The Founder’s Lecture: The Size of a Garage

On 30th November 1999, Dr Jezdimir Knezevic, tharféer & President of the
MIRCE Akademy delivered the Founder’'s Lecture atodimury Park, to around 100
colleagues from academia, industry and government.

“Dear Colleagues and Guests,

It is very well known, to most f you, that handsimintenance activities are very
close to my heart, skills, ambitions, professiod hobby. On numerous occasions in
my life | said that when “grow up”, | would live i& “one-bedroom garage”. When
asked by numerous people what it meant, | woully rémp garage for 6 cars with a
workshop on the ground floor, with a small kitclzerl a bedroom in the loft space™

However, on the serious side (not that a one-badrgarage was not a serious
option for me), for many years | have been thinkingphilosophical terms, “who
determines the size, the type and the contenedfirage”, as far as the cars are
concerned, dry docks for submarines, hangars fiarratt or train repair depots?” |
mean, | “manufactured” my very first car, Zastavad7 at home with my own hands,
with a common set of spanners, screwdrivers, phecsother, readily available
tools, which | used for all other maintenance tadisng its life with me. Very
frequently | took a gearbox or an engine to my bedr in our family flat, on the third
floor of a skyscraper, much to my mother’s “deligitpart from a battery charger, |
had never had or used any other special tool oiiggent. During my participation
in road rallying, especially those races which warpart of the European
Championship, | was astonished to witness how rtheshproper” rally cars,
designed for competition by Lancia, Fiat, BMW, Rbies Renault and other
manufacturers had specially dedicated rally mecbsiiat would always arrive in
specially designed and equipped vans and lorridspf equipment and tools, power
generators, wheel balancing equipment and manystkéich were totally alien to
me. Of course, the benefit of all of these toots eguipment was so obvious
regarding the performance of cars, thanks to tladility to diagnose malfunctions
and optimally set up fuel mixture, advanced ignitamd other important
characteristics of engines and other systems iallg car.

However, | realised that in some occasions, whesdltars developed problems on
the stages, their drivers and co-drivers were gtpbwerless regarding any
emergency repairs and actions that would enablettereach their Support Teams,
to their huge disappointments. At the same tinfimynd myself in that position on
numerous occasions and in the majority of caseariaged to sort out the problem
on my own. On those occasions, my biggest prolidgrdar, was the lack of adequate
spares, which | neither could afford to purchase imad the ability to carry with me
due to their weight and size. Hence, since thel8#9s I, as a graduate mechanical
engineer, whose job is to design mechanical systemslso as a rally driver, whose
job was to drive them in the most demanding enwmemtal conditions towards finish
lie, was thinking how the necessary balance betweese two totally different jobs
should be established and, even more importantipse job it to “care” about it.

Clearly designers are extremely busy designingsjiséem with the best possible
functionality performance, which means only onadh+ maximum power for the



engine and minimum weight for the rest. It is ustirdable, as it is not in their
nature to consider in-service diagnostics and ressues, because users of a system
are totally focused on the latter and totally remmd\from the former. One thing is
sure: rally drivers, who drive for hours and daysw@aximum possible speed on the
roads covered with snow, gravel, dust, sand, cdease any other surface, are not
concerned with principles and laws of thermodynamiciid mechanics, stress
analysis and similar topics that are main conceshthe design office. Rally drivers’
main concern during the whole rally, which usuddlgts over 24 hours, is the part of
the competing regulations, which states that thawdative allowed delay from the
scheduled times of entering and leaving time cd®is030 minute. It practically
means that all diagnostics, testing, repair, reglaent, adjustment and similar
maintenance activities have to be completed, otiserthhie cheque of flag will never
be seen by the competing drivers, owing to disfjoation, and yet the crossing of
the finish line is the main “purpose” of their tdtexistence.”

Dear colleagues, | am sure I've told you nothingvnklowever, | wish to share with
you my view regarding this problem. System desgjaed system maintainers belong
to two different professions, and their segregastarts at the age of 15-16, when
those who like physics, mathematics and chemistity gtudy engineering and spend
their whole working career in the design office jlelthose who are not so
enthusiastic about those subjects go to acquifergint skills and trades, equally
necessary for the successful operation and mainisnaf technical systems. From
the age of 18 both groups follow their own pathsicv take them to different
educational and training organisations, they usyallay and follow different sports,
typically they go to different pubs and restauratitey marry different girls, they
have different holidays and live in different hauagedifferent locations. Of course,
there is nothing wrong with that, but it is so aléame that they never had an
opportunity to meet, exchange experiences, con@rasvorries. Please let me tell
you why | think they should meet, learn about eztbler's concerns, limitations,
frustrations and possible opportunities for worktogether. Between 1965 and 1969
the great Boeing Corporation, among other productsated Boeing 747, known as
Jumbo Jet. In my estimates, several thousand-desigimeers worked for 4 years to
create an innovative, exciting and “globally lif&anging” aircraft with the following
measurable functionality performance:

Passengers
3-class configuration 366
2-class configuration 452
1-class configuration N/A
Cargo; 6,19 ff = 30 LD-1 containers
Engi'nes * Pratt & Whitney JT9D-7A, 46,500 Ib
maximum thrust * Rolls-Royce RB211-524B2, 50,100 |b
* GE CF6-45A2, 46,500 Ib
Maximum Fuel Capacity 48,445 U.S. gal (183,380 L)
Maximum Takeoff Weight 735,000 Ib (333,400 kg)
Maximum Range 6,100 statute miles (9,800 km)




Typical Cruise Speed at 35,000 feef Mach 0.84, 555 mph (895 km/h)

Basic Dimensions

Wing Span 195 ft 8 in (59.6 m)
Overall Length 231 ft10.2in (70.6 m)
Tail Height 63 ft5in (19.3 m)
Interior Cabin Width 20 ft (6.1 m)

Table 8.1: Functionality Performance of B747

Unquestionably, the creation of B747 was a revohary achievement in history of
the commercial aviation. However, do airlines lamyaircraft to measure the
wingspan or count the number of containers thatlearfitted in the cargo
department? Certainly not — they purchase thenetwegate revenue by flying
passengers and cargo to their destinations, of ®®ton time and never crash”. |
was fortunate enough to have access to the logbbtile very first Boeing 747
owned by Pan Am, registration number N747PA, whdadhning the 22 years in-
service, has recorded the following data:

Positive Action | Unit Quantity
Airborne Flying hours | 80,000
Flown Miles 37,000,000
Transported Passengers 4,000,000
Take offs n/a 40,000
Landings n/a 40,000

Fuel consumed | Gallons 271,000,000

Table 8.2 Functionability Performances

The above information is purely related to the reeand cost of the business, which
are of prime importance for Pan Am airline, HoweMeawish to share with you the
following, maintenance-related data:

Maintenance Actions Quantity
Number of tyres replaced 2,100
Number of brake systems replaced 350
Number of Engines replaced 125
Number of times passenger compartment replaced 4
Number of times passenger compartment replaced 4

Number of X-ray frames of film used for structural | 9,800
inspections for metal fatigue and corrosion
Number of times the metal skin on its superstractur 5
wings and belly replaced

Table 8.3 Maintenance Activities performed on N7A7P

It is my great pleasure to inform you that all meimance-related actions on this
aircraft amounted to 806,000 maintenance man-holosnake it more



comprehensible, it is around 36,636 maintenance-hwams per each year in-service,
or 3053 hours per each month in-service or 102 bqar each week in-service or
4.24 maintenance man-hours per each day of existéran sure that these numbers
are so convincing that from now on, each of yolilvalasking the same question and
will join the MIRCE Akademy in the developmentefdcience-based knowledge for
normalising the designing for functionality perfante and designing for
functionability performance. Although, majority®747 design engineers have died
by now, the majority of their aircraft produced as#ll in the hands of maintainers,

on a daily basis, in almost every country in theld:o

Please raise a hand, each of you who have evenftovknow anybody who has
flown in a Concorde. A typical response to thisdad is none or one. My typical
reply is “the reason for this is the fact that nosfeyou are mixing with royalties or
drug dealers, as they are the only people who d¢ardathe price of the ticket.” At
the same time, majority of us have flown in a B141.me tell you that the only
reason for that is maintenance. From the data pneese earlier you could have seen
that B747 requires, on average, 10 maintenance hmans per flying hour, whereas
that number for Concorde is 137!

For years and years | was aware of these factsaanan individual | mixed with both
professions: starting with my summer practice & 8koda garage in Belgrade at the
age of 15 where | made a few friends among car aréch, with whom | am still in
contact and have a great pleasure spending timie, &g well as being a colleague
and friend of the top designers of the world legdilefence and aerospace
companies, today. Despite my own efforts to mix lath professions, | am fully
aware that car mechanics, or any other types offraeics, are not employed in the
design office of any company in the world. In an@milar way, the great Jack
Hessburg, the Chief Mechanic of Boeing New Airpames fully aware that gate
mechanics are not present at the design reviewingeet their future airplanes.
Although Jack and | are 20 years apart, age wisecame to the same conclusion.
This is not a generational phenomenon; it is a @ssfonal phenomenon, which
passes from generation to generation. Thus the-teng professional challenge is to
figure out how to bring in-service practicality aneiality of mechanics into design
office. This challenge brought us together at tegibning of the 1990s. Jack knew
that the work of gate mechanics is determined endissign office, while | knew that
car designers determine the size of the garagéaicdy not by car mechanics or rally
drivers.

Thanks to the visionary top managers of the Bo€opany, Jack was given an
opportunity to bring gate mechanics into the desifite, and he rose to the
challenge, as the World’s first Chief Mechanic dgrithe design of B777, paying
great attention to their views on the proposed giesiolutions. It was an extremely
successful collaboration under Jack’s leadershipwidver, during that process Jack
also realised that, as a designer, he had to degidere to put economic redundancy
on behalf of his customer, and that whatever headidld cost money to both of them.
Jack’s challenge, on behalf of the Boeing Corpamtiwas to determine the
combination between minimum equipment list theekegf reliability and economic
redundancy that would minimise the probability nfaarcraft being in the position
where it is not able to fly because of the intrasod airworthiness. Unquestionably,
Jack was fully aware that a right balance had tddaend, as customer is paying extra



for these things by carrying them for the next 80¢2ars, and Boeing is paying for
their installation in the first instance. Well, thecessity for determination of the
methodology for finding the correct balance betwdese three competing
dimensions, from the point of view of “going ondiand never crash” witch was
clearly identified and eloquently presented by Jdkng his Lecture for the
M.I.R.C.E. Centre postgraduate students and Memtifdrsdustrial Club at the
Exeter University in January 1998 and also a fewthe ago, when he officially
opened the Akademy.

Of course | fully understood Jack’s challenge, agry my short but intensive
rallying career | had faced the same challengesutih not with cost of economic
redundancy, but with the weight of “reliability” dzindancy, as the 750 én23 KW
engine of my car, could not have carried many spamts and corresponding tools
and equipment, while still being competitive, eggdcduring the speed trials up
hills.

The fundamental question for all of us, Jack andetiyn this particular instance,
was: “Is this a trial-and-error type of exercise @it possible to develop a science-
based methodology that would unambiguously proardaccurate and quantitative
answer to designers at the design stages whemalige courses of action could be
examined before making commitments with which sidés would have to live
“happily” for decades to come?” | am sure it wilbhcome as a surprise to you if |
tell you that | firmly believe in the latter optioand the quest for that body of
knowledge has brought me here, from the Exeterdusity, and this Lecture tonight
is the “official” beginning of that necessary butallenging process.

Ladies and gentlemen, it is my great pleasure firm you tonight that, in
consultation with numerous colleagues and studevedhave decided that the name
System Operational Science will be used at the MIRKademy as “a scientific body
of knowledge” that we are seeking to develop. Thussh to launch the concept of
the new discipline that we defined as follows:

“System Operational Science studies the behavibturational systems through in-
service life, to understand processes, factorsemdronments that shape their
functionability performance and generates the kieolge necessary for their
systematic prediction.”

Please be gentle with us, during the next few years$his is our very first attempt to
formulate a coherent body of knowledge that intezggall the known “-ilities” with
other system engineering disciplines that are algegecognised and very successful
in designing functionality performance of systeamsl yet are unable to even address
the process of prediction of their future functibiidy performance.

To deliver functionality in the time domain, alhfilional systems must engage in an
operational process that consists of a flow of afien, maintenance and support
tasks. Successful execution of these operatiosk$ tan time and space, is connected
with a necessary type and quantity of resourcespirsonnel, equipment, facilities,
tools, data, energy and material. Operational exgece teaches us that irrespective
of how good a system may be, interruptions in thgigion of the functionality will
occur during its life, caused by:



* Inherent deficiencies of materials, design and piaithn processes
» lrreversible processes that take place in the systself

* Interaction of the system with its operational eorment

* Planned execution of operational and maintenanskga

» Insufficient operational and maintenance resources

Based on my experience, the flow of the functigntidrough the in-service life of
functional systems is not a deterministic process @nnot be treated with the same
degree of certainty as their performance, weight ather physical characteristics.
To deal with variability, inherent in the systeseif and in its operational
interactions with natural, human and business emvinents, System Operational
Science draws on the concept of probability. The ob probability is to facilitate the
prediction, as it is impossible to know exactly wéeguence of in-service events a
given functional system will have during its operaal life.

Our ultimate goal is the creation of advanced mdtaechniques and tools that
would enable engineers and managers to quantitgtagsess and predict the
functionability performance of systems in timea atage when the best alternative
can be identified at the lowest cost, time and’risk



