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MIRCE Science
According to Knezevic [1] the purpose of existentany functionable systehis
to do functionability work, which is consideredide done when the expected
measurable function is performed through time, tikkes travelled, units produced,
energy supplied and similar. However, experienaeltes us that in-service life of
functionable systems is frequently beset by undbkrnegative functionability
events, resulting from a variety of negative fumcébility actions (overstress, wear
out, natural events, and human interventions). tik®mork to be continued,
positive functionability actions, (servicing, repag, testing, replacing, changing
the mode of operation and similar) must be perfaroethe system. Thus, the
complex interactions between positive and negdtiaetionability actions govern
the functionability performance of functionable tgyss, primarily measured
through work done and resources consumed expréssegih monetary values
(functionability cost).

Regrettably the functionability performance becokm@sswn only at the end of the
life of functionable systefmwhen nothing could be done to influence it. Herhe
ability to accurately and quantitatively predichétionability performance of the
future functionable systems at the design stagkesnwall possible changes could be
done, would be invaluable for all project: engirsg@anners, managers and
strategist. The mixture of technical systems andagament methods chosen to
govern the behaviour of functionability systemtigh time uniquely determine
the expected: functionability work, cost and thpexted return on the investment
(profit, public benefit, reputation and so firth).

Five decades of research conducted by Knezevicd\l¢ generated a theoretical
body of knowledge, named MIRCE Science, which cosagrof axioms, system of
formulas and methods that enable predictions aftfanability performance of the
future functionable systems to be done, by the ithiadecomplex interactions
between: physical properties of consisting comptsaperational rules,
maintenance policies, support strategies and exgextvironmental conditions.

MIRCE Science is based on the scientific understanof the mechanisms that
generates the occurrences of functionability everuissidered within a physical
scale between 19 m (atomic scalednd 168° m (solar system scale). [1] These
mechanisms, together with the applied human rslespe the expected pattern of
the motion of a functionable system through MIRGER&S. The “normalised” life-
long pattern expected to be generated by eactbfedgpe of functionable system
is predictable, from the early stages of the dedigmmaking use of the MIRCE
Functionability Equation, which is the bedrock fbe calculation of the expected
functionability performance.

Reference: [1] Knezevic, J., The Origin of MIRCE Science, 82, MIRCE
Science, Exeter, UK, 2017, ISBN 978-1-904848-06-6

! Functionable system is a well defined collectibatomic, natural and human elements put
together to do functionable work.[]1]

2 Pan Am’s Boeing 747, registration number N747&ijng the 22 years of in-service life, has
delivered 80,000 hours of positive work (transptdred00,000 passengers, burned 271,000,000
gallons of fuel) while receiving 806,000 man-hoafsnaintenance work (consuming: 2,100 tyres,
350 brake systems, 125 engines, among other. parts

¥ MIRCE Spacea conceptual 3-dimentional space containing MIRRDECtionability Field, which
is an infinite but countable set of all possibladtionability states that a functionable systemladou
be found in, and the probability of being in thi@ts at each instance of calendar time. [1]
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Pitot Tube Blockage by Mud-dauber Wasp as a Mechaam
of a Motion of an Aircraft through MIRCE Functionab ility Field

Dr Jezdimir Knezevic, MIRCE Akademy, Exeter, UK
Abstract

MIRCE Mechanics is the discipline of MIRCE Scietiw focuses
on the scientific understanding and descriptiontttd phenomena
that govern the motion of functionable system tyihegigh the
MIRCE Functionability field [1]. A full understandj of the

mechanisms that generate the motion is essentiah# accurate
predictions of the functionability performance wfétionable system
types using MIRCE Science. According to thfeAXiom of MIRCE
Science the motion of a functionable system typmugin MIRCE

Space is a result of imposed natural phenomenaioram activities,
which are jointly called functionability actions.hiis, the main
objective of this paper is to address pitot tubeckbge by mud-
dauber wasps as a mechanism that influences theomof an

aircraft through the MIRCE Functionability FieldItAough it is not
a frequent and globally realised phenomenon, itaigphysically

observable one, which is experienced by aircraftttoe ground in
areas where these types of insects are present.péper also
presents a set of a possible prevention and manage®ctions
regarding this specific phenomena

1. Introduction

MIRCE Mechanics is the discipline of MIRCE Scienkbat focuses on the
scientific understanding and description of thegated phenomena and human
rules that govern the motion of functionable systgpes though the MIRCE
Functionability Field. A full understanding of the mechanisms that gateethis
motion is essential for the accurate predictiontheffunctionability performance of
a functionable system type using the mathemataeme of MIRCE Science. [1]

On 21 November 2013, after a flight from Singap@&thad Airways Airbus A330,
registered A6-EYJ, landed at Brisbane (Australiggat and was taxied to the
terminal. Two hours and three minutes later, therait was pushed-back from the
gate for the return flight to Singapore. After abhéeg airspeed indication failure on
his display the captain rejected the initial takieattempt. The aircraft taxied back
to the terminal where a troubleshooting task wasexhout, before being released
back into service. During the second take-off ribie crew became aware of an

4 MIRCE Functionability Field is an infinite set obgsible functionability points, each representing
functionability states that a functionable systgpetcould be found during the any instant of the
calendar time [1]. It is defined by the followingts

MFFy(t) ={PFS'(), NF&( ), F12,.0, & §
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airspeed discrepancy after the décision speed and the take-off was continued.
Once airborne, the crew declared a Mayday and dédmreturn to Brisbane where
an overweight landing was carried out. [2]

Since 2008, four planes have returned to the digdter takeoff resulting from the
same physical mechanism, with an additional thbeetad takeoffs. In total, the
Australian Transport Safety Bureau reported attl#ascheduled flights were
interrupted by the same physical mechanism ont8itdiking off from Brisbane
Airport from 2008-2018 and more incidents in theyious years.

The main objective of this paper is to addresstihat tube blockage by the mud-
dauber wasp as a mechanism of the motion of th&YA&through the MIRCE
Functionability Field and the consequential funaébility actions taken by humans
in an attempt to continue with the scheduled fegfthe paper also presents a set of
a possible prevention and management actions negdtds specific phenomena.

2. MIRCE Science Fundamentals

According to the %' Axiom of MIRCE Sciencethe motion of a functionable
system type through the MIRCE Functionability Fieddh result of imposed natural
phenomena or human activities, which are jointledafunctionability actions [1].
At any instant of calendar time, a given functideadystem type could be in one of
the following two observable functionability states

* Positive Functionability State (PFS), a generic @don a state in which a
functionable system type is able to deliver theeexd measurable
function(s),

* Negative Functionability State (NFS), a generic adar a state in which
a functionable system type is unable to deliveretkigected measurable
function(s), resulting from any reasons whatsoever.

The sequential motion of a functionable system tippeugh the functionability
states, in the direction of calendar time, is gatest by functionability actions,
which are classified as:

* Positive Functionability Action (PFA), a generiomafor any natural
process or human activity that compels a systemadwee to a PFS,

* Negative Functionability Action (NFA), a genericna for any natural
process or human activity that compels a systemaee to a NFS.

To scientifically understand the mechanisms thaegae functionability events,
positive and negative, analysis of the in-serviekaviour of several thousands of
components, modules and assemblies of functiorsyfskems in defence, aerospace,
nuclear, transportation, motorsport, communica#iod other industries have been
conducted at MIRCE Akademy, by members of staffdshts and science fellows.

® MIRCE Science comprises axioms, laws, mathemagigahtions and calculation methods that
enable accurate predictions of the functionabpigyformance of a given “future” system to be
calculated. [1]
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In MIRCE Science all negative functionability actgare categorised as following

[1]:

Component-internal actions that consist of:

o

Inherent actions that are introduced into companpnbor to their
introduction into service through the activities@dated with the
design, manufacturing, handling, transportationnteaance,
storage and similar processes.

Cumulative continuous actions that are an inewitglalrt of the
components in-service life resulting from naturatay processes
such as: corrosion, fatigue, creep, wear and simila

Component-external actions, which are originated by

o

Environmental phenomena that cause discrete ovkrlia foreign
object damage; birds strike (domestic and wild ahéy weather
(hall, rain, snow, lightening, solar radiation,.gtand so forth.
Human activities:

= Errors that are related to phenomena that causéade for
example use and abuse by operators, (pilots, davérother
users), maintainers (maintenance induced errocs) an
logistics support personnel (bogus parts, shalf étc.)

» Rules that are related to organisational polideggl
requirements, national and international, besttmas or any
other human imposed functionability related actions
(scheduled and condition based maintenance tasks).

System-internal actions: resulting from procesbkasdre taking place
within a system, like a change from passive tovactiate for certain
components and modules, a change in functionalsil#ties of some of its
constituent components that impact the functiontsiof the system.
System-external actions: which are generated by:

o

o

Discrete environmental phenomena related to wedltiadr rain,
snow, lightening, volcanic eruptions, wind, foglasaadiation, etc.)
and other causes that impact on the functionalwfity functionable
system type.
Human activities:
= Errors, which are related to the phenomena of ndeahuse
by: operators, maintainers or supply chain persionne
» Rules, which are related to organisational polidiegal
requirements, national and international, besttmas or any
other human imposed functionability actions thatseathe
occurrence of NFEs for the functionable systems.

This paper discusses the Pitot tube blockage by-dautber wasps, as one of many
component-external actions generated mechanisatsydlern a motion of an
aircraft from a PFS to a NFS of the MIRCE Functimhty Field and the
consequential functionability actions taken by ham#o return an aircraft into
subsequent PFS state.

3. Pitot Static System

In aviation, a pitot-static system is used to datee an aircraft's: airspeed, Mach
number, altitude, and altitude trend. It consigta pitot tube, a static port, and the

© MIRCE Science, Woodbury Park, Exeter, EX5 1JJ, DEcember 2019 7
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pitot-static instruments. Other instruments thaghmhbe connected are: air data
computers, flight data recorders, altitude encqdeisin pressurisation controllers,
and various airspeed switches.

Errors in the pitot-static system readings canxteemely dangerous as the
information obtained from the pitot static systesmch as altitude, is potentially
safety-critical. Several commercial airline disesteave been traced to a failure of
the pitot-static system.

3.1 Pitot Tube®

The Pitot probe consists of a tube pointing diseictto the air flow and is used in
measuring the stagnation pressure called totaspresr Pitot pressureP It is
the sum of the static and kinetic pressures adétiscted as the flowing stream
impacts on the pitot opening. To measure impacsue, most pitot tubes use a
small, sometimes L-shaped tube, with the openingcty facing the oncoming
airflow (from the perspective of normal forward neovent of the aircraft). The
point velocity of approach @ can be calculated by taking the square rootef th
difference between the total pressure and thegiatissure (§ and multiplying
that by the C/D ratio, where C is a dimensionalstant and D is air density:

Vp = SR - R)

The flow rate is obtained by multiplying the pouglocity by the cross-sectional
area of the pipe or duct. It is critical that tredocity measurement be made at an
insertion depth which corresponds to the averaggirg. As the flow velocity
rises, the velocity profile in the pipe changesrfiaminar to turbulent.

Static pressure is obtained through a static pdrich is most often a flush-
mounted hole on the fuselage of an aircraft, anocated where it can access the
airflow in a relatively undisturbed area. Some raficmay have a single static port,
while others may have more than one. In situatwinsre an aircraft has more than
one static port, there is usually one located ah as@de of the fuselage. With this
positioning, an average pressure can be takemlibats for more accurate readings
in specific flight situations. A pitot-static tuledfectively integrates the static ports
into the pitot probe. It incorporates a second @dube (or tubes) with pressure
sampling holes on the sides of the probe, outsidelirect airflow, to measure the
static pressure. When the aircraft climbs, statsgure will decrease.

The Pitot tube is most often located on the winframt section of an aircratft,

facing forward, where its opening is exposed torédiative wind. By situating the
Pitot tube in such a location, the ram air presgireore accurately measured since
it will be less distorted by the aircraft's struetu

3.2 Airspeed indicator

® Henri Pitot, in 1732, invented Pitot tubes to meashe velocity of a flowing liquid or air.

© MIRCE Science, Woodbury Park, Exeter, EX5 1JJ, DEcember 2019 8
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The airspeed indicator is connected to both thet pitd static pressure sources. The
difference between the pitot pressure and thecgtatissure is called dynamic
pressure. The greater the dynamic pressure, theilge airspeed reported.

A traditional mechanical airspeed indicator corgaarpressure diaphragm that is
connected to the Pitot tube. The case around #phdagm is airtight and is vented
to the static port. The higher the speed, the migheram pressure, the more
pressure exerted on the diaphragm, and the langardedle movement through the
mechanical linkage.

3.3 Altimeter

The pressure altimeter, also known as the barocredtimeter, is used to determine
changes in air pressure that occur as the aiscadfitude changes. Pressure
altimeters must be calibrated prior to flight tgister the pressure as an altitude
above sea level.

The instrument case of the altimeter is airtight bas a vent to the static port.
Inside the instrument, there is a sealed anerawheier. As pressure in the case
decreases, the internal barometer expands, whioledhanically translated into a
determination of altitude. The reverse is true wtescending from higher to lower
altitudes.

3.4 Machmeter

Aircraft designed to operate at transonic or sup@csspeeds will incorporate a
Machmeter. The Machmeter is used to show the odtinue airspeed in relation to
the speed of sound.

Most supersonic aircraft are limited as to the mmaxn Mach number they can fly,
which is known as the "Mach limit". The Mach numimedisplayed on a
Machmeter as a decimal fraction.

3.5 Variometer

The variometer, also known as the vertical speditator (VSI) or the vertical
velocity indicator (VVI), is the pitot-static instment used to determine whether or
not an aircraft is flying in level flight.

4.0 Airspeed Measurement on Airbus A330

The A330 has three independent systems for caieglahd displaying airspeed
information: (1) captain, (2) first officer, and)(&andby systems. All three located
on the underside of the fuselage near the noseh &ahem has its own pitot
probe, static ports, air data modules (ADMs), ailadnertial reference unit
(ADIRU), and airspeed indicator. Each ADIRU compsgwo parts, an air data
reference (ADR) part and an inertial reference @& which are integrated into a
single unit. One part can be switched off while dti@er part can still operate.

© MIRCE Science, Woodbury Park, Exeter, EX5 1JJ, DEcember 2019 9
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Airspeed is measured by comparing total air pres@tand static air pressure
(Ps). On the A330, this is measured using a pitaibgy and Ps is measured using
two static ports. A separate ADM is connected thaatot probe and each static
port, and it converts the air pressure from théeror port into digital electronic
signals.

Each pitot probe consisted of a tube that projesé@ral centimetres out from the
fuselage, with the opening of the tube pointed torhinto the airflow. The tube
has drain holes to remove moisture, and it is etadly heated to prevent ice
accumulation during flight.

Normally, the airspeed displayed to the captairs tise captain’s pitot probe and
ADIRU 1, but the source can be manually switchedheycrew to the standby
system (standby pitot probe and ADIRU 3) if reqdir8imilarly, the airspeed
displayed to the first officer (FO) normally usés first officer’s pitot probe and
ADIRU 2, but the source can be manually switchedhaycrew to the standby
system if required

5. Flight Control System on Airbus A330

The Airbus A330 has fly-by-wire flight controls, veh means that the aircraft’s
flight control surfaces are electrically controlladd hydraulically activated in
accordance with the flight control computers thaicpss pilot and autopilot inputs
to direct the movements of the control surfaces.

A330 has three flight control primary computers F&3) and two flight control
secondary computers (FCSCs) that continuously m@dtoutputs from the three
ADIRUs. The median (voted) value of each paramsteompared to each
individual value. If the difference is above a ptmined threshold for a
predetermined confirmation time, then the assodiptet of that ADIRU (IR or
ADR) is rejected and the two remaining sourcesuaes for flight control
purposes.

The flight control system operates according tawady alternate or direct control
laws. Under normal law, the computers prevent koeedance of a predefined safe
flight envelope. If various types of aircraft systproblems are detected the control
law reverted to alternate law, under which somtefprotections were not
provided or were provided with alternate logic. @ndirect law, no protections are
provided and control surface deflection is promoval to sidestick and pedal
movement by the flight crew.

6. Aircraft Maintenance Manual Parking Procedure far Airbus A330

Parking procedures for Airbus A330 is describedthe Aircraft Maintenance
Manual (AMM) requests that approved protective esvare installed on each of
the air data probes or devices, including Pitobpso However, experience teaches
us that many operators do not apply the AMM paykpmocedure, if the aircraft
only has a short turn-around time or remains orflitjet line.

© MIRCE Science, Woodbury Park, Exeter, EX5 1JJ, DEcember 2019 10
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Using the approved Pitot probe covers is importastthe covers for other
manufacturer’s aircraft may not be the correcofitoffer complete protection for
the Pitot probes of Airbus aircraft. The same Ppoibe cover can be used on
Airbus A310, A320, A330, and A340 aircraft familie&irbus A380 and A350
aircraft have Multi-Function Probes (MFP) and andtay Pitot probe that use two
different covers. Pitot probe and MFP covers arg pathe flight kit for each
aircraft.

It is necessary to point out that protective coveas be installed 30 minutes after
engines shut down as the probe heating is deastiv@hen engines are turned off.
After a period of 15 minutes for the probe tip toocto 70°C, it can take an
additional 15 minutes to reach ambient temperature.

7. The Observed Motion of A6-EY Jthrough the MIRCE Functionability Field

The sequence of observed functionability eventsttak place during attempting
take off by Etihad Airways Airbus A330, from Brigt@ (Australia) to Singapore on
21 November 2013, is briefly presented below.

7.1 First Negative Functionability Action

A red “speed flag” display on the avionics, asadireraft accelerated through 50 kt
(50 knotg) on the first takeoff attempt, initiated the funa@bility action. [2]

According to the standard operating procedures S captain rejected the
takeoff and in doing so, compelled the change ottionability state of the aircratft,
from positive to negative.

7.2 Positive Functionability Actions after the Firg Rejected Take-off

To return the aircraft into a PFS, maintenancerezggi performed the
troubleshooting procedures for an ‘ADIRUL fault sege, in accordance to the
Airbus provided Troubleshooting Manual (TSM). Theaft maintenance
engineer also performed a Built-In Test EQuipm&iTE) test of the Electronic
Flight Control System (EFCS) 1 and 2. The unitge@svith normal indications and
no faults were identified. The TSM procedure did syecifically identify the Pitot
probe as a possible cause.

Although no ‘hard’ (permanent) faults had been tdiel, the maintenance
engineer, in consultation with the Operator’'s Mairgnce Control Centre,
considered that the best resolution would be toeweRIRU 1 inoperative.
However, this was not permitted under the Minimuguigment List (MEL)
requirements for Extended Operation (ETOPS) disp&dence, the engineer
exchanged ADIRU 1 and 2 and performed a BITE tebbth units. The aircraft
was dispatched with the ADR part of ADIRU 2 inopam (switched off) in
accordance with the MEL. The flying officer’s amtd source was switched to
ADIRU 3 and the captain’s air data source remaswitiched to the normal

"The knot is a unit of speed equal to one nautiid per hour. [exactly 1.852 km/h
(approximately 1.15078 mph)].
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(ADIRU 1) position. As a result of this positiverfctionability action the aircraft
have been returned to a PFS and ready for the deake off.

7.3 Second Negative Functionability Action

And so, the Airworthiness declared A330 was cledoedeparture. However,
during the second takeoff run the captain’s airdpedicators failed again, but this
time at a speed where the SOPs call for contintiegakeoff. The Australian
Transport Safety Bureau (ATSB) questioned the aagteecollection that the
airspeed failed after “V1” (151 kt.), the speedvhich crews are advised to
continue the takeoff, noting that the flight dat¢aarder information showed that the
failure flag should have appeared after reachingt5[2]

The incorrect captain airspeed associated with ADPRnoperative caused the
A330’s auto-thrust and flight directors to disenggaitpe flight controls mode
reverted from normal law to alternate law (for 8@&ls) then back to normal law
(4 seconds) and finally back to alternate law. $&eond reversion to alternate law
was latched for the remainder of the flight, whiobant that the autopilot was
unavailable. The pilots declared an emergency anded at Brisbane at an aircraft
weight of approximately 200 metric tons, which vii@smetric tons heavier that the
A330s maximum landing weight.

7.4 Positive Functionability Actions after the Seaod NFE

The captain’s probe was removed from the aircradt sent to the probe
manufacturer in the US for examination. In congidtawith the participants in the
investigation, a test plan was developed prioxe@manation and testing of the
probe.

The probe had been on the aircraft since new Qust 7 years of continuous
operation). Its condition was consistent with itse-in-service with the probe inlet
showing wear, but within the component maintenanaaual (CMM) limits.

Visual inspection showed that there was no evidehadstruction of the drain
holes. A borescope examination was performed throlg pitot inlet and also
through the pneumatic port. The examination shatlvatlithe interior of the probe
was occluded by an incomplete insect’s nest andésematerial was consistent
with that of the mud-dauber wasp. Compressed arapplied to the probe and
none of the material was dislodged. The base ohdls¢ was broken away with a
sharp instrument and was fully removed by flusharitdpy hot water.

After removal of the obstruction, the probe wasa@sind, according to the CMM,
it could be re-certified and returned to in serwise. [2]

8. Mud-dauber Wasps Gphecidae)

Solitary wasps differ from the social wasps in mgshabits and life cycle. As they
do not have any workers, the queens care for tvar young. Hence, they usually
only have a single nest. After building cells withihe nest, the female wasp
captures several spiders. The captured prey ang stud paralysed before being
placed in the nest (usually 6-15 per nest), and ¢heingle egg is deposited on the
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prey within each cell. The wasp then seals thevadii a thick mud plug. After
finishing a series of cells, she leaves and doésatiarn. The larva spins a cocoon
and pupates. Eventually, the hatching larva willtea prey and emerge from the
nest. They have a low reproductive rate.

The Mud-dauber waspsre medium to large sized and are either shingkisa
metallic blue-black with slender abdomens. Thetigetr name from building their
nests out of mud balls that are collected at puddtepool edges. The finger-like
nests are attached to flat or vertical surfaces.mhd is moulded into cells by the
wasps’ mandibles. Their nests are usually buithiads, barns and other structures.
This species is found in a wide variety of habjtatsch as rock ledges, man-made
structures, puddles and other water edges, cydmsss, in long leaf pines and in
turkey oaks.

Mud-dauber wasps are widespread in Canada, thedJUS8iates, Central America,
South Africa and the West Indies, and has beeadntred to many Pacific Islands
(including Australia, Hawaii and Japan), Peru andoge, where it has become
established in some countries of the western Meditean Basin (Austria, Croatia,
France, Italy, Cyprus, Ukraine).

9. Pitot Tube Blockage Hazard Management at Brisbaa Airport

Mud-dauber wasp activity at Brisbane Airport hasrbavestigated previously by
the ATSB15 and continuing reports and incidentsciae that it is an ongoing
hazard. As the wasps cannot be completely eradiciitis necessary to have
control measures in place to minimise the chan@epfot probe becoming
obstructed. [2]

Following the incident addressed in this papes,Bnsbane Airport Corporation
(BAC) reviewed their Wildlife Hazard ManagementiP(avhich includes wasp
activity). The relevant part of management aagseitrelated to Pitot tube blockage
by mud-dauber wasp is presented below:

» The aircraft operator has changed its policy orusgesof pitot covers. They
are now required to be used on all transits ati&ng Airport, regardless of
ground time.

» The aircraft manufacturer has amended its maintanaaoubleshooting
manual to increase the likelihood that a blockedtgirobe will be detected.

* The airport operator has extended its wasp inspeetnd eradication
program and reviewed and updated its Wildlife Hd2danagement Plan.

« In addition, CASA has drawn attention to the safety implicationsofi
wasp activity through several publications.

® https://animalcorner.co.uk/animals/mud-dauber-wasp
% Civil Aviation Safety Authority (CASA) is the Australian national authority foethegulation of
civil aviation.
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Reporting any occurrences of Pitot probe obstradiothe local airport authorities
and Airbus will help to monitor for adverse trengsit specific measures in place
and communicate this information to the benefialbhirlines and operators

10. Conclusions

The main objective of this paper is to address pitbe blockage by mud-dauber
wasps as a physically observed mechanism of theomot an aircraft through the
MIRCE Functionability Field.

Although not a frequently occurring phenomenoihgis been experienced by
several aircraft on the ground in areas where thgses of insects are present. Even
further in a few occasions it caused fatalities. &ample, all 189 people on board
died of Birgenair Flight 301 from Puerto Platale tDominican Republic to
Frankfurt, Germany, on 6 February 1996. The B757-@ferating the route

crashed shortly after take-off. The cause of cvea$ pilot error after receiving
incorrect airspeed information from one of the pitdes, which investigators
believe was blocked by a wasp nest built insid€he aircraft had been sitting
unused for two days without the Pitot tube coverglace. [3]

The paper has clearly demonstrated that airlines cperators should assess and
monitor the risk of any obstruction to their aift'sa Pitot probes at the airports
where they are based or operating to. Airports lshan active role by collaborating
with their operators to manage airport hazards @mdmunicate on any of the
mitigations in place.

Finally, where there is an identified risk of Pitistruction due to sand, dirt, dust
or insect nesting activity, the operator shouldobéged applying a specific policy

to use Pitot covers for aircraft on the ground reigss of the lengths of turn-

around times.
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Glare as a Mechanism of the Motion of an Aircraft
through the MIRCE Functionability Field

Dr Jezdimir Knezevic, MIRCE Akademy, Exeter, UK
Abstract

MIRCE Mechanics is the discipline of MIRCE Scieniat
focuses on the scientific understanding and deBoripof the
phenomena that govern the motion of functionabitesy types
though the MIRCE Functionability Field [1]. A full
understanding of the mechanisms that generate thigomis
essential for the accurate predictions of the figrability
performance of functionable system type. Accordinthe 2°
Axiom of MIRCE Science the motion of a functionalylstem
type through MIRCE Space is a result of imposeduraht
phenomena or human activities, which are jointlyllech
functionability actions. Thus, the main objectifethos paper is
to address glare as an observed physical phenoméanon
aviation that can contribute to fatigue, due to thequency with
which the pilot’'s eyes must adapt from cockpitxteeor, from
near to far, from dark to light. Although it is nat frequently
manifested catastrophic event, direct or reflectgddre is a
physically observable phenomenon, which has bdebwed to
impact directly on the performance of humans inedlin flying
aircraft and operating them on the ground. The graplso
presents a set of possible preventions and manageseéons
that could be taken to reduce the consequencetard gn the
safety of flying.

1. Introduction

MIRCE Mechanics is the discipline of MIRCE Scienkbat focuses on the
scientific understanding and description of thegated phenomena and human
rules that govern the motion of functionable systgpe'’ though the MIRCE
Functionability Field. A full understanding of the mechanisms that geteethis
motion is essential for the accurate predictiontheffunctionability performance of
a functionable system type using the mathemataeme of MIRCE Science. [1]

1% Functionable system type is a well defined sqthyfsical entities whose purpose of existence is to
do a functionable work in accordance to naturaklawd human rules.

1 MIRCE Functionability Field is an infinite two diensional set of discrete functionability points,
each representing a possible functionability dfad¢ a functionable system type could be found at
any instant of the calendar time [1]. It is defireed

MFFy(t) ={PFS*(), NF&( ), F12,.0, & §

© MIRCE Science, Woodbury Park, Exeter, EX5 1JJ, DEcember 2019 15



2019 Annals of MIRCE Science

Nakagawara at el [2] searched 25,226 accideintshe USA National
Transportation and Safety Board's (NTSB)’s datalfaséerms including “sun,”
“glare,” “vision,” “blinded” and “reflections.” Thg found 130 accidents in which
direct or reflected glare was a contributing fact@f those, 110 occurred during
optimal visual and atmospheric conditions, sin@eals hardly a risk factor on a
cloudy day. Even further, 107 occurrences tookeptiring the daytime hours
rather than early morning or evening when the suawer in the sky. Further
analysis shown that 72 of the accidents considersd associated with landing or
departure phases, and of those 52 resulted iniaignlwith an object or terrain.
Finally, 39 of the collisions were due to underower-shooting the runway or
failing to maintain alignment with the runway. Eigjlare related events occurred
during taxiing.

Glare was also cited as a contributing factor wesamnidair collisions. The study
concluded that, “Exposure to glare from naturaligihih has contributed to aviation
accidents, primarily under otherwise optimal vist@ahditions at low altitude in
congested airspace.” [3]

Ground and Air Traffic Control (ATC) personnel calso be affected by glare. A
tragic example of this occurred on Feb. 1, 1991 0atAngeles International

Airport (LAX). A USAIir Boeing 737 had been cleartxlland, but the pilots were
unaware that a SkyWest Metroliner was holding eangéame runway awaiting
takeoff clearance. The Boeing landed on top ottlramuter and 34 people died as
a result. The NTSB'’s findings included the follogistatement: “The ability of the
Los Angeles Air Traffic Control tower personneldistinguish aircraft on the
runways and other airport traffic movement areadpiding the accident site, was
complicated by some of the Terminal Il apron lightkich produced glare.” [3]

It is worth pointed out that in many instancesdhbeident report noted that the glare
effects were intensified by inadequately maintaimattscreens. Dirt, scratches
and pitting on the windscreen, scattered the shinéigd further reducing the pilot’s
ability to see the external environment clearly.

The main objective of this paper is to addresgythee as a physical mechanism of
the motion of an aircraft through the MIRCE Funotbility Field and to presents a
set of possible prevention and management acti@<an be taken by humans in
an attempt to minimise the impact to a functionaystem from glare and thus
continue with the scheduled flights.

2. MIRCE Science Fundamentals

According to the % Axiom of MIRCE Scienc¥ the motion of a functionable
system type through the MIRCE Functionability Fieddh result of imposed natural

2The NTSB database is the official repository datien accident data, causal factors, and selected
incident data, whereas the FAA Accident/IncidentaD&ystem contains accident and incident data
records for all categories of civil aviation.

13 MIRCE Science comprises axioms, laws, mathemagigahtions and calculation methods that

enable accurate predictions of the functionabpigyformance of a given “future” system to be
calculated. [1]
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phenomena or human activities, which are jointNedsfunctionability actions [1].
At any instant of calendar time, a given functidieatystem type could be in one of
the following two observable functionability states

* Positive Functionability State (PFS), a generic @don a state in which a
functionable system type is able to deliver theeexd measurable
function(s),

* Negative Functionability State (NFS), a generic adar a state in which
a functionable system type is unable to deliveretkigected measurable
function(s), resulting from any reasons whatsoever.

The sequential motion of a functionable system tippeugh the functionability
states in the direction of calendar time is gemeraty functionability actions, which
are classified as:
* Positive Functionability Action (PFA), a generionmafor any natural
process or human activity that compels a systemaee to a PFS,
* Negative Functionability Action (NFA), a genericna for any natural
process or human activity that compels a systemaee to a NFS.

To scientifically understand the mechanisms thaegae functionability events,
positive and negative, analysis of the in-serviekaviour of several thousands of
components, modules and assemblies of functiorsyfskems in defence, aerospace,
nuclear, transportation, motorsport, communica#iod other industries have been
conducted at MIRCE Akademy, by members of staffdshts and science fellows.

In MIRCE Science all negative functionability actgare categorised as following
[1]:

« Component-internal actions that consist of:

0 Inherent actions that are introduced into companprior to their
introduction into service through the activities@dated with the
design, manufacturing, handling, transportationnteaance,
storage and similar processes.

o Cumulative continuous actions that are an inev@gialrt of the
components in-service life resulting from naturatay processes
such as: corrosion, fatigue, creep, wear and simila

« Component-external actions, which are originated by
o Environmental phenomena that cause discrete ovkrlike foreign
object damage; birds strike (domestic and wild ahéy weather
(hall, rain, snow, lightening, solar radiation,.gtand so forth.
0 Human activities:

= Errors that are related to phenomena that causéade for
example use and abuse by operators, (pilots, davérother
users), maintainers (maintenance induced errocs) an
logistics support personnel (bogus parts, shelf étc.)

» Rules that are related to organisational polideggl
requirements, national and international, besttmas or any
other human imposed functionability related actions
(scheduled and condition based maintenance tasks).
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* System-internal actions: resulting from proceskasdre taking place
within a system, like a change from passive tovacdtate for certain
components and modules, a change in functionalsiiettes of some of its
constituent components that impact the functiontsiof the system.

» System-external actions: which are generated by:

o Discrete environmental phenomena related to wedliadr rain,
snow, lightening, volcanic eruptions, wind, foglesaadiation, etc.)
and other causes that impact on the functionalofity functionable
system type.

0 Human activities:

= Errors, which are related to the phenomena of ndeahuse
by: operators, maintainers or supply chain persionne

= Rules, which are related to organisational polidiegal
requirements, national and international, besttma& or any
other human imposed functionability actions thatseathe
occurrence of NFEs for the functionable systems.

This paper discusses the glare, as one of mangnekfenctionability actions
generated mechanisms that govern a motion of araétifrom PFS to ma NFS of
the MIRCE Functionability Field.

3. The Mechanics of Human Vision

Human eyes need lighitto work, and it is essential for colour visionght reflects

off the objects and it is this reflected light ta observe and interpret as an image
of the world. Different objects reflect differemhaunts and frequency of light.
Reflected light entering eyes is collected by metivhich is located at the back of
the eye. It is a light-sensitive layer of cells,igéhare of the following type:

» Cone cells, which are concentrated in the centretofa where the light is
focused by the cornea and lens. This area is ctilkechacula. Cone cells
give detailed vision that is used when readingchiag and looking at
people’s faces. They are also responsible for mwiosblour vision.

* Rod cells, which are concentrated around the etigetina. They help to
see things that aren’t directly in front of a pergaving a rough idea of
what is around. They help with mobility and gettanmgund by not bumping
into things. They also enable to see things inldjitt and to see movement.

Photons passing through the iris are focused bietieeand collected by the retina,
which converts them into electrical signals that send by the optic nerve to the
brain. Finally, the brain processes these signmadsemables a person to “see” the
world around.

Although light is an essential part of this progesssnetimes it can have a negative
impact on human vision. For example, there aredimleen the amount of light or

4 According to quantum theory a light is a type pérgy. It is a form of electromagnetic radiation
of a wavelength which can be detected by the husganIt consists of discrete packets of energy
called photons.
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the quality of that light can affect our ability $ee. Many people with impaired
vision need more light than is typical to read. loer, too much light can cause
problems with glarE. Some eye conditions can exacerbate glare, imuudicular
albinism, cataract, macular degeneration, uveittsssome conditions which affect
the front surface of the eye such as conjunctiwitig eye or corneal problems.
There are also some other conditions such as mi&aingpich cause light to be
very painful quite quickly.

4. Glare as a Physical Phenomenon

Glare is usually defined as a temporary sensatiodyzed by luminance within the
visual field that is significantly greater than thawhich the eyes can readily
respond to and is not associated with biologicatalge. It is a vision impairment
produced by intense light, and it can occur eithiezctly or by reflection. It occurs
whenever there is a high contrast between a ligimtce and the particular object(s)
a person is trying to focus on.

Unified Glare Rating (UGR) is a unit of measuremaiglare in accordance to the
International Commission on lllumination (CIE). TO&R is a ratio of light source
illuminance and background luminance, and can vakges from 5 to 40. Glare
becomes more drastic as the UGR rises.

It's necessary to stress that there is a rangglaf $ensitivity among humans, as
some are just more sensitive to light than oth®iso as human grow older they
can become more sensitive to light; this is bectiuseye changes even though
there is no underlying eye condition.

4.1 Types of Glare
Glare can be divided into three types:

» Blinding or Reflected Glare can be described aseglaat is caused by, for
example, staring directly into the sun. While reféal glare can be described
as light which is reflected off surfaces which aneooth and shiny such as
sand, snow and water.

» Disability Glare can be best described as beingdelil by surrounding light
sources. Similar to blinding glare, disability glaalso has the ability to
block vision or a significant reduction in visioagabilities. This is due to a
reduction in contrast. For example, driving undier tain in a two-way
street causes the light from cars coming in theosjpe direction to get
scattered by raindrops, impairing vision. In thésrgario glare interferes
with the task at hand, but without reaching thenpof causing pain or
physical discomfort.

15 Light Sensitivity (photophobia), Eye Conditions E&beets, pp 11, Royal National Institute of
Blond People, London, UK, 2016.
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» Discomfort Glare can be best described as a senghtt humans are
unable to tolerate it and instinctively look awaydrastic example of
discomfort glare would be the experience if a Higiensity discharge lamp
Is turned on and pointed directly at eyes from @anfgw meters away. The
same thing happens whenever humans look directheatun by accident.
Light sources capable of causing discomfort glaeenarmally also able to
damage human eydsence the instinctive reaction to look away

4.2 Sources of Glare

Although essential to life on Earth, sunlight cooltise a problem for those
humans who traverse the skies above Earth. Sumsighportion of the
electromagnetic radiation given off by the Surpamticular infrared, visible, and
ultraviolet light. On Earth, sunlight is filteredrough Earth's atmosphere, and is
obvious as daylight when the Sun is above the bori2Vhen the direct solar
radiation is not blocked by clouds, it is expereth@s sunshine, a combination of
bright light and radiant heat. When it is blockegdchouds or reflects off other
objects, it is experienced as diffused light.

Flash-blindness is a visual interference effect pleaisists even after the source of
illumination has been removed. After image occulngmva transient image is left in
the visual field after exposure to a bright lighthese can temporarily impair vision
as the spots appear to be burned into one’s vikeen if the spots are small and
not in the centre of the eye, they can still bérdding. Glare affects the ability to
maintain visual awareness and therefore can infiggtit safety and is a frequent
factor in all air operations.

Glare can come directly from the light source ar take the form of veiling glare,
reflected from crazing or dirt on the windscreeheVisual phenomenon affects a
pilot's ability to accurately detect objects, espbg when they are in the same
direction as the glare. For example, Air Trafficr@ol (ATC) issues a traffic alert
for an aircraft straight ahead and it happens tfhyioey with the sun in that same
direction. Hawkins [7] states that when the sowfcine glare is only 5 deg. away
from the direction of view, the loss of visual effieeness is an astounding 84%.
When glare is 40 deg. from the line of sight, th&slof visual effectiveness drops
42%.

4.3 Night Time Glare

For pilots operating an aircraft at night presdorabf optimal night vision is of
vital importance. When the eyes have adapted tdilgivt levels, exposure to bright
light can result in temporary visual impairment doglare, flash-blindness, and
afterimages.

Nakagawara at el [4, 5] also examined the roldaregat night. Their study
revealed that the eye is much more sensitivigld &t night because it relies
primarily on the rods for night vision. In order feyes to adapt to low light they
undergo a chemical reaction using photoreceptaneigs. Intense light
decomposes the photoreceptor pigments reducingisgpgo dim light.
Regeneration of the photo pigment occurs duringtraglaptation. The regeneration
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of these pigments can take 30 to 60 minutes akigpsure to bright light. This is a
serious problem in flight for obvious reasons.

Pilots commented that they lost depth perceptiter @&xperiencing glare or from
being flash-blinded by approach or runway lightkjcl caused them to land long
or short, resulting in a collision with terrain. §RAA study cited an incident in
which a pilot asked the control tower to turn ue tihtensity of the approach lights
to aid visually acquiring the runway on approachthen reported experiencing
excessive glare in contact lenses on short-finehs€quently that resulted in a
collision with the approach light structure.

Pilots also reported visual difficulties when thiainding lights reflected back into
the cockpit due to dust, fog, rain, snow or icehé@isources of glare were
taxiway/apron lighting, aircraft lights, lasers amiergency vehicles, among other
things. Ineffective lighting configurations in theport environment appear to be
the root cause of these visual difficulties whégiing.

The majority of the taxiing incidents involved gicstraying off ramps, taxiways,
runways, hitting obstacles or other aircraft. Unoledly, many pilots have
experienced the problem with poorly positioned ranppron lighting that
hampers the ability to distinguish runway markiogs$o determine exactly where
the taxi surface begins and ends. Coincident Wigésé¢ conditions were inadequate
taxiway markings. The study’s authors highlight thereased risk of runway
incursions, collisions and excursions from aircraftvement areas when pilots
cannot adapt to the dark. [6]

4.4 Human Made Glare

Solar power is a growing source of “clean” energyrhany communities. While
solar power panels provide a useful means to gensx@enue and to provide
energy locally, nobody expected that it will pogeogential hazard in the form of
glare.

Airplane pilots reported that they were blindedtlhg intense sunlight reflecting off
some of the 340,000 mirrors at the lvanpah Solactét Generating System on the
California-Nevada border. The Ivanpah power plarghout 40 miles from the Las
Vegas airport. [8] The mirrors, called heliostétgus the sun on 140 metre towers
that contain water-filled boilers. The concentrasedlight boils the water to create
steam, driving turbines that generate 377 MW olbcarfree electricity. The heat is
so blistering that it has melted the feathers mfdin mid-flight. [6]

Planes fly far too high to be affected by the hieat,not by the lighf. According to
Air traffic controller at an Federal Aviation Admstration (FAA) centre that
monitors the airspace in southern California Dallyring the late morning and

'8 «“Erom the pilot's seat of my aircraft the brighssewas like looking into the sun,” reported one
pilot as his small plane climbed from 6,000 to DD,@eet after taking off from the Boulder City,
Nevada, airport. In a report he filed with the Aida Safety Reporting System (ASRS), the pilot
wrote that, “In my opinion the reflection from tleesnirrors was a hazard to flight because for & brie
time | could not scan the sky in that directioriaok for other aircraft.” [8]
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early afternoon hours there are numerous repans fiilots” of aircraft flying
from the northeast to the southwest about the bregs of this solar farm,

In USA the Aviation Safety Reporting System (ASR8}eives more than 1,300
reports weekly from pilots, air traffic controlleasd other aviation personnel,
according to the organisation’s website. If theorépidentify a hazardous situation,
the ASRS issues an alert to the appropriate govemhagency in USA. [8]

Aviation officials have long been concerned abbaetimpact of huge solar power
plants, and in recent years the US military hasaethe construction of projects
near bases in the California and Nevada deserts.

5. Impact of Glare on Pilots Vision

The most significant feature of glare encountereflight is its variable nature. It is
variable in intensity and in direction, and white tpilot may be subjected to these
variations very quickly within the space of secqrelee may on the other hand be
exposed to glare from one direction for a periodeferal hours. Also, the
frequency, with which the pilot’'s eyes must altéenfaom cockpit to exterior, from
near to far, from dark to light, combines withthkkse factors to produce a visual
environment that most readily results in fatigud difficulty in seeing.

When operating below clouds, and at lower altituttes light comes from above.
However, at high altitude there is a reversal giitlidistribution, particularly when
flying above a layer of clouds. Once an aircrafhbls above a cloud deck most of
the light reflected back into the aircraft comesirthe cloud layer below. It is
estimated the clouds underneath effectively reB&&6 of the sunlight. Some light
does come from the sky above, but the amount dfesed light that comes from
the sky becomes progressively less as the airftiedftat higher altitudes. This
altered light distribution results in more lightiwahing the upper part of the cockpit
and in less reaching the lower part, which is tfegeedarker than it would be at a
lower altitude.

At high altitudes the change in the light spectieanses a visual illusion in the
pilot's ability to see contrasting shades of colahen a dark and a bright area are
adjacent to each other, the bright area appeagbtbriand the dark area darker.
Human anatomy plays an interesting role in acconatiog this visual
phenomenon. A light source below eye level canaligtfiood one’s vision and

cast a troublesome haze over the entire visual. filinglasses reduce the
luminance of the outside scene, bringing it to mfootable level, but they also
reduce the luminance of the already dark interfahe cockpit.

Humans have different tolerances for illuminaticoni high intensity light sources.
Age is one of significant factors. Older eyes higgs tolerance for high-intensity
light. In addition, eye pigment, which is the calaii retina, influences an
individual’s tolerance for glare and people withghter pigment have less
tolerance than those with darker pigment.

"“In my opinion the reflection from these mirrorgsva hazard to flight because for a brief time |
could not scan the sky in that direction to lookdther aircraft.” [8]
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Abnormal eye conditions can also increase glarsiteity as can contact lenses.
Cataracts will cause a person to see halos aragimd.| \While modern medical
procedures such as lens implants, cataract sungetig| keratotomy and laser
refractive surgery offer visual sight improvemehgy can result in discomfort or
disability glare, according to abundant refererwt in [2].

6. Glare Protecting Methods

When possible, pilots could consider alternatiightl routes and takeoff and
landing directions. However, as a practical mattenay not be possible to choose
a different route or an alternate runway to avdatey

The FAA'’s “Natural Sunlight” study [2] recommendwetfollowing actions could
have a positive impact on the poetical negativesequences of a glare effects on
pilots and safety of flights, thus:

» Enlisting a co-pilot or passenger to help read irtgyd instruments and/or
printed flight documents including checklists ampg@ach plates so the
pilot-flying can focus attention on overcoming gaonditions.

* The aircraft’s sun visor or a brimmed hat can plewshielding to the pilot’s
eyes from glare.

* Avoiding light-coloured clothing as it creates #eetion on the windscreen.

e Light-coloured or reflective materials should netgdace on the glare shield
since they can reflect light off the windscreen.

* Preventive maintenance on the windscreen is negessa&n scratches or
pits cause unacceptable light scatter.

» Periodic windscreen polishing prevents additiormgditiscatter as well.

» Cleaning the windscreen thoroughly during the fight check

» Use of appropriate sunglasses can minimise thetsfté glare by
establishing a proper balance between visibiftgbjects inside and
outside of the cockpit environment.

» Use of larger lenses and wrap-around frame styageevent sunlight from
entering peripherally and affect the wearer’s vi§io

7. Conclusions

The main objective of this paper was to addresegla a physical mechanism of
the motion of an aircraft through the MIRCE Funiability Field. [1] Although it
is not a frequently manifested catastrophic phemmmeglare is a physically
observable event, which has been attributed to e¢tnglisectly on the performance
of humans involved in flying aircraft and operatihgm on the ground [2, 3, 4, 5].

Glare as a physical mechanism is briefly explainetie paper together with all
three types of its manifestation, namely: blindfogreflected), disability and
discomfort, considering their main characteriséing potencial impact on pilots

'8 The Civil Aviation Authorities of UK, guidance dhe type of spectacle frame and lenses
recommended for use in the aviation environmentdacba found inrwww.caa.co.uk
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and air traffic controller. These effects can resuprolonged visual impairment
and be extremely hazardous to pilots in flight wéguire optimum vision all the
time.

Pilots are exposed to various meteorological camutwhile in-flight that may
increase glare and limit visibility and contrashey are often subjected to direct
and indirect sunlight, which can act as an inteamece of glare. Furthermore,
while flying at high altitude pilots may be expodediarkened skies above and
bright reflected light from the clouds beneath. $tblpgically the contours of the
human face serve to protect the eyes from bright koming from above, but not
from below.

It has been pointed out in the paper that in mastances the accident report
concluded that the glare effects were intensifigthadequately maintained
windscreens. Dirt, scratches and pitting in a wanelen scatter the sunlight and
further reduce a pilot’s ability to see the extéerazironment clearly.

While solar power panels provide a useful meargeteerate a “clean” energy for
many communities nobody expected that it will pagmtential hazard in the form
of glare to the aviation community. In USA the Anga Safety Reporting System
(ASRS), receives more than thousand reports weedy pilots flying from the
northeast to the southwest about the brightnetisofolar farm, according to the
organisation’s website.

This paper clearly confirms that glare from natwahlight and other sources has
caused visual impairment of pilots while operatamgraft and has contributed to

the transition of an aircraft from positive to ngga functionability state, resulting
in the reduction or potentially cessation of thedionability work done.
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Emergency Oxygen Provision as a Mechanism of the Non
of an Aircraft Through MIRCE Functionability Field

Dr J. Knezevic
MIRCE Akademy, Woodbury Park, Exeter, UK

MIRCE Mechanics is the discipline of MIRCE Scienat
focuses on the scientific understanding and desoripof the
functionability actions that govern the motion ohdétionable
system types though the MIRCE Functionability FigFF)
[1]. A full understanding of the mechanisms of &éastions is
essential for the accurate predictions of the fiowability
performance of functionable system types using MIRC
Functionability Equation. Thus, the main objectofethis paper
is to address a provisioning of emergency oxygen aas
mechanism of a motion of an aircraft through MFegeated by
the observed physical phenomena or human activiBesne of
them are briefly described and analysed in the pafgased on
the evidence available recommendations for the geolu of the
probability of occurrence of negative functionatyilevents of
the emergency oxygen provision are presented.

1. Introduction

Oxygen is vital for the human body. As the altitudereases, the consequent
decrease in pressure reduces the amount of oxkigdmutman body can absorb
when breathing. To enable flight at high altitudekjch significantly reduces fuel
consumption, either the aircraft cabin has to lesgurised, to replicate the pressure
at a lower altitude, or the occupants of the aftdrave to be given supplemental
oxygen. A healthy person at sea level has a badjgen saturation of 97 percent.
Medical officials consider that an oxygen saturmatxd 93 percent is to be the lower
limit of normal functioning. At an altitude of 1@O ft, saturation drops to almost
90 percent, at 15,000 ft it is at 80 percent ar@bad00 ft it is a mere 55 percent
leading to incapacitation. The higher the altitutie, lower the time of useful
consciousness, as shown by Figure 1.
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Figurel: The relationship between the altitude tedtime of useful consciousness
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Consequently, commercial aircraft are pressurisegbe cabin equivalent of 8,000
ft, meaning that someone sitting in an aircrafistng at 35,000 ft is experiencing
the same concentration of oxygen that they woufzeagnce at an altitude of 8,000
ft. Today, this is a routine process. The basigsre$surised aircraft date back to
the mid-1930s. Thus, on most pressurised airafafabin pressurisation is lost
when the cabin altitude is above 14,000 feet, eararg oxygen will be
automatically provided. The supply of emergencygexytypically provides

enough air to last 12 to 20 minutes, which givespitot sufficient time to descend
a safe altitude where masks are not needed anymore.

Combustion is the exothermic chemical reaction betwoxygen and a fuel,
producing a flame and smoke. Thus, oxygen-gengraguipment on aircraft
presents a significant fire hazard and has cort&tbto several aircraft fires, both
on the ground and in flight. For example:

* In 1996 ValuJet Flight 592 expired chemical oxygenerators were
improperly prepared and labelled as company matm without being
designated as HAZMAT and placed in the cargo hola passenger aircraft,
where they caught fire in flight resulting in a sinathat killed all 110
persons onboard

* In 2008 ABX Air Flight 1611 cockpit fire in a Boegn/67 on the ground
before departure caused by an unexpected eleatricant in the anti-kink
spring of the pilot's oxygen mask hose. This ighitee hose due to the
presence of oxygen inside the hose that remaimed fire-flight checks
although there was no indication that the oxygespsuwas breached. Both
pilots safely evacuated the cockpit, but the aftavas declared a total loss.

* 1In 2008, a Boeing 747-438 aircraft carrying 369geagers and crew, on
Qantas Flight 38, rapidly depressurised following the forceful nungt of
one of the aircraft's emergency oxygen cylinderthenforward cargo hold.
The aircraft was cruising at 29,000 ft and was S&utes into a flight
between Hong Kong and Melbourne. Following an emecy descent to
10,000 ft, the flight crew diverted the aircraftNanoy Aquino International
Airport, Manila, Philippines, where it landed sgfdNone of the passengers
or crew sustained any physical injury. The aircveds repaired and returned
to service in 2009.

* In 2011 EgyptAir Flight 667 an electrical sparktire presence of the
supplemental oxygen system turned the flight déckBoeing 777-200 into
a conflagration, at Cairo International Airport (JAThe captain attempted
to extinguish the fire with the cockpit fire extungher but was unsuccessful.
As the aircraft was on the ground at the time cédgatain ordered an
emergency evacuation and all passengers and crelvengnvere able to
escape without serious injury. Due to the growing ih the cockpit the first
officer was unable to use a radio to summon emesgservices. So, after
exiting the Boeing he stopped a car on a serviad to call the fire
department. Although there were no fatalities,aineraft was damaged
beyond repair.

19 http://news.bbc.co.uk/1/hi/world/asia-pacific/7352.stm
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The main objective of this paper is to examinedhnergency oxygen provisioning
actions as a mechanism of the motion of an airthadiugh MIRCE Functionability
Field, which impacts the functionability work dobg an aircraft and resources
consumed during a given interval of calendar time.

2. MIRCE Science Fundamentals

According to MIRCE Sciené® at any instant of calendar time, a given
functionable system typkcould be in one of the following two states [1]:

» Positive Functionability State (PFS), a generic @don a state in which a
functionable system type is able to deliver theeex@d measurable
function(s),

* Negative Functionability State (NFS), a generic adar a state in which a
functionable system type is unable to deliver tkgeeted measurable
function(s), resulting from any reason whatsoever.

In MIRCE Science a life of a functionable systemetys defined by the MIRCE
Functionability Field (MFF), which is mathematigatlescribeff as a two
dimensional countable infinite set of possible timTability points, each
representing functionability state that a functigleasystem type could be found in,
at any instant of the calendar time.

The motion of a functionable system type throughNt-F is generated by
functionability actions, which are classified as:
» Positive Functionability Action (PFA), a generionmafor any human
activity or physical phenomena that compels a systemove to a PFS.
* Negative Functionability Action (NFA), a genericna for any physical
phenomena or human activity that compels a systemmotve to a NFS.

The motion of a functionable system type throughM¥FF is physically manifested
through the occurrences of functionability evewtisich are classified as:

» Positive Functionability Event (PFE), a generic edor any physically
observable occurrence in the calendar time thatfsag the transition of a
functionable system type from a NFS to a PFS.

* Negative Functionability Event (NFE), a generic rdior any physically
observable occurrence in the calendar time thatfsag the transition of a
functionable system type from a PFS to a NFS.

' MIRCE Science comprises of mathematical axiomaaggns and methods that enable
predictions of expected functionability performaméeach feasible option of the future
functionability system type to be done, based encttmplex, time-dependent, interactions between:
physical properties of consisting components ampdiegh functionability rules regarding operation,
maintenance and support processes.

“IAccording to Knezevic [1], functionable system typéa set of mutually related entities put
together to do a functionability work in accordameghysical laws and given functionability rules.”

2 MFF(t) ={ PFS;'(9, NF&(), ©0, F1,2,.5} [1]
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MIRCE Mechanics is a part of MIRCE Science thauses on the scientific
understanding of the mechanisms that generateifunaddility actions that govern
the motion of functionable system types though NIEFA full understanding of
these mechanisms is essential for accurately fnegithe expected functionability
work done and the cost of resources consumed byea functionable system type
using MIRCE Science Equations.

3. Aircraft Emergency Oxygen System

Brief description of the certification regulatioredated to the aircraft emergency
oxygen system is presented here together withékergbtion of their main parts.

3.1 Regulations

National regulations for the provision and useugd@emental or emergency
oxygen systems are based on the guidance provid&driex 6 of the International
Civil Aviation Organisation (ICAO) Standards andd@esmmended Practices
(SARPSY?. The most significant items found in the guidaoneoxygen are
following:

« All Aircraft: An operator shall ensure that passersgare made familiar with
the location and use of: oxygen dispensing equipnifetie provision of
oxygen for the use of passengers is prescribed.

+ Non-pressurised Aircraft

o An aeroplane intended to be operated at flightualés at which the
atmospheric pressure is less than 700 hPa in pggsoampartments
shall be equipped with oxygen storage and dispgregiparatus

o Aflight to be operated at flight altitudes at winithe atmospheric
pressure in personnel compartments will be less 788 hPa shall
not be commenced unless sufficient stored breattwygen is
carried to supply:

= all crew members and 10 per cent of the passehgeasy
period in excess of 30 minutes that the pressuaeaas
occupied by them will be between 700 hPa and 620 hP

= the crew and passengers for any period that thesgtheric
pressure in areas occupied by them will be less @28 hPa

+ Pressurised Aircraft

o An aeroplane intended to be operated at flightualés at which the
atmospheric pressure is less than 376 hPa or wihigperated at
flight altitudes at which the atmospheric presssim@more than 376
hPa, cannot descend safely within four minutesftiglat altitude at
which the atmospheric pressure is equal to 620shBk be provided
with automatically deployable oxygen equipment. Tdtal number
of oxygen dispensing units shall exceed the nurabpassenger and
cabin crew seats by at least 10 per cent.

o All flight crew members of pressurised aeroplangsrating above
an altitude where the atmospheric pressure isthess376 hPa shall

2 https://www.skybrary.aero/index.php/Aircraft_Oxyg&ystemgaccessed on 07.02.2019)
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have available at the flight duty station a quidading type of
oxygen mask which will readily supply oxygen upamndnd.

3.2 Equipment

Due to the different requirements of the equipmeseid on the flight deck and that
used in the passenger cabin their design and anadity methods differ.

3.2.1 Flight Deck

Oxygen for the use of the flight deck occupantsasmally stored as pressurised
gas in one or more tanks or cylinders. In certaicraft types, oxygen is stored as a
liquid.

The total oxygen capacity must be sufficient tomyjall flight deck occupants
with adequate oxygen for a defined period of tirmaraaltitude profile specified in
the applicable National Aviation Authority regutats. Commonly, the altitude
profile will incorporate an emergency descent sagraad followed by a period in
level flight at a defined altitude.

A quantity gauge or other means of determiningatme@unt of available oxygen
will be incorporated.

A regulator is installed to reduce storage cylinplessure to a usable level.
Depending upon the aircraft type, regulators can be
» Constant flow type, that provides the same outpeggure or flow
regardless of altitude. The regulator is theretipmized for a specific
altitude. At altitudes lower than the designed mpitin altitude, it will
provide more oxygen than is actually required. Ty of regulator is most
often found in non-pressurized aircraft and onglag oxygen systems. A
single constant flow regulator is able to contha bxygen flow to all users.
» Diluter-demand type that provides oxygen at eaelwgosition. Depending
upon user selection, the diluter-demand regulatarprovide 100% oxygen,
100% oxygen under positive pressure or a mixturexgen "diluted” with
cabin air on a specific, altitude-based schedule.

3.2.2 Passenger Compartment

In non-pressurised aircraft that routinely fly abd\0,000 ft, passenger oxygen is
typically provided by:

* Fixed systems that draw their oxygen supply fropnessurised cylinder of
gaseous oxygen. This can be a dedicated cylindénoght be the same
cylinder that is used to supply the flight deckuants. An oxygen
manifold runs from the cylinder into the passengenpartment via a single
regulator. Attachment ports allow passenger oxygeasks to be connected
to the manifold. A shutoff valve capable of isalgtithe passenger
compartment is normally incorporated.

» Portable systems that consist of a storage tarégdator and one or more
passenger masks. These will be distributed to dissgngers when required.
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Pressurised aircraft which have a certified maxinaltitude of 25,000 ft or less do
not require passenger oxygen systems subject @intraft being able to descend
to 13,000 ft or below within 4 minutes of loss eégsurisation. If the aircraft is not
capable of achieving the descent profile or theégstructure does not allow the
descent due to terrain, an oxygen system mustted fn the aircraft as per the
provisions which apply to aircraft which are ceeiif to fly at higher altitudes
(above 25,000 ft).

For pressurised aircraft which are certified torapeabove 25,000 ft, emergency
oxygen equipment must be available. Some airctdigaicylinders of pressurised
oxygen to meet this requirement but most typeditieel with chemical oxygen
generators. The emergency oxygen supply must leshianum of 10 minutes.
Provisions must be provided in the system to autwaléy deploy the emergency
oxygen masks when the cabin altitude exceeds dgisrmined level (typically
14,000 ft). Sufficient masks must be provided foleast 10% more passengers than
there are seats in the passenger compartment.

3.3 Oxygen Mask

Due to different functionality oxygen mask usedha flight deck are different
from those that are available to passenger cabin.

3.3.1 Flight Deck

An oxygen mask is provided at each flight deckistatThe mask could be of the
"full face" variety incorporating smoke gogglesaotmouth and nose" type mask
with smoke goggles available separately.

The masks at the pilot stations will incorporatemmphones to allow internal and
external communications.

Masks are fitted to the face utilising various ®rspon harnesses. For aircraft
which routinely fly above 25,000 ft, masks are gahg of the "quick-donning"
variety, which allow them to be put on in 5 secoadkess using only one hand.

For diluter-demand systems, selectors for nornt%d and positive pressure
maybe incorporated into the mask itself. If nogythvill be found on the associated
regulator. Diluter-demand oxygen masks are stowiddtive selector in the 100%
oxygen position and should be reselected to theabfor diluting) position when
mask utilization is required for other than a smokéume event.

3.3.2. Passenger Compartment

The most typical passenger oxygen masks consessoft, yellow, silicone cup
fitted with elastic bands for securing the maskface. The bands are adjustable
to accommodate passengers of different sizes. Hsk may also have a clear
concentrator or re-breather bag. Depending upogdha altitude, the concentrator
bag may or may not inflate. Airlines make a poiatidg their safety presentation of
pointing out that the bag may not inflate as, & plast, lack of bag inflation has
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lead some passengers to believe that their masketagorking and to remove it
resulting in hypoxia.

The bag is attached to a tube, connected to thgemxgource in the compartment,
allowing for it to drop down and hang in front bktpassengers. To operate on all
aircraft except the L-1011 and B787, they must ldied sharply toward the
passenger who needs it to un-clip the flow pin stadt the process of transporting
the oxygen to the passenger. Passenger oxygen geskst deliver enough
oxygen for sustained periods at high altitudessThiwhy the flight crew needs to
place the aircraft in a controlled emergency destea lower altitude where it is
possible to breathe without emergency oxygen.

While the masks are being used, passengers aetimwed to leave their seat for
any reason until it is safe to breathe withoutdh®ergency oxygen. If there is a fire
on board the aircraft, masks are not deployedh@gtoduction of oxygen may
further fuel the fire.

3.4 Oxygen Generating Mechanisms
There are two systems that are typically found@mrmercial aircraft, namely:

* A chemical oxygen generator system that is condect@ll masks in the
compartment. Pulling down on one oxygen mask remdwve firing pin of
the generator igniting a mixture of sodium chloratel iron powder,
opening the oxygen supply for all the masks indmpartment. During the
short period of oxygen production, the generataob®s extremely hot and
should not be touched. A burning smell may be nateticause alarm
among passengers, but this smell is a normal péaneahemical reaction.
For any aircraft which carries more than a very f@gsengers, the weight,
complexity and maintenance issues associated vatimgoressed gas
system would be prohibitive. Hence, the commemvahtion industry relies
on chemical oxygen generators.

* A gaseous manifold system that connects all oxygasks to a central
oxygen supply usually is in the cargo hold aredlirRudown on one
oxygen mask starts the oxygen supply for that noabék The entire system
can usually be reset in the cockpit or in somerdtheation in the aircraft.

4. Emergency Oxygen Provisioning Related NegatiWunctionability Actions

Veillette [2] conducted a search of 100 recent NASAation Safety Reporting
System (ASRS) records regarding involving incidentwhich oxygen masks were
employed, submitted in 2016 and 2017. Out of tleends analysed 71 are related
to a loss of pressurisation or suspected smokeroeg. In all of these cases
emergency oxygen systems operated as designedingrale flight crews to
breathe and they safely got the aircraft and {h@ssengers on the ground.
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However, the remaining 29 reports draw attentiothé&serious risk posed for a
flight crew being without supplemental oxygen adl &g other serious problems
with masks use when needed. The following caseexracted from Veillette [2]

Case 1:NASA ASRS Report 1498858, published in Novemb&r72@ontains the
following statement by flight crew whose oxygen kegand hoses physically

failed: “In cruise flight, | went to put on quiakenning mask as first officer was
going to leave the flight deck for physiologicakds. | pulled the mask out of the
box and it came apart in my hands. It was useladgtrere been an emergency.
Where the hose attaches with the microphone tontia rubber face area was
broken and dangling. The full mask section wascinbait the hose/microphone area
was detached and hanging by a wire, no abilityéathe oxygen from the mask.”

Case 2:NASA ASRS Report 1462284, published in July 2@bhtains the
following statement “While out on the lavatory bkesaco-pilot heard a loud
whoosh noise from up in the flight deck. So he irdrately returned to the flight
deck to request entry back in. When arrived tcshet he saw the captain holding
the oxygen hose and mask together in his handspaatished with a hissing sound.
The captain explained that the oxygen hose focigie mask would not stay
attached to the mask. The captain made severai@tie¢o re-secure the oxygen
hose to the mask but did not succeed. Due to thgiympressure of oxygen

coming from the hose, neither of them was succkasgecuring the oxygen hose.
After several minutes they became unable to evéahthe oxygen hose to the mask.
At this point there was nothing to even slow tlenflof the crew oxygen and they
began to lose crew oxygen at an extremely fast’rate

Case 3:A UPS Boeing 747 departed Dubai International Ait§DXB) on a cargo
flight to Cologne, Germany (CGN), on 3 Septembe&r@wenty minutes into the
flight, at approximately 32,000 ft., the crew acddsATC that there was an
indication of an onboard fire and declared an eemry. Both pilots had donned
their oxygen masks approximately 90 sec. aftefiteébell sounded. Less than 90
sec. later, the fire caused severe damage toitjint dontrol system and filled the
cockpit with continuous smoke. During the emergetescent the cabin reached a
pressure altitude of 21,000 ft., followed almosiriediately by the rapid failure of
the captain’s oxygen supply without any indicatarirouble. Unknown to the

flight pilots, the fire had severely damaged maigpi§icant systems on the aircraft,
including the crew supplementary oxygen system lsufjne damage caused a
cessation of oxygen flow to the captain’s mask i@ulliced capacity for the
remainder of the flight to the F/O’s mask. To obttie portable oxygen bottle, the
captain left his seat, but did not return due tapacitation from toxic gases. As the
F/O could not view outside the cockpit, or seeghmary flight displays, the
aircraft subsequently entered an uncontrolled aésoeo terrain, killing both pilots
in the crash.

During the investigation, several UPS line pilatsnenented on the use of the
oxygen mask and goggle sets during their trainfingy reported receiving little
hands-on instruction for the actual use of theasetsmoke vent, and what they did
receive occurred during initial training for theaaft in the form of computer-
based text and images. They also stated that teey mever taught about the
relationship between the emergency selector oretipgator and the need to
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simultaneously open the smoke vent to clear comtams from inside the goggles
or how to locate the switches on the oxygen requkter the oxygen mask was
donned. Further more, they were never requireddotigce these actions in the
presence of an instructor or check airman.

Case 4 United Airlines Flight 949 departed London Heathrairport (LHR) for
Chicago O’Hare International Airport (KORD), on 20ly 2009. At 37,000 ft. the
flight crew encountered smoke in the cockpit anetded to Keflavik International
Airport (KEF) in Iceland. During the event, thegfiit crew donned their oxygen sets
and attempted, with difficulty, to establish andimt@n crew communications. The
following statement the pilot provided to the lgedec Aircraft Accident
Investigation Board, “We struggled with the audampls to communicate with the
masks on.” Thus, he removed the oxygen mask toraamcate with the Flight
officer (F/O) and relief pilot in the cockpit. TiO said, “The entire process of
donning goggles, the use of the oxygen mask, pgslirthe different buttons and
toggles to communicate with all the people involweas very frustrating at times.
Between the goggles scratching my glasses andrbkesfilm in front of them too,
it was hard to see at times. Too many items hawvette together for this setup to
work.” Also, the pilot added that “Crew communicats with oxygen masks on
was non-effective and increased crew workload Sanitly. It was made worse
with three crewmembers plus ATC all trying to conmivate.”*

Case 5:NASA ASRS Report 1486360, October 2017 contaieddhowing
statement: “After arriving to the aircraft, we bagaur pre-flight duties and flows.
Upon checking my oxygen mask, | ran the oxygerthatest button for 5 sec. and
made sure the microphone worked. However, | immeljigzaw the @psi go from
1,600 to 100 instantly and stay there. | suspetttedralve on the bottle itself was in
the off position. | told the captain and he agra&é. made an electronic logbook
write-up and backed it up with a call to mainterarithey came to the plane and
the mechanic was shocked.”

Case 6:Bob Bostick Jr, retired FedEXx pilot, commented lom Veillette’s article

[2] with a following word$>, “Years ago | was the right seater in the 727 halyit
pattern for checking the oxygen mask was to pelirttask off the spring loaded
strap it was hanging from, test for flow withouttng it on, and reinstall the mask
on the strap. Yup, | was not doing a full check #rat was my habit pattern until |
got an education. Just by chance, during one mktfl decided to take the mask
off the strap, put it on, and give it a full teslpng with taking out the smoke
goggles and seeing how well it all worked with nbgsges on. Had a simulator ride
the next day and knew using the mask would begdahte drill. Donned the mask,
flipped the switch on, took a breath...and sometlcange out of the mask and
lodged in my throat. That something was movingeAfipping off the mask and
doing some very dramatic coughing and heaving,enthié Captain and Flight
Engineer were watching and wondering what the ek wrong, I finally spit out
a fairly good sized live moth! Wow. How did thatdpeen? Didn’t take long to

% |In response to these events the NTSB issued Saéstymmendation A-11-089, to require airline,
charter and fractional operators “to include, dgiimitial and recurrent training, aircraft-specific
training on establishing and maintaining interr@dkpit communications when the oxygen masks
are donned.”

% a300boh(accessed 28 January 2019)
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figure it out, the mask hangs from the top leftnorof the Flight Engineer panel,
and just above the attach point is one of the flagitts for the panel. Hmmm. Light
attracts bug, bug gets tired, bug falls into m@sgood lesson, from that point on in
my flying career | made it my habit to pull the rkasit of wherever it was, clean it
with a mask wipe, put some pressure to it, chedkan put it on and check for
function and communication. And yes, on severabsmms there was another moth
in the mask. Can imagine how bad things could gb smoke/fumes/loss of
pressurisation and inhaling a moth with that filsep breath.”

Case 7 0On 25 October 1999, a chartered Learjet 35 wlasdided to fly from
Orlando, Florida, to Dallas, Texas. Early in thglt, the aircraft, which was
climbing to its assigned altitude on autopilot,dly lost cabin pressure and all six
on board were incapacitated due to hypoxia (a ¢daxygen). The aircraft
continued climbing past its assigned altitude, tfagled to make the westward turn
toward Dallas over north Florida and continuedtsmorth-western course, flying
for almost four hours (1,500 miles). The plane @ahof fuel over South Dakota
and crashed into a field near Aberdeen after aoninalled descent. The NTSB has
several levels of investigation, but the final dois®on was; “The probable cause of
this accident was incapacitation of the flight creembers as a result of their
failure to receive supplemental oxygen followingpss of cabin pressurization, for
undetermined reasorfs;

However, the crash investigation has highlighted th Learjet model 35/36, the
oxygen bottle regulator/shutoff valve is locatedhia nose cone of the airplane and
therefore inaccessible to flight crewmembers dufiigét. It was further discovered
that pilots may have difficulty visually verifyintpe position of this valve during a
pre-flight inspection because of the way it isafisd in the airplane. The Safety
Board noted that it is critical that the valve piosi indicators are clearly visible

and easily understandable during pre-flight chedkygen bottle supply pressure is
indicated on a gauge in the cockpit of the Le&§&86. Since a visual check of the
oxygen bottle supply may not provide informatiomatbthe position of the oxygen
bottle regulator/shutoff valve, the pilots’ onlyreundication in the cockpit that the
oxygen bottle regulator/shutoff valve is in the Qbasition would be the failure of
the oxygen mask to deliver oxygen.

5. Oxygen Masks Related Negative Functionability Amns

Although emergency oxygen masks and connecting ke used very infrequently
they are not protected from “wear out”. The moshowmn components which fall

are around valves, fittings, and connections inmglvubber seals, tubing and hoses.
Other possible negative functionability action thects oxygen system
components is a “dry rot”, which occurs when rubdxeplastic surfaces are

exposed for long periods to alternative heating@aing temperature swings in

dry air (which is an apt description of an airci@tkpit.) Moisture within the

rubber or plastic is wicked away, degrading itgifddity and elasticity over

time. Cracking, tearing, and breakage are commdaications of dry rot.

% https://en.wikipedia.org/wiki/1999 South_Dakota_tjet crashaccessed 11 February 2019)
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The Australian Civil Aviation Safety Authority (CAS issued Airworthiness
Bulletin 35-004 (Nov. 29, 2012) noting service aliffity trends with oxygen
systems service during maintenance identified by thervice Difficult Report
database. The observed phenomena that causertbgéidraof emergency oxygen
provisioning system from PFS to NFS include [3]:

Lines and fittings disconnected or blanked durimgpections.
Worn or damaged components and fittings.

Kinked oxygen lines and hoses.

Passenger service unit doors not closed properly.
Passenger service unit doors glued at hinges.
Unserviceable oxygen masks.

Incorrectly packed oxygen masks.

Discharged oxygen generators.

Overstrained oxygen hoses.

Oxygen fill line nuts cracked.

Cracked in-line oxygen flow indicators.

Missing information on part number identificatiabels.
Contaminated oxygen masks.

Contaminated oxygen fittings.

Incorrect oxygen cylinder configuration.

Bent oxygen generator firing pins.

Leaking pilot oxygen regulators

6. Functionability Improving Actions for Emergency Oxygen Provisioning

The analysis of ASRS reports performed by Veillgtidead to the deduction of
the following recommendations for the reductiorir@ probability of
malfunctioning of emergency oxygen provisioningqass, thus:

The pressure-demand masks must be properly stowtbeir containers to
gualify as quick-donning equipment. Each mask tasred harness
inflation levers that, when squeezed, allowingrtesk to be removed from
the storage box. Releasing the levers after platiagnask over the head
fits it securely to the head and face. Althouglecaih be "challenging”
stowing the oxygen mask after completing pre-flighecks, it is imperative
to do so correctly as it could help safely res@w#angerous in-service
situation!

The frequent pre-flight inspections could causeetiacted wear and tear on
the mask and hose connections. The pilots expressexern that some
mask designs are not sturdy enough for repeatedotixin and re-stowing.
These reports were submitted by regional airlimevsrwhose aircraft can be
operated by a dozen different pilots within a hahdf days, each
necessitating a full inspection of the oxygen systkeiring an aircraft
acceptance check. In addition, the ASRS submiitere concerned that
many of the facemasks are getting scratched tpah that they would be
difficult to see through in a real event.
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» Aircraft cabin that has become cold-soaked, it mempire the cabin to be
warm sufficiently to ensure the proper deploymerd aperation of
passenger oxygen masks. For example, the Cessonaebnanual,
stipulates that cabin temperature must be held albave 32° F for a
minimum of 15 minutes prior to takeoff after a mmoeged ground cold soak.

« Itis vital that all flight crewmembers to persdgahake sure that during the
pre-flight checks that their oxygen equipment isidtioning, fitted properly
and connected to appropriate supply terminalspiygen supply and
pressure are adequate, and the oxygen buttonslactes! for optimum
performance in case of emergency.

» All pilots of high-performance aircraft should reeeappropriate, hands-on
instruction regarding the use of oxygen mask/goggts, including the
regulator's emergency selector and smoke goggleéngrand practice
communications using the mask microphones duriitiglimnd recurrent
training.

7. Conclusions

The main objective of this paper was to addres&thergency oxygen provisioning
as a physical mechanism of the motion of an air¢habugh MIRCE

Functionability Field. [1] Although the malfunctiog of this process is not
frequently observed NFE, their occurrences coultseaignificant consequences to
airline and flying pubic, impacting the functionbtyi performance of commercial
aircraft in the air and on the ground [2].

Emergency oxygen provisioning systems have be@fiypdescribed in the paper
considering their main characteristics and potémagative impact on crew and
flying passengers. Timely response by a flight ctewa loss of cabin pressurisation
or to smoke or fumes is critical for the safe opieraof an aircraft and certainly not
the time to discover that emergency oxygen prowisig system is in NFS.

It has been pointed out in the paper that in mastances the accident report
concluded that the deterioration of the conditibermergency oxygen provisioning
systems were intensified by inadequately maintamaden masks, their
attachments to the rest of the system and freqospéctions by flight deck crew.

This paper clearly confirms that malfunctions ofezgency oxygen provisioning
system have caused considerable contributionsettrainsition of an aircraft from
positive to negative functionability state, resudtin the reduction of the
functionability work done and occasional destrutiod the aircraft or human
fatalities.

Recommendations provided in the paper, based oolb$erved in-service
functionability events should be used for the desifithe future emergency oxygen
provisioning systems as well as the planning off tn@intenance programmes and
cabin crew training.
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Fireless, Burning Smell Driven, Mayday Landings ofCommercial
Aircraft as a Mechanisms of Motion in MIRCE Mechanics

Dr J. Knezevic
MIRCE Akademy, Woodbury Park, Exeter, UK

According to Knezevic the purpose for the existeateany functionable
system’ is to do functionability work. The work is doneemhthe expected
measurable function is performed through time. Hbwever, experience
teaches us that expected work is frequently begethb occurrences of
undesirable interruptions like component failuresatural phenomena or
human actions, some of which result in hazardousseguences. MIRCE
Mechanics is a body of knowledge that focuses erstientific understanding
and description of the mechanisms that generateesingble in-service
interruptions. Thus,the main objective of this paper is to examine the
mechanism that generated undesirable in-servicerrimption to 32 flights, on
16" October 2017, within UK airspace. After firelesarfing smoke/fumes
were felt in their cockpits the flight crew wentaeygen and declared either a
PAN-PAN or a MAYDAY landing. The first event tod&kce around 0622
during departure from Liverpool causing the airdrab declare mayday
landing and return back to land. It was followeddbysters of affected aircraft
in the Channel Islands, Liverpool, Manchester amhdon, later in the day.
Although this is one of an extremely rear obsemeeht, its mechanism had to
be understood, as if repeated, it will generaterti@ion of an aircraft through
MIRCE Functionability Field and impact its functaility work done and
resources consumed. Inspections of aircraft inwblaad the analysis of the
meteorological conditions in Europe have revealeat the burning smell did
not result from a failure of any component, buv#s as a result of smoke and
dust carried in the atmosphere from North Africaldheria. Satellite imagery
from the European Organisation for the Exploitatiai Meteorological
Satellite$® (EUMETSAT) verified this theory. Potencial actdior reducing
the impact of this functionability mechanism areganted.

1.0 Introduction

The philosophy of MIRCE Science is based on thenme that the purpose
for the existence of any functionable system idddunctionability work. The
work is done when the expected measurable funétigmerformed through
time. [1] However, experience teaches us that dedework is frequently
beset by the occurrences of undesirable intermgtitke component failures,

2" According to Knezevic [1], functionable systemeyip “a set of mutually related entities put
together to do a functionability work in accordameghysical laws and given functionability rules.”
8 EUMWTSAT in an intergovernmental organisation ¢eglethrough an international convention
agreed by a current total of 30 European MembdeSta
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natural phenomena or human actions, some of wheshltr in hazardous
consequences.

“Mayday” is the word used around the globe to makkstress call via radio
communications. Mayday signals a life-threatenimgeegency, usually on a ship or
an aircraft, although it may be used in a varidtgtber situations. It originated as
an international distress call in 1923 and was nudfigal in 1948. “Mayday” was
the idea of Frederick Mockford, who was a senidiagafficer at Croydon Airport

in London, England. He came up with the idea foajuhay" because it sounded
like the French wordrf'aide”, which means “help me."”

A typical international distress call starts wiltle tword “mayday” repeated three
times, not to be mistaken for another word or phtaat sounds similar under noisy
and stressful conditions. It is followed by all ttedevant information that potential
rescuers would need, including type and identitgraft involved, nature of the
emergency, location or last known location, currgeather, fuel remaining, what
type of help is needed and number of people in elang

A mayday call is not something to be taken lighthythe United States, it is illegal
to make a fake distress call. Unjustified use eard jail sentence for up to six years
and is subject to a $250,000 fine!

For situations that are less than life-threatenomg, of several other urgent
messages can be conveyed. For example, “Pan-Pami'ttfie French wordganné,
which means “breakdown”, can be used to signalkgent situation involving a
mechanical or medical issue.

Thus,the main objective of this paper is to examinerntfeehanisms that generated
undesirable in-service interruption to 32 flighas, 16" October 2017, within

UK airspace. After fireless burning smoke/fumeseneitt in a cockpit the flight
crew went on oxygen and declared either a PAN-PAR MAYDAY landing. The
first event took place around 0622 during departtoen Liverpool causing the
aircraft to declare mayday landing and return kadlnd. It followed by clusters of
affected aircraft in the Channel Islands, Liverpddanchester and London, later in
the day.

Although this is one of an extremely rare obsemeeht, its mechanism had to be
understood, as it generate the motion of an dirtreough MIRCE Functionability
Field and impacts the functionability work donedyaircraft and resources
consumed during its in-service life. The final ais& confirmed that the burning
smell was not resulting from a failure of comporsenitaircraft involved, but from
smoke and dust carried in the atmosphere from Nafriba and Iberia.

2. MIRCE Science Fundamentals
Undoubtedly, the ability to accurately and quatitidy predict the
probability of occurrences of in-service undesieabiiterruptions, especially

those with hazardous consequences, early in thggrdesage would be
invaluable for all decision makers.
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Regardless of whether engineering solutions or gemant methods are
chosen to control the occurrences of in-servicesgimdble interruptions, they
will have a direct impact on the business plan ghaiuld deliver the expected
work, within the expected budget and generate ®¥peaed return on their
investment (e.g. profit, reputation, loyalty, paldbenefit and similar).

Consequently, Dr Knezevic [1] has created the boldinowledge, named
MIRCE Sciencé®, that can be used for the quantitative predictidrthe
probability of occurrences of undesirable interrapg during the expected in-
service life of any given functionability systenpé& According to MIRCE
Science, at any instant of calendar time, a giwarctionable system type
could be in one of the following two states [1]:

» Positive Functionability State (PFS), a generic @don a state in which a
functionable system type is able to deliver theeexd measurable
function(s),

* Negative Functionability State (NFS), a generic adar a state in which a
functionable system type is unable to deliver tkgeeted measurable
function(s), resulting from any reason whatsoever.

In MIRCE Science functionability work done by a ftionable system type is
uniquely defined by the trajectory generated byntdion through the MIRCE
Functionability Field® (MFF). The motion of a functionable system typetigh
the MFF is driven by functionability actions, whiare classified as:

» Positive Functionability Action (PFA), a generionmafor any human
activity or physical phenomena that compels a systemove to a PFS.

* Negative Functionability Action (NFA), a genericna for any physical
phenomena or human activity that compels a systemmotve to a NFS.

The motion of a functionable system type throughM¥FF is physically manifested
through the occurrences of functionability evewtisich are classified as:

» Positive Functionability Event (PFE), a generic edor any physically
observable occurrence in the calendar time thatfsag the transition of a
functionable system type from a NFS to a PFS.

* Negative Functionability Event (NFE), a generic rdior any physically
observable occurrence in the calendar time thatfsag the transition of a
functionable system type from a PFS to a NFS.

MIRCE Mechanics is a part of MIRCE Science thatuf®s on the scientific
understanding of the mechanisms that generateidmadtility action, which

2 MIRCE Science comprises of mathematical axiomsatgns and methods that enable
predictions of expected functionability performaméeach feasible option of the future
functionability system type to be done, based encttmplex, time-dependent, interactions between:
physical properties of consisting components amdiegh functionability rules regarding operation,
maintenance and support processes.

% MFF is mathematically described as a two dimeraionuntable infinite set of possible
functionability points, each representing functioifity state that a functionable system type could
be found in, at any instant of the calendar timeFS(t):{PFSs’l(D, NF&(), &0, F 1,2,,90} [1]
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govern the motion of functionable system types ¢mowFF [1]. The
occurrences of undesirable interruptions are censalwithin a physical scale
between 18° (atomic system) and 1 (solar system) of a metre. These
mechanisms, together with the corresponding funatidity rules imposed by
humans shape the pattern of the occurrences & thredesirable interruptions
through MIRCE Functionability Field. The life-longattern expected to be
generated by each future functionability systenetigpredictable, from the
early stages of the design, by making use of th®&GH Functionability,
Operability, Maintainability and Supportability Egfions [2, 3].

3. Monday 16 October 2017
3.1 Dublin Airport, Ireland

An Embraer 190 passenger aircraft, G-FBEM, tooKrofin Cardiff Airport
(EGFF) in Wales at 0614 for a scheduled passetight fo Dublin Airport
(EIDW) in Ireland with 75 passengers and a crefivef. The climb, en-route and
initial descent flight phases were routine. [4]

At 0635, the aircraft was cleared for landing om®Ray 10. Due to a low-visibility
weather conditions the crew were instructed to lablEL 090. At 0706, Air Traffic
Control (ATC) cleared the aircraft to leave theduwog pattern and continue on to
Runway 10. Weather at Dublin included light raiml @nizzle with scattered clouds
at 100 ft. and a broken layer at 200 ft. Visibiktyas 3,500 meters.

As the aircraft departed the holding pattern, teezd the top of a cloud layer and
the flight crew noticed a burning smell, which thascribed as “sulphurous” and
similar to that of “burning wood or paper.” As tbaptain had experienced similar
odours before his first thought was that it mightdoiginating from the aircraft
oven. He contacted the senior cabin crewmembdndolcif “everything was OK”

in the cabin. In response he was told that thabttems were not the source but the
attendants could detect a burning smell in the oéttie cabin. The captain
informed the co-pilot that there was a “smell ofodm in the cabin” and both pilots
noted that the smell appeared to be getting maeease in the cockpit, although no
crewmember saw smoke at any time during the flight.

Without any hesitation, both pilots donned theiygen masks and at 0713, and
declared a PAN-PARL. ATC immediately gave priority to the flight antbared it
directly to the final approach to Runway 10. Ai@7the aircraft was cleared to
descend to 4,000 ft. and the captain conductetL®¥ approach to Runway 10
with the autopilot engaged. He acquired the runwsyal references at
approximately 300 ft. AGE® and took over manual control for landing. The raiftc

%1 The radiotelephony messaBAN-PAN is the international standard urgency signal seateone
aboard a boat, ship, aircraft, or other vehiclesusedeclare that they have a situation that isnirg
but for the time being, does not pose an immediateyer to anyone's life or to the vessel itself

3 |nstrument Landing System (ILS) is defined as a&isien runway approach aid based on two
radio beams which together provide pilots vertarad horizontal guidance during an approach to
land.

% n aviation, atmospheric sciences and broadcasiihgjght above ground level (AGL) is a height
measured with respect to the underlying groundaserfThis is as opposed to altitude/elevation
above mean sea level (AMSL), or (in broadcast exgging) height above average terrain (HAAT).

© MIRCE Science, Woodbury Park, Exeter, EX5 1JJ, DEcember 2019 42



2019 Annals of MIRCE Science

rolled out at 0723 and was met by the airportseevices after it cleared the active
runway. The emergency crew informed the captaitttiexe appeared to be no
signs of fire or damage on the exterior of theraitc

The flight crew removed their oxygen masks and chthat the smell of smoke had
been reduced. The captain then asked the cabinforeamm assessment of
conditions in the cabin and was told that the siwfeimoke had lessened. With no
obvious threat to safety, at 0731, the flight crequested taxi clearance to their
parking position and disembarked their passengamailly. [4]

3.2 Manchester Airport, England
3.2.1 EasyJet
3.2.1.1 Alicante — Manchester Flight
An EasylJet flight that was heading towards Manaresirport from Alicante,
Spain, had been forced to declare Mayday emerdandyng because of the smoke
smells coming from the cockpit. After landing at ddaester Airport the aircraft
was surrounded by fire engines as it reached Tealrtinwhile airport train services

were temporarily stopped for safety reasons. [6]

The aircraft landed safely. One of the passengads SThere was a definite smell
of smoke.” [6]

3.2.1.2 Manchester — Hamburg Flight
EasylJet flight EZY1841 was scheduled to fly fromndlaester Airport to Hamburg
at 12:25. The flight was airborne for about 20 nisuvhen the captain detected
"smoke in the cockpit” and decided to return to Btaaster. [8]
Passengers in the cabin also caught a whiff o§theke, which "smelled like a
firework”. They were escorted away from the plagdite crews, before being put
back on the same plane for departure. [8]

3.2.2 Flybe

A scheduled passenger flight from Cardiff to Dulibok "precautionary action”
and landed at Manchester airport after the crewatied the smell of fumes.

Flyby also confirmed that a scheduled flight fronafMdhester to Paris was returned
due to a "fume-like smell", felt by the flying crawthe cockpit. [7]

3.2.3 Jet2
Jet2, a British low cost charter and scheduledhairkircraft was unable to land at
Leeds Airport due to foggy conditions. After cirgli several times over Leeds the

crew decided to land at Manchester Airport instead.

The landing was safe and “unadventurous”.
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3.3. Liverpool Airport, England

The EasyJet flight EZY 7159 from Liverpool John ben (LPL) to Zakynthos
took off on time towards the scheduled destinati@t was International Dionysios
Solomos (ZTH) in Greece. [7]

Soon after take off the flight crew noticed a “bagsmell” in the cockpit.
Immediately, the pilot turned the plane around @etliested an emergency landing
at John Lennon airport. ATC provided the crew vailinformation necessary for
an emergency landing. After the safe landing theratt examination showed no
signs of any possible source of “burning smell”.

Another EasyJet flight declared “full emergencyidang at Liverpool Airport. All
flights landed normally to LPL without the assistarof emergency services which
were just a precautionary measure.

A spokesman for EasyJet said: “EasyJet can conhanfour of its flights flying in
the west of the UK had reported smoke smells irctokpit that day! [7]

3.4 Guernsey Airport

Aurigny Air Servicesaircraft that was travelling from Guernsey to Brigtad to
head back to the Channel Island due to a smelttetdy the cockpit crew. It was
returned to service after post-flight checks byieegrs. [10]

3.5 Jersey Airport

Emergency services were called to a British Airwalysraft landing in Jersey "as a
precaution” due to the conditions. [10]

3.6 Hawarden Airport, Chester, England

During a descent of Jetstream 4100, G-MAJC, intev&tden Airport, at around
FL150, the flight crew noticed a burning smell. Qep masks were donned, a
Mayday was declared and an expedited approachaveasd out to land on
Runway 22. The crew experienced some difficultggmmunication, both internal
and external, while using their oxygen masks. [5]

After landing the aircraft was taxied clear of theaway, brought to a stop, and an
emergency evacuation was carried out. [5]

3.7 At the End of the Day
NATS, formerly National Air Traffic Servicéy is the UK's leading provider of air

traffic control services that handles 2.4 millidigtits and 250 million passengers in
UK airspace, each year. In addition to providinyees to 14 UK airports, and

3 Established in 1962 to bring together responsybitir the UK's existing military and civil Air
Traffic Control services.
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managing all upper airspace in the UK, NATS prosidervices around the world
spanning Europe, the Middle East, Asia and NortreAca.

On 16th October 2017 NATS facilitated "a numbertfersions from aircraft
reporting fumes being detected in the cockpit.cAllhese flights had landed safely.
It came following reports of an "unusual” reddi&ly across parts of England,
which experts are attributing to the remnants ofridane Ophelia dragging in
tropical air and dust from the Sahara.

4.0 The Source of Fireless Burning Smell

The investigators of the Embraer SA, G-FBEM, wafermed by the UK Air
Accident Investigation Board (AAIB) that the smdkeies were detected from
between 2,000 ft. and FL 200, and that most obtleaft either returned to land at
the point of departure or expedited their exisapgroaches. [4]

It turned out that, between Oct. 13 and 18, up @@ ft wildfires were burning
across northern Portugal and north-western Spairmi¢dane Opheli& was passing
by offshore, fanning the fires and pushing the senodrthward along with its own
path.

Ireland’s weather service said later that “the siseale of the wildfires in that area
meant that the air quickly became highly conceattatith dense smoke. With this
being the source area for the air mass over Daldv00z and the strong winds
dragging this air quickly northward, it is not stging that the smoke was dense
enough to register in the cockpits of commerciadraft flying at the time.”

Based on the above information the Irish air safetgstigators concluded “it is
clear that the detection of smoke on numerous cacial@ircraft on that date can
be attributed to the rapid advection of air ladeti\particulates from Iberian
wildfires northward over Ireland and the UK by Ofhé [3, 7, 8]

4.1 UK Met office Report on 17th October 2017

The Met Officé® on 17th October 2017 reported that, the same sdytwinds that
had brought the current warmth had also drawn fioist the Sahara and smoke
from wildfires occurring over northern Iberia (Spédortugal) to our latitudes. [10]
Ophelia originated in the Azores where it was aibane and as it tracked its way
northwards it dragged in tropical air from the Sah@he dust gets picked up into
the air and goes high up into the atmosphere, laatdiust has been dragged high
up in the atmosphere above the UK. The particléserair cause blue light to
scatter, leaving longer-wavelength red light tonsithrough. [11]

% Hurricane Ophelia was regarded as the worst storafféct Ireland in 50 years, and was also the
easternmost Atlantic major hurricane on recdiatal fatalities 54, Highest wind speedl85 km/h
Date 9 October 2017 — 18 October 205tart date16 October 2017, 1:28 pm BST, estimated
damage over $65.3 million (2017 USB¥fected areas: France, United Kingdom, Spain, iryat,
Ireland, Sweden, Finland, Azores, Scandinavia

% The Met Office was established in 1854 as a sdeglartment within the Board of Trade under
Vice Admiral Robert FitzRoy as a service to marner

© MIRCE Science, Woodbury Park, Exeter, EX5 1JJ, DEcember 2019 45



2019 Annals of MIRCE Science

4.2 EUMETSAT Confirmation

Satellite imagery from the European Organisatiorttie Exploitation of
Meteorological Satellités (EUMETSAT) verified this theory. [9]

5.0 What Could Be Done?

Although the same smoke from wildfires on the laerPeninsula drawn toward
Ireland and the UK caused all emergency landing®ig short interval of time the
participating cabin crew and ATC of the affecteghaits were not informed about
the existing atmospheric conditions. Hence, iemsonable to ask should any
formal system be established to notify flight crefathe presence of smoke in the
atmosphere from ground fires.

5.1 Pilots Demand New Cabin Air Filters on Commerdéil Aircraft

Following “Fireless, Burning Smell Driven, Maydapahdings of Commercial
Aircraft” on 16th October 2017, the British Airline Pilotssasiation (BALPA)
wrote to regulators to ask that "effective filten® developed and are then required
to be fitted.” [12]

Dr Hunter, head of flight safety of BALPA said: “@lay we have seen high levels
of contaminants in the air, which experts arelaiting to the remnants of
Hurricane Ophelia dragging tropical air and dushfrthe Sahara, as well as debris
from forest fires in Portugal and Spain. A vulneligbof the way in which cabin

air is supplied in most airliners is that theradasdirect filtration of the outside air
before it enters the cabin, so if the outsidesagantaminated, this contaminated air
is drawn into the aircraft. This most commonly haqgwhen an aircraft is taxiing
on the ground close to the jet exhaust of anotineradt and it is rare for the
atmosphere to be contaminated at cruising altitbidevever, contamination can
occur when there are high levels of atmospheritupoh, when volcanic ash and
volcanic gasses are in the atmosphere and whes filast storms or soot from
fires on the ground are drawn in to the air.” [12]

As of now, March 2019, the author could not fing arformation regarding the
response from the Aviation authorities to the BAL®equest for “the effective
filters are developed and are then required totteslf”

5.2. Inclusion of Information to flight crews on the presence of smoke in
the atmosphere from ground fires in SIGNET®

The Irish Air Accident Investigation Unit (AAIU) wrestigators pointed out that
ICAO* standards and recommendations for SIGMETSs lisidhtstorms, cyclones,

$" EUMWTSAT in an intergovernmental organisation ¢eeahrough an international convention
agreed by a current total of 30 European MembdeSta

% Significant Meteorological Information is a weather advisory tbatains meteorological
information concerning the safety of all aircratft.

% Thelnternational Civil Aviation Organization (ICAO ; French:Organisation de l'aviation civile
internationalg is a specialised agency of the United Nationeottifies the principles and
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severe turbulence, severe icing, severe mountanesyaust or sand storms, and
volcanic ash, but there is no requirement to ineltiee presence of large quantities
of smoke in the atmosphere. [4]

5.2.1SIGMET

A SIGMET provides concise information issued by at&brological Watch Office
(MWO) concerning the occurrence or expected ocaga®f specific en-route
weather and other phenomena in the atmospherenthaaffect the safety of
aircraft operations.

There three types of SIGMET, as shown in the thblew.

SIGMET (WS) SIGMET (WV) SIGMET (WC)
TS : Thunderstorm VA : Volcanic ash  TC : Tropicgtione
TURB : Turbulence
ICE : Icing

MTW : Mountain wave

DS : Duststorm

SS : Sandstorm

SIGMETs (WSs) are inflight advisories concerningntoonvective weather that is
potentially hazardous to all aircraft. They repaather forecasts that include
severe icing not associated with thunderstormsersewr extreme turbulence or
clear air turbulence not associated with thundemstp dust storms or sandstorms
that lower surface or inflight visibilities to belothree miles, and volcanic ash.
SIGMETs are unscheduled forecasts that are vatid foours, but if the SIGMET
relates to hurricanes, it is valid for 6 hours.

Phenomena reported by SIGNET (WS) are shown itethie below.

Code Description
OBSC TS Obscured thunderstorms
EMBD TS Embedded thunderstorms
FRQTS Frequent thunderstorms
SQLTS Squall line thunderstorms
OBSC TSGR Obscured thunderstorms with hail
EMBD TSGR Embedded thunderstorms with hail
FRQ TSGR Frequent thunderstorms with hail
SQL TSGR Squall line thunderstorms with hail
SEV TURB Severe turbulence
SEV ICE Severe icing
SEV ICE (FZRA) Severe icing due to freezing rain
SEV MTW Severe mountain wave
HVY DS Heavy duststorm
HVY SS Heavy sandstorm
RDOACT CLD Radioactive cloud

techniques of international air navigation anddosthe planning and development of international
air transport to ensure safe and orderly groltstheadquarters is located in Montreal, Canada.
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The SIGMET (VC) provides information on volcanidhgshenomena and the
SIGNET (WC) informs the tropical cyclones.

5.2.2 The Recommendation to ICAO

As of March 2019, the author could not find anfprmation regarding the Irish
Air Accident Investigation Unit's recommendationl@AO to consider the
provision of including the information to flight@ws of the presence of smoke in
the atmosphere from ground fires and prevent a@ha$e unnecessary Mayday
calls and use of safety resources associated ain @nergency landings.

6. Conclusions

Thus,the main objective of this paper is to examinephgsical mechanism of an
undesirable flight interruption that had been eigrered and recorded by 32
commercial flights on 16 October 2017, by a number of airlines, within
UK airspace. When burning smoke/fumes were smeltaokpits of affected
flights flight crews went on oxygen and declareithei a “pan-pan” or “mayday”
landing. The first event had been experienced atr@&22 during departure from
Liverpool causing the aircraft to declare maydaydiag and return back to land.
It was followed by clusters of affected aircrafttire Channel Islands, Liverpool,
Manchester and London, later in the day.

Although this was an extremely rare event, its maecdm had to be understood,
as its occurrence generates the motion of an #&irdlmough MIRCE
Functionability Field, which impacts the functionél work done and resources
consumed during its in-service life. The fireleagring smell in cockpits of
aircraft affected was not as a result of a failff@any component within aircratft,
but by the smoke and dust carried in the atmosphene North Africa and Iberia.
Thus, this paper makes a clear distinction betwheraircraft reliability widely
covered in literature during the last 60 years #mel aircraft functionability
introduced and studied by MIRCE Science. While foemer deals with
probabilities of not having components and systeures within a given
interval of time, the latter is dealing with a watkne by a functionable system
during its in-service life. Hence, the reliabiliperformance of a system are a
subset of the of the functionability performancedystem.

In response to the occurrence of this NFE the Briflirline Pilots Association

wrote to regulators to ask that "the effectiveetitt are developed and are then
required to be fitted,” while the Irish Air Accidemvestigation Unit‘s

recommended to ICAO to consider the provision ofuding the information to

flight crews of the presence of smoke in the atrhespfrom ground fires and
prevent all of those unnecessary mayday calls aadfisafety resources associated
with each emergency landing. However, the autha wveable to fine any evidence
of the implementation of either recommendation.
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Impact of High Altitude Ultraviolet Radiation
on Functionability of Flight Crews
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Abstract

The philosophy of MIRCE Science is based on thmipeethat the
purpose for the existence of any functionable aysteo do
functionability work. The work is done when thee=ted
measurable function is performed through time. IR®IE Science a
flight crew is considered as an element of a fhgggtem type.
MIRCE Mechanics is a part of MIRCE Science thatises on the
scientific understanding of the mechanisms of nkeractions
between functionability elements and the consedseoc
functionability performance. The research perfodnrsbown that
pilots and flight crews on aircraft is twice asdil as the general
population to develop life-threatening melanomangancer. On
average, those who developed melanoma were 42%likelseto
die compared with the general population. With pess in aviation
technology, aircraft will fly longer and at highaltitudes attracting
more and more passengers demanding more and nigésfl
Hence, the main objective of this paper is to itigae the
mechanism of interactions between the high altiwltraviolet
radiation on functionability of flight crew.

1. Introduction

The philosophy of MIRCE Science is based on thengge that the purpose for the
existence of any functionable syst&is to do functionability work. The work is
done when the expected measurable function is qpeeft through time. [1] Thus,

in MIRCE Science a flight crew is considered toabeelement of a functionable
system type whose work is done when passengersaagd are transported through
the air between given destinations.

MIRCE Mechanics is a part of MIRCE Science thauses on the scientific
understanding of the mechanisms of the interacti@teween functionability
elements and the consequential impacts on fundiititygperformance. For
example, total ultraviolet (UV) radiation is twies intense at an altitude of 30,000
feet (10,000 metres), the cruising height of pagseplanes, than it is at ground
level. The research performed shows that pilotsfligtit crews on aircraft are
twice as likely as the general population to depdii@-threatening melanoma skin

0 According to Knezevic, functionable system typéaiset of functionability elements brought
together to do a functionability work in accordameg@hysical laws and functionability rules.” [1]
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cancer. On average, pilots and cabin crew who dpeel melanoma were 42%
more likely to die compared with the general popaia [2]

With continuous progress in aviation technologycraift will be flying longer and
at higher altitudes attracting more and more pagssmdemanding more and more
flights. Hence, the main objective of this pajgeta investigate the impact of the
high altitude ultraviolet radiation on functionatyilof flight crews in commercial
aviation.

2. Ultraviolet Radiation

Ultraviolet radiation is a type of electromagnetidiation that comes from the sun
and transmitted in waves or particles at diffeneavelengths and frequencies. This
broad range of wavelengths is known as the elecgmetic (EM) spectrum. The
spectrum is generally divided into seven regionsrder of decreasing wavelength
and increasing energy and frequency. The commagrigsons are: radio waves,

microwaves, infrared (IR), visible light, ultraved] X-rays and gamma rays.

The word "ultraviolet" means "beyond violet". Ther@an physicist Johann
Wilhelm Ritter discovered ultraviolet radiation1801. He noticed invisible light
beyond the violet portion of the visible spectruankaned silver chloride treated
paper more quickly than violet light. Ritter calldgk invisible light "oxidising
rays", referring to the chemical activity of theli@ion. Most people used the
phrase "chemical rays" until the end of the 19thtwey, when "heat rays" became
known as infrared radiation and "chemical rays"admee ultraviolet radiation.

Ultraviolet light falls in the range of the EM speon between the visible light and
X-rays. It has frequencies of about 8¥t6 3x13° cycles per second, or hertz (Hz),
and wavelengths of about 380 nanometers to abontl@JV is generally divided
into three sub-bands:

* UVA, or near UV (315-380 nm)
e UVB, or middle UV (280-315 nm)
* UVC, or far UV (180-280 nm)

Radiations with wavelengths from 10 nm to 180 newsually referred to as
“vacuum or extreme UV." These wavelengths only pggie in a vacuum, as they
are blocked by earth’s atmosphere.

Besides the sun, there are numerous celestiale®ofdJV radiation. Very large
young stars shine most of their light in ultraviolMavelengths. Because Earth's
atmosphere blocks much of this UV radiation, patédy at shorter wavelengths,
observations are conducted using high-altitudeoball and orbiting telescopes
equipped with specialised imaging sensors anddifi@ observing in the UV
region of the EM spectrum.

Most observations are conducted using charge-cdugeices (CCD), detectors
designed to be sensitive to short-wavelength plsotbhese observations can
determine the surface temperatures of the hoti@st and reveal the presence of
intervening gas clouds between the Earth and gslasar
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2.1 lonisation

Ultraviolet radiation has enough energy to breakneical bonds. Due to their
higher energies, ultraviolet photons can causesatian, which is a process in
which electrons break away from atoms. The resgiacancy affects the chemical
properties of the atoms and causes them to forone@k chemical bonds that they
otherwise would not. This can be useful for cheircacessing, or it can be
damaging to materials and living tissues. This dg@an be beneficial, for
instance, in disinfecting surfaces. However, ioiigacan also be harmful,
particularly to skin and eyes, which are most askigraffected by higher-energy
UVB and UVC radiation.

2.2 Ultraviolet Effects

Most of the natural ultraviolet light humans enctaurtomes from the sun.
However, only about 10% of sunlight is UV, and oabout one-third of this
penetrates the atmosphere to reach the groundheGiolar UV energy that reaches
the equator, 95% is UVA and 5% percent is UVB. Neasurable UVC from solar
radiation reaches the Earth's surface, because pawiecular oxygen and water
vapour in the upper atmosphere completely absarishbrtest UV
wavelengths.[10] Nevertheless, broad-spectrunavititet radiation (UVA and
UVB) is the strongest and most damaging to livimgds.

2.3 Environmental factors that influence the UV leel
The amount of UV radiation reaching the Earth’dae varies widely around the
globe and through time. Several factors contribotis variation at any given
location. They are addressed below in order of nt@pae, together with brief
explanations [3]:

e Cloud cover: it plays a highly influential role the amount of both UVA
and UVB radiation reaching the ground. Each wateplét in a cloud
scatters some incoming UV radiation back into spage thick cover of
clouds protects organisms and materials from almib&tV. The larger the
percentage of the sky that is covered by cloudsldats UV reaches the
ground. The more opaque the cloud, the less UVBvaver, thin or broken
cloud cover can be deceiving to people who are athirg, and the result
can be unexpected and severe sunburn.

« Ozone in the stratosphere: it is a gas compos#u @t oxygen atoms
combined in a single molecule {OIt is a naturally generated in the
stratosphere where it strongly absorbs incomingréidiation. However, as
stratospheric ozone decreases, UV radiation isvaticto pass through, and
exposure at the Earth’s surface increases. Expts@teorter wavelengths
increases by a larger percentage than exposuoagel wavelengths.

* Oblique angle of sunlight reaching the surfacest given time, sunlight
strikes most of the Earth at an oblique anglehis way, the number of UV
photons is spread over a wider surface area, logéhie amount of
incoming radiation at any given spot, comparedgantensity when the sun
is directly overhead. In addition, the amount oh@sphere crossed by
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sunlight is greater at oblique angles than wherstimeis directly overhead.
Thus, the light travels through more ozone befeexhing the Earth’s
surface, thereby increasing the amount of UVB ithabsorbed by
molecules of ozone and reducing UVB exposure astiniace. When the
sun is directly overhead, forming a 90° angle with surface, sunlight is
spread over the minimum area. Also, the light dvdyg to pass through the
atmosphere directly above the surface. An increasgte between the sun
and the surface, due to latitude, time of day, seabon, spreads the same
amount of energy over a wider area, and the suntigbses through more
atmosphere, diffusing the light. Thus, UVB radiatie stronger at the
equator than the poles, stronger at noon than egemd stronger in
summer than winter.

* Aerosols: unlike clouds, aerosols in the troposphsuch as dust and smoke,
not only scatter but also absorb UVB radiation. allstthe UV reduction by
aerosols is only a few percent, but in regionseztly smoke or dust,
aerosol particles can absorb more than 50 % afatth@tion. While the
presence of aerosols anywhere in the atmosphdralwdys scatter some
UV radiation back to space, in some circumstar@aesols can contribute
to an increase in UV exposure at the surface. kamele, over Antarctica,
cold temperatures cause ice particles to formersthatosphere (Polar
Stratospheric Clouds). The nuclei for these pasiare thought to be
sulphuric acid aerosol, possibly of volcanic origiie ice particles provide
the surfaces that allow complex chemical reacttortake place in a manner
than can deplete stratospheric ozone. [5] The ienupf an active volcano
Mt. Pinatubo, Philippines, in 1991 injected sulghagrosols into the
stratosphere, significantly though temporarily @iplg stratospheric ozone
and resulting in an increase of UVB reaching thelEasurface. Over
millions of years, the biosphere has evolved td d&a temporary
increases in UV from reductions in stratosphericnezby natural causes
such as volcanic eruptions.

« Elevation: Living organisms at high elevations gemerally exposed to
more solar radiation and with it, more UVB thanamms at low
elevations. This is because at high elevations WatBation travels through
less atmosphere before it reaches the ground,aitdhas fewer chances of
encountering radiation-absorbing aerosols or chalmsigbstances (such as
ozone and sulphur dioxide) than it does at lowevagions.

» Reflectivity of the Earth’s Surface: as a highljleetive substance, snow
dramatically increases UVB exposure near the Eagtiface as it reflects
most of the radiation back into the atmosphere revites then scattered
back toward the surface by aerosols and air maésciresh snow can
reflect much as 94 percent of the incoming UV radra In contrast, snow-
free lands typically reflect only 2-4 % of UV andean surfaces reflect
about 5-8 %.

2.4 Ozone depletion and UV radiation level
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Depletion of the ozone layer is likely to aggravexesting health effects caused by
exposure to UV radiation, as stratospheric ozormeparticularly effective UV
radiation absorber. As the ozone layer becomeséhjrthe protective filter
provided by the atmosphere is progressively reduced

Higher UV radiation levels, and especially high&rBJlevels will have the greatest
impact on humans, animals, marine organisms amd |ife.

3. Impact of UV radiation on life on earth

UV radiation from the sun has always played impdrtales in earth’s environment,
and affects most living organisms. Biological asi@f many species have evolved
to deal with it. However, as UV radiations at diéfiet wavelengths have different
effects living organisms have to cope with the Halraffects as well as the
beneficial ones. The UVA plays a helpful and esiakrole in formation of

Vitamin D by the skin, and plays a harmful rolghat it causes sunburn on human
skin and cataracts in human eyes. The incoming (g&iB of the electromagnetic
spectrum causes damage at the molecular levettiutidamental building block of
life, deoxyribonucleic acid (DNA).

DNA readily absorbs UVB radiation, which commonhanges the shape of the
molecule in one of several ways. Changes in the Di#ecule often mean that
protein-building enzymes cannot “read” the DNA cad¢hat point on the molecule,
resulting in either creation of distorted proteamgieath of cells.

However, during the millions of years of evolutiamthe presence of UVB
radiation, cells have developed the ability to repdNA. A special enzyme arrives
at the damage site, removes the damaged sectlONAf and replaces it with the
proper components; govern by the information elsx@lon the DNA molecule.
This makes DNA somewhat resilient to damage by UVB.

3.1 Some effects of UVB radiation on the biosphere

Biological scientists would like to be able to deratvate a direct correlation
between the amount of exposure to UVB radiationtaecharm it causes. This is an
enormously complicated question that depends orymidierent variables, such as
varying degrees of susceptibility among differgmé@es, and most of these
variables are not yet completely understood. Famgte, the same organism in
different bodies of water in different parts of theean may respond differently to
UVB increases. Furthermore, stress to organismsaoslystems from increased
exposure to UVB are modified by interactions amorany other stresses, such as
lack of water or nutrients.

It is know that increased exposure to UVB radiatias specific effects on crops,
terrestrial ecosystems, aquatic ecosystems, aggdihemical cyclés UVB
impairs photosynthesis in many species. OverexpdasudVB reduces size,
productivity, and quality in many of the crop plapiecies that have been studied

“! Biogeochemical cycles” refers to the cycling oénficals such as carbon and energy throughout
the Earth system
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(among them, many varieties of rice, soybeans,avivheat, cotton, and corn).
Similarly, overexposure to UVB impairs the produityi of phytoplankton in
aguatic ecosystems. UVB increases plants’ susdlgptib disease. Since some
species are more vulnerable to UVB than others@ease in UVB exposure has
the potential to cause a shift in species commwsdnd diversity in various
ecosystems. Because UVB affects organisms that mavients and energy
through the biosphere, it is to be expected thanhghs in their activities will alter
biogeochemical cycles. For example, reducing pajuus of phytoplankton would
significantly impact the world’s carbon cycle, baesa phytoplankton stores huge
amounts of carbon in the ocean.

Overexposure to ultraviolet radiation can changeflibwering times of some kinds
of plants and therefore will affect the animalsttth@pend on them.

3.2 Impact of UV radiation on human skin

A suntan is a reaction to exposure to harmful Ussrresulting from the body's
natural defence mechanism govern by a pigmentccailelanin, which is produced
by cells in the skin called melanocytes. Melanisabs UV light and dissipates it
as heat. When the body senses sun damage, itrsehalsin into surrounding cells
and tries to protect them from sustaining more dggmahe pigment causes the skin
to darken.

Melanin is a natural sunscreen. However, contirexgubsure to UV radiation can
overwhelm the body's defences. When this happetiogj@reaction occurs,
resulting in sunburn. Ultraviolet rays can damdge@DNA in the body's cells. The
body senses this destruction and floods the argablod to help with the healing
process. Painful inflammation occurs as well. Somes the cells with DNA
mutated by the sun's rays turn into problem chbgs tlon't die but keep proliferating
as cancers. The UV radiation causes random danvagfes DNA and DNA repair
process such that cells acquire the ability to vdying. People who get sunburned
repeatedly are at much higher risk. The risk ferdieadliest form of skin cancer,
called melanoma, doubles for someone who has metdive or more sunburns.

The effects of UVB radiation on human skin are edmand widespread. UVB
induces skin cancer by causing mutation in DNA sumgressing certain activities
of the immune system. The United Nations Environni¥ogram estimates that a
sustained 1 % depletion of ozone will ultimatelgddo a 2-3 % increase in the
incidence of non-melanoma skin cancer. UVB may algapress the body’s
immune response to Herpes simplex virus and tolskion development, and may
similarly harm the spleen.

3.3Molecular mechanisms of ultraviolet radiation carcnogenesis

UV radiation is a potent DNA damaging agent andan inducer of skin cancer
in experimental animals. According to Ananthaswdi®} there is excellent
scientific evidence to indicate that most non-mefaa human skin cancers are
induced by repeated exposure to sunlight. UV raahas unique in that it induces
DNA damage that differs from the lesions inducedhby other carcinogen. The
prevalence of skin cancer on sun-exposed bodyisiieslividuals with the
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inherited disorder X suggests that defective repair of UV-induced DN#ndge
can lead to cancer induction. Carcinogenesis irsking as elsewhere, is a multistep
process in which a series of genetic and epigerggats leads to the emergence of
a clone of cells that have escaped normal growtlrabmechanisms. The principal
candidates that are involved in these events aregames and tumour suppressor
genes. Oncogenes display a positive effect onftvemation, whereas tumour
suppressor genes have an essentially negative,difecking transformation.
Activated ras oncogenes have been identified indruskin cancers. In most cases,
the mutations in the ras oncogenes have beenzedaid pyrimidine-rich
sequences, which indicates that these sites abalpiyothe targets for UV-induced
DNA damage and subsequent mutation and transfamathe finding that
activation of ras oncogenes in benign and selfegging keratoacanthomas in both
humans and in animals indicates that they playainathe early stages of
carcinogenesis (Corominas et al., 1989; Kumar.ef1880). Since cancers do not
arise immediately after exposure to physical onmuleal carcinogens, ras
oncogenes must remain latent for long periodsnoétiTumor growth and
progression into the more malignant stages mayineqdditional events involving
activation of other oncogenes or deletion of grosuppressor genes. In addition,
amplification of proto-oncogenes or other genes alag be involved in tumor
induction or progression. In contrast to the fewdgsts that implicate the
involvement of oncogenes in UV carcinogenesis rtihe of tumor suppressor genes
in UV carcinogenesis is unknown. Since cancer-pimdeiduals, particularly XP
patients, lack one or more repair pathways, onespanulate that DNA repair
enzymes would confer susceptibility to both spoatars and environmentally
induced cancers. Another potential candidate thatfgnction as a tumour
suppressor gene is the normal c-Ha-ras gene. Sjmmndind Wilkie (1988) have
shown that the normal c-Ha-ras gene can supprassformation induced by the
mutated ras gene

3.4 Impact of UV radiation on human vision

Human body hair and clothing protect them from UWB{ eyes are vulnerable.
Common eye problems resulting from over-exposutd\®& include cataracts,
snow blindness, and other ailments, both in hunaadsanimals. While many
modern sunglasses offer some UV protection, afstgmit amount of UV can still
reach our eyes in a high exposure situation.

4. Impact of UV radiation of flight crew

The National Council on Radiation Protection ancasteements reports that
among those U.S. workers exposed to radiation vamiléhe job, flight crews get
the largest annual effective dose.

42 Xeroderma pigmentosum is a genetic disorder in vttiere is a decreased ability to repair DNA
damage such as that caused by ultraviolet liglig.dtitosomal recessive with at least nine specific
mutations able to result in the conditidthany people with XP die at an early age from skinaer

if they are untreated and unprotected from sunligbtvever, if a person is diagnosed early, has no
severe neurological problems, is protected fromlight, and followed carefully for early cancer
detection, a normal life span is expected.
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Flight crews of high altitude flying aircraft argmosed to elevated levels of UV
radiation as a result of their operations in thpargeaches of the troposphere and
lower stratosphere. The air density in that portbthe earth’s atmosphere is
thinner than at sea level and therefore filters tfsthe dangerous solar radiation.
UV radiation increases at about 6-10% with eve®pQ,ft. of altitude. Between
31,000 and 41,000 ft., where most jet aircraftsgulJV radiation exposure doubles.
Additionally, the destruction of stratospheric oephy chlorofluorocarbons and
other pollutants, may increase UV radiation expestihis is especially true close
to the equator and both poles due to the thinnfrigeoozone layer in these regions.
According to Meerkottér, the occupational UV radiation exposure for pilots
depends on numerous factors, including:

» the entire time a pilot spent in a cockpit,

e the number of flights along specific routes,

» the specific windscreen properties of the aircraft,
e the individual skin type of a pilot,

» sun position during flight from takeoff to landing,
» the day of the year.

However, the most impactful factor is the incideaogle of the sun with the
aircraft’'s windscreen. The intensity of UV radiatimside the cockpit strongly
depends on whether direct sun is entering or nahoft direct sun, the diffuse UV
radiation inside the cockpit amounts to about 5%hefambient UV irradiance
outside the aircraft. In cases of low sun whenatliradiation can reach the pilot,
percentages grow from 50 to 100%.

5. UV radiation and aircraft windscreen

The amount of UV radiation absorbed by aircraftdgicreens depends on the
material used and the general design. In a studgiumied by Meerkottét,

released in 2007, the transmittance propertiegrofadt windscreens were
measured for both visible and invisible opticaliaéidn. Transmission
measurements were performed on eight aircraft wne@ss. Three windscreens
were from large commercial jets (MD-88, Airbus A32td Boeing 727/737); two
from commercial, propeller-driven passenger pldfregker 27 and ATR 42); one
from a small private jet (Raytheon Hawker Horizaamd two from small general
aviation, single-engine, propeller-driven planes€éh Bonanza and Cessna 182).

The general aviation aircraft windscreens weretjglégolycarbonate); the others
were multilayer (laminated) composite glass. Uwhsraittance for both glass and
plastic windscreens was less than 1% for UVB raahiain the UVA portion of the
spectrum, transmittance differences increased @a@r% to 53.5%, with plastic
attenuating more UV radiation than glass. Henaepthstic windscreens
outperform glass by protecting the pilot’s eyesrfraV radiatior{>.

“3 Ralf Meerkotter, director of the German Aerosp@eater’s Institute of Atmospheric Physics
*U.S. Federal Aviation Administration’s (FAA) Civllerospace Medical Institute (CAMI)

4> According to the study, “Optical Radiation Trangemice of Aircraft Windscreens and Pilot
Vision
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Dr. A. Chorley of Britain’s Civil Aviation Authorif and London South Bank
University’s Department of Primary Care and Publealth, conducted research in
optometry and ophthalmology. It focussed on ocuUMrexposure of pilots in
airline and offshore helicopter operations on défe aircraft types. Inflight data
were captured on five return-sector European aiflights and one transatlantic
flight from London Gatwick Airport in addition tatir helicopter flights from
Aberdeen Dyce Airport.

The study found a wide variation in ocular UVA deskiring flights. The main
factor influencing exposure was the UV transmissibthe windscreen, which fell
into two distinct profile types. In an aircraft wigood UVA blocking properties,
ocular exposure was found to be equivalent todhaffice exposure and did not
exceed international guideline limits regardlessxdernal conditions or flight time.
Most aircraft assessed had poor UVA blocking winesas, which resulted in an
ocular exposure to the unprotected eye in excesgarhational guideline limits.
No significant UVB dose was found.

A research team led by Dr. M. Sanloreffzeneasured UV radiation through the
acrylic plastic windscreen, 160 mm thick, in frarfithe pilot seat of a TBM 850
at ground level, 2,500 ft., 6,000 ft., 10,000 16,000 ft., 20,000 ft., 25,000 ft. and
30,000 ft. around midday during April at San J&3aljfornia, and Las Vegas.
Published in 2015, the study [6] determined thadraft occupants flying for 57
min. at 30,000 ft. got the same amount of UVA radraas from a 20 min. tanning
bed session.

Sanlorenzo concluded, “Airplane windscreens docoatpletely block UVA
radiation and therefore not enough to protect iloVA transmission inside
airplanes can play a role in pilots’ increased aéknelanoma. . . . We believe that
better UV protection on aircraft windscreens isassary to offer cabin crew a
hazard-free work environment. We strongly recomméedise of sunscreens and
periodical skin checks for pilots and cabin cref@]’

In addition, Sanlorenzo led another team of medesdarchers who reviewed more
than 3,527 citations from 19 previous studies otarmmama published between 1990
and 2013, reported data from 1943 to 2008 fromdLihties, and included over
266,431 participants. The results of this studyheRisk of Melanoma in Airline
Pilots and Cabin Crew: A Meta-Analysis,” published®015, indicated that
participants in flight-based occupations are tvasdikely to contract melanoma
than the general public. Furthermore, pilots speadily have a 42% higher

mortality rate from melanoma compared with the gaingopulation. Researchers
believe that the culprit is likely UV radiation, wh can penetrate glass; even the
specialty glass used in aircraft windscreens.

6. Impact of long term UV exposure on the eyes dfi¢ flight crew

A long-term exposure to solar UV radiation is amotbignificant hazard to pilots
due to the damage done to retinal photorecept@sed&ch conducted by Chorley

“® The Department of Dermatology at the UniversitZafifornia San Francisco, USA.
" High performance single-engine turboprop, lightihass and utility aircraft.
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between 2008 and 2015 found no ill effects to yeseaused by UVB and UVC,
since these types of UV radiation are filteredmuthe upper atmosphere and the
windscreens of most aircraft. However, the studynsdd that UVA, the least
energetic form of UV radiation, is the most harnttul pilot’'s eyes and eyesight
because a higher percentage of it penetrates tkpit@and cabin of an aircraft.
[10]

Chorley found that, although rare, short, intenggosure to UVA might lead to
conditions such as snow blindness and damage wwothea. He concluded, “There
is good evidence that long-term exposure to saldiation, especially the
ultraviolet and blue light components, is a riskta for cataracts and, to a lesser
extent, age-related degeneration of the reting.” [7

7. Sunglasses as Eyesight Damage Prevention

To prevent eyesight damage a pilot can use sumgagsh sufficient UV
protection. In an evaluation of 38 sunglasses bgeztbmmercial pilots, Chorley
found that all conformed to international standdoifdJV radiation transmittance,
offered sufficient UV radiation protection and awsithe increase in blue light
exposure that pilots experience at altitude. Howedves necessary to stress that
used sunglasses with scratched lenses were |essiedt

The study concluded that lenses manufactured tomally comply with standards
for UV radiation transmittance could result in ess&V radiation to a pilot based
on inflight irradiance data. The study recommenalecdditional requirement of
less than 10% transmittance in the wavelength 6fr88.

An online survey conducted by Chorley of nearlyd8,@ilots in the UK regarding
the use of sunglasses and other onboard protaiziiees to block sunlight
revealed that pilots were critical of standardraificprotection systems such as
visors (and other commonly employed devices) toagarbright light. Sunglass
use was found to be surprisingly variable. A quastehose questioned wore
sunglasses less than 10% of the time or not aflal.most common reasons for
sunglasses not being used was the sunglass entenhg with instrument legibility
and discomfort from frames, particularly when usedonjunction with required
headsets.

According to an FAA study, flying over a thick cloud layer or a snowfieldtivi

the sun at its zenith increases the exposure toaltoccurring UV. Snow reflects
85% of visible and UV radiation, while clouds ca&fiect up to 80%. In such
conditions, sunglasses with a closely fitting wiraypad frame design are best since
UV blocking lenses are useless if radiation isvadld to enter the eye from the sides
of the frame. A gray, neutral density filter to tko70-85% of all visible light is
recommended to preserve colour discrimination amchece the ability to quickly
adapt to lower light levels.

People often equate sunglasses with UV radiatioteption. The FAA’s study
pointed out that lens tints or colour are not iatliee of the UV blocking ability of
a lens. While there are no UV radiation standaod<liear prescription lens

8 «Optical Radiation Transmittance of Aircraft Wiratsens and Pilot Vision,”
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materials, the American Optometric Association negeends that sunglasses block
at least 99% of solar UV radiation below 400 nmthtfut UV treatments, clear
glass and CR-39 lenses fall short of this mark.r&loee, it is important when
purchasing non-prescription, sunglasses to betkayeare accompanied by proper
labelling and/or documentation describing their pigtection properties.

8. Conclusions
The philosophy of MIRCE Science is based on thengge that the purpose for the
existence of any functionable system is to do fienetbility work. The work is
done when the expected measurable function is qmeef through time. In MIRCE
Science a flight crew is considered as an elemieaflging system type. MIRCE
Mechanics is a part of MIRCE Science that focusethe scientific understanding
of the mechanisms of the interactions between fonability elements and the
consequences on functionability performance.

The information presented in the paper has shoanultraviolet radiation is an
invisible enemy, to human eyes, that can causellsting and potentially deadly
consequences for pilots and crewmembers who aeategly exposed to higher
levels of both UVA and UVB and for longer periotiah those working on the
ground. These exposure time risks will, for songhfl crew, shorten their career
span, requiring more pilots to be trained by therafors and potentially lead to
future compensation claims for workplace inducéeess. Pilots, especially those
operating aircraft at high altitudes, need to hawigable protection to mitigate these
risks, which have been shown, based in the infaonatbtained from the literature
available that pilots and flight crews on aircrafé twice as likely as the general
population to develop life-threatening melanomanslancer. On average, those
who developed melanoma were 42% more likely tacdimpared with the general
population.

With continuous progress in aviation technologycraift will be flying longer and

at higher altitudes attracting more and more pagssmdemanding more and more
flights. Hence, the main objective of this papeasvio highlight the potential
impact of high altitude ultraviolet radiation expios and the increasing risk factors
on the functionability of flight crews in commerkaviation over the lifetime of the
flight crew.
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Troubleshooting as a Mechanism of Motion of Functinable
System through MIRCE Functionability Filed
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Abstract

The purpose of a paper is to address the troubletshg, an activity

performed by maintainers to identify failed compura module, as a
mechanism of the motion of a functionable systeougi the MIRCE
Functionability Field. For effective maintenanceubleshooting, as
one of the main drivers of the “speed” of movingotigh negative
functionability state, is essential element of amprrective

maintenance task. To successfully perform troublesig tasks
maintainers must possess both the knowledge altsl tekfind and fix

problems efficiently. Many years of research hdemonstrated that
it is much easier to and learn manual skills theoubleshooting skills.
The paper clearly demonstrates that troubleshooisiga complex
subject as it is driven by both sides of equatinamely system
designers that conceive troubleshooting processeb rmaintenance
managers that manage them during the in-servieediffunctionable
systems.

1. Introduction

The philosophy of MIRCE Science is based on thengge that the purpose for the
existence of any functionable system fj{is to do functionability work. The work
is done when the expected measurable functionrierpged through time. [1] Thus,
a functionable system type is doing work while os#ive Functionable State (PFS)
only, not in Negative Functionable State (NFS) ugdag maintenance.

MIRCE Mechanics is a part of MIRCE Science thaufzes on the scientific
understanding of the mechanisms of the interacti@teween functionability
elements and the consequential impacts on fundiititygperformance.

The human constituents of a maintenance proceabgr @s a decision maker or as a
task executor, bear the ultimate responsibility f@cognising, interpreting,
compensating for, and correcting or mitigating ¢besequences of deficiencies and
faults of a maintenance process. [1] Full undeditan of these phenomena’s is
only possible by understanding physical mechanitims lead to the successful
execution of maintenance tasks.

In general, troubleshooting is the identificatidrdagnosis of "trouble” in the
operation of a system caused by any Negative Fuadatity Action (NFA)
whatsoever. The problem is initially described ysgtoms of malfunction, and

49 According to Knezevic, functionable system typéaiset of functionability elements brought
together to do a functionability work in accordameg@hysical laws and functionability rules.” [1]
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troubleshooting is the process of determining &amdedying the causes of these
symptoms. Determining the most likely cause isa@ss of elimination of
potential causes of a “trouble”.

Every maintainer is responsible for performing finérange of maintenance tasks.
However, not all tasks count equally in determinivitether or not a maintainer is
doing a good job, from the operational point ofwid he basis for judging the
“goodness” of a maintainer is the ability to finaldafix problems efficiently.
Troubleshooting is the very first step in that diren. Hence, in today's competitive
business environment, maintenance organisationsidged on their ability to keep
functionable system type in Positive FunctionapiBtate (PFS) not how good they
are in the maintenance facilities.

Maintainers must possess both, the knowledge aiig, $& identify undesirable in-
service disturbances, also known as troubleshoataigy, efficiently and return

the system to PFS. Thus, troubleshooting is thd madsed maintenance abilities
are also the most difficult to acquire and practiteequires many years of
experience, on-the-job observations, and “commasese Troubleshooting is a
complex subject as it is driven by both sides efeéquation, namely system
designers that conceive troubleshooting processgsaintenance managers that
manage them during the life of a functionable gysstibat it is much easier to teach
and learn manual skills than troubleshooting skji2$

Consequently, in this paper the troubleshooting amchanism of the motion of a
functionable system type through MIRCE Functiondb&dd (MFF) is addressed
together with some fundamental human factors cdeaefated to this extremely
important element of a maintenance process, asarettdriving forces for the in-
service reliability, cost and effectivengss

2. MIRCE Mechanics Overview

Human needs for transportation, education, vemilacommunication,
refrigeration, information, computation and manlyestfunctions are continuously
satisfied through human created and managed p®ducbnstructions, commonly
called systems.

In summary, the body of knowledge comprising obax$, mathematical equations
and methods that enable engineering, predictingr@athging the functionability
performance of functionable systems through tinaseld on the scientific
understanding of the mechanisms that cause ocoasearf observable positive and
negative functionability events through the lifefafictionable systems constitutes
MIRC Mechanics.[3]

3. Corrective Maintenance Task as a Negative Funactnability Action

*0 Mechanics at Naval Air Station Oceana in Virgihad been taking up to 8.5 hours to troubleshoot
wiring problems on the military fighter jets F/A-Hbrnet using paper manuals or digital displays
on a laptop, and sometimes they had to retracegtegis because they took a wrong step opening
panels around the aircraft. Now they are takinguaidb hours by opening just the right panels to
get at the problem in just the right sequence, mlicg to Avatar Partners [9].
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The second axiom of MIRCE Science statdse probability of failure of a system
to deliver a measurable function at any intervatiofe is greater than zero”.
Hence, at random points in time when the systeopésating, failures are likely to
occur and will be detected by the operator throwighal, audio, and/or physical
means. The operator proceeds to notify the ap@t@pmaintenance organisation
that a problem exists.

The maintainer(s) assigned to deal with the probieust analyse the situation and
verify that the system is indeed faulty. In som&amces, the fault will be obvious,
particularly in dealing with mechanical or hydrauystems when a structural
failure has occurred or a fluid leak takes place.ofher occasions, the maintainer
must operate the system and attempt to repeabtidition leading to failure
occurrence. This is often the case for electrogigmment when the failure is not
always obviouy.

Generally speaking, during the life of any functibte system, corrective
maintenance commences with the identification fafilare symptom such as the
system does not work, the hydraulic system ledlesengine does not respond in
terms of power output, no voltage indication onftieat panel meter, and so on.
Based on a symptom of this nature, the maintairmrgeds to troubleshoot and
accomplish the necessary maintenance tasks.

4 Troubleshooting Activities

Troubleshooting may be extremely simple or quiteplex. For example, if a
hydraulic leak is detected, the source of the Isakten quite easily traced. On the
other hand, the failure of many components in caemguand other electronics
based equipment is not readily identified. In thitance, the maintainer must
accomplish a series of steps in a logical mannkichwvill lead him or her directly
to the faulty item. However, in majority of cast#gse steps are not adequately
defined and the maintainer is forced into a triad-&rror approach to maintenance.
A good example is when the maintainer starts repdggearts on a mass basis
(without analysing cause-and-effect relationshipg)ing that the problem will
disappear in the process. This of course, affeetsitiration of stay in NFS of a
system and spare/repair part needs, as the mantaewy replace many parts when
only one of them is actually faulty.

To preclude the possibility of wasting time andorgges when the system is
deployed in the field, the system design must plevhe necessary characteristics
to enable the maintainer to proceed in an accaradeimely manner in identifying
the cause of failure. Such characteristics maytdatesa combination of go/no-go
lights, test points, meters, and other readoutodsvihat are providing the necessary
information, which allows the maintainer to go fretep to step with a high degree
of confidence that’s/ he is progressing in the trjhection. This objective is one of
the goals of the maintainability engineers durimg design process. This facet of
the analysis is best accomplished through the dpuent of logic troubleshooting

*1 According to Jack Hessburg “Zeros and ones ddeaditfrom the computers and their connecting
cables”, Doctoral Diploma Graduation Ceremony atNHRCE Akademy, Woodbury Park, Exeter,
UK, 2003
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flow diagrams, including go/no-go solutions on gpsby-step basis, and supported
by diagnostic software where applicable. [3]

The maintainability engineers as a part of integgiatesign team, should review
failure mode and effect analysis data to determomese and affect relationships,
and then to produce a list of all of the major syonms which the system is likely to
experience. For each identified cause, variousdbtestnooting approaches should be
analysed in terms of maintenance time and logiséissurces, and the best
approach selected. The analysis process is acaimdlthrough the generation of
logic troubleshooting flow diagrams in conjunctieith the completion of
maintenance task analysis sheets and for the #shbbting requirement.

Since its establishment in 1999, staff, studentsfaliows of the MIRCE Akademy
has analysed tens of thousands of maintenanceinatlding the troubleshooting
activities. Some of the most common practises egsgmted below.

» Consistent Fault Set CFS) is one of the names given to the group of all
possible failures that can reasonably explain argset of trouble symptoms.
The name comes from the fact that the group camfaints “"consistent”
with the symptoms. For example, when a car engoas dot start, th€FS
could contain an ignition failure, or fuel problebyt would not contain a
failed windscreen wiper motor, for example.

» Decision Tree, me type of maintenance job performance aid is dalle
"decision tree". A decision tree is a printed ompaiterised chart that
directs the maintainer along a logical testing diagjnosis path for a
particular system or product. After each test @esbation, the decision tree
branches to another test, or conclusion, basetietest results. An easy
characterisation of a decision tree is a seriég-tiien" statements, likéIf
the voltage is below 'x," then do this."

* Easter Egging,a methodof troubleshooting is to replace various modules
and components until the symptoms of trouble disapplhis method is
known as "Easter Egging" because a maintainer mea#ly knows where
he or she will find the failed part. Easter Eggisgn extremely inefficient,
expensive way to find a problem.

e Substitution Method is troubleshooting by substituting a known good
component for a suspected bad component. For nigkdasystems or
those with easily replaceable components, subisiitubay reveal the
component that is the cause of the problem. Onenpiat problem with
modular substitution, though, is that a higher-le@aise can damage the
replacement component as soon as it is installled. May complicate the
issue if the failure is immediate as the will be Hame symptoms after the
replacement. If the failure is not immediate, thill give you a clue that the
real cause of the problem is external to the module

» Einstellung, alsoknown as Psychic Blindness, describes a phenomenon
discovered in the early 194@=ad since shown to exist in different domains.
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It has been found that when people have spentdaiving one particular
type of troubleshooting problem, it is virtually prossible for them
immediately to diagnose a different type of problémerestingly, this
phenomenon holds even when people are told thatillesee a new and
different type of malfunction.

* Test-Induced Failure,When a maintainer performs a functional test on a
system or component, there is some probabilityttiatest will causa
failure. Thus, a maintainer must balance the neetuhctional testing
against the likelihood of a test-induced failurgek further, test-induced
failures are safety risks only when they remainataected. That is, a
maintainer can test a subsystem, find it functigrproperly and turn it off.

If there is a test-induced failure, the componetiithve left in a failed state
and will not work the next time it is needed.

* Tunnel Vision describes viewing a situation as though througimael,
which means seeing in only one direction and bblogked from seeing
information coming from other directions. In theintanance domain,
tunnel vision is a well-known occupational haz&dce a trouble-shooter
thinks s/he knows what is causing a problem, infdrom that might
disprove the hypothesis tends to be given lesshwéiigin information
confirming it. “You cannot teach a person who knows that he knddrse’
of the most common causes of tunnel vision in neaiahce is maintainers'
use of problem reporting information that goes lelydescribing symptoms
to suggest a cause.

* Expert System,are diagnostic decision-making aids used in a nummbe
different domains, including medicine, geologicapleration and
maintenance. Expert systems are usually computsebd hey are
generally developed by embedding a set of rulesiesd)from human
experts. For example, if an expert system for diagrg problems in aircraft
braking systems is to be developed, the first atepld be to determine how
human experts do such diagnosis and then put thass" into our expert
system. Expert systems in aviation maintenance@ranonly embedded in
computer-based training systeorsdiagnostic equipment.

» Heuristics Algorithms, commonly known as rules-of-thumb,
troubleshooting algorithms are another methoddbatd improve the
efficiency of troubleshooting. Rules-of-thumb regwet the distilled wisdom
of maintainers who over a long period of time beeaxperts in the
troubleshooting process for specific type of systemodules or
components.

Rules-of-thumb vary, depending on the specific congmt or system. An example
of them is a “wisdom” confined in the following saent:"If the symptoms
include a low pressure indication, then always éhibe pressure sender unit first.”
Embedded expert systems depend on a rule baseodedddy consulting expert
trouble-shooters.

Algorithms are usually unwritten procedures telltrmuble-shooters generally how
to proceed.
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Some research studies show that troubleshootirfigrpgnce improves when
maintainers are reminded, in generic terms, whet #ould do first, second, etc.
For example, an generic algorithm might requireadntainer to gather information
related to failure symptoms, to generate as mapyptingses consistent with the
symptoms as possible, to prioritise the hypothesisetc. Such generic algorithms
seem to have the effect of dissuading maintaimera fieciding on a specific
failure being the cause of the symptom before these enough information.

5. Troubleshooting constraints

Like all other processes, which convert inputs miitput, by using certain
resources, troubleshooting process is also impdmte@rtain constrains, some of
which are briefly presented below.

* Environment, most troubleshooting tasks are conducted in wattings that
include noise, heat or cold (or both), limitingHtghg, cramped physical spaces,
work during night-time hours and so forth. Theseiremmental factors have all
been found to affect troubleshooting performantieisometimes
unpredictably. Also, it is worth pointing out td& obvious” impact factors,
like:

* The work in very hot or very cold environments @&ais
maintainers to lose their ability to concentratd smperform
logical operations such as inductive reasoning.

» The impact of noise affects novice and expert titwghooters
differently. A study of the effects of noise onuldeshooting
performance found that high noise levels degradeents'
performance, but “enhanced novic&ssibly, the high noise
levels caused novices to stay alert and pay megatain to
problems, whereas the noise simply distracted ¢éxper

» Time Pressure,anobvious examples are departure gates at airports,
maintenance boxes in pit lane during car racestamjiloperational theatres, and
similar. Research performed has shown that the piregsure degrades both
novices' and experts' troubleshooting performamhée degrading effect is
present even for troubleshooting tasks performddiaratory settings with
abstract "systems." According to Hessburg parhaéfanechanic job, at Boeing
Company, is education. It is his task to make peaplare of the environment
in which mechanics operate. “It's not that desigrame stupid, but they're
inexperienced on this side of business. For exantpéy have to learn that
there are different types of maintenance. Anyomengaintain an airplane
component or system on the bench. However, treeegatironment is very
much result and schedule driven. That's differgpetof maintenance”
Knezevic (1998).

« Experience,is an area of individual difference research whiedings support
the common-sense view that more experience ledastter troubleshooting
performance. As with other skills acquired overdjraxperience enhances one's
ability to learn from new troubleshooting experiesduch research in this
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area has been conducted in the aviation mainterdoroain; this fact alone
should make the research results directly appkctbthe guidance we provide.
However, it is necessary to point out that whilpenence enhances
troubleshooting performance, its advantages ddolot under all conditions.
When certain job aids or specific troubleshootingcpdures are employed,
performance differences between experienced andetrouble-shooters tend
to disappear.

< Individual Differences, people differ both physically and psychologically.
the troubleshooting domain, a number of individiifferences have been
studied. These include cognitive style, generdltgpbaptitude and
similar.Cognitive stylas a general term used to classify people intogrates
related to a particular psychological variable. Eeample, common "scales”
used in cognitive style research include "reflestimpulsive,” "field
dependent-field independent,” "passive-aggressete,"If it could be shown
that people with particular cognitive styles malkgtér troubleshooters, this
could be applied profitably to the personnel sé@cprocess. While cognitive
style has been shown to affect troubleshootingoperénce, the link between
troubleshooting performance and general ability aptitude is rather tenuous.
Levels of ability and aptitude are generally inéglfrom scores on qualification
tests design to measure specific characteristiosdofiduals. These measures
have a fairly strong relationship with the timeuigqd to complete instructional
modules and to the ability to use certain job dittswever, troubleshooting
skills tend to be acquired over long periods. Afividuals have an opportunity
to work on actual systems, small performance difiees related to initial
abilities and aptitudes tend to disappear.

6. Reducing Troubleshooting Errors

“As it is true of all skills, troubleshooting prafency
cannot be attained simply by reading books or by
listening to someone explain what to do or watclang
videq” JacKessburg?

Troubleshooting errors are the challenge for mashtenance organisations. In
fact, troubleshooting is notoriously error-pronaeffundamental complexity of
many technologically modern systems contributebémumber and type of errors
observed in actual troubleshooting tasks. Theralsehuman traits that contribute
to relatively poor troubleshooting performance.

Various strategies can be used to reduce troubdéisigoerrors. From both
organisational and human factors perspectives, egtimique has its advantages

%2 Jack Hessburg (1934-2013), the “king” of troubtesting, on both sides of the equation. As an in-
service engineer with a degree in Aircraft MainteseEngineering he learned his troubleshooting
skill in day-to-day operations of airlines, worldigi As Chief Mechanic on the development of the
Boeing 777, with a degree in Mechanical Engineefiregwas responsible for the design of
troubleshooting process that is “friendly” to theteymechanics, whose responsibility is to enable
“airplanes go on time and never crash.” [2]
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and disadvantages. The following techniques apjodanld the most promise for
error-reduction:

* Teaching the theory of operation for systems amdpmments,
without also teaching how to use that knowledgedobleshoot.

« Observing examples of specific troubleshooting expees.

* Teaching non-specific troubleshooting techniques.

» Classroom instruction, in general.

* Non-interactive computer-based instruction.

» Teaching from technical manuals.

Although many issues and problems are associathdrwubleshooting the
following three troubleshooting issues that seemeivade majority of
maintenance organisations.

6. 1 Proceduralisation of Troubleshooting

Proceduralisation can improve troubleshooting perémce. When troubleshooting
is properly proceduralised, performance differerimetsveen expert and novice
trouble-shooters can be virtually eliminated. Hoareas with any other endeavour,
there are good and bad procedures. More accur#tehg are procedures
improving performance and procedures with eithtdeleffect or that actually
degrade performance.

Proceduralisation must be preceded by a thorouglysia of relevant
troubleshooting tasks to determine what each tesltaloting step tries to
accomplish, what information is required and praalj@and what tests or tools
should be used. As with certain aspects of autamait is possible to proceduralise
to the extent that human maintainers are left awitlessentially mechanical role. It
IS necessary to stress that:

* Troubleshooting procedures exist in an overall oiggtional and work
environment.

» Good procedures are worthless if they are usedapgply or ignored.

Although maintenance procedures serve various gegpaeduction of errors is
certainly an implicit goal of all such proceduresias such they should be:

» Specific,for a specific component, system, or piece of test
equipment.

» Clear, The terminology should be consistent with the lagg
commonly used by the people who will complete trecedure.

« Explicit, in order to tell maintainers what they are suppdsetb, as
they do not have time to “to read between the lines

» Detailed, Include all required steps in the procedure, &s it
unrealistic to assume that maintainers will knoes ¢intire sub steps
required to achieve a specific system state.

» Accessibleprocedures must be stored in a place and manribego
are easy to obtain, otherwise they will improvise.
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e Usable, pocedures must exist in a format and on mediartizte
them easy to use while maintainers perform thestésy describe.

6.2 Training

Maintainability engineers, as well as, maintengmeetitioners have long
recognised that one of the most difficult aspeétsaubleshooting is teaching and
learning it. The most challenging questions thaihing materials and training
courses should incorporate are:

e What content should be taught?

* How should it be taught?

e What part should on-the-job experience play imirey?

 How appropriate are simulators for troubleshootmaging?

* Should troubleshooting training be equipment-spe oif
general?

* Do troubleshooting skills deteriorate with time?

» Is refresher training required?

6.2 Incorrectly Identified Failures

Large proportion of failures causing Line Repladealnits (LRUs) to be pulled
during line maintenance turn out to be Can Not iape (CND) or sometimes
called non-reproducible. However, it would be wraogonclude that all CNDs are
caused by line maintainers' improper troubleshgotBuilt-in test algorithms in
LRUs often leave line maintainers with no choicé toueplace the module. In
other instances, incorrect troubleshooting is cagea number of conditions that
have nothing to do with maintainers' ability tottasd diagnose. For example,
failures are sometimes reported by flight crew merslor other third parties. The
initial reports often incorrectly attribute cause.

Regardless of the cause, incorrect troubleshoagiagcommon and repeating
problem across majority maintenance organisathgh is manifested in
increasing repair time and making the maintenamcegss inefficient.

6.3 Simulation-Oriented Computer-Based Instruction

Simulation-Oriented Computer-Based InstructiSB®CBI), is one of the most
diligently studied training methods that combinengnalements for success in
troubleshooting training. Work in SOCBI began ie #viation maintenance
domain in the late 1970's. SOCBI provides studetitts a two-dimensional,
interactive depiction of the particular system omponent that they are learning to
troubleshoot.

If the component is small enough, an SOCBI modaleactually show a picture of
its controls and displays,

Students use the working controls and displaysdotge diagnosing a number of
faults built into the simulation, which are usualndomly occurringSOCBI

modules also contain diagrammatic, i.e., logicgbresentations of the system being
taught. These functional/logical diagrams teachestts how a system is
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functionally connected and allow them to use lolgicaubleshooting algorithms
such as half-splits.

Effective SOCBI allows students to acquire diagnostic informatiamT the same
sources available in the work environment. Studemist be able to observe
indications, such as lights and gauges; to perfpetific tests on the system; to
receive verbal reports from flight crew members, et

A number ofSOCBI systems have been compared with more traditioaslitg
methods such as classroom instruction and demdtiosaf actual equipment. In
these studies, SOCBI produces troubleshooting pedoce as good as, or better
than, that produced by less-efficient techniques

6.4 Practice

That"practice makes perfethas been proven for troubleshooting tasks. Th@ma
factor distinguishing expert trouble-shooters froavices is experience, i.e.,
practice.

Troubleshooting is a complex skill with cognitivedamanual elements. As is true
of all such skills, troubleshooting proficiency can be attained simply by reading
books or by listening to someone explain what toRtoviding opportunities for
meaningful practice is a valid, relatively inexpeesmethod to reduce
troubleshooting errors.

Regardless of which training method, or combinatbmethods, one uses to teach
troubleshooting skills, students must be given gootunity for practice. To be
meaningful, troubleshooting practice should:

» Pertain to the equipment that will actually be naiimed on the job

* Be done using mock-ups that provide the same tgpegormation as the
real system

* Allow students to gather information from the sasnarces as in the actual
work environment

* Provide feedback regarding the outcome of varieststand other actions

» Allow students to know how long their actions wotad#te in the actual
work environment

However, troubleshooting practice does not haugeton real equipment; in fact,
real equipment is often an inefficient practice madwith the following
drawbacks:

» Itis difficult to know the precise nature of faiks embedded in real
equipment

» Experts often disagree as to the appropriate teshioloting path(s) for
failures in real equipment

* Using real equipment as practice aids preventsdagment from being
used to support operations

* Errors made while troubleshooting real equipmentltave safety
implications
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» For failures to be intentionally embedded in replipment, someone has to
embed the failures, check the equipment when pettubleshooting is
complete, and ensure that only controlled fail@espresent.

6.5 Context-specific knowledge

Many maintenance skills are generalisable fromdomeain to another. For
example, skill in the use of tools for repairingauobile engines is directly
applicable to using tools to repair turbine engité®wever, troubleshooting skills
tend to be context-specific. The ability to ideypfiroblems with a television set
does not directly transfer to troubleshooting aidermodules. When teaching
troubleshooting knowledge, it is important to pae/ispecific information, which
should be:

» Simple- Students will not be able to remember long, imed|
troubleshooting procedures. Break these procedit@simple, serial steps.
If there is no easy way to decompose a troublegigpptocess, then supply
a written procedure.

* Specific- Relate troubleshooting steps to the componeat(syhich
students will be working. For example, don't télidents how to perform a
general half-split test. Tell them how to do a #sgfit on the antiskid
controller.

» Explicit - Tell students how you expect them to use themétion you are
providing. Don't rely on them to guess how it slublog used.

* Heuristic - There are almost always rules-of-thumb for treshboting
specific components or subsystems. Describe thethdéostudents.

7. Conclusions

The purpose of a paper is to address the troubdéisigo an activity performed by
maintainers to identify a failed component or medals a mechanism of the
motion of a functionable system through the MIRGE¢tionability Field. For
effective maintenance troubleshooting, as one@fthin drivers of the “speed” of
moving through negative functionability state, ssential element of any corrective
maintenance task. To successfully perform trouldleshg tasks maintainers must
possess both the knowledge and skills to find angrbblems efficiently

Troubleshooting is a form of problem solving, apglto the motion of functionable
systems through MIRCE Functionability Field. lisogical, systematic search for
the source of a problem in order to solve it, atdnn a system to PFS again.
Troubleshooting is needed to the symptoms. Detengiithe most likely cause is a
process of elimination — eliminating potential casisf a problem. Finally,
troubleshooting requires confirmation that the 8otuapplied has return a system
into positive functionability state.

In general, troubleshooting is the identificatidritoouble” in the functionable
system type caused by any NFA whatsoever. The gmoid initially described as
symptoms of malfunction, and troubleshooting ispghecess of determining and
remedying the causes of these symptoms.
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Numerous years of research have demonstrated teatuch easier to teach
and learn manual skills than troubleshooting skillse paper clearly
demonstrates that troubleshooting is a complexmizkiag as it is driven by
both sides of the equation, namely the designetfiat conceive
troubleshooting processes and maintenance depasmhet deals with them
during the life of a functionable system.
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