time. The
excitement came from seeing a computer as a vevgipol and fast calculation tool and the frustratio
was related to my own inability to understand tinglish Language commands.

24 professor Jovan Todorovic, was born in Belgradk9is2, He was educated in Belgrade, where he gradi@imm
the Faculty of Mechanical engineering in 1957. Afteveral jobs in industry where he was gainingeence
regarding the system effectiveness, he returndtetéaculty of Mechanical Engineering where he clddéel the
Doctoral Dissertation in Reliability of Motor Velés and became a full Professor in 1974. Profebsdorovic co-
authored the book “Effectiveness of Technical Syste Naucna Knjiga, Belgrade (3 reprints, till 1994e also
authored the very first book in maintenance engingen 1993 (Engineering Maintenance of Techni®gdtems,
published by Yugoslav Society of Motor Vehiclesyrihg his academic career professor Todorovic siged
hundreds of postgraduate students, published nwadmoks, chaired and attending numerous European
Conferences, retired from the University in 1991, dontinued to be very active in research andiphiplg.
Professor Todorovic died 1 month after reading approving all references to him made by me in lbloisk.

% System Reliability, Methods for Testing Motor Veleis, Stability and Steerability of Motor Vehicles,
Maintenance Theory and Methods, Technological AspEMaintenance Systems, Motor Vehicles Contrat8yns
% One of the oldest and most used programming laregjage FORTRAN was developed by a team of
programmers at IBM and was first published in 1987 name FORTRAN is an acronym for FORmula
TRANSslation, because it was designed to allow é@syslation of math formulas into code.



Reliability Theory

Professor Todorovic was the leading expert in Rditg Theory in Yugoslavia and very well respected
within the larger European Community of researchegsarding the testing of motor vehicles. It goes
without saying, | felt extremely fortunate to beght Reliability Theory by him.

From the outset of the course Professor Todorawighasised that engineering systems are open systems
whose in-service life is under constant threat fiotarnal and external impacting factors. As bgthes

have stochastic characteristics the concept athiitly is defined through the probability thatystem or

a component thereof would operate without failurdrdy a stated period of time. For me, the conoépt
reliability was an eye opener. It necessitatedpadare from the deterministic engineering methauis
formulas, to embrace probabilistic methods and @asy which were totally non-existent during the 5
years of engineering studies just completed and 4 @xams that | passed.

Thanks to Professor Todorovic, who had introdubésidourse to the Faculty of Mechanical Engineering
only a few years earlier, | learned about this wewcept of addressing the behaviour of technical
systems. Although it was something new that | leel@darn and conquer analytically, it made perfect
sense to me, physically. One of the main attrastafrallying is the continuous uncertainty of &iog

the finish line. Hence, the most memorable momemty whole life, and still is, took place on tHe of
April 1976, when the uncertainty of crossing thedh line, lasted for 669 km of continuous driviagd
was “converted” into a certainty at the instantimfe when we physically crossed the finish linghat
Belgrade Fair ground.

While studying | contacted Vladimir Zeljkovic, awyag officer who was sent to the University of Arizo
to study reliability engineering under the supaonsof Professor Kececioglu. Vladimir brought his
lecture notes and a few books for me to borrow. éle@x, to my huge disappointment, | could not make
any use of them, as they were written in Englistth& end of our meeting he said that reliability
engineering was an extremely important new diseiplheavily based on probabilistic mathematics, and
it was not that easy for mechanical engineers itchwo that type of thinking. He added that the
Department of Defence in the USA was actively sufpg reliability studies there.

Maintenance Theory and Methods

This was another course taught by Professor Todotothe Master’s students in the Department for
Motor Vehicles. | badly wanted to learn somethisgiéntific” about maintenance, which | had pradise
under the directions of car mechanics and my owuitian for over a decade. Academically,
maintenance has been perceived as afsdt activities performed to restore or retaigyatem in the
functional condition. Accordingly, all maintenanaetivities could be classified into the followirty¢e
categories:

« Corrective maintenance task: a set of activitias #ne performed with the intention of restoring
the functionality of the system, after the los$urfction, performance or both.

* Preventive maintenance task: a set of activitiasahe performed to reduce the probability of the
failure of the system. Common preventive mainteadasks are replacements, renewal, overhaul
and similar. It is necessary to stress that theslestare performed, at fixed intervals of time,
regardless of the real condition of the system.

» Conditional maintenance task: a set of activitieggrmed to gain insight into the condition of
the system to determine further courses of maimenaeeds.

Several mathematical models that enable the setectithe most appropriate maintenance policy were
introduced in this course and illustrated with nuca examples.

| was extremely pleased with this course, as ingtbme how maintenance was approached from a
scientific point of view. It was not a course thaight me how to perform a maintenance task, buttbo
manage maintenance tasks to improve the in-sergliability and effectiveness of engineering syssem
Although it was a course at the Department for Mdtehicles, it was very generic and applicablelto a
engineering systems.



Old Habits Die Hard, African Adventure

| had not taken part in a rally for almost four ggeand | was badly missing the adrenaline-genegatin
speed and need for rapid diagnostics and swiftireptons.

Since my teens, | had been helping my neighboumstaia and repair their cars. In the spring, 1986
of those neighbours asked me if | would like to big/Skoda, at a very reasonable price, as he had
decided he no longer wanted to drive. | enjoyedéledrive so much that the same evening | asked m
parents if they would object if | replaced, the tyear old Skoda given to me by them, with the siary
old Skoda of Mr Djuric. Although, my parents coulot see the logic of my thinking, they said that |
must make the ultimate decision, and that they d/bel happy either way.

Within days | sold my newer Skoda and bought myghledur’s older Skoda. Truth be known, | never
liked new cars, as they are boringly reliable, theyer cause any problems and on top of that tbstyac
lot of money, which could be spent on doing sonmgfl@xciting.

With the older car that could be exposed to toughraugh terrains and some money left from the sfle
my newer car, | decided to go to North Africa dgrifuly and August. | put an advertisement in
“Politika”, to invite adventurers to join me in aaular journey around the Mediterranean Sea, from
Belgrade to Belgrade via, Montenegro, Sicily, Timiglgeria, Morocco, Spain, France and Italy.He t
end, my primary school friend Mirjana “Mira” Djodji, a piano teacher, joined me as co-driver and an
enthusiastic middle age couple, Zoran and Smilgatevic, also decided to join us in their car, atdea
101.

| did very little in terms of preparing my new “6l8koda for the journey. However, the same question
kept coming back to my mind, as it did at the beiig of my 1974 trip to St Tropez, and at the sbért
every rally | had entered. It was that same oldstjae “which spares should | take and, hence, wiws
will | need?” Despite being in the second year gfpostgraduate studies, | was no nearer to addeessi
this question. Fully aware of this fact, | madeagneement with my uncle Milenko Kasagic, the manage
of the Skoda spare part shop, to take and paylftreaparts | wanted to take with me, but to get
reimbursed for all the parts brought back.

The windows of both cars were covered by mosquéts.rExtra canisters for fuel and drinking water
were added. We also took some food that could witiishigh temperatures, a first aid kit, road maps,
new air, fuel and oll filters, sleeping bags andynather items intended to make life in the carenor
“bearable”. Obviously, none of the four “adventgferere looking for the comfort of five star hotelimit
we tried to include things that would make lifeieaand above all safer, in parts of the world biak
none of us had any prior knowledge. | had aboWkg306f tools and consumables, like washers, screws,
seals, electrical wires, steel wires, masking tafastic tubes, jubilee clips, electrical connestdulbs,
hoses of different diameters, and everything dlaeltthought might be useful to us in the northern
outskirts of the Sahara desert. One problem wamemutside of Eastern Europe had, at that tinergdhe
of either Skoda or Zastava cars but that just addaitiof extra excitement and uncertainty to our
journey. | was the only member of the team who igaknically minded. The Lazarevic’'s were primary
school teachers with a strong interest in art aondicn

In the early morning of theé™4July 1980, the caravan of two cars left Belgradta Wots of apprehension,
excitement and uncertainties, heading south tpdneof Bar, in Montenegro, to catch an overnigdatc
ferry to the port of Bari, in Italy. While we wevgaiting for the ferry in Bar, | entertained my teanth

“war stories” regarding my participation in the BaBelgrade Rally in 1975! From Bari we headed
towards the port of Reggio di Calabria to catchférey to Sicily, visiting cities of Taranto and

Catanzaro. The 40-minute crossing to Messina wgspleasant and we had just enough time to drink an
espresso.

The plan was to spend 3 days there visiting histbRoman cities and learning more about the island
We visited Taormina, Catania, Syracuse, Ragusagéwgio and Palermo. Finally we reached the port of
Trapani to catch a 7-hour daylight crossing to $imiOn the ferry, we met many others intending to
explore North Africa, travelling in their own velgs, without any fixed plans. The “camaraderie”



became even stronger when we all had to fill inTthrisian Government custom forms, which were
printed in Arabic! After a good 3 hours of copyifigm each other and going rather slowly from one
Border Official to the next, about 80 cars, offdoaehicles, camping vans and several motorbikesredt
into Tunisia, all in good spirit, looking for nevinallenges and adventures. As often happens, common
problems have the tendency to bring people toge8eeit was at the end of this lengthy border anass
procedure, all of the “adventurists” became likenged family. Everyone waited until the last veéic
had been cleared then we all sounded our hornsisomn!

My group headed south towards Souse, to find aldleitspace for our first African night. The followi
morning we entered into the part of Souse wherdalkign tourist” stay during their travel agency
organised holidays, which was nothing else thamaéncof luxury hotels and beaches with sun-beds and
umbrellas, all along the Golfe de Hammamet. It matsfor us so we headed 250 km southeast towards
the old city of Sfax, on the shore of the Meditagan Sea. The air temperature was ovéiGdut as it
was very dry, it did not cause any problems toBakjrade group. After a day spent by the sea, we go
ready to start the African adventure. Both carsawgming well, so | could focus fully on the scenery

From Sfax we drove to Gabes, along the coastab Rdirt the P16 towards Qubili and Rabta, to start o
first African challenge, a drive over the ChotDgérid Lake. The bottom of the lake is between 46 a5
meters below sea level. It is the largest saltgaheoSahara Desert with a surface area of ov@07@T.
Daytime temperatures can reach over 50 °C. Anrauafall is below 100 mm so in summer Chott el
Djerid dries up, becomes driveable and numerouages occur, according to the guidebooks.

Mirjana and | would go first, and then Zoran andilfamvould follow us after 15-20 minutes gap, to le
the “salt dust” settle. The lake is 45 km long appeared to be an endless broken, white surface. |
stopped, got out of the car and touched the gronthith looked like irregular shaped floor tiles reauf
rather large crystals of salt. | took a few pietetake home as souvenirs. Mirjana and | lookeshah
other, and without a word we started our totallgentain drive towards the village of Dguache, ledat
on the other side of the Lake. Irrespective ofgbeed, the car was continuously shaking and vifigati
There were large cracks all over the surface amakslconcerned not to damage the engine sump or
gearbox. On numerous occasions Mirjana and | wenginced that there was a herd of camels running
towards us. Needless to say, none of them camelargwear our car, as they were never there. The
whole excitement lasted approximately 90 minutdterfa good hour, the Zastava 101 arrived safely.
United again, after the successful completion offist “African Venture”, the Belgrade adventudst
drove straight to the nearby city of Tozeur onribed P3 that took us all the way to the Algeriamdgo.

Scenery, temperature, quality of the road, artitdepurchase in local shops, people, crowds, dlieess
of locals, were unchanging while we were drivingptigh Sahara’s cities of El Qued, Touggourt, Ougla,
Ghardia, Laghout, El Bayadh, Bougtob, Mascara aritlé Mediterranean city of Oran. It is the second
most important city after the capital Algiers, dodts commercial, industrial, and cultural sigoéince. If
the citizens of Oran spoke French, nobody wouldeHanown that this was an African city. From there
the two cars with their YY plates headed towards Oujda, on the border wittobtm.

Again, the change of country changed nothing. Wicoed the African Adventure, business as usual,
until we reached the small town of Guearcif, whgnS$koda started making a noise like a Formula 1 car
The exhaust had developed a small crack on the bedlgeen the silencer and the pipe that leadseto th
exhaust manifold. Truth be known, | liked the nespdrty” sound, but the rest of the team were wdrrie
about it. As all the shops and businesses wereda]dsuggested we continue to Taza, about 60 kayaw

About 20 km later, as darkness started settlingjaMa and | heard a loud bang and our Skoda started
making an unbearable noise. The Lazarevic’s, whewaly 100 meters behind, started frantically
flashing their headlights. | stopped and switchi#dhe engine immediately, as the noise was in&dik,
even for me. When | was opened the door, Zoransteaxl holding the Skoda’s silencer in his hands. We
looked at each other with a smile, and Zoran saidleast we know now where we were going to spend
one night!” The night was warm, the sky full ofrstathe road dead silent, but | could not sleeyag
thinking about the broken exhaust. It would haverbamost impossible to take a spare one, all the w

YU was international auto registration mark fae trountry of Yugoslavia.



from Belgrade. Even more, it was unthinkable taycarelding equipment with me. Hence, feeling
“rather less guilty” | decided to try to sleep.

The following morning, after breakfast, | detaclied rest of the exhaust pipe. While we were trymng
decide what to do next, out of nowhere, a ratharfwout” Peugeot 404 appeared and stopped. Two men
dressed in typical African jellabah addressed Us@mch. Sadly nobody in our party could speak any
French. | replied in Italian and word-by-word thengersation started. When | showed them the twts par
of my exhaust, they smiled and gesticulated imthener that they would take it with them to reaid

bring it back. | looked at Mirjana, Smilja and Zorand their facial expressions were saying, “itaar

car and you must decide.” Being an optimist and netlured person, | handed them both pieces of the
exhaust. With a smile they left towards Taza, auali1:00, leaving us totally speechless, butthfety
hopeful.

Smilja started preparing the lunch, Zoran was logKor a bit of shade between the cars, Mirjangeda
writing post cards and | tried to catch up with digry. None of us knew how long we would have to
wait. We had food for about three days and watenmiaybe two, under heavily restricted use. The time
was passing rather slowly and there were no sijaayomovement on the road at all. Around 19:00, a
ball of dust appeared on the road, far in the desgabut progressively getting closer and closéthiwa
minute or two, | recognised the shape of the Peugfeéd and started smiling at my fellow travelleDsir
“saviours” had returned with the repaired exhatugt, loaves of freshly baked bread and several
tomatoes, all of which they passed to me. Spontatgand sincerely, | hugged them and said, “Merci
beaucoup.” which were the only two words | kneviFiench. When | offered money for the repair and
food, they declined to accept it. Then | openedilgage compartment of my Skoda, looked in it and
took out a box containing seven light bulbs, a draew set of five screwdrivers, a pack of eightviob
batteries, a few chocolates and a jar of rasphany | put it all in a plastic pack and offeredatthe

“two strangers”. After shaking hands with each rbenmof my team, the “two strangers” departed with a
broad smile. For me it was a victory of decencytfer human race.

After installing and testing the exhaust, whichrsded even quieter than before the crack, we spent t
second night at the same place ready to contireupotiiney the next day.

After about 3 hours of driving we arrived at thetbric city of Fes, where we spent the rest of tlast

and the following one, too. From there we visited beautiful and historic city of Meknes, as we
continued our journey towards Rabat, the capitslafi Morocco and finally to Casablanca. As thisswa
the most western point of our journey and we hagedrover 4000 km, | decided to change the oil @ihd
filters of both cars and clean the fuel and aiefd. After spending two days on the beach, we felt
refreshed enough to start the journey back homdrilbing north to Tangier and crossing the
Mediterranean Sea by car ferry to Gibraltar. Allif of us were sorry to leave Africa, as we hadthad
most memorable time there. We experienced mangsHhior the first time in our lives, and each ofiels
very proud that we made it in one piece back tmper The road forward was much less demanding on
the cars, so the probability of completing the jmyr all the way back to Belgrade significantly e&sed.

Once we were back in Europe we agreed to makeeparate ways back to Belgrade. Zoran and Smilja
had a few friends in Spain they wanted to visitle/e decided to take the pretty route and we hbade
towards Seville, Granada and Cordoba, where wéyriedt the culture, history and the beauty of
southwest Spain. From there we visited Lorca, Myrgialencia, Tarragona and Barcelona to finally
arrive at the French town of Perpignan, on th&dgust. The whole of France seemed to be on themo
that day so we decided to do most of the drivimgugh France during the nights and recover on the
beaches of South France during the days. Afterdsipg Montpellier and Marseille, we finally arrivatl
St Tropez six years after my first visit there,lwmy friend Slavko, in my “hand-made” Z750.

After a few days of “holidaying” in the South ofdfrce we headed for home naturally via Monte Carlo,
place which will remain magical for me, at leastagy as Formula 1 races are held there. | showed
Mirjana the village of Breil-sur-Roya, a place iretFrench Alps, where my 2750 failed in 1974 and to
her the whole story in detall, like it had happepaty a month ago!

Within two days of leaving Monaco we arrived in & via Turin and Milan. We both adored Venice,
but for different reasons. For Mirjana, a pianctea, it was a place where the history of music was



made, and for me it was a childhood’s place of “itiagvhich never stopped being so exciting and
welcoming. One night we watched Mozart’s opera “Néaye of Figaro” in the theatre La Fenice, one of
the most famous and renowned landmarks in thergisfdtalian theatre, of course standing in the to
gallery.

The journey from Venice to Belgrade was almost agistent, as all the time the memories of the Sahar
roads, sand and their emptiness, were so stroogriminds. After 6 weeks of travelling and covering
precisely 9645 km, we arrived home. My parents ctmike suburb of Belgrade to welcome home the
“African Adventurists” and to tell us the Lazaresgitiad also arrived home safely a few days befode a
sent their regards to both of us.

For me, it was a totally new in-service experiefidee environmental conditions, in which machines
existed and operated, were hugely different froos¢hl had ever experienced before. It was rather
interesting to contemplate the question, “How mdagign engineers from the Skoda factory ever
thought that their cars would be exposed to thoseliions?” Also, | was concerned how the relidpili
methods and formulas presented by Professor Tomongre able to address such conditions and
facilitate the change in the design to accommotieten.

Scholarship for Reliability and Maintenance Studiesn Moscow

During the two very demanding years of my post gede study, | managed to navigate through all the
educational “obstacles”, successfully passed ahefexams and completed the research projectgedqu
before | was allowed to select the topic for my Mé&s Dissertation. To prepare for this final stage
studies, | decided to apply for a scholarship ftbemSerbian Ministry of Education to go to Moscaw t
study.

Arguably, the Soviet Union was not the leadingarain motor vehicle technology, but they were ohe o
the top two space technology nations in the wakldo, some of the world’s leading professors of
probability theory, including Kolmogoré¥% Smirnov, Kozlo%’, Ushakov and Gneden¥pto name but a
few, were in Moscow. Among them, Andrei Kolmogotakes a special place, as his fundamental work,
the original German monograph Grundbegrife der \&8finlihkeitrechnung that appeared in the
Ergebnisse Der Matamatik in 1933 is considerecetthb birth of modern probability theory. It givibe
basic concepts of probability theory, which hadrbeensidered to be quite a peculiar subject related
gambling, for a quite long time. In his view thedly of probability, as a mathematical disciplihad to

be developed from axioms in exactly the same wayeasetry and algebra. Given the basic axioms, all
further expositions must follow logically, indepemd of the well-accepted meaning of these elements
and their relations.

Probability theory is the area of mathematics withch, | as a graduate mechanical engineer, was the
least familiar. | was never interested in spendimg trying to understand the answers to queslikas
“What is the probability of getting, say 9, by thiiag two dice.” Of course there is much more tditt

to a “petrol head” that was a brief summary oftthigc of the study of probability.

However, having decided to study reliability andmenance engineering related subjects, where all
gquantitative assessments are based on mathenmtbalbility theory, it made sense to me to go there
and learn it from the people who created a big fréfiwf the subject. Thus, it was my hope that singy
probability theory in Moscow would enable me toéatigate its applications to the quantificatiorhf
probabilities of failures of racing cars and othetorised systems in order to determine the apjatepr
maintenance actions which would increase the pibtyatf crossing the finish line, metaphorically
speaking.

8 Kolmogorov, A.M., Foundation of the Theory of Patility, second English edition, pp 84, AMS Chelsea
publishing, Rhode Island, USA. 1950.

“9Kozlov, B.A., Ushakov, I.A, Reliability Handbooklolt, Renehart and Winston, New York, 1970

%0 Gnedenko, Kurs Teoriy Veroyatnost &dition, pp 400. Nauka, 1969, Moscow. USSR.



Also, the best books on reliability theory and eegiring, published in English, had been translimtied
Russian, like BarloW, Kapur? and similar. Hence, it was a rare opportunityrfiar to have access to
those books in the Libraries of Moscow Universitgla@ven more to acquire some, as books were not
very expensive to buy there, at that time.

At the beginning of my scientific career, | wasyw&een to learn, with ambitions to make some
contribution to the existing body of knowledge, é&d®n my experiences of repairing cars, from the ag
of 14, and from rallying them. Nevertheless, | vidly aware of the “mountain” that | had to climi i
order to reach the current level of knowledge lrabdity theory and its applications in Reliabyit
Engineering and Maintenance Management, as notiesé subjects had been taught to me during my
undergraduate studies. | also had a huge desinederstand the “physical” side of these subjinets

has not been that well addressed in the currematiire, as the majority of the books were writign
professors and members of staff from the deparsmanhathematics, statistics or operational researc

To order the book go to
http://www.mirceakademy.com/uploads/ ORDER%20FORM%2MMIRCE%20Science.pdf

3L Barlow. R.E., Proschan, F., Mathematical TheorReliability, John Willey & Sons, 1965.
%2 Kapur, K., Lamberson, L, Nadeznost i Proektiroea®ystem, pp 606, “Mir”, Moscow, USSR, 1980.



Part 3: Crossing the Finish Line Conquering Knowlelge

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

At the beginning of September 2004, for the finsiet since the age of 6, | found myself in the giara
where, there was no beginning of the new acadeedc, ymew intake of students, welcoming speeches
and the clear end to the summer holidays. The neaas very simple, as the Founder and the President
of the MIRCE Akademy | had decided to discontinue Master and Doctoral Diploma Programmes in
System Operational Science! My conscience wouldaliotv me to teach Programmes based on subject
matter that had so clearly failed to identify onsialer the observed in-service event, which wass%ing
the starting line, twice”! Unquestionably, the aedrflight over the South Pole by Polly Vacher be t

5th of December 2003 was “the last nail in theiodffas far as | was concerned, for the collectibn
non-cohesive subject matter, only loosely basescmmitific principles and artificially shackled tive
boundaries of the subject of interest. Although #ituation was worrying for me, as a person fully
responsible for “paying the bills” of the MIRCE $oce and salaries of its employees, my
professionalism, scientific credibility and persbmarality would not permit anything to sway my
decision regarding this. During those difficult dathe following words of my scientific hero, Rictla
Feynman, were constantly echoing in my head, “Faraessful technology, reality must take
precedence over public relations, for Nature cabedboled."

As an academically educated individual: | was fallyare that scientific principles, concepts andslaw
expressed through the language of mathematicéi@reedrock of any engineering creation. Natural
sciences have achieved that status by providingratxpredictions for the resulting consequenced! of
designers’ concepts, scenarios and “dreams”.

As a qualified mechanical engineer: | was equaligr@ that the functionality performance of systemes
the result of very complicated physical procesbatsdre taking place inside them, like fuel comimunst
electrolyses, heat exchange, expansion, contra&ton To learn the physical and chemical meciasis
of these processes | spent five years at Belgranleets$ity in the Faculty of Mechanical Engineering.

As a rally driver: | was painfully aware that theshimportant in-service characteristic of all syss$ is
the delivery of functionality in accordance witletbcheduled timetables and ultimately crossing the
finish line on time. However this type of perfornsaris not addressed by functionality performance, i
any way. In the simplest sense, will a car thatie to reach a maximum speed of, say 120 mphgdoin
cover, say 300 miles in 300 minutes, on a given?ddow would the answer change if a driver is able
not able to do any maintenance? Assuming a drivable to do maintenance, how would the answers
change if water, fuel or oil pump is available agpare part? The complexity of the questions irsgea
rapidly and the ability of a human to use “commense” or “gut-instinct” diminishes rapidly.
Obviously, the questions could be asked in mangrotlays. For example:

« How many calendar hours are required to deliver 65800 operational hours, under continuous
usage, given that the operators are able, or hettalllo maintenance, and the maintenance tasks
could, or could not, be performed in situ, giveatth...., given that ......?

¢ How many pieces will be made during the planned#tims of continuous production, if a
production line makes, say 50 pieces per hourgilkat the maintenance department is working:
one, two or three shifts?

« How many extra operational hours, during the 10yeéthe design life, could be expected from
a machine that needs 2 specific parts of the sgpeg working in parallel, to deliver the expected
functionality, if it is designed with, say 4 of thewvorking all the time, with or without
maintenance checks and replacements of failed, ggwen that ..., or ... given that ... or given
that,,.?

% Feynman, P.R., “Appendix F Personal observationthe reliability of the Shuttle”, PCSSCA volumepF53,
" reality must take precedence over public relationis is pointedly addressed to NASA, where thehiik
thinking of pitching the safety of the shuttle edpublic estimates of LOCV (loss of crew and véias 1 in
100,000 flights.



At the age of 52 (and %2), | reached a stage in mofepsional career when the theoretical knowledge
gained through decades of academic education gretiertial knowledge obtained through years of
rallying and other types of driving on 5 contineritad to converge and create some new type of
knowledge that would be able to provide accuratkiasightful answers to the types of questionsexhis
above, before the design of the “system” was faeali

Scientific Response

“It is a miracle that curiosity survives
formal education.” A. Einstein

At the beginning of 2005, | started seeking thenieavork of the body of knowledge with which the
totality of the solution for the quest for crossthg finish line, along with all other comparablaran
activities, could be properly addressed. Natuyaltya graduate mechanical engineer | starteditigink
about this challenge in terms of motion, whichng @f the most fundamental concepts in sciencasl w
thinking about the diverse types of motion, fromsda planets and beyond. However, all types ofonot
have something in common, which is the displaceraeabme objects in relation to others with respect
to the passage of time. Hence, | spent a few mdrgfreshing my memory” about the fundamentals of
motion in physics and looking at the concept ofiootn quantum mechanics, in order to see whether m
“scientific instinct” for addressing this challengad any merit.

During decades of studying physics | “discoverddittwhen the concept of a particle is used, noiipec
image is connected to it, such as a car or a cdhistenough to know that a particle is a speafipect
whose internal structure is of no particular inégréut which has mass, velocity, acceleration, emom
and a few others properties. The trajectory, dn,patyet another concept required in order torgefhe
concept of the “motion of the particle”. The tramy of the motion of particle x(t) is said to h@esified

if at each instant of time t is possible to idgntié coordinate x. To do this, it is necessarhagito
measure the coordinatesthxrough time or to calculate them. | was fully agvehat measurement is the
concern of experimental science and calculatiai@dretical science. | also knew that the latter i
possible only if the laws of motion are describedthie language of mathematics.

| recounted that a physical law defines a constlation between the appropriate quantities that
characterise the phenomenon, usually written byremaatical symbols in the form of equations. | was
fully aware that each phenomenon is governed tet afsts own laws. There is one set for mechanics,
fully defined by Newton’s equations, and anotheérfeeelectrodynamics, described by Maxwell’s
equations. Thus, it was evident that concepts,,lfamulas, methods etc. taken together, consté#nte
exact science. Although | knew what the new sciestild consist of, | did not know the propertiés o
the new science that | was trying to conquer, o falid not even have a name for it!

| continued studying concepts of motion in scieaond “discovered” that as science progressed the
mechanical way of describing motion became limitislghough, it would have been possible, of course,
to think of the case of a high-voltage transmisdiioa that the wire is the “trajectory” of motioff the
electric signals, such a mental picture would haw@ractical purpose, as the electromagnetic waves
could not have been described as a liquid flonimgugh the wires. The true breakthrough began when
scientists learned to trust the readings of insemts rather that to rely only on their perceptidrisey

used instruments to observe how substances behdnegrdan electric current was passed through the
solution when dissolved, when substances were dheiiteninated and subjected to many other types of
conditions. Scientists studied these phenomeng;digenot merely observe them. They measured the
temperature of bodies, the wavelength of light theytted, and many other features that we aredjrea
familiar with. They recorded the results of theiasurements in the form of numbers, which replaced
direct sensations that scientists previously raligdn. Numbers were the only things that they come
trust when they began to study things that theydcoat physically perceive. Furnished with these
numbers they began to seek relationships betwesn dmd started “imagining the world through the
language of mathemati¢sand thus formulating scientific laws.

% Robyn Arianrhod, Einstein’s Heroes, pp 324, IcBosks, University of Queensland Press, 2003.



To learn how other scientists addressed this pnoblléooked through scientific literature with hapiaat
existing knowledge could help me find the solutif@rsmy quest for crossing the finish line. | fouthgt

the development of quantum theory was the bestrdented, perhaps because it is the most recent. |
realised that defining the concept of motion inmuan mechanics was even harder and very different
from the one adopted in classical mechanics. Adogrb PonomarieV, the very day that this fact was
established can be regarded as the birthday of mapmntum mechanics. Hence, while looking forward
to this moment to come, regarding my “new scientetintinued studying guantum mechanics and
therein, for the first time in a few decades, Ifdunyself actually learning something really new.

The revelation for me was the fact that many ofdaeations of classical mechanics, which descrilve h
the motion of objects, at everyday sizes gpeleds, ceased to be useful for the new phenorRrena.
very long time | knew that the situation was padeltl to all of my attempts to use any aspectsasisotal
mechanics to predict the in-service behaviour efeays. Moreover, in classical mechanics, objedtt ex
in a specific place at a specific time. Howeverjuantum mechanics, objects instead exist in ag'lofiz
probability”; which allows them to have a certalmace of being at point A, another chance of batng
point B and so on, at the same time. | was extrgertouraged with this realisation, as | knew foes
that it is impossible for all the individual copiekthe system considered, to be in exactly theesam
functionability state at any given instant of tiftéhat | knew for sure was that, at any instaniragt the
system considered will be in different functionéhpittates, with probabilities determined by the in
service behaviour of the individual copies. Hemog,“only” problem was how to develop a method for
predicting these probabilities for a given systehile it is still in the design office, rather themhope
that the observed in-service performance, decades vill be acceptable to the user.

At this point of time, it became clear to me, thatas not developing a body of knowledge for meiagur
and statistically analysing the in-service perfanoeof a system. | was developing a body of kndgée
that must be able to predict the expected in-sempeformance of each feasible option of a future
system, at the time when the design engineersstermsg architects are using their knowledge, based o
natural sciences, to make accurate predictionseoéxpected functionality performance. Only then
would it be possible to “normalise” the expectedanvice performance, for all feasible optionsthef
future system and through comparative analysicstie most favourable solution, regarding the
combined impact of functionality and functionablyilierformance, on the scale of the whole life.
According to Jack, the intellectual effort requitedachieve this would be comparable to the intalial
efforts required from other scientist to be awartdredNobel Prize.

Origin of the Name MIRCE Science

At the end of numerous presentations related tguegt for this new body of knowledge, | was advised
by participants and colleagues to name it, sopghaple could refer to it and recognise it. That alas a

big challenge for me, as there was no obvious nartlee English Language that could be used to defin
what | was trying to create. There were numerossiplines that | was studying, with their own
recognisable names, but there was nothing thayrated them and covered the whole spectrum ofsssue

Through numerous discussions within the MIRCE Akageover several years, it became clear that the
new body of knowledge should be named MIRCE Scielheeas being developed at MIRCE Science
Limited®, which has intellectual property rights for reséapublication, education, and training under
the trademark name MIRCE Also, | realised that no other institution iretiorld could offer MIRCE
Science related education and training servicesoattapproval from MIRCE Science Ltd. Of course, it
would be up to us to make it an “essential” bodkrdwledge for scientists, analysts, engineers and
managers involved in advanced research, desigmandgement of the in-service behaviour of systems.
While introducing MIRCE Science to a new group ebple | usually point out that, “A new Ferrari car,
can be obtained only from the Ferrari S.P.A., Vizetone Inferiore, Maranello, Modena, Italy. Herite,

is impossible to learn and benefit from MIRCE Sciefrom any institution other than the MIRCE
Akademy, which is a division of MIRCE Science Ligtt” Ferrari's address has been in my head since

%35 ponomariev, L.1., The Quantum Dice, pp. 254, tietesl from the Russian by A.P. Repiev, Instituté®b§sics,
London 1993, UK.

% Registered in England and Wales, Registration3635242, Registered Office: Woodbury Park, Woodpury
Exeter, EX5 1JJ, United Kingdom.



the age of 10 and the “dream turned into realityJuly 1974 when | arrived there in my “hand-made”
Z750! Simplistically speaking Ferrari S.P.A deymd-erraris so the MIRCE Akademy develops MIRCE
Science, “tutto chiaro”, as Italians would say!

After settling on the name for this new disciplimg thoughts were comforted by the fact that humans
have named numerous planets, galaxies and cosmstetlations, whilst knowing very little about them
So surely, naming something MIRCE Science was g aeal, in the great scheme of things! However,
putting useful and irrefutable content “in it” wakhis | knew very well, as the memaories of promgtin
and demoting System Operational Science withirMiRCE Akademy still pained me. Of course that
had nothing to do with its name; it was all to ddhwhe inadequacy of its content, which was ofomn
making.

While working tirelessly on the content of MIRCEi&tce, | learned the definition of science, from my
great friend and colleague Professor Arie DubisHlie, “Science is any realm of human activity irickh
two conditions are fulfilled: 1.A systematic stuofylaws and rules that enables prediction of future
behaviour of systems to be done; 2. Definitiontafth’ exists independent of the human beings.] [23
This definition of science helped me immenselyit &the only one, known to me, where the scientif
laws are combined with the rules that govern tiweréubehaviour of the system considered are
mentioned. Hence, that was the beginning of my geest to scientifically consolidate my academic
knowledge based on laws of natural sciences witlexpgriential knowledge based on in-service rules
and regulations, made by humans. In considerirgj kiealised that these two fundamentally differen
entities could coexist in science, as they unqoeably had in my endeavours for crossing the fifirsh
Laws of natural science govern physical proceskesdorrosion, fatigue, friction, radiation,
embrittlement, depolymerisation and many othersreas the human made rules govern the rallying
procedures in my specific case, or generally spegdil operational, maintenance and support rules
based on international and national standardsthegwith the specific organisational rules of tisers.

Functionable System Type in MIRCE Science

| felt strongly that the first thing to be donegaeding MIRCE Science, was to make a clear disanct
between the concepts of a system, as currentlygpex by the systems engineering discipline and my
“newly discovered entity”. The former was concerméth the functionality performance of a system
(maximum speed, acceleration, fuel consumption),ettereas that latter should be concerned with
crossing the finish line, on time. Hence, in mywj¢here was a huge difference between the system
Z750, as perceived by its manufacturer (Zavodi GavBastava in Kragujevac in the mid 1960s) and the
system Z750 as part of the Knezevic-Glumac-Teamedy managed and financed by myself. The former
existed in accordance with the laws of naturalrsmeonly, whereas the latter “lived life” in accante

with, what | perceived to be, MIRCE Science (a comation of the physical laws and human rules).
These rules were contained within the chosen gsliand strategies that govern the operation,
maintenance and support processes leading to iegoge finish line, on time. For example, a system
Z750 with a spare fuel pump would generate a diffetrajectory of motion during the rally compated

a system Z750 with a spare water pump, as | hadrixgred almost three decades before. Consequently
| coined the name “functionable system type” asm@egic name for a “set of mutually related compasien
uniquely put together to perform at least one mesdde function and the set of rules that govern its
operational processes.”

| felt that the creation of the concept of a fuoctible system type was essential for the developaien
MIRCE Science. It made me realise that as far@asykhtems engineers at Zavodi Crvena Zastava were
concerned, when they designed the 2750 decade$ ags,driving the one and only functional system
type, namely a Z750. However, the system Z750 wibpare water pump is a different functionable
system type from the system Z750 with a sparegdueip, which is different from the system Z750 with
a spare oil pump, as the chances of crossingnighfiine are different for each of them, while quating
on the same road, subjected to the same enviroahreamtditions and competition rules.

At this stage in my research, | became “petrifiedith the huge number of possible variables thatld/ou
have to be defined in order to uniquely identifgleéunctionable system type. However, all of these
variables have to be taken into considerationaak eombination would have constituted a different
functionable system type and consequently woula ltkelivered a different operational performance.



The more | progressed with the research the mawesirealising that Jack’s “Nobel Prize Hint” wa#yfu
justified, if not even “a little understated”.

Functionability States, Actions and Events in MIRCEScience

“Motion does not mean travel of the ball-type élen along
some orbit around the nucleus. Motion is the changhe state
of the system “atom” in time.”  Werner Heisenberg

After several decades of observing and experierttiagn-service behaviour of functionable system
types, | concluded that in MIRCE Science, fromactionability point of view, at any instant of
calendar time a given functionable system typectbelin one of the following two states:

« Positive Functionability State (PFS), a generic @don a state in which a functionable
system type is able to deliver the expected mebkufanction(s),

* Negative Functionability State (NFS), a generic edar a state in which a functionable
system type is unable to deliver the expected mabkufunction(s), resulting from any
reason whatsoever.

The motion of a functionable system type throughftmctionability states, in the direction of time,
Is generated by functionability actions, which elessified as:

« Positive Functionability Action (PFA), a generionmafor any natural process or human
activity that compels a system to move to a PFS.

* Negative Functionability Action (NFA), a genericn@ for any natural process or human
activity that compels a system to move to a NFS.

The motion of a functionable system type throughftimctionability states is manifested through the
occurrences of functionability events, which arssslfied as:

« Positive Functionability Event (PFE), a generic edor any physically observable
occurrence in time that signifies the transitiomdtinctionable system type from a NFS to a
PFS.

* Negative Functionability Event (NFE), a generic edior any physically observable
occurrence in time that signifies the transitiomdtinctionable system type from a PFS to a
NFS.

Consequently, | started “conceptualising” MIRCE€&pe as the theory of the motion of a functionable
system type through the functionability states Itegyfrom any functionability actions whatsoeveida
the actions required to produce a functionabilitytion.

Functionability Performance in MIRCE Science

“In science one tries to tell people, in such a vaayto be
understood by everyone, something that no onekeeav
before. But in poetry, it's the exact opposite4ul Dirac’

| was only too aware that numerous specialist esgging disciplines, like reliability, maintainalbylj
supportability, testability and similar, that endeared to address specific characteristics of corapts

or modules, had been in existence for over 50 yetrwever, | realised that despite the fact thiadfal
these specialist disciplines have their own speatibns and procedures there was nothing to “nasefal
their interactions and express them in a quantgatianner reflecting the in-service performanca of
system type. The ability to “normalise” would erabbmparisons to be made between all the feasible
functionable system type solutions identified, éindlly select the best compromise among the
competing options.

3" paul Dirac, 1902-1084, British quantum physiditbel Prize recipient in 1933.



My rallying past was still “haunting me”, regardittge impossibility of even address the questiore*Ar
the chances of crossing the finish line higher \sjtare: water, fuel or oil pump?” However,
manufacturers of each pump are legally requireglitie reliability, maintainability and supportatyili
characteristics, at least in western defence arabpace contracts. And then, “the penny dropped”,
although the reliability, maintainability and suptadility characteristics of all the parts are knovhat
was not known, at all, was how they would influettoe chances of a rally car crossing the finish,lin
my case, or how many flights to Cleveland woulccbmpleted “on time” during a year or a decade of
operation, in Jack’s case, while it is still on thawing board? Finally, | realised more clearlyatvhad
to be done, but the “only” question for me was towlo it?

My position was particularly challenging because ¢éducational programmes and training courses,
which | had been running at Exeter University, et on those individual specialities. All of therare/
correct for those professionals who wished to sieei in one of these disciplines. However, novasw
looking to the future research, education and imgiactivities of the MIRCE Akademy, which by
necessity had to refocus on “discovering” or “intieg’ the quantifiable characteristics of the imsee
performance of a functionable system type thatngsically” observable and could be calculated for
each design alternative, for comparative purpdsesne word, the new characteristic(s) must refleet
ultimate “reason for existence of the functionatystem type”. This was the fundamental, aspedief t
research that | had to resolve.

While | was thinking hard about the all-encompagsiharacteristic(s) that could be used to quattiéy
ultimate “purpose of existence” of any functionagystem type, | received a request, from a classmat
from the XIll Belgrade Classical Gymnasium, to wré contribution for a publication “Collection on
Memories (1967-1971)" to celebrate the 40th Anrsaey of our matriculation. The following weekend |
started thinking what to write. | was hugely suspd how quickly those beautiful years of my lifariwe
back”. Classmates, teachers, exams, sport’s dagsahexcursions, first love, the Beatles, the Maona
F1 Grand Prix, the Wimbledon Men’s Final matches] many more memories so vivid and clear you
could almost touch them. Effortlessly, by the eh&wunday evening, | had completed my “memories”
and emailed the 12 pages back to Belgrade.

However, during the following few weeks those hapmmories continued coming to me. One of them
was my final exam in physics, where the very fipgéstion was related to the concept and units ok wo
in physics. While writing the memories, | immedigtésaw” the page and every single word written in
my notebook related to the definition of the wafkith strange emotions | wrote the following words o
the piece of paper, “In physics, work is considefede when an object is moved over a distance by an
external force applied in the direction of the thspment. If the force is constant, work may be potad
by multiplying the length of the displacement bg fbrce acting along the path.”

Suddenly, | realised that the concept of work pre=ieto me almost 40 years ago, and accepted lasme
a given truth, could be the “light bulb moment” fmmceptualising my quest for crossing the finiab.|

It became crystal clear to me that the purposeistence of every system that humans have evetettea
is to do something through time, as it is inconable to me that something would be specified, aeslg
produced and acquired by somebody in order far dat nothing. Very quickly | realised that the
“purpose of existence” of any system is to “do sthimg through time”, which | named functionability
work, to differentiate it from the well-know condegf work in physics Hence, functionability work is
considered done when a system delivers a measuuaigiiion over an interval of time, in a similaryva
that classical physics, considers work done wheexéernal force displaces an object over a distance

Consequently, in MIRCE Science functionability woals | conceptualised it, is classified as:

« Positive Functionability Work (PFW): a generic nafoethe physically measurable
performance of a functionable system type propoatito the duration of the calendar time
during which the expected function(s) are perfornrmeeasured in hours [Hr]. In the
Founder's Lecture | referred to the relevant datated to the B747, with tail number
N747PA (see Table 2.2). As a part of my hobby, oreraccurately to say my “childhood
obsession”, | have collected information about Péalle by every single driver in every
single F1 race, since the first race on the 13tly 1850, Silverstone, England. The most
fascinating example from my Red Notebook of F1ufa# is the remarkable achievement of



Michael Schumacher, during the 2002 F1 season, Weadvad delivered PFW during each
lap of each of each of the 17 Grand Prix racesesioimg that has never been observed before
or repeated since (at the time of writing this book

* Negative Functionability Work (NFW): a generic nafoethe physically measurable
performance of a functionable system type propodiido the duration of the calendar time
during which required positive functionability amts are performed, measured in hours [Hr].
For the relevant data related to the Pam Am'’s Bp&iti7 (see Table 2.3). Information of this
type is impossible to deduce from any availablefiomality performance measures
published by the Boeing Corporation, since unvaitims aircraft in 1969, to the best of my
knowledge! Of course this situation is equally &mgidle to any other product made by the
Boeing Corporation or any other functional systéas have ever existed.

To explain the concepts of positive and negativetionability work, | normally use the example bét
2003 Monaco Grand Prix race, for no particular eeasther than the fact it is my “life time” favoier

F1 racetrack laid out in the city of Monte Carladrma Condamine around the harbour of the prindipali
of Monaco! The length of each lap is 3.337 km. ¢&erhe functionability work expected to be done, b
each functional system type, in this case theeRtrteam, is for each of the two drivers to coneplle
full race distance, which is 78 laps.

The race winner is the F1 team whose driver crassefinish line first, and that is the last laptioé race
for all the teams. Table 3.1 shows the summarhaif tace, analysed in the MIRCE Science manner,
where; Csec, represents the total calendar tinleeoface (measured in seconds), Psec represents the
positive functionability work (racing on the traayne by the functionable system type (F1 team) and
Nsec represents negative functionability work,gtghanges and other necessary actions perfornibd in
pit) done by the functionable system type (F1 team)

Finsh|No Driver Team Laps| Csec Psec Nsec
1 | 3 |Montoya, JP [Willlams-BMW 78 | 6139.010| 6081.806]| 57.204
2 | 6 |[Raikkénen, K |Mclaren-Mercedes| 78 | 6139.612| 6081.504| 58.108
3 | 1 |Schumacher, M. [Ferrar 78 | 6140.730| 6083.947| 56.783
4 | 4 |Schumacher, R. [Willlams-BMW 78 | 6167.528| 6109.376| 58.152
5 | 8 |Alonso, F Renault 78 | 6175.261| 6120.460| 54.801
6 | 7 |Trulli,J Renault 78 | 6179.982| 6124.681] 55.301
7 | 5 |Coulthard, D Mclaren-Mercedes| 78 | 6180.237| 6124.489| 55.748
8 | 2 [Barrichello, R |Ferrari 78 | 6192.267| 6134.766| 57.501
9 |21|da Matta, C Toyota 77 | 6194.032| 6136.210| 57.822
10 |11 |Fisichella, G Jordan-Ford 77 | 6194.001| 6134.239] 59.762
11 | 9 |Heidfeld, N Sauber Petronas 76 | 6195.211| 6138.228| 56.983
12 |12 |Firman, R Jordan-Ford 76 | 6195.632| 6134.794] 60.838
13 |20 |Panis, O Toyota 74 | 6195.761| 6162.020] 33.741

DNF [ 16 |Villeneuve, J BAR-Honda 63

DNF | 18 |Wilson, J Minardi-Coswort 29

DNF (19 [Verstappen, ]  |Minardi-Coswort | 28

DNF (14 (Webber, M Jaguar-Cosworth 16

DNF [ 15 [Pizzonia, A Jaguar-Cosworth 10

DNF [ 10 |Frentzen, HH. [Sauber Petronas 0

Table 3.1: Positive and Negative FunctionabilityM/done during the 2003 Monaco GP Race.

The pattern of the motion of a functionable systgpe through functionability states is determingd b
the sequence of occurrences of functionability edfigure 3.1 shows the sequence of functiongbilit
events for a single functionable system of the tygesidered (it is an expansion of the functiongbil
profile shown in Figure 2.1). Functionability vikadlone corresponds to the cumulative time that a



functionable system type spends in each functidibabtate. As this motion is in the directiontbe
time, it means that the magnitude of the positivé megative functionability work done are non-
decreasing physical properties of functionableesystypes, and as such, they are representativauresas

of their functionability performance.
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Figure 3.1: Positive and Negative Functimlity Work Done
by a Single Hypothetical Functionable Sysieme

NEW() [Hr]

Although | was extremely happy with the “discovepf'the concept of functionability work, very
quickly it became obvious to me that it was onfyaatial solution to the quest for crossing thedimiine,
as the physical resources related to the execatitmctionability works, like material, personnel,
spares, tools, equipment, facilities, energy amilai must be taken into account. As all of themeha
individual monetary values, it is logical to britigem all together under the single umbrella of
functionability cost. Consequently, in MIRCE Sciertbe concept of functionability cost, as | saw it,

could be classified into following two types:

» Cost of Positive Work (CPW): a generic name forghgsically measurable performance of a
functionable system type determined by the monetalye of all the resources related to the
delivery of positive functionability work, like opational personnel, consumable material,
equipment, facilities, energy and similar. Gengrafleaking, as far as | was concerned, it
encompassed all the costs related to deliveryeptsitive functionability work by the
functionable system type during a given intervataiendar timd, denoted a€PW(T). It is
equal to the sum of the following cost elements:

0 The Set Up CosiGPW,(T)): a generic name for the cost related to the gromiof a
new or modification of existing operational resasgtike equipment and tools
needed for the system operation, additional trgiminoperational personnel,
modification of existing or construction of new ogonal facilities, and similar
types of resources that have to be obtained prithrd introduction of the
functionable system type into service.

0 The Fixed Cost of delivering positive workPW,(T)): a generic name for the cost
related all expenditure that is not related toghmunt of positive functionability
work done. Typical examples are: insurance costihand safety issues, personnel
training cost, licensing costs and so forth.

0 The Variable Cost of delivering positive woil®RBW,.(T)): a generic name for the
cost related to the resources consumed by thensyskeéle delivering positive
functionability work.

Based on the above cost categories a generic sigmdsr the total cost of delivering
positive work during the stated period of calenttae T, measured in relevant Monetary

Units [MU], could be expressed as follows:



CPW(T)= CPW( 7+ CPW( J+ CPW )T[ MU 31

| was fully aware that those cost categories alewnelerstood by the accountancy
departments of the airlines and other industrias) twvas equally aware that these costs are
rather unknown quantities to engineering desigitedf as a student of mechanical
engineering | had never been exposed to them.nmeuy, the cost of doing positive
functionability work could be calculated for eacimétionable system type and consequently
used as a measure of its functionability perforreanc

* Cost of Negative Work (CNW): a generic name fa inysically measurable performance of a
functionable system type determined by the monetalye of all the resources used by a
functionable system type to perform the negativefionability work, like spare parts, qualified
personnel, material, equipment, facilities, enexggl similar. Thus, it encompassed all the costs
related to performing the negative functionabitgrk, performed on the functionable system
type during a given interval of calendar tifiedenoted a&€NW(T) and is equal to the sum of:

0 The Set Up CosiGNW.(T)): a generic name for the cost related to the groming of new
or modification of existing maintenance resourdasically, new equipment and tools for
the maintenance of the system, additional traioiingaintenance personnel, modification of
existing or construction of new maintenance faesitand similar types of resources that
have to be obtained prior to the introduction &f thinctionable system type into service.

0 The Fixed Cost of delivering negative wofBNWi(T)); a generic name for the cost related
to all expenditure that is not related to the amafithe negative work done. Typical
examples are insurance cost, health and safetgddksues, personnel training cost, facilities
rent, licensing costs, updating of technical infation and so forth.

0 The Variable Cost of negative workIW,(T)): a generic name for the cost related to the
resources used while delivering negative functiditalbvork. Hence, the cost of doing
negative work is a measurable quantity for eaclktfanable system considered.

Based on the above cost categories a generic skpndsr the total cost of delivering the negative
functionability work during the stated period ofaradar timeT, in MIRCE Science is defined by the
following expression:

CNV(T)= CNWL( T+ CNW( J*+ CNW )T[ M 32

The delivery of positive and negative functiondpitivork through time uniquely determines the pwsiti
and negative functionability costs that corresptantthe motion of a functionable system type throtigh
functionability states. As this motion is in theadition of calendar time, it means that the magieisuof
the positive and negative functionability costsraomae-decreasing measurable characteristics of the
functionable system types, and as such they agdifteite” measures of their overall functionability
performance.

Although | was not that interested in finance aocoantancy per se, | knew that the functionabditgt
categories are very well monitored and accountedfothe operators and users. However, | was fully
aware that the orders of magnitude of these costdetermined by the decisions made in the design
office at the very early stages of the design mescRegretfully, there is a “life time differendagtween
the moments in time when the functionability casts committed in the design office and the timemhe
functionability costs are measured by the accounytaffice of the users. This fact of life convincee
that the solution to the quest for crossing theslfiine must enable the design office to compérina
feasible solutions regarding the new design in sepfrthe overall functionability cost and for tHeosen
solution to inform the user’s accountancy officeaivthe functionability cost is expected to be. s
far from the current industrial practices, knowmte!

Plan for All Conquering Research

Having defined the quantitative measures of thetfanability performance of a functionable system
type, the time came to make a plan for the devedoyrof the all conquering body of knowledge thdt wi



enable accurate predictions to be made while fanatbile system types are being designed. My goal was
to create a knowledge that would enable designdearfsee operational behaviour” of future
functionable system types in quantitative form,domparative purposes, as Jack needed during the
development of the maintenance philosophy of B7#7at ¢the beginning of each rally, in my case.

To proceed with the creation of MIRCE Science arstify Jack’s belief that it deserves a Nobel Rrize
decided to subject the in-service behaviour of fianable system types to the proven methods ofiseie
and mathematics, to:

1. Physically observe and measure a functionabilitfjogpmance of functionability system
types quantified through the positive and negatieek done during their in-service life,
together with the resources consumed in the pregésand to determine the patterns of
their behaviour in the direction of calendar time.

2. Scientifically understand the physical phenomerchlaimman actions that govern the
occurrences of functionability evefit¢hrough the life of functionable system types to
the level of dimensional fidelity spanning from tem (10° metre) to the Solar System
(10" metre).

3. Mathematically describe the observed physical meee of doing positive and negative
functionability work through time by a given funmtiability system types, which are
characterised by uncertainty, discontinuity, irmsiality, inseparability, and dependence
on time, location and humans.

| was imagining that my research will finally geatr a theoretical body of knowledge that compriges
mathematical equations and computational methadsetmable predictions of functionability
performance of a given functionability system todoae, at the design stage, driven by: the physical
properties of functional systems, in-service caists and given rules (related to the operational
scenario, environmental conditions, maintenanceigsl support strategy).

To order the book go to
http://www.mirceakademy.com/uploads/ORDER%20FORM%2MMIRCE%20Science.pdf

% Boeing 747, registration number N747PA, been @int80,000 hours, transported 4,000,000 passergersed
271,000,000 gallons of fuel while receiving 806,088intenance man-hours and consuming: 2,100 t§&és,
brake systems, 125 engines, among other partsgitité 22 years of in-service life, at Pan Am a@$.

3 Any event, natural or induced, that impacts onftimetionability performance of a given functionabletem.



Epilogue: Thanks Jack

“Dear Dr. Knezevic,

Thank you for sending me this update on the re€engress and
your progress with the science of Mirce Mechanicam
encouraged to know your important efforts contiand are
supported by such a fine compliment of our industdieagues. |
am sorry | was not able to join you this year, agls on leave
from my work here at Boeing when the invitationgdor event
went out. Perhaps next year | will join you ongaia. | wanted to
let you know that our mutual friend and colleagMie, Jack
Hessburg has suffered a debilitating stroke antligently unable
to speak or interact with the world around him.isTéccurred
almost 3 months ago. Jack is living in rehabilivatiHospital, but
has made little real progress toward being himaghin. | am
sorry to write with this discouraging news, buinkekv you would
want to know. Warmest regards, from Seaffle”

After receiving this extremely sad and disturbinfprmation from Justin, | started thinking aboug tiest
course of action, regarding “my Chief Mechanic"thlugh good friends, Jack and | had not been in
“daily” contacts, due to our frequent travels. Kllmwved travelling, and since he retired the travasted
longer and longer. Throughout his lifetime Jacktgdall seven continents, travelled by all meains o
transport, adored and respected nature and lov@shobg polar bears. On numerous occasions | would
ring his home, leave a message on the answeringingaand a few weeks later, even months, Jack
would send a few photos from his latest travel atlve, with a few words that described them, with a
unique and very refreshing sense of humour.

The first thing that | did was to locate the haabithere Jack was. It was Seattle Medical Posté\cut
Care, from which website; | got the email addréss €nables contact with their patients. On thé 25t
June | sent the following email to Jack:

“Dear Jack

Thinking of you 24/7. | learned about your conditipom Justin Hale last Friday. As you are my very
best friend | would like to come and visit you soblence, would you like me to come and when it will
be the best?

Also, would it be possible to let me know the caht#etails of your sister or your nephew?

| know that you are fighter and | am sure you wilh this battle too. Maintainability is all aboutaking

it to work, so | am sure will make yourself to l#s'good as new" condition very soon. Please keep in
touch as much as feasible.

With huge hug from your English friend.”

After, a few days of uncertainty and expectatidmeceived the following reply from the Seattle Nt=d
Post Acute Care:

“Hello, | spoke with Jack and he'd love a visirr you. He smiled when | brought your name up and
was in a joking mood this morning. We do not havean on sight for visitors but have hotels near.
Please feel free to let us know how we can helpeldee the contacts:

George Yesian, Marketing & Admissions Director”

Within several hours of receiving a green lighinfrdack, | booked the flight for Seattle and started
changing and altering my arrangements and duthesdsibed for that week. On Sunday thé ad.July |

40 Email that Justin Hale, a Honorary Fellow of theR@E Akademy, sent to me on 20 June 2013. He was
one of the Keynote Speakers of the 1st World Casyoé MIRCE Mechanics in May 2012. Justin, as a
Regional Director, Product Marketing, Boeing ComaigrAirplanes, talked about Maintainability in Dgis
of B787, known as Dreamliner. | was extremely hatgpwelcome him to the MIRCE Akademy as after
Jack’s retirement | have been trying very harcetoh what is going on with my favourite job at raydurite
aircraft company. (Personal Archive of Dr Knezevic)



boarded the United Airlines flight UA921, from Lomd Heathrow to Washington DC, as | had done
many times in the past, including the inaugurgifiof “Jack’s plane”.
Hello Jack, as “Hi Jack” is a prohibited expressionin Aviation

On Monday 2% July, at 08:00 I arrived at Seattle Medical Postit& Care. | was sent to room 216,
which Jack shared with another patient. Jack wedzbme with a rather cheeky smile, typical of Jack
when he wanted to make a point for something ingmdrt hugged him and said a few words, but nothing
was coming back from him. Then, | realised that tueis “injuries” he had lost the ability to spdaka
natural way. It was a rather tense time for bothgfbut the energy from the mutual happiness was
stronger and we communicated without any words ogrfriom Jack. After a while, | went to introduce
myself to the Management and Medical team of thepii{al, as | wanted to learn more about Jack’s
medical condition. Very soon | realised that nobadyng them knew who the “real” Jack was. | shared
with Rachael Gerdis, Executive Director of the @emind her close team, some of the documents about
Jack’s career that | brought with me, mainly whatlvave done together, during the last 16 years of
collaboration. Rachel was so impressed that sheenfiately asked me for permission to photocopgfall
those documents and put them in Jack’s file, tdkenall the medical staff who was working on diéfiet
aspects of his health to learn more about his psida, achievements, hobbies and general persgreait
that will help them to tailor the therapies for him

| asked about Jack’s ability to speak. The ansvas mvore than welcome, as | was told that the speech
therapist would come to Jack’s room and insert'tbenmunication device” in his breathing tube and he
would be able to conduct a conversation on his aggord. Within no more than 10 minutes Jack and |
were talking normally. Jack thanked me for coming asked about Nigel Mansell, Lynn (my partner),
Clive (the Director of operations of the MIRCE Aleady), Flying Lady, (Polly Vacher) and a few other
people from Exeter. During this “barrage” of quess | could not believe how “sharp” Jack was ang ho
easy our conversation was flowing, in comparisotiéofirst few minutes. While we were talking,
various members of medical and support staffs weneing in and out, taking different measurements
from the instruments connected to Jack and takiegsurements from his body, like sugar level and
others.

Around noon, Jack gradually drifted into sleepeétimost 3 hours of very intense discussions migh
something that had not happen before, as all Bs@es with a speech therapist lasted around 28 to
minutes. While Jack was deeply in sleep, | wamgittext to his bed and thinking that the person wh
was in charge of designing the “health care systeimiany aircraft types during his career, nowdaptk

in life exclusively by a machine, without any ingtam him. A model of B777 was on the bedside table
together with a helium balloon with a Happy Birtiidaessage (Jack’s ?®irthday was 19 days ago, on
the 3rd July).

After Jack woke up, he looked in my direction arebwery happy to see me there still. Just as wiedta
talking again a nurse came to measure his sugel. l&s this procedure was taking place every 4 §our
Jack followed it on “autopilot.” When she wrote thember on Jack’s medical record sheet, | asked her
“Is that number good? To my surprise, the nurskddaat me and said, “I do not know, my job is keta
the measurement and write it down.” She turnethttk and said, “Young man, see you in 4 hours time.

Two hours later, another “data collecting nurse”’] aamed them, interrupted us. This time the chaak
related to the amount of food he had, through thed making system” located next to his bed. While
tried to understand how this system makes foodt ightae frequency of feeding, who chose the “menu”
who checks that Jack had enough food to eat aed ather things, he fell a sleeplearned that the
machine makes the food, as programmed, every &hmund the clock. The nutritionists determine the
content of the food and the machine “knows” whetkJas had enough to eat!

Grand Fellowship Award to Jack Hessburg

“Article 10: The Akademy shall, at its discretion, recognisevididials
who made a significant contribution to the achiegatrof its purpose



through a Fellowship Award Scheni®.The Constitution of the MIRCE
Akademy

In the very few days that | had, between learniogud Jack’s health condition and arranging thettrip
Seattle, | quickly administrated the process ofAlard of the Grand Fellowship of the MIRCE
Akademy to Jack. Within 48 hours the awarding Péagyas made on which the following words were
engraved: “For the unique understanding of the teaance process that was the building block of
MIRCE Mechanics”, as a reason for the Award.

The Grand Fellowship is the highest Honour thatMiRCE Akademy can bestow upon an individual, in
accordance with the Constitution. Since its opemintP99, the following individuals have been
conferred with the title of a Grand Fell&w

Bader, F.W. Richard (1931-2012), elected in 2010

Dubi Arie (1945-2015), elected in 2001

Hessburg, Gregory John (Jack) (1934-2013), elaat2013
Mansell Nigel Ernest James, elected in 2000

Pecht Michael, elected in 2005

Senna Ayrton (1960-1994), elected posthumousBOiv
Todt Jean, elected in 2012

Vacher Polly Mary Anne, elected in 2001

Just before leaving Exeter | informed several ck3acolleagues from the Boeing Company and several
local newspapers about the Grand Fellowship Awadhtk.

| also arranged with the manager of the Centrafemall Fellowship Award ceremony to be held in the
“Common Room” on Wednesday 24th July, at 16.000AMgth the Apollo 13 attitude “failure is not an
option” | convinced the head nurse, an ex US AiicE@erson, to take Jack out in the Garden foroam. h

| wished Jack to see the blue sky, which has beenatural habitat during his life. The opportunitygo

out to the Flower Garden delighted Jack and héggaated very actively in the preparation for this
“adventure”. Several members of staff helped fakla be shaved, dressed and hoisted into a wheel
chair ready to go to the fresh air after such lomg.

To Jack’s huge surprise he was wheeled to the Conttoom where several doctors and members of the
staff, invited by me, were there to welcome himtiW4 typical Jack’s cheeky smile he looked at ek an
said, “What is going on here?” | smiled back tmlind said, “Ladies and Gentlemen, thank you for
coming to the MIRCE Akademy’s Grand Fellowship Adiao Jack Hessburg.” After a few sentences
only, I realised that Jack was not comfortabléhmtather small wheel chair. Hence, | concluded the
ceremony, rather quickly, by presenting the Plaquiack. All guests clapped and congratulated ftack
the Award; as for all of them he was just anothaigmt. However, for me, Jack was the first, best the
only Chief Mechanic who ever lived on “Planet E&rithe whole party lasted for about 20 minutes,
during which | took a few photographs for the MIRBkademy archive on one hand and also for Jack’s
family, as none of them could be there. Regrettdly understandably, nobody from those whom |
invited from the Boeing Company managed to attbislévent. Of course Jack did not know that they
had been invited.

After the Fellowship Awards event, the head nulsek and | went to the Flower Garden of the Hokpita
where Jack was originally expected to be. ThatJea&k’s first outing, for a long time. | wanted &xé

him to the fresh air, but even more, | wanted ladee the blue sky of Seattle, the place whespast

the most of his time, either by being there orkiig about it. Jack was very happy and talkativieore
moment | said to him, “Jack you retired from theeBg Company in 1999. During your working life you
have done a lot, achieved a lot and you have ¢g®blioprofessional recognitions, Awards and Honporar
Doctoral Degrees, but what really means the mogbt®” Without any hesitation Jack looked at me and
said, “The fact that United Airline believes thatrh their best employee, on the pay roll of Boéing.

“1 http://www.mirceakademy.com/index.php?page=Cautitit
“2 http://lwww.mirceakademy.com/index.php?page=grazilbfis



While lying down under the blue sky, among othgride that we talked about, | asked Jack “What made
you think to install the interrogating plugs foetentral Maintenance Computer around the fusedfge
the B777?” Without any hesitation Jack replied,sla bloody big airplane!”

“l am ready for you to go home”

During this short visit to Jack, | would arriveG&:00 and stay with him till 20:00. Not knowingeth
situation, | stayed without any food during theffiday. | realised it only when | arrived backlra Hotel!
The excitement of seeing Jack alive and the sadreseing him in this physical condition, espdgial
during the first hour when no words were comingrfréack, totally suppressed any necessity for food.

The following days on my way to Jack, | would gesamdwich and some fruit for lunch. Surprise,
surprise, the smell of fuel attracted me to thelmepetrol station where on day three | got a gogal of
coffee and an ice cream, while Jack was napping.

The Fellowship Award party and the visit to thew#o Garden finished around 18.00 Jack was in his
own room and his own bed by 18.30. Jack instrustedo put the Fellowship Plaque on the bedside
table facing up, next to the model of the B777r &good, 20 minutes, both of us were quiet, thence
was “telling the whole story” in the way it deve&gpover the last few days and the uncertainty ef th
future. Then Jack took the remote control deviaised the back support of his bed and said, “Ieanly
for you to go home.” | looked at him and said, ‘Kao hurry, | have plenty of time, as my flightrist

till tomorrow noon and | have a hotel room booketha airport for tonight.” With Jack’s typical
“innocent boy face”, he looked at me and said Wkoyou a big one for coming to see me. Howevas, it
now time for you to go back.” From his facial ezgsion, | clearly “got the message”. | came ctose
Jack, hugged him and quietly left the room.

Of course, | did not want to leave him immediatéhwent down to the ground floor and sat down i@ th
Flower Garden, looked at the blue sky, but thistimithout Jack next to me. Everything looked and fe
different, empty and insignificant. After a gooalfran hour of gazing into the blue sky and thiigkin
about the pleasure, knowledge, friendship andthat,Jack and | have been sharing, over many years,
was ready to go back to see him again. | slowhkeglup to the second floor, and stopped a few mmetre
before room 216. There was nobody in the long dorrithe nurse’s bay was also empty, and the only
sign of life were sounds from different TV statia@ning through the open doors from other rooms,
where the majority of patients were not even awérghere they were. | walked pass by Jack’s rooth an
saw that he was asleep. | came back and stood dbtr to say goodbye to my friend, colleague,iteac
supporter and the person who had significantly etgdmy life during the last 20 years. Totally uaasv
of my presence Jack was sleeping after a rathéirexand interesting day!

| arrived home to England on Friday"28uly full of emotions and worries about Jack’sifet As an
eternal optimist, | believed the probability of sepJack again and telling him about the creatibn o
MIRCE Science was greater than zero. Naturallpntinued exchanging emails with George Yesian,
who was extremely helpful. Also, | was thinkingvathat | could do to make life a little better for my
“dear friend” who was now grounded by the physamaiditions he really did not want to be in!

The Final Email from Seattle

In the afternoon of the 12th August, | receivedearail from Justin regarding the final departurdadk
Hessburg, with the following content:

“I received word from Bob Manelski this morning tlour mutual friend Jack Hessburg passed away at
0500 this morning. | am unsure how many of youehla@en receiving Bob’s email updates, so it is with
regrets | am passing this sad news on.

Jack lived an incredibly full life - an adventureho visited all 7 continents in his lifetime. Oack’s

wall at home is a world map filled with pushpin&s you would expect, every major city was long ago
pinned. What always impressed me most about thptimthat Jack visited so many places the wordd ha
never heard of. Jack used to joke about Ouagado®gobisher Bay and Bobo-Dioulasso, but Jack had
actually been to each of those places and hundneds like them. Jack retired in 1999, but evehiin
retirement, Jack seldom sat still for very longhéflever we spoke, it always seemed he was jusirayri



home or just getting ready to depart on some neasstgeven if it was just a car trip to the highedem
NV, which was one of his favorite spots on earth.

Listening to Jack recount his stories was somethinig) always remember — especially stories from
early in his career. Jack was a flight engineeSfaturn Airways hauling cargo into some of theziast
spots on earth. Jack often laughed about arrivir8§ world countries, often operating out of dirt séip
and carrying enormous amounts of cash in a monkyebpay for fuel, repairs, bribes, or other
contingencies — all necessities in a time and pldugre no transaction could be done on creditlikee

to say he had more money in his belt than theeetdiwn he was visiting, and it was almost certainly
true. Jack perpetually wore a gold bracelet adisond ring — reminders of a former life when he
always wanted a universal currency on-hand to hiatpout of a tight spot.

When my kids were younger, | used to bring therdiatk’s house where the stories would just flow. In
Jack’s living room is a display cabinet filled witklics and mementos from his many adventures —
confirmation of his stories and confirmation of Kas the genuine article. Jack would often puthso
item out of the case or from a back closet whilingg stories to my kids. They were in awe of Jadot
only were his stories amazing and entertainingwhen he had told enough stories, Jack liked to sit
down and watch Loony Tunes with my kids (Jack hagthel oony Tune ever made on DVD. Jack may
have been crusty and a bit mean to the average adtihe truly loved kids.

Jack hired me into the Chief Mechanic’s office whevas 24, and for the past 20 years he never stbpp
calling me “hey kid” — that's the honest truthivént from being a bit scared of him to realizingites a
very complex man who cared about me very much... édsnhad trouble expressing affection! I'm
grateful for his friendship. He was a one-of-aekinan and a dear friend who will be greatly missed.

16th August 2013: MIRCE Akademy Web Site: “Sad New$&om Seattle”

“Jack Hessburg, the Grand Fellow of the MIRCE Akageinspirational professional and great friend of
many of us, passed away on Monday/ A2gust. From the moment when he cut the ribbah an
officially opened the Akademy in May 1999 until y@4" 2013 when Dr Knezevic visited him for the
last time, Jack was one of us. We shall certaattg t@all the necessary steps to ensure that hetaslipart
of us in the future and that his unique experieara#® a mental ability to see “aircraft maintenarse a
process of managing failures, rather than fixingkbn parts” will be shared with the future genenadi

of our Students, Members, Fellows and Staff.”

From: jk@mirceakademy.com

Sent: Friday, August 16, 2013 12:56 AM

Subject: RE: Jack Hessburg - 1934-2013

“Dear All at Hessburg Family

| wish to share a few photos and the email thatéived from the Administrator of Jack’s Hospital,
regarding the time that | spent with him, at thd ehJuly. Although after terrible dreams he wowiake
up confused, the rest of the time we had propdy, donscious conversations about our collaboratjon
friends and families, as our friendship goes fakles 1997.

Certainly, Jack will never disappear from our thioisgand hearts. We, at the MIRCE Akademy, are
making plans to open Jack Hessburg School for Ghéxfhanics. | wanted that since early 2000, buk Jac
was almost embarrassed with my suggestion, tattiaghat he is not that important. However, when |
mentioned that again in the hospital, he agreeld thié idea and we decided that the further disonssi
about it would be during my next visit to him, whisadly will never be materialised. Hence, if afiy 0
you might be interested to be involved in this pobj please let me know, or you know other peogple w
would like to make Jack’s name, knowledge and égpee part of the education of the future
generations.

Jack you will be missed.”

From: Mancini, Lou

Sent: 16 August 2013 14:58

To: jk@mirceakademy.com

Subject: RE: Jack Hessburg - 1934-2013
“Wonderful — thank you!

Lou Mancini

Senior Vice President

Commercial Aviation Services



Boeing Commercial Airplanes
The Boeing Company
Seattle WA *

From: George Yesian

Sent: 16 August 2013 06:33

To: jk@mirceakademy.com

Subject: Re: Message from Dr Knezevic

“I'm so sorry for your loss. Jack had many friendme to visit before he passed. | was taken back by
your visit and was encouraged to cherish my owantiships, more brotherly than friends. I'm visiting

my best friend tomorrow, in Texas. I'm going to hgn a little tighter and cherish every moment,reve
more since | met you. You're a good friend to Jawtt | know he loves you. Thank you, for your visit.

The staffs also were touched by your visit, asalleet] about it everyday you were here.

Take care and wishing you the very best. — George.”

As | could not travel to Seattle for Jack’s Memb8arvice that took place at the end of Septeniber,
decided to write the farewell words to my friendlleague, mentor and the most inspirational petson
was associated with. | sent the following lettedaok’s nephew, Dr Jeffrey Edelstein, who was damtn
point for me.

“To My Chief Mechanic
For me, there are two Chief Mechanics in the enfiferld, although both of them have the same US
social security number. That number belongs tdateeJohn Gregory Hessbufyglobally known as
Jack. He was the world’s first Chief Mechanic, title Jack invented to describe his job, in respotts
the Boeing Corporation’s desire to design maintexeafmiendly airplanes. In that role Jack become a
legend; through the aviation industry “enviablespiatch reliability that Boeing 777 has demonstrated
during the first 18 years in service.

My first knowledge of Jack in this role was throulga pages of many professional journals and report
on the new way of developing passenger aircrafchiviof that material was cited in my 1996 System
Maintainability book. The book was dedicated tokJand his visionary boss Allan Mulally, although |
have never met them. Then in 1997, during the Pwsttion Congress that took place in Los Angdles,
had the privilege of meeting them both. That wasddy when “My Chief Mechanic” was created. From
that moment to the very last hour of our final antter, at the end of July 2013 in Seattle, | hachyna
opportunities to learn from Jack and have fun wiglck. This beautiful collaboration “converted” him
into my professional idol and personal friend.

Jack’s genius helped me to understand that the wwithtenance has two meanings - the common one
that is “fixing broken stuff” and his, which is tienanagement of failures”. This realisation
fundamentally shaped my philosophy for Mh@nagement dfn-serviceReliability, Cost and

Effectiveness (MIRCE) that finally led to the creatbf the MIRCE Akademy, which was officially
opened by Jack in 1999. Even further, his abititdistil the fundamental out of complex and tospre

it with a unique sense of humour ignited my desingrovide the answer to Jack’s life long question
“What is kilogram of maintenance worth?” Today, mats of MIRCE Science are used to quantitatively

43 Jack Hessburg - the first person in aviation histo hold such a post, created in 1990 by Boeingupport its
new 777. Hessburg has more than 40 years of exgeria aviation, both in maintenance and flightragiens.
Before joining Boeing in 1973, he had a varietyweiation jobs, including designing fuel cell povwsants for Pratt
& Whitney Aircraft, Director of Maintenance Traimgrfor Civil Air Transport; Director of Flight CreWraining for
Saturn Airways; Instructor at Parks College in M@ntenance Engineering and A&P Mechanic Departseanid
Systems Engineer at Northwest Airlines. My firdt @t Boeing was a Flight Operations Engineer supmpa
number of United States, African and Middle Eastrapors. In 1980 he joined Field Services, progdin-site
support to airlines in San Francisco and subsetyustuntreal. In 1986 he returned to a factory assignt as
7471767 Airline Support Manager. Hessburg is bolfleghanical Engineer and an A&P Mechanic. In my et
job as Chief Mechanic, he brings the Mechanic’s AimdCarrier Maintenance Engineer’s perspectivéh®design
table. He is a 1994 winner of the Joe Chase Awanth the Flight Safety Foundation and Professionaaton
Maintenance Association. He won the 1995 Comme#oiation Technical Achievement award from the Aroan
Institute of Aeronautics and Astronautics, Padifmrthwest Section. He is an Industrial Fellow of thniversity of
Exeter, UK.



assess the delicate balance between the costighd®sin “economic redundancy” and its in-service
benefit, for all design alternatives.

The corridors of the MIRCE Akademy are echoing ‘3asfords of wisdom, regarding all aspects of the
airplane’s life, summarised through numerous an¢éesland phrases of his, which are constantly shared
by its students, Members and Fellows.

| strongly believe that it is my professional resgibility, and of course a personal privilege, tgpese
future generations of engineers and managers toithes of “My Chief Mechanic”, who clearly
understood the aircraft is not purchased by airtifeecause it is as a “Nintendo marvel wrapped in
aluminium” but because it enables them to condwatdportation business by being at the gate on time
to originate the trip to the chosen destinationmiantally summarised by Jack:

“All I want to do is to go to Cleveland, on time dmever crash.”

With respect and love
Dr J. Knezevic, Founder & President of the MIRCERd&my

My farewell letter to Jack was displayed during khemorial Service, some of the attendees have
responded through the following emails:

From: Craig Simcox

Sent: 25 September 2013 20:06

To: <jk@mirceakademy.com>

Subject: Re: From Dr K RE: Jack Hessburg - 19343201

“l had felt a need on the 767-300 to have morenmedrom the mechanics and service side. When | was
asked to join the 777 team, early on we deciddwt@ a Chief Mechanic, similar to the role of Chief
Pilot. We would also plant people in each of tingiBeering "Design Build" teams along with pilotsda
manufacturing representatives.

| interviewed and sought help finding a Chief Memla When Jack was brought to my attention | knew
we had a match! His experience for the positios aatstanding. At first, it was hard for the eregirs

to accept the idea of mechanics inputs to the DBJask was super in winning them over. Soon DBT's
and airline representatives were calling Jack badriechanic services team as regular members,
depending on their inputs to make the airplanestiveess it is, of course, renown. Even in serdaoi
provided sought after information.

I am sorry that | will not be able to attend.

During the 777 Program | was. Director EngineestGmer Services 777 Craig Simcox, PhD”

From: Zavala, Rafael

Sent: 27 September 2013 13:21

To: <jk@mirceakademy.com>

Subject: RE: To the Members of MIRCE Akademy

“Hello

Sorry to hear about Jack, | had the opportunityéet him (and even had his autograph!) when | was i
Exeter during one of your symposiums, | also addhiris work and always thought he was a truly
exceptional person.

Thank you for the update and reference to this CRIp@per.

Regards,

Rafael.”

From: Mitzi Beno

Sent: 01 October 2013 00:05

To: jk@mirceakademy.com

Subject: Re: Memorial Services Jack Hessburg

“Dear JK

You were very much with us on Saturday during thenés of Jack's memorial. The recording of the
pictures of Jack's life ran almost constantly dyitime day from the visitation at the church to the
reception afterward, to the dinner at the end efdhy. Each of the many, many times | saw the Eaé
you standing next to Jack, | remembered your hangwvords about him, your supportive emails to us,



and you lovingly sharing the memorial internatidyatith us in spirit. That picture is a treasuraunyrave
given us forever, as are you. Both were there erbtidge with us in spirit, as we said our finabdbyes
to Jack who had already started on his new setwdfdf this world" adventures.

Thank you.

With deep appreciation for your words, you're pietiand your love,

Mitzi Beno”

From: Janice Blum
Sent: 01 October 2013 17:08
To: jk@mirceakademy.com
Subiject: Jack Hessburg
“HI JK,
I’'m one of Jack’s nieces. | wanted to send a pexsoote of thanks to you for being part of the maado
service and your professional and personal relsttipnwith Jack. He was quite the man. So manyyma
facets to his life.
Your note, photograph, and most recent awards alepart of the weekend'’s activities. You were ther
in spirit as well.
Thank you for sharing your thoughts and experiemgdsus prior to Memorial weekend. | wish you
well in your book development and publishing. Mg MIRCE Akademy continue to be successful.
Remember Jack’s rules of life:

1. Ifit's not your problem, it's not your problem fix!

2. Don't get yourself wound around the axle tryingtdve rule #1.
Best Wishes,
Janice Blum”

From: Polly Vacher

Sent: 01 October 2013 16:46

To: jk@mirceakademy.com

Subject: Re: Message for the Fellows of the MIRG&demy

“Very nice message - well done! He will be missed tis memory will live on
With love

Polly”

| was thinking how to further honour Jack, whoskitspvise words and, of course, memorable phrases
are constantly present at the MIRCE Akademy. Hetacegspectfully close the professional part of the
relationship with Jack, | decided to dedicate tt@l MIRCE International Symposium, which has been
running for 22 years, to Jack, his work, achieveimand legacy.

To order the book go to
http://www.mirceakademy.com/uploads/ORDER%20FORM%2MMIRCE%20Science.pdf
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The Origin of MIRCE Science

This book is about the journey over the road thatauthor has
travelled since birth till today, but it is not adk about him; it is a
book about the quest for the new body of knowletige he named
MIRCE Science, without reasonable excuse! Thisiewurconsisted of
two paths:

» The first started with his childhood obsession witins
and autosport, progressing to building one by hasithg
parts obtained from scrap yards, in a neighbouatsien.
Two years later driving that car he earned onetpoithe
National Rally Championship, while experiencing the
physical reality of operation, maintenance and supp
processes.

* The second took the author to universities, lilesri
institutes, companies and other organisations wadiel,
in the quest for relevant knowledge of science and
mathematics, the complexity of which, accordingaock
Hessburg (1934-2013), the World’s first Chief Meuica
(Boeing 777), required the intellectual effort elojoa
winning a Nobel Prize!

Both paths converged 40 years later to form MIRCEKe, the
theory for predicting functionability performanckfonctionable
system types. MIRCE Science enables designersrajecpmanagers
to quantitatively predict, life long, positive andgative functionability
work and corresponding costs for each feasibleoopif the future
functionable system type, concurrently considefurgtional solutions
with operational, maintenance and support optibpgpplying
MIRCE Science originatedfunctionability, Operability,
Maintainability, Supportability andProfitability Equations, the
mathematical derivation of which has been fullyaidge®d in this book.
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