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Notice of Proposed Amendment 2020-05

Tyre pressure monitoring
RMTO0586

EXECUTIVE SUMMARY

The obijective of this NPi& to decreasehe risk ofa hazardous or catastrophic tyre failuoé a large
aeroplane that izausedby inadequate tyre inflation pressure

ThisNPAproposes toamend C£5 to require applicants to provide means to ensure thato tyre is
below its minimum serviceable inflation pressudaring operation This can be achieved either |
providing a task m the instructions forcontinued airworthiness (ICA) thatequires operatorsto
perform tyre pressure checkat a suitabletime interval (i.e. daily orat another substantiated
interval), or by installing &re pressure monitoring systethat alerts the flight crewn the case ofa
tyre with anunsafepressure.It also proposes to amend Pd&t6 and C6 to require the same
objective to be implemented byperators of large aeroplaneie.either byincludngin the aeroplane
maintenanceprogramme (AMP}yre inflation pressure checks at a suitable time interval, or
installing a tyre pressure monitoring system

The proposed changes are expectedrtorease safety withouany significant economic impact, and with n
environmentalor social impact.

Action area: Design, production and maintenance improvements
Affected rules: CS25, Part26, C£6

Affected stakeholders:  Large aeroplanenanufacturersand their suppliers; operators of large aeroplanes; maintenal
organisations.

Driver: Safety Rulemaking group: Yes
Impact assessment: Yes Rulemaking Procedure: Standard

EASA rulemaking process milestones

Start Consultation Proposal to Adoption by Decision
' 2 e s P eosions.
Terms of Notice of Proposed Commission Commission A
Reference Amendment Opinion Implementing Rules Guidance Material

Today
30.5.2017 5.3.2020 2021/Q1 2022/Q3 2022/Q3
(Part-26) (Part-26) (CS-26)
+ Decision CS-25
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1. About thisNPA

1. About this NPA

1.1. How this NPA was developed

The EuropeariJnion Aviation Safety AgencyEASA developed this NPAn line with Regulation
(EU)2018/113% (the Ba s i ¢ Rand the Rulenaking Prpceddrd his rulemaking activity is
included in the European Plan for Aviation SafetRAS)2020-2024° under rulemaking task
(RMT).0586 The text of this NPA has been developedf\sSAased on the input of the ikemaking

Group(RMG)or RMT.0586t isherebysubmittedto all interested partie¢sfor consultation

1.2. How to comment on this NPA

Please submit your comments using thatomated Comment-Response Tool (CRT) available at
http://hub.easa.europa.eu/crt/°.

The deadline for submission of commergs June 2020.

1.3. The next steps

Based on the comments receiveBASAwiIll develop a decisiorthat amendsthe Certification
Secifications anddcceptableMeans ofCompliance forLargeAeroplanes (G35).

EASA wilalsodevelop an opiniorthat containsthe proposed amendments tAnnex | (Par26) to
Regulation (EU) 2015/640

The opinion will be submitted to the European Commnoissivhich will use it as a technical basis in
order to prepare an EU regulation.

Following the adoption of the regulation, EASA will issue a decthiain containsthe related
Certification Specifications andGuidance Material for Additional airworthinessspecifications for
operations (C26).

The comments received on this NPA and the EASA responses to them will be reflected in a
commentresponse document (CRD). The CRD witltdished on the EASA website

1 Regulation (EU) 2018/1139 of the European Parliament and of the Council of 4 July 2018 on common rules in the field of civil
aviation and establishing a European Union Aviation Safegn@ygy and amending Regulations (EC)2Mb1/2005, (EC)
No01008/2008, (EU) No 996/2010, (EU) No 376/2014 and Directives 2014/30/EU and 2014/53/EU of the European Parliament
and of the Council, and repealing Regulations (EC) No 552/2004 and (EC) No 2b6tA@tBuropean Parliament and of the
Council and Council Regulation (EEC) No 3922/91 (OJ L 212, 22.8.2018, (htpstyeur-lex.europa.eu/legal
content/EN/TXT/?qid=1535612134845&uri=CELEX:32018[R1139

2 EASA is bound to follow a structured rulemaking process as required by Article 115(1) of Re(fla}i8018/1139Such a
process has been adopted by the EASA Manag n t Board (MB) and is referred to as
Decision Nd.8-2015 of 15 December 20¥Bplacing Decision 01/201ncerning the procedure to be applied by EASA for the
issuing of opinions, certification specifications and guaamaterial (http://www.easa.europa.eu/theagency/management
board/decisions/easanb-decision18-2015rulemakingprocedure).

8 https://www.easa.europa.eu/documenlibrary/generatpublications?publication type%5B%5D=2467

4 In accordance with Article 115 of Regulati@t)) 2018139 and Articles 6(3) and 7 of the Rulemaking Procedure.

5 In case of technical problems, please contact the CRT webmasi@re@asa.europa.eu

6 Commission Regulation (EU) 2015/640 of 23 April 201&dditional airworthiness specifications for a given type of operations
and amending Regulation (EU) No 965/2012.

7 https://www.easa.europa.eu/documenlibrary/commentresponsedocuments
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2. In summaryt why andwhat

2. Insummary — why and what

2.1. Why we need to change the rules — issue/rationale

Incorrecttyre pressure,and, in particular the underinflation of tyres is a contributing factora
tyre- and wheelfailure-related accidents or incidentsf large aeroplanesThese kinds of occurrences
havecontinued to arise despitethe various actions taken by industry and regulators over the last 40
years These actionsiclude improvemergin tyre maintenance practices, numerous communications
on good practices fotyre pressure chea<andimprovemensin tyre and wheel robustnes#ctions
have also been taken to mitigate the severity of occurrences, i.eintpeovement of the protection

of the aeroplansagainsthe effects ottyre failures However, the review of the reported occurrences
indicates that a further reductiom the risk ofatyre failure is needed.

2.2. What we want to achieve — objectives

The overall objectives of tHEASA systemre defined in Articld of the Basic Regulation. This proposal
will contribute to the achievement otthe overall objectives by addressing the issues outlined in
Section 2.1

The specific objective is to decrease the risk of hazardous or catastrophidatyness of large
aeroplanes that areaused by inadequate tyre inflation presssiré his is to be achievatrough
improvements that wilensure that the tyre inflation pressure remains within the safe levels defined
by the aeroplane manufacturer

2.3. How we want to achieve it — overview of the proposals

It is proposed to amend €5 to require applicants to providemeans to ensure thato tyre is below

its minimum serviceable inflation pressularing operation This can be achieved either by providing
a task in theinstructions forcontinued airworthiness (ICA) thatequiresoperatorsto perform tyre
pressure checkat a suitable time interva(i.e. daily orat another substantiated interval)or by
installing atyre pressure monitoring systenthat alertsthe flight crew whenever a tyre inflation
pressure isinsafe(i.e. below the minimum serviceable inflation pressure)

As the amendment to C& would only address new designs of large aeroplanes, it is also proposed
to amend Par26 and C26 to requirethe same objective to be implemented by operators of large
aeroplanes. In this case, this can be achieved either by incltaikgin the aeroplane maintenance
programme (AMP) to perform tyre inflation pressure checks at a suitable time interval, ctalimny
atyre pressure monitoring system

2.4. What are the expected benefits and drawbacks of the proposals

The proposals wouldnsure that tyre inflation pressures are checladn appropriate time interval,
thereby minimising the risk of operating with an unsafe tyre inflation pressure. This wopldve
safety(by redudngthe number of tyre failuresyithout anysignificanteconomic impact, and with no
environmentalor sodal impact.The proposalsre simple to put in place ando not mandatedesign
changes.

For the full impact assessmenttbie alternative options, please refer to Chapter
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3. Proposed amendments and rationale in de

3. Proposed amendments and rationale in detail

The text of the amendment is arranged to show deleted text, noeamendedext as shown below:

— deleted text isstruckthrough;

— newor amendedext ishighlighted inblue;
— an ellipsig[..]" indicates thathe rest of thetext is unchanged

3.1. Draft certification specifications and acceptable means of compliance for large
aeroplanes (CS-25) (Draft EASA decision)

CS 25.733 Tyres
(..

(H A means shall be provided to ensure thad tyre is below i minimum serviceable inflation
pressureduring operation, by either

(1) providingatask in the instructions for continued airworthiness that regsiyge inflation
pressure checki® be performedat a suitable time interval, or

(2 instaling an onboard tyre pressure monitoring system that alerts the flight crew
whenever a tyre inflation pressure is below the minimum serviceable inflation pressure.

When demonstrating compliance with €5.733(f),the applicant should take into account the
following elements:

1. Mi ni mum serviceabl e inflation pressure’ means
typecertificate holder below which damage to the tyre, potentially leadingtgre failure, may occur.

2.'Ui tabl e t isnhe maximunetime &nlervabetween two consecutivetyre inflation
pressure check€Checksshould beconducteddaily in order to ensurethat the elapsed clock time
between two consecutivetyre inflation presure checks does not exceed 48 hodiise intervals
longer than 48 hoursnay be used if they are substantiatadd agreed by EASAHSs substantiation
shouldat least include an analysis of the expected loss of tyre pressure during operation, taking into
accountthe environmental and operational factors. If available, statistical data related to pressure
losesgathered fromthe service experience of aeroplanes equipped with equivalent wheel designs
shouldalso be used. The substantiatishouldbe made ircooperation with the tyre manufacturer(s).

3.If an onboard tyre pressure monitoring systeminstalled,its developmentassurance level should

be commensurate with the potential consequences of an alert not being provédedell asvith the
consequees of false alerts If the system includes the indication of tyre pressure levels, the
consequence of a false indication should also be taken into accdim.assessment of these
consequences should include the effects of the failure of one or more tyres (including simultaneous
tyre failures)that may be caused by the operation of the aeroplane with uAdéated tyres.

Instructions for continued airworthigss should be provided to ensure that thgre pressure
monitoringsystem is calibrated at an appropriate time interval.

Rationale:
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3. Proposed amendments and rationale in de

The applicant can close between two options to reach the objective of the rule, i.e. to ensure that
the aeroplane is operad with tyres that areinflated at safepressure levels.

Regarding tyre inflation pressure checksdaily check has long been recommended by various
industry stakeholders and aviation authorities as a safe standard owing to the possible loss of tyre
pressure during operation. The inflation retention standard(&uropean) Technic&8tandardOrder
(E)YTS&C 6 2e ( ‘yres r)cradfltowBs a | s 5% 6f the igitralepregsurecafies 24 r e
hours. Therefore, this intervahouldbe considered s1a baseline. If an applicant wishes to provide a
longerinterval, this must be properly substantiated and agreed with EASA.

Itis also possible to rely on an-board system that is able to alert the flight crew when a tyre pressure
falls belowthe minimum serviceable inflation pressure.

3.2. Draft regulation on additional airworthiness specifications for a given type of
operations (Part-26) (Draft EASA Opinion)

CONTENTS
SUBPART-A-GENERAL PROVISIONS
26.10 Competent authority
26.20 Temporary inoperativegquipment
26.30 Demonstration of compliance
SUBPART-B-LARGE AEROPLANES
26.50 Seats, berths, safety belts, and harnesses
26.60 Emergency landing dynamic conditions
26.100 Location of emergency exits
26.105 Emergency exit access
26.110 Emergency exitarkings
26.120 Interior emergency lighting and emergency light operation
26.150 Compartment interiors
26.155 Flammability of cargo compartment liners
26.156Thermalor acsousticinsulation materials
26.160 Lavatory fire protection
26.170 Fire extinguisher
26.200 Landing gear aural warning
26.201 Tyre inflation pressure
26.250 Flight crew compartment door operating systemsingle incapacitation
SUBPART-SLARGE HELICOPTERS
26. 400 Fire extinguishers’;

(..)
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3. Proposed amendments and rationale in de

SUBPART B
LARGE AEROPLANES
26.201 Tyre inflation pressure

Operators of large aeroplanes shatisure thatno tyre is below its minimum serviceable inflation
pressureduring operatiorby either:

(@) incorporaing a taskin the aeroplane maintenance programme (AMBQuiringoperatorsto
performtyre inflation pressure checks at a suitable time interval, or

(b) instalingan onboard tyre pressure monitoring system that alerts the flight crew whenever a
tyre inflation pressure is below the minimum serviceable inflation pressure.

3.3. Draft additional airworthiness specifications for operations (CS-26) (Draft EASA

decision)
CONTENTS

( ...)
BOOK 1+ CERTIFICATION SPECIFICATIONS
( ...)
SUBPART-B LARGE AEROPLANES
( ...)
CS 26.201 Tyre inflation pressure
( ...)

Il ntroduce t hheoughoaitrCB826 wheroréfanring to a ParR6 paragraph and ceate
CS26.201 as follows:

Book 1

SUBPART B - LARGE AEROPLANES

CS 26.50 Seats, berths, safety belts, and harnesses

Compliance witlpoint 26.50 of Par2 6 i s demonstrated by (..)

CS 26.60 Emergency landing — dynamic conditions
Compliance withpoint 26.60 of Par2 6 i s demonstrated by (..)

CS 26.100 Location of emergency exits
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3. Proposed amendments and rationale in de

Compliance witlpoint 26.100of Par 6 i s demonstrated by (..)

CS 26.105 Emergency exit access

Compliance withpoint 26.105 of ParR6isdema st r at ed by ( ..)

CS 26.110 Emergency exit markings

Compliance wittpoint 26.110of Pare 6 i s demonstrated by (..)

CS 26.120 Interior emergency lighting and emergency light operation
Compliance witlpoint 26.120of Park 6 i s demonstrated by (..)
(d)(@)

(i) 10 seats or more, each passenger emergency exit locator sign and marking sign required by
point 26.110(d) of ParR6 has red letters at least 38 mm (1 %2 inches) high on an illuminated
white background, and has an area of at least 135 cm2 (21 squares)reteduding the letters.

The lighted backgrountb-letter contrast is at least 10:1. The letter height to strekelth

ratio arels not more than 7:1 nor less than 6:1. These signs are internally electrically
illuminated with a background brightness oflaaist 86 cd/m2 (25 foekamberts) and a high

to-low background contrast no greater than 3:1. Other passenger emergency exit signs
required bypoint 26.110(d) of Par2 6  ( ...)

(ii) 9 seats or less, passenger emergency exit signs, that are requifgany6.110(d) of
Part2 6 ( ...)

(e) Each sign required ippint 26.120 of Par 6 ( ...)

CS 26.150 Compartment interiors

Compliance witlpoint 26.150 of Park 6 i s demonstrated by (..)

(a) Upon any major replacement of any individual group of components as specifigghémdix F,
Part I, sukparagraph (a)(1)(i), such as interior ceiling panels, wall panels, etc., this individual group of
components complies with Appendix F, Part | of thie @G, ( ...)

CS 26.155 Flammability of cargo compartment liners

Compliance witlpoint 26.1550f Par 6 i s demonstrated by (..)

CS 26.156 Thermal/acoustic insulation materials
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3. Proposed amendments and rationale in de

(a) Compliance witpoint 26.156(a) of Par26 is demonstrated by complying with 258856(a), or its
equivalent.

(b) Compliance witpoint 26.156(b) of Par26 isdemonstrated by complying with @5.856(a), or its
equivalent.

(c) Compliance witpoint 26.156(c) of Paf26 is demonstrated by complying with 25856(b), or its
equivalent.

CS 26.160 Lavatory fire protection

Compliance withpoint 26.160 of ParR6isd e monstr at ed by

CS 26.170 Fire extinguishers

Compliance witlpoint 26.170of Park 6 i s demonstrated by

CS 26.200 Landing gear aural warning

Compliance witlpoint 26.200of Park 6 i s demonstrated by

CS 26.201 Tyre inflation pressure

GCompliance withpoint 26.20L of Part26 is demonstrated by complying with @5.733(f) orits
equivalent, or withthe following:

@ ‘“Minimum serviceable inflation pressure’ me a
aeroplanetype certificate holder, below which damage to the tyre, potentially leading to tyre
failure, may occur.

(b) ‘Suitable time intervalis the maximum time intervabetweentwo consecutivetyre inflation
pressure checksThese becks should be conductedhily in order to ensurehat the elapsed clock
time between twoconsecutiveyre inflation pressure checks does not exceed 48 hdumse intervals
longer than48 hoursmay be used ithey are substantiatecand agreed by the competent authority
Thissubstantiation at least inclesan analysis of the expected loss of tyre pressure during operation,
taking into account environmental and operational factors. If available, statistical data related to
pressure losssgathered fromthe service experience of aeroplanes equipped with equivalent wheel
designsis also used. The substantiatiaeamade in cooperation with the tyre manufacturer(s). The
time intervaldoesnot exceed the value provided by tligpe certificate holder in theinstructions for
continuedairworthiness.

(c) If an onboard tyre pressure monitoring systemiisstalled,its developmentassurance level
should becommensurate with the potential consequences of an alert not being proyakeavell as
with the consequencesf false alertsif the system includes the indication of tyre pressure levels, the
conseqguencsof a false indicatiols also taken into accouniihe assessment of these consequences
includesthe effects of the failure of one or more tyres (including siranéous tyre failureshat may

be caused by the operation of the aeroplane with unidtated tyres
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3. Proposed amendments and rationale in de

Tasksareincluded in the aeroplane maintenance programme (taking into accountigtauictions for
continued airworthiness providetly the designapproval holder)to ensure that thetyre pressure
monitoringsystem is calibrated at an appropriate time interval.

SUBPART C — LARGE ROTORCRAFT

CS 26.400 Fire extinguishers

Compliance wittpoint 26.400 of Pare 6 i s demonstrated by (..)

Book 2

SUBPART B - LARGE AEROPLANES

The requirement opoint 26.156(a) ofPax2 6 i s appl i cabl e to ( ..)

Rationale:

The proposed changes to P& (new point 26.201and C£6 (new CS 26.208re consistent with

the proposed change to €%. Operatorsnust therefore ensure that their aeroplanes are operated
with tyres that areinflatedto safepressures by either including adequate tyre pressure check tasks in
their maintenance programm or by installing a tyre pressure monitoring system. Regarding tyre
pressure check intervals, operators would have the possibility to agree on an inteavas longer
than a daily check with their competent authority after proper substantiation; howeves,ittérval
must not exceed the interval provided by the TCH in the ICA.

The proposal does not mandate a design chaagmétalling a TPMS is optional) and it would possibly
only requireanupdateof the tyre pressure check time intenialthe maintenance programme. Given
the simplicity of this actiont is not deemed necessaty provide an applicability date with a transition
period.

Also, an editorial change is made throughoutZBSwhen a reference is made to a paragraph of
Part26, t he term ‘point’ s hRegulatidn (BU32015640d consi stent |
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4. ImpactassessmentlA)

4. Impact assessment (IA)

4.1. What is the issue

Incorrect tyre pressure, in particular undénflation, is a contributing factor to tyreand
wheeHailure-related accidents or incidentsf large aeroplanesThese kinds of occurrenchave
continued to arise despiteghe various actions taken by industry and regulators over the last 40 .years
These actionenclude improvemert in tyre maintenance practices, numerous communications on
good practices fortyre pressure check improvemens in tyre and wheel robustnessand
improvemensin the protection of the aeroplane againtiie effects oftyre failures.

It is widely recognised that ensurirthe correct aeroplane tyre inflation pressure is the most
important tyre-relatedfactor for safe operation. Operatioof an aerglanewith underinflated tyres

can lead tadamagp to the aeroplane tyres and cause tyre breag, either directly or indirectly. On a
multi-wheel assembly, an undénflated or burst tyre can lead to the failure of the axle companion
tyre.

In general, aarplane tyre/wheel assemblies have several possible leak paths (in the order of 10).
Underinflation of a single tyre (evensignificantunder-inflation) on a multiwheel assembly is nearly
impossible to detect by visual check (e.g. during pilot preflight check), because the correctly
inflated tyre (axle companionyvould carry the load and would therefore prevent the flattening of the
underinflated tyre.

Although tyre overinflation occuss less frequentlyjt is known to cause wheel fatigue issues. The
resulting failure mode is a wheel tulbeell fatigue crackwhich, if undetectedluring atyre change or
wheel overhaul, may result & loss otyre pressure.

4.1.1. Tyre pressure legal framework, industry practices, and previous actions taken to mitigate
the issue

4.1.1.1 Legal framework

Tyre pressure loss

The inflation retention stagard of (E)TS@6 2e ( ‘yees NcradfltowB a | oss of ty
5 %of the initial pressure after 24 hours.

Tyre pressure check:

PartM (Annex | to Regulation (EU) No 18214), point M.A.302(d) requires tlaircraft maintenance

programme (AMPYo be established in compliance with:

“(i) instructions issued by the competent author
(i) instructions for continuing airworthiness:

— issued by the holders of the typeertificate, restricted typecertificate, supplemental
type-certificate, major repair design approval, ETSO authorisation or any other relevant
approval issued under Regulation (EU) No 748/2012 and its Annex-2{}aaind

— included in the certification speciitions referred to in point 21A.90B or 21A.431B of Annex
| (Part21) to Regulation (EU) No 748/2012, if applicable;

(iif) additional or alternative instructions proposed by the owner or the continuing airworthiness
management organisation once approvedaiccordance with point M.A.302, except for intervals of
safetyrelated tasks referred in point (e), which may be escalated, subject to sufficient reviews carried
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out in accordance with point (g) and only when subject to direct approval in accordance with po
M. A. 302(b) .~

Intervals adopted inmaintenance review board reports (MRBB) (and then reflected in the
AMM/MPD) are established taking into accoutite inputs and experienceof operators,
manufacturers, and authorities, the goal being to ensure anieffiand costeffective maintenance
programme. As tyre pressure cheslare not a candidatecertification maintenancerequirement
(CMR), the process makes it possible to agyeepressure check intervals which demgerthanwith

the recommended daily check. Furthermore, operators may deviate from the values provided in the
ICA when they develop theawn AMP, subject to approval by the competent authority.

In addition, it has been evident that the MRB process typically does assifyl a tyre failure as a
safety item. Some MRB reports may not provide tasks for tyre pressuresqasekas found on some
aeroplanes). Also, it is notable that somesirvice aeroplanes have been certified without using the
MRB process.

4.1.1.2 Industry practice

Tyre pressure check:

A daily pressure check has been recommended for a long timeahbpus stakeholders and
communication means (refer to 4.1.1.3), howevéis remainsonly a recommendation. There are
variations in the way large aeroplanes have their tyres checked. Some operators adhere to a daily
pressure check, but some other operators lsegertime intervals. Although some of them have not
faced major safety issues, inree casespressure checkhave beenperformedwith aninterval that
wastoo long, leading to operation with inadequate tyre pressure levels and to reported incidents or
accidents, including fataines

Aircraft maintenance manuals (AMM) or maintenance npiag documents (MP® are not
harmonised and provide different pressure check intervals depending on the type of
aeroplane/manufacturer. It is also acknowledgddr instance that some MPB (or for some
aeroplanesthe AMM chapter providing the task satiule interval) show a given value (e.g. 72 hours),
but in the AMM chapter detailing the maintenance task instructiansecommendation is provided

for a daily pressure check.

Onboard integrated tyre pressure monitoring systems (OBT$MSBd ground tyrepressure
indication systems (GTR)$ave been developed, certified and are available on various types of large
aeroplanes. These systems are not mandated by EASA or FAA reguktitimesy are therefore
optional, and not all aeroplanes are equipp®dth them. Refer to 4.1.1.3 i) for more details.

Tyre pressure loss

I n practice, t he magni t esdaieslmefweehlarge raeroglhne tygess Ae pr e
1-2 % pressure loss per day appe&osbe a common trend orlarge transport aeroplanesyhich
corresponds to the typical specification added by some aeroplane manufacturers on top of the
specifications of (E)TSO C62e.

4.1.1.3 Previous actions to mitigate the issue
Various actions have already betkenover the years to improve tyre maintenance fiarticular,
tyre inflation), to increase the robustness of wheels and tyres, and to mitigate the consequences of
wheel and tyre failures. These actions are summarised below
i) Actions taken to improve tyre maintenance or detect inadequate tyre inflation
(1) Indudry
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(@) Journal articles published to present staibthe-art practices and

(b) Wi d e

(€)

recommendations

Less formal best practice leaflets

(d) Training activities with tyre customers
(e) Auditsof the tyre custaners

(f)

Regular operators seminars at tyre manufactsr@remises

(g) Dedicated communications and/or reminders each time there is an incident

showing thatthe tyre pressure was ngiroperly controlled

(h) Cooperation between tyre manufacturers and aeroplane uofanturers in

(i)

()

(k)

()

developingtyre maintenance recommendations

An airframerserviceletter that highlights the potential consequensef incorrect

tyre inflation and recommends tyre

reasonabl,y possi bl e’

Onboard integratedtyre pressure monitoring systems (OBTRMBave been

developed, certified and are available on various types of large aeroplanes.

OBTPMS is considerénl be a useful safety net which can detect and aldn

crew ofunsafe tyre inflation conditions. OBPMS are not mandated by EASA or

FAA regulations, and therefore not all aeroplanes are equipped with OBTPMS

Ground tyre pressure indication systems (G¥Pi&e available for some

aeroplanes.These aresystens which can indicate a pressure level below the

minimum serviceable level on any one of the tyrestba ground before the
dispatch of the aeroplane. Such systems varyhiir desigrs from ones that
provide simple visual indicatiaon the affected wheel to moresophisticated
systems using wheel remote data transmitters coupled with electronic equipment
used by personnel:

d Inflation valves with integrated dial gauges are available as an option on some
aeroplanes or asupplementaltype certificates (ST®). Such deices provide
advisory information only during walkround inspections. These devices
have limited accuracy and reliability. They ,atteerefore, not intended to
accomplish the scheduled tyre pressure maintenance task, but may be used
to detectany signifcantunder-inflation.

8 Remote tyre pressure indication systems exist that can be used by
maintenancepersonneland also by pilots of business jets to check tyre
pressuras on the ground. Sensors are installed on the wheels and
communicate via wireless sigsalo a handheldelectronic device that
indicatesthe pressure of eaclyre.

d Other more advanced technologies are being developed by industry with the
objective of being able tsimultaneously andemotely indicateall the tyre
pressuresof an aircrafton a handheld device (e.g. electronic tablet or
smartphone).

di stributi ormarefervicempaa umbheuf acturer

SAEARP 6152 “ Aircraftagprd briedsissu®@’in 200l3cle Over

recommendsthat tyres should bedesignedwith a doubleload cycle capability.
This assumes that one tyre fails beftaing, and therefore, the companion tyre
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must be able to carry the increased load for one complete flight cycledtaxi
take-off and landing).

(mSAE ARP 5265 * Minimum Operational and
Aircraft wadissued iJ20ganthen revised in 2014 (rev. B). It
provides criteria for the installation, inflation, inspection, and maintenance of
aircraft tires. The standard recommends a daily pressure check using a calibrated
gauge; deferring pressure checks taltiple day intervals is not recommended
and is not considered tbe in linewith best industry practices.

(2) Regulators

(@) The FAAhas issued two safety alerts for operators (SAF§) stressing the
importance of ensuring that aircraft tyres are properly inflatadd detailing the
potential consequences thamdorrect tyre pressure can have on aircraft
performance during taxiing, takeff and landing. SAFO 09012 was issued on
12 June 2009and SAFO 11001 was issued on 6 January 2011. SAFO 11001 was
then endorsedby EASA through Safety Information Bulletin (SIB) No-2013
issued on 10 July 2013.

(b) FAA Advisory Circular (AC)-21B, dated 18 April 2005, provides guidance to
operators to perform a tyre pressure ched&ily using a calibrated gauge whose
scale is suité to the pressure range that is being monitored.

(c) FAA AC 14BA, dated 10 July 2006, provides guidance for the development,
gualification, and approval of bidee. crossply) and radial aircraftytre retreads,
their repair and process specifications, atted use of special nedestructive
i nspection (NDI) t e ¢ hthei lapg ®ren.intedrity iared A C st
reliability of the retread tire is significantly influenced by the inflation pressure
schedule, the frequency of tire pressure checks, andddwatification of tire
removal conditions that may impact the continued airworthiness of the tire

Even with these actions, evidence from aircrafsarvice(reported occurrences3hows that some
large aeroplanes continue to operate with rsisrviced tyes.

i) Actions taken to improve tyre and wheel robustness
Certification rules have evolved over the years and now include the following:

(1) As per C85.733(c) (originating from FAA FAR 25.733(c) in 1979 (Amendmda)R5
if each landing gear axle is fitt&dth more than one wheel/tyre assemblg factor of
1.07 is applied to the maximum loads used to certify main landing gear tyres. This
would apply to most, if not all, modern @S aeroplane designs.

(2) Both C25.731 and C35.733 (respectively) require thalhe wheels and tyreshat
are fitted to the aeroplane must be approved. The normal accepted means of
compliancewith this requirement is that the wheel and tyre each receive an (E)TSO
approval:
(a) (E)TSO-C35 for the wheel (and bralegif fitted to the whed);
(b) (E)TSO-62 for the tyre.

(3) (E)TSO 35 requires a rolbn-rim test to be applied to main landing gear wheels.
This has increased the robustness of wheel desigrthe extent that some wheel
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failure cases are no longer considered in aeroplane dee&g. wheel rim releass
with the landing gear retracted).
(4) (E)TSO-62 requires the tyrdo complete one takeoff cycle ona dynamometer at
the rated load multiplied by 1.5.
Again, even with these provisions, tyres are still known to fail due to the egtrlrads and
temperatures associated with operation whilst undeflated.

iii) Actions taken to improve therotection of aeroplane against the damaging effects of

tyre failures

(1) Regulators
For the certification of large aeroplaneshimendment 14 of G85 introduced a new C25.734
specification requiring the safe operation of the aeroplane to be preserved irs chise damaging
effectsof tyre debris, tyre burst pressuseflailing tyre strig, and wheel flange debrisn systems or
structures AMC25.734 proides nodels that define these threats, which can be used to show
compliance these modelsvere developedased onJAA Temporary Guidance Material TGM/25/8.
The TGM states thatfailure of the axlecompanion tyre is not fully mitigated by tyre overloadtges
Compliancewith this rule mitigates, but may not fully prevent, unsafe conditiérsn developng
from tyre failures This igeflected in AM@5.734, paragraph 4(3)(ehhich states
Cf the Agency <concludes t hate prechutionsatp prédvénta nt
Catastrophic failure situation and the probability of the occurrence is consistent with the hazard
classification (assuming a probability of companion tyre failure, if applicable, equal to 10 per cent),
the design would be cordéred as compliant with the intentof @S5 . 7 3 4 .
It shouldbe noted that C25.734 assumethe failure ofone tyre plus the axle companion. It does not
consider the scenario of multiple tyre bursts, on different axles, which can be a consequence of
operation with anunder-inflated tyre.
Design measures to protection against a threat (atgre burst) will always be a compromise due to
factors such as space constrairitee location of landing gear articulatiothe need to provide power
and monitoing to systems on the landing gear, &hd need to avoid other risks. Thus, the possibility
of an unsafe condition can never be completely eradicated by aeroplane desigm raedns to
reduce the risk of the tyre failing should be put in place.

(2) Industry
There is an increasing trend for large aeroplanes to be fitted with radalyres instead of bias ply
tyres.
Upon failure, radial tyres tend to shed debrisistsing of the tyre tread plus the outermost ply.he
items of debris can be large, howevghe debristypically depars at alow speed Highspeed debris
is alsareleased but the items of debris areelativelysmall
Biasply tyres caralsoshedsuchdebris, but theycanalso shed debris comprisindthe tyre tread plus
full parts of the carass, which are stiffeThisdebrishasthe potential to be accelerated and released
at high speed.
Thereforeit may bepossible to considahat failures ofradial tyresresult inless damagthan failures
of biasply tyres.
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4.1.2. Safety risk assessment
4.1.2.1 Safety recommendations addressed to EASA and the FAA

Boeing 757300, registration 4XBAU, accidenat London Gatwick during landing, on 3 October 2000

Both right main landing gear (MLG) aft tyrdo{ andNo 8) failed within a few seconds of each other
during landing shortly aftethe aeroplane touckddown. Tyre debrisauseddamage tovarious parts

of the underside of the right wing (flap, slat, flap track fairings, fuselage/wing fairing), the No 2 engine
nacelle and pylonthe right MLG doors and compents of the right MLG. In addition, damage was
apparent to the hydraulic flexible hoses installed on the right MLG, with two of the six hoses leaking
(the No 3 wheel brake line and a bogie tilt actuator line). The forward flexible conduit carrying
electrical cables had been struck by tyre debbst no cable damage was evident.

The investigation concluded that the accident had probably been caused by opetetiagroplane
with either tyre 7 or tyre 8 undeinflated. It was possible that either or botH the tyres had been
damagedprior to this eventoy beingoperated while underinflated or with an undeinflated partner
tyre.

No injuries resulted from this accident.

In July 2010, the UK Air Accidents Investigation Branch (AAIB) forwardedResfetymendation (SR)
UNKG2002014 to the European Aviation Safety Agency (EASA):

SR UNKG-2002-014: ‘It is recommended that Airworthiness Authorities such as the JAA and
FAA consider implementing the measures outlined in AAIB Safety Recommendatibrast®9
99-12 concerning requirements for tyre pressure monitoring and warning systéms

In the course of a previous accident investigati®AC 111 registration GAWYR at Birmingham
Airport, UK, on 21 November 1997, AAIB Bulle®® 4related to a tyre bursduring takeoff caused
by underinflation), the following AAIB SRs wesesed

SR 99-11: ‘The CAA consider a requirement for the installation, on the wheels of UK registered
aircraft where a potentially hazardous level of tyre underinflation can be uotdie by
external visual inspection, of a device to provide ready indication of such a condition during
routine preflight external inspection ’

SR 99-12: ‘The CAA consider requiring the fitment on future aircraft types on the UK Register
of a system to mvide continuous flight deck indication of tyre pressures and/or warning of
abnormal pressures’

Mc Donnell Douglas M8, serious incidenat Vienna Schwechat Airport, on 31 July 2008

The investigation showed that an unsecured valve stem on the rigref2tworked loosgand the O

ring underneath was torn apart, which had the effect of deflating the tyre. As a result, during the take
off run and past the decisiopoint, the tread of the tyre broke awagnd struck the aeroplane
breaking off part of thewater deflector attached to the left engine. The landing gear well was
damaged, angiecesof the tread were thrown into the left engine, which causeldss of powerand
vibration, after which the engine was shut dowks a result of thdanding gear wéldamage, no
locking indication of the lefhand landing gear could be observed, and as a precaution
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subsequent l anding was performed in accordance
possi bl e evacuat i omMoandwadinjured daring tloisringiflent’ checklIl i st .

In December 2013, the Austrian investigators provided several SRs to EASA/Federal Aviation
Administration; the followingsRisrelated to the present RMT:

SR AUST-2013-008: ‘EASA, FAA: SE/SUB/ZLF/8/2013: Supplement to Certification
Specifications 25

(CS25), pressure displays of landing gear tyres: Insufficient pressure in landing gear tyres can,
as happened in this serious incident, cause massive damage to the aircraft and result in flight
situations with increased risk. On this topic also see amgle, the accident report issued by

the US National Transportation Safety Board (NTSB): Runway Overrun During Rejected
Takeoff, Global Exec Aviation, Bombardier Learjet 60, N999LJ, Columbia, South Carolina,
September 19, 2008, http://www.ntsb.gov/doclieports/2010/aar1002.pdf. G&5 should be
revised to specify installation of pressure indicators for all landing gear tyres in the cockpit of
commercial aircraft

Learjet 60, registration N999LJ, accident on 19 September 2008

The aeroplane crashed duriagejected takeoff at the Columbia Metropolitan Airport, South Carolina
(USA). The accident resulted in four fatalifiesluding two passengers and both crew members.
Twoother passengers were seriously injured.

The NTSB investigation revealed that the pressures on thaeroplaneinvolved in the acciderttad

not been checked for approximatelthree weeks. The tyres of this aeroplane experienced
approximatelya 2 % loss of pressure per day. The NTSB determined that the tyre pressure at the time
of the accident was approximately 140 psi. The recommended tyre pressure is 219 psi.

The undesinflation of the four MLG tyres resulted in the failure of all four MLG tyres. The NTSB found
fragments of the failed tyres that revealdie folded rubber and meltedylonthat had beerused to
produce the tyres.

In addition, hydraulic fluid was found on some tyre fragments, confirming that the tyre failure also
compromised some elements of the hydraulic syst#ithe aeroplane

Finally, the NT $igd tmt therawagassignificaat inconsistencydnethe bperating
communityregardingt he pi | ot ' s the aorreet tyrie pressuregriarrtoi takeypoff. Visual
inspectiors of high-pressure tyres, such as those of the aeroplamsmlved in the accient, will not
helpto detect an hcorrectlyinflated tyre. By the time a tyre shows visual signs of poor inflation, the
tyre manufacturer will require the undeanflated tyre and the axlenate (the other tyre on the same
landing gearjo be replaced.

The N'SB issued seveSfts to the FAA, including the following:

‘Require that all 14 Code of Federal Regulations Part 121, 135, and 91 subpart K operators
perform tire pressure checks at a frequency that will ensure that the tires remain inflated
to within aircraft maintenance manuapecified inflation pressure€® -18-47)

‘Require that aircraft maintenance manuals specify, in a readily identifiable and
standardized location, required maintenance intervals for tire pressure checks (as
applicable to each eiraft).Q -1®-48)
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‘Require tire pressure moati egoingaeipptaemesf or ( Al

4.1.2.2 Review by the SAE A-5 Committee

In 2007, the SAERAerospace Landing Gear Systems Committee conducted a review of the damaging
effects of tyreand wheel failures, and they issued Aerospace Information Report (AIR) 5699 {issued
November 2007andreaffirmed on 250ctober2013).

The report provides amnalysis ofin-service operational data based on databases from the US
National Transportatiorsafety Board (NTSB) oweperiod ofapproximately 40 years (from 1966 to
2005) and from major aeroplane manufacturers (time period not indicated).

NTSB datafiom occurrences recorded with some level of aeroplane damage) showed that tyre and
wheel failue eventshadresulted in 11 fatal accidents, 8 hull losses with no fatalities, 11 evérase
debris entereda fuel tank oran engine, 36 eventsvhere there wasairframe damage, and &vents
where there was a fuselagkecompression.

The &roplane manufaairers data(the source of which is not substantiaigdcludeda large number

of occurrences classified aso damage It is likely that this represents a better distribution ahe
hazard severity for an aeroplane fleet, as it does not exclude ewemtbichno damageoccurred

The data analysis shows that typeessurerelated occurrences represent 85 of the occurrences. In
terms of the severity of the damage, the analysisvealed the following distribution of the
classification obccurrences: 8osubstantial, 186 major, 226 minor, and 506 none.

The ombination of the availabledata againindicatesthat tyre pressure related occurrences are
preponderant representing65% of all occurrences. nAassessment othe combined datato
determine the degee of damage to the aeroplamveas not performed due to the differensén scope
(NTSB data excludes events with no damage).

Furthermore, the SAERCommittee assessed hgatentialregulation changes omprovedindustry
practices could mitigate any ofhie events. The outcome was that the most promising future action
(apart from the implementation of tyre servicing with nitrogen) is the implementation of a tyre
pressure monitoring system (TPMB)the view of the SAE Internationat®Aerospace Landinge@r
Systems Committeghis couldpotentially mitigate 38% of all the eventthat werereviewed.

4.1.2.3 Review of the EASA occurrences databases

EASA performed a review of the occurrencesatainedin the EASA occurrences databdksat are
collectedthrough the Internal Occurrence Reporting System (IORS), and in the European Central
Repository (ECR) database.

The initial review encompassed the occurrences for which the main causes involved a tyre or wheel
failure, and which happened to aeroplaneswiMTOWs greater than2 250 kgduringcommercialair
transport operations (including business/corporate flights) between 2002 and 2016.

A total of 848 occurrencewere found, which are classified as follow87 accidents, 73 serious
incidents and 71&cidents.
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Number of Reports by Year and Occurrence Class
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Figure 1: Overall number of reported tyre and wheel failure occurrences per year

The following chart reflects the content of tliatabase. It can baoted thatthe reports often lack
sufficientinformation to establish the root cause of thgre or wheel failure; the main category is
designat edunknownecbhusst (5400:0ccurrences or 64
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Figure 2: Overview of tyre and wheel failure reports

Based onthese findings, a further detailed review was conducted to identify the occooes
concerning ‘' inahichiradeguate tgre ihflationeaspresent or highly probable among
the causal factors.

Eventsn whicha tyre blew on the ground during inflation (i.e. maintenance actions) were excluded.
The analysis was focused tire reportedserious incidents and accidents30 occurrences)t was
finally determinedthat there has beet® occurrences (i.e. 8 of all occurrenceshetween 2002 and
2016, comprising accidents (1 fatal (vith 4 fatalities and 2 serious injuries) tearjet 60 registration
N999LJ in 2008, and 1 ndattal with substantial aeroplane damage to Boeing 747 registraticANT

in 2005) andé6 serious incidents. Appendix 1contains more details and thefull list of these
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occurrences. All these occurrencasre related to one or more tyre failurghat was linked totyre
underinflation (7 tyre bursts, 1 tyre tread detachment). The causal factors indiddse plug leaking
(1), incorrect installation of the inflation valve (2), tyre pressure check and inflabbradequate
(under inflation) (4)and wheel bolts not adequately torqued (Un all 8 caseshe tyre(s) failure(s)
occurred during takeff.

In addition, at leass other accidents are known to have occurred before 2002 that were also caused

by inadequate tyre pressures, including 1 fatahccident

0 DG83, registration &5MXQ, on 11 July 1991, crashed aftde-off from Jeddah, Saudi Arabia,
resulting in 261 fatalities. Cause: undeflated tyres, two tyres bursts during taksf roll;

e} BAC 111, registration GAWYR, on 21 November 1997, tyre burst during rotation for-tzke
at Birmingham airport, UK. Cause: tyre unddtation;

d B757300, registation 4%xBAU, on 3 October 200@wo tyre bursts during landing at London
Gatwickairport (UK). Causeyre underinflation.

4.1.2.4 Safety risk portfolio for large aeroplanes

The EASA Annual Safety Review 2018 includes
in the safety risk portfolio for largeesioplanes (CATAIrlines and NGBusiness).

Thereview of highrisk occurrences for large aeroplanes, between 2013 and 2017, did not idamyify
occurrences triggered by this safety issue. The safety risk portfolio considers 4 prioritydauéhis
issue is part of priority level Ihe EASA Annu8hfety Review 2019 does not include this item in the
safety risk portfolio.

4.1.2.5 Data from industry represented in the rulemaking group

The aeroplane and tyre manufacturettsat were involved in the rulemaking growpere asked to
review their databases of tyrand wheel occurrences in order to identify &8 as possible the
occurrences whertadequatetyre inflation was present amonghe causal factors.

The data showdifferences betweenhe sources in termof the numbersof occurrences anthe root
cause analysis. Two sets of data are provided hereafter to illustrate the situation.

Data from one aeroplane manufacturer (one of the largest fleets worldwide)
The manufacturer reviewed tyre failure reports on all ofagsoplanetypesbetween May 2004 and
December 2013.

Out of 595 occurrences, themgere 141 occurrences (23.7 %) related to tyre under-inflation, 43
occurrences (7.2 were caused byforeign object damage FOD, 64 occurrences (10%) were
caused by tyre manufacturing or-teeadingdefects, however, there were286 occurrences (48.1 %)
with unknown causes.

Looking at the reasons for the 141 tyre undleffation cases, it appears that:

) 73 cases (51.%) were caused by unknown reasons,

0 26 cases (18.%) were caused by a tyre defect whiwas not detected andot rectified
during the retread process,

0 18 cases (12.%9) were caused by leakage of the wheel (cr&king, tie bolt fracture)

0 11 cases (7.89 were caused by a leaking or melted fuse plug,

0 9 cases (6.%9 were caused by tyre@akage (inner liner or internal separatioajd

0 4 cases (2.809 were caused by (suspected) incorrect (low) inflation pressure

Data from one of the tyre manufacturers:
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The data encompasses tyre burst occurrences reported for:
e} Commercialregional,generalaviation operations

) Period for injuries and fatalities: ~30 years

) Period for aeroplane damage: 01/20®10/2017.

Note:incidents involvingyre tread separation are not included. The tyre manufacturer did not review
them because of the high ndrar of occurrences$the analysis wouldake a lot of time)and because
the manufacturer considetiat most of the cases are not caused by uAdéation.

Over the last 30 years, 3 occurrenae@sthe ground have beereported where injuries or fatalities
occurredduring inflation task.

Over the last 7 years, there Yabeen 69 tyre burstthat have causederoplane damage. The tyres
that wereinvolved in these occurrences were %biasply tyresand 57%radial tyres.

The statistts gathered confirnthat under-inflation wasidentified in 10%of the occurrences. In 5%
of the occurrenceghe inflation was correct, and in 3%of the occurrenceghe condition of the tyre
in terms ofits pressure is unknown.

In terms of root causes, in 5%200f the casesit is unknownandin 36%o0f the casesFOD is identified
as a causer isprobable. Other root causes include operational factmd other issues at the tyre or
wheel level.

4.1.2.6 Summary risk assessment

Overall, the dad available shosthat tyre failure is a relatively common occurrenegnereaswheel
failure rardy occurs In around half of the cases, the available investigation report doeglpatify
the root cause.

Depending on the data source, the proportion ofcomences where inadequatéyre inflation
pressurewas identified as a causal factor vatieetween 7%and 65%, therefore it is not possible to
provide a reliable figure. In tersof inadequate inflation pressure, und@flation represents the vast
majority of the cases. Regarding the reasons for the inadequate inflation, they are muétiple
include both human errors and technical issues leading to leakage or inadequate inflation values.
Between 2002 and 2016, theveere at least 2 accidents (includjri fatal) and 7 serious incidents with
the root causeconfirmed or highly probable d®ing inadequate tyre inflation.

The actual figure is most probably higher than that, owing to the lack of data in various reports
(unknown root cause). Among these oo@nces triggered by a tyre failurea (purst or tread
detachment) for an unknown reasobgtween2002and2016),EASAdentified 18 accidents, including
2 fatal accidents. A variety of aeroplane types are represeintdhdis data however it can be noted
that the 2 fatal accidents occurred with two old types, a Boeing 70BHHP in Tehraklehrabad
airport (Iran) in 2005 (3 fatalities), and a North Amerid#A-265 (XATFL in Culiacan (Mexico) in
2007 (9 fatalities).

The case of the Leatj€0, N999LJa fatal accident in September 2008emonstrated the potential
threat of multiple and simultaneous tyre failures on severaifts of thelandinggear, as well as the
possible lack of awareness of some personnel about the importanoa iedcttyre pressure servicing.
Statistics show that the overall number of tyre and wheel failures has not decreasectogatyears,
with an annual numbeof failuresin the 6380 range in the EASA occurrences database.

The risk is not the same for all aerapés. Aeroplanethat are equipped with orboard integrated
tyre pressure monitoring systesfOBTPMS§), which can detectinsafdy inflated tyres and alertthe
crew,are protected against the majority of the scenarios leading to significar@dequate infation;
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in particularan OBTPMS can prevantlation errors leading to largecaleunderinflation on multiple
tyres, as occurred ithe two known fatal accidents. These two fatal accidents could also have been
prevented by performing proper tyre pressuservicing at an appropriate interval. Aeroplanes not
equipped with OBTPMS3emain exposed to all scenarios, and the safety risk increasegheitime
intervalbetween pressure check¥he consequences of a tyre or wheel failure are also not the same
depending on thedesignof the aeroplane. Older desigrwhichwere not certifiedin accordance with
JAA Temporary Guidance Material TGM/25/8, the nev2%8&34 rule (created admendment 14 of
CS25), or equivalent standards, are lgaotected againstthe damaging effects diyre and wheel
failure. However, even complianeath CS25.734 does not necessarily provide full protection against
the damagecaused by &yre failure.

4.1.3. Who is affected
Large aeroplanemanufacturersand their suppliers; operatorsfdarge aeroplanes; maintenance
organisations.

4.1.4. How could the issue/problem evolve

Various actionghat have been implemented to address tyre failuireshe past (refer to 4.1.1.3) have
improvedthe safety of large aeroplanes. In the coming years,ghaportion of aeroplaneghat are
compliant with C25.734 will increaseand therefore the number of aeroplanes that are more
vulnerable(in terms ofthe severity and likelihood of damage) as a result of a tyre faifineuld
decrease. Howevethe risk of & unsafe condition due to operaiywith mis-serviced or leaking tyre
wheelshasnot beencompletely eliminatedandit is not expected to drastically decrease without a
regulatory chang¢hat mandaesadditional protective measures.

If no action is takeno better ensure the correct inflation of tyres, the annual number of tyre and
wheel failure occurrences may not decrease if the industry does not volunitasilyasethe number

of aeroplanes that haviyre pressure alerting systenisstalled and/or doesnot take action to better
check tyre pressures. With the expected growthtloé fleet of large aeroplanes worldwide, this
number of occurrencesnay, on the contrary increase. Therefore, although the consequenoésa
tyre or wheel failure are bettemitigated on modern designs, the overall number of these occurrences
classified as accidents or serious incidents maycoote down

4.2. What we want to achieve — objectives

The specific objective is to decrease the risk of hazardous or catastrophic tynesfaif large
aeroplanesaused by inadequate tyre inflation pressuineough improvements that wikknsure that
the tyre inflation pressure remains within the safe levels defined by the aeroplane manufacturer.

4.3. How it could be achieved — options

As indicagd by the analysis of occurrences, theraisriety of causal factors that can lead to a tyre
being under inflaed, and all generations of aeroplanes aseisceptible Such factors include
inadequate tyre pressure servicing (tdong aninterval between tecks an incorrectinflation
pressure valudeing used, and air leakageof the tyre or wheel (caused by human errors, technical
failures during maintenance or productioor, foreign object damage (FOD)).

Whatever the causal factor involved, the way tetetct the problem is to either constantly monitor
the tyre pressure, or to perform a tyre pressure check as oftaa@scticable.
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It is believed that a majority of thiarge aeroplanes servicehave their tyrepressure checked daily
(e.g. 70%0f the operators who responded to an EASA survey); howsueare operational constraints
can prevent comphncewith daily checks Therefore, EASA doesot envisage universally mandiad
a dailytyre pressure check for all large aeroplanes.
However what could be consideredsto require aeroplane manufacturers to providestructions for
continuedairworthiness [CA that includeatyre pressure chectask andto requirethe tyre pressure
check time intervato be substantiated and limited to a maximurnalue. This would be subject to
agreement with EASAL would also bemandatory foroperatorsto comply withthis maximum time
interval value
Theabovementioned occurrences may albavebeen prevented by the use of a system thatuld
havealertedthe crew or provided anindication of an unsafe tyre pressure either befdine dispatch
of the aeroplane or durinthe operation of theaeroplane.
Two categories of systems can be envisaged (refer to 4.1.1.3 1)):

d an onboard integrated tyre pressure monitoriraystem (OBTPMS)

d aground tyre pressure indication system (GTPIS).
AnOBTPMS has the advantagfeconstantly monitoingthe tyre pressure. It catherefore, alertthe
flight crewat any time, except durinthe flight phases whe alerts are inhibited (&. during takeoff
beyond a certain speed). In flight, the system can infornflilgat crewof an abnormal tyre pressure
so that they can plan the landing withe applicable operational procedures.
A GTPIS providethe possibility to check the tyre pssures at some time befordeparture If an
under- or overpressure condition develagafter this checkas been conductedhen this would not
be identified.
Note: In the EUthe use of TPMS is mandated for the automotive industry Hyegulation (EC)
No66 1/ 2009 of 13 Jul -gppravaltequiraamemsdoethergénaral safety of mator
vehicl es, their trailers and systems, component s
to Articles 9(2), 13(2) and 13(5). Asldflovember 2012all new passenger car models (M1) released
must be equipped with a TPMS. Framlovember 2014everynew passenger car sold in the European
Union must be equipped with a TPMS. In the United States, equivalent legidias@xisied since
2005 and has matated TPMSon all newly manufactured or imported cars since 2008.
Hence the following optionsare evaluated.
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Table 1: Selected policy options

Option | Short title Description
No
0 No policy change No policy change (no change to the rules; risks remagimutlined in the issut
analysis).
1 CS25-Tyre Amend C£5 to requirenew applicants toprovidein the ICAa tyre pressure
Pressure Check check procedur¢hat isscheduled at a suitable time interv@le. daily, orat
Interval another substantiatednterval).
2 CS25-Tyre Option 1 +amendthe Part26/CS26ruleto requireall existingoperators of large
Pressure Check aeroplanes to implemenin the aeroplane maintenance programme (AM&;
Interval Part  tyre pressure checkask at a suitable time interva(i.e. daily, orat another
26/CS26—Tyre substantiatedinterval).
Pressure Check
Interval
3 CS25—Alerting Mandate in C&5that new applicantsnstall a means to alert the flight crew o
Systemt+ an unsafe tyre pressure either before dispatch of the aeroplane, or during t
Part26/CS26— Operation of the aeroplane, i.e.:
Tyre Pressure o either a TPMS, or
Check Interval ¢ aGTPIS.
Amend Par26/CS26 asdescribed in Option 2.
4 CS25-Alerting  Option 3 tamendPart26/CS26to requirethe installation of a means to alert
System +Part the flight crew d an unsafe tyre pressure either before dispatch of the
26/CS26 (newly aeroplane, or during the operation of the aeroplane, i.e.:
produced)- 8  eithera TPMS, or
AlertingSystem 5 aGTPIS,
onlarge aeroplanes produced afted j/ears after entry into force of the
regulation.
5 CS25-Alerting  Option 3 +tamend Part26/CS26 to require the installation of a means to aler!

System +
Part26/CS26

(full retrofit) —
AlertingSystem

the flightcrew d an unsafe tyre pressure either before dispatch of the
aeroplane, or during the operation of the aeroplane, i.e.:

0 either a TPMS, or
0 aGTPIS,

on large aeroplanes afteB[years after entry into force of the regulatjon
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4.4. Methodology and data

4.4.1. Methodology applied
Varioustechniques are used in order to assess the impact of the different options and to compare
them against each other. Tliwmparisorof the options isachievedby:

d establishing the criteria to be used for comparing the optiotieege criteria must be

measurable, at least in qualitative terms)
d scoring how well each option meets the criteria (the scoring needs to be relative to the
baseline scenario): the results of the scoring originate from various technigods

d ranking the optons by combining their scores.
The criteria used to compare the options were derived from the Basic Regulation and the guidelines
for the RIA. The pr i esabliphaahd maibtdgineadigh uniferm te¥el oEchiIE A i s
aviation safety in tk Union |, i n accor daohtbheBasiciReghlatigRegulatoh EU) 1
2018/1139) Additionally, the Basic Regulation identifies environmental, economic, social, and
proportionality objectives.
For the scoring of the impacts, a scale is used dicate thepositive andnegative impacts of each
option (i.e. from ‘“very high’ to ‘very | ow’ ne
benefits are termed ‘high’”, ‘“medium’ and ‘1l ow’,
The techniquesappliedin this IA ranged from codienefit analysis (CBA9nd costeffectiveness
analysis (CEA) to simple midtiteria analysis. When quantitative informatierasavailable, CBA and
CEAwere applied. Tey were applied forOptions 3, 4 and 5, while fgptions 0, 1 and 2a purely
gualitative assessment waerformed
A CBA quantifies alhe impacts in monetary terms, e.g. safety in terms of avoided fatalities and
injuries, compliance costs for the industry, environmental costts. The outcome of a cobenefit
analysis is expressed in terms of the net present value or the benetibst ratio.

A CEA, on the other hand, defines the net cost per prevented fatality, i.e. the cost asswedgihted
preventing one fatality. It is most suitable when the assessment has a main fixed goal which is difficult
or impossibldo monetise, such as the valo¢preveninga fatality. Both theCBAand CEAechniques

also take into account the benefit of avoidegroplane damage, accident investigation spsind

airport delays and diversions, in order to avoid a result that concentrates only on a single type of
benefit. The two techniques wergsedfor the period between 2022 and 2046, i.e. a total of 25 years.

The output from these two techniques festhe multi-criteria analysisvhich compares all the options

and theirdifferent impacts. Thus, the overall comparison of the options was indeed done in a multi
criteria analysis. The term mutftriteria analysis (@A) covers a wide range of techniques that share
the aim of combining a range of positive and negative impacts into a single framework to allow
scenariogo be more easilgompaked.

4.4.2. Data collection
Variousdata sources have been useadhichare listed belov:

d Safety data: apreviouslypresented, a review wasonductedof the occurrences present in
the EASA occurrences database between 2002 and. A08e occurrences wepollected
through the Internal Occurrence Reporting System faoch the European Central Repository
databaseand theyconcern large aeroplanes for which inadequate tyre inflation is present or
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is highly probable among the causal factors. This list of relevant occurrences is provided in
Appendix 1.

d Two questionnaires wereused to collect information, one targeting aeroplane
manufacturersand the other onevasaimed specifically for operators. Both questionnaires
were distributed among the relevant stakeholder advisory bodies of EASA. By sending out
these surveys, data whids not easily available was gathered and used in the development
of the costbenefit, costeffectiveness and muliriteria analyss. The two surveys were
opened on 12 April 2018, with an initial deadline of 1 June 2018, which was later extended to
17 June 2018.

In total, 10 operators (all from EASA member states) and 4 manufacturers (of wiare fom EASA
member states) responded to the two surveysspectively. As far as the size of the responding
operators is concerned, a variety of fleet sizemsvpresent amongst them, ranging from a total of 3
aeroplanes to 443 aeroplanes in their fleseAlso for the manufacturerthere wasa variety in the size
of the respondcgents’ organisation

4.5. What are the impacts

4.5.1. Cost-benefit analysis (CBA) and cost-effectiveness analysis (CEA) of mandating the
installation of a means to alert the flight crew of an unsafe tyre pressure (OBTPMS or
GTPIS)

4.5.1.1 Assumptions
The CBA and CEAaoptions 3, 4, and 5 serve as the inputto the multi-criteria analysishat wasused
to compare all the options against each othag containedn the following sub-sections.
Certain assumptions have been maddhia aeroplane fleet modehat wasused in the subsequent
analysisTheseare listed below:

d thereis alinear correlation betweendtageof the aeroplaneandthe number ofannual flight
cycles
there is a linear correlation betwedhe ageof the aeroplaneandthe annual flight hours
there is average annual growthtime fleet sizeof 3.4%
anew aeroplanetype is launched oaverage every 5 yeagrand
the market share of a neaeroplanetype equals 164
The main input parameters for the CBA and CEA can be found bel@bleR, while the other input
parameters are defined in Appendix 3.

QX x Ox Ox
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Table 2 — Main Input Parameters for CBA and CEA

_— Value ,
Parameter Definition Unit Source
OBTPMS |GTPIS
All the costs involved in thi
Development  and development and certification (
o P . a system, which are accounted { 2,000,000 |1,000,000 € Survey
Certification Cost |, , .
in the first year of the CBA (i.
2022)
Proportion of | The proportion of aeroplanes
aeroplanes which are produced in or befot
. . Survey  (sel
(produced in 012018, and are already equipp{13 % below)
before 2018) alread| with the system (OBTPMS
equipped GTPIS).
Proportion of .
P The proportion of aeroplanes
aeroplanes ) e
(produced aftel which are type certified in 2018 ¢ Surve (se
P . before, and produced after 201{40 % y
2018 with former . . below)
TC) alread! and are already equipped with th
. | system (OBTPMS or GTPIS).
equipped
Proportion of | The proportion of aeroplaneg
aeroplanes which are type certified an
. Survey  (sel
(produced after produced in 2019 or later, and a 50 % below)
2018 with new T(d already equipped with the syste
already equipped |(OBTPMS or GTPIS).
Cost of installation| The total cost involved to instg
on newly produce(the system on a single new 64,147 6,750 € Survey
aeroplanes produced aeroplane.
Cost of installatiof The total cost involved to inste
on already produce{the system on an already| 64,147 6,750 € Survey
aeroplanes produced single aeroplane.
. The additional equipment weigt
Weight , auip g 20.94 0.525 kg Survey
imposed by the system.
. The frequencyat which a fatal Accidents/flight
Fatal Accident Rate . g y 3.54 * 10° 9" ECR antbRsS
accident occurs. cycle
NonFatal Acciden The frequencyat which a non Accidents/flight
auency 2.48 * 10° 9" ECR and IOR!
Rate fatal accident occurs. cycle
Efficiency of theThe percentage of accidentg 90 50 % ECR and IOH
system preventedby the new equipment ° (see below)
Fatalities el Theproportion of actual fatalitieg
. Pe| Theprop | 60 % ECR and IOR!
Accident when a fatal accident occurs.
Based or
The average number of passen 20 (Low) average
Average Number dseats per aircraft. Used in th number of
Passenger Seats p costbenefit and cost - fatalities
Aircraft effectivenesanalysis as a variab Mid-point
to explore different scenarios. |80 (Medium) between low
and high
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Average in El
140 (High) CS25  (Flight
Global)
Value of a| The valuecorresponding to the European
. . . 3,500,000 o
Prevented Fatality | prevention of a fatality. Commission

Since no quantitative information was provided through the survey on the additional maintenance
and training cos of the two systems (OBTPMS, GTPIS), despite questions beingasskedhis,
these elements were not analysed in the cbsinefit and coseffectiveness analysidleither isthe
dispatch reliability cost quantified here, biitshould not be forgotten wn assessing the results of

both analysis.

In addition the cost ofsysteminstallation on an already produced aeroplane is assutmetie
identical to the cost of installation on a newly produced aeroplane, as showahte 2 although
there may besomeadditional cost impact for operatarin the first scenario. As a consequence, the
scenario where a retrospective installation is mandatédption 5) is somewhat optimistically
evaluated in the cosbenefit and coseffectiveness analysis, sinte retrofit will probablybe more
costy than an installation on a newly produced aeroplane due to the additional downtime it may
cause during the installation work. This should also be kept in mind when interpreting the results.

Furthermore, as can be seen fromabk 2, there are three scenarios defined through the parameter
"average number of passenger seats per aeroplaB doing so, the effect of different aeroplane
sizes can be assessed ahd tespective sensitivitgan beanalygd. The values corresponding to

these different average number of passenger seats per aeroplane are 20, 80 and 140. The latter is
the average of thdleet of EU C25 large aeroplaneswhile a value of 20 would correspond to the
estimated average seatin@pacity of a business jet. In between those two values, the average of 80
was selected to provide another example and provide these three scenarios.

The efficiency of the two systenf®BTPMS and GTR&) to be defined. In order to do so, the options

have been assessed against the reported accidents and serious incidents identified in the EASA
database 2002016 (see Appendix 2), to determinghether they could have prevented these
occurrences. It has been assessed that an OBTPMS could have preventdédeaB occurrencem

the EASA database (202R216).1t is likely that aGTPIS could have prevented 6 of the occurrences
(although in 4 cases there is an uncertainty about how long the aeroplane was operated with
underinflated tyre9; in the 2 other occuwences a GTPISnay have been usefubut there is not
enough information to be confident. In order &stablishan average percentage value, a scalas
defined, with each scale corresponding to a percentage. Thie stahe different probabilities of
prevention, which was assessed by EASA, is shoWabie3.

Table 3 - Defined Scaling for Efficiency of Systems

Probability of Prevention of Accidenti Scale
Definite 100%
Highly Probable 90%
Probable 60%
Maybe 40%
No 0%

Looking at the identified accidents in the ECR and IORS of Appendix 1, the average probability of the
prevention of an accident was found to be @&¥or the OBTPMS system, while the GTPIS system
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resulted in an average efficiency of @&n preveningan acident. As a result, these values were used

in the costbenefit and coseffectiveness analysis.

Finally, theproportion of the aeroplanesn operation that are alreadgquipped with (one of) the

two systemgequired quantification Since there is no nedd install a GTPIS system on an
aeroplanethat isalready equipped with an OBTPMS system, and the installatian @BTPMS is
more widespread on current igervice aeroplanes, thgroportion of aeroplanesn operation

already equipped witla GTPIS was setjual to theproportion of aeroplanesn operation that are
already equipped with an OBTPMS. In ordeedtablishthe actual values, as shown in

Table2, theresults of thesurvey were used.

As far as the current iservice aeroplanes are concernedyis found from the operator survey that
13%o0f the total fleet of aeroplanes have an OBTRNS$alled This result is visuadid inFigure 3

Usage of OBTPM$>roportion of Aeroplanes (A/C)

AIC of Air Operators
with OBTPMS
34%

Figure 3 — Usage of OBTPMS as a proportion of the total number of aeroplanes

Regarding the aeroplanes whighll be produced in the futuréhat hawe an existing ola new type
certificate, there is a common understanding amongst operators and manufacturers etihenof
the two systems will becomeidely installedhroughout the fleet of aeroplaneif the installation is
not mandated as can be seen frofigure 4 Figureb, Figure6, and Figure7. Also, the trend that
OBTPMS will be more widely implemented than GTP$Sis confirmed, validating the earlier
assumption.
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The intention to require The intention to require
OBTPMSs on future GTPISs on future aeroplanes
aeroplanes

Figure 4 — Requirement for OBTPMS on future aeroplanes Figure 6 — Requirement for GTPIS on future aeroplanes
Installation of OBPTMS as Installation of GTPIS as
Standard Equipment for new Standard Equipment for new
type designs type designs

Figure 5- OBTPMS as standard equipment for new type designs Figure 7 — GTPIS as standard equipment for new type designs

In the manufactures survey, an estimatevas requested bthe proportion of already certified
aeroplanesn operation thathave one of the two systemmstalledfor aeroplaneshat wereproduced
after 2018. Based on this, a value of%@vas obtainedfor the proportion of aeroplaneghat were
produced after 2018with a type certificate issuelly 2018, which will have installed the OBTPMS
system This valuevas used in the codienefit and coseffectiveness analysis.

Finally, theproportion of aeroplaneghat wereproduced after 2018 with a typeertificateissuedafter
2018, which will havan OBTPM$stalled was estimated to be 58 This wasa tradeoff between
the more increasing trend of installing OBTRM& aeroplanes (from 1% on alreadyproduced
aeroplanes to 40% on newly produced a®planes with an existing type certificate), with the
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reluctance of operators topt for the installation on future aeroplane§igure 4 and manufacturers
to install it as standard equipmeriEigureb).

4.5.1.2 Results
Havingestablishedan estimate for thgroportion of aeroplanesn operation that areequipped with
(one of) the two systems, a fleet development model was used to predict the faturderof large
aeroplanesalong with theflight cycles and flight houysintil the year 2046. The results dfis model
can be found in Appendix 4. Applying the different optiaamgthis fleet development modednables
an estimate of theevolution of the fleet of aeroplanes for each of the optidade made Thisshows
the evolution of thefleet of aeroplaneghat are equipped with either an OBTPMS or GTPIS until the
year 2046. This evolution for Option 3,a&hd 5 can be found ifigure8, Figure9 and Figurel10
respectively.
In these figures and in the proceedings, all aeroplanes are classified accordmgjrtetatus with
reference to the baseline year 2018js being
8 Already produced: aeroplanes alreadysirvice in or before 2018
8 Newly producedreviously issuetlypecertificate): aeroplaneshat are produced after 2018
with a type certificatéssuedby 2018 and
8 Newly produced (newype certificate): aeroplaneghat are produced after 2018 with a type
certificateissuedafter 2018
For clarification purposes, the different options are repeated below, to assist with the interpretation
of the results.

Table 4: Selected policy options

Option | Short title Description
No
0 No policy change No policy change (no change to the rules; risks remain as outlined i

issue analysis).

1 CS25-Tyre Pressure Amend C£5 to requirenew applicants to provide in the ICA a tyre
Check Interval pressure check procedutbat isscheduled at a suitable time interval
(i.e. daily, omt another substantiatednterval).

2 CS25-Tyre Pressure Option 1 + amend Paf26/CS26 rule to requireall existingoperators
Check Interval +Part of large aeroplanes to implement in the aeroplane maintenance
26/CS26—Tyre Pressure programme (AMP) a tyre pressure check task at a suitable time
Check Interval interval (i.e. daily, oat another substantiatednterval).

3 CS25-AlertingSystem + Mandate in C&5that new applicantsnstalla means to alert the fligh
Part26/CS26— Tyre crew d an unsafe tyre pressure either before dispatch of the

Pressure Check Interval  @eroplane, or during the operation of the aedape, i.e.:

o} either a TPMS, or
o} aGTPIS.
o} Amend Par26/CS26 as described in Option 2.

4 CS25-—AlertingSystem + Option 3 tamend Par{26/CS26 to require the installation of a mean:
Part26/CS26 (newly to alert the flightcrew d an unsafe tyre pressure either before
produced)-Alerting dispatch of the aeroplane, or during the operation of the aeroplane
System i.e.
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CS25—AlertingSystem +

Part26/CS26 (full retrofit)
— Alerting System

0 either a TPMS, or
o] aGTPIS,

on large aeroplanes produced afté years after entry into force of
the regulation.

Option 3 tamend Part26/CS26 to require the installation of a mean:
to alert the flight crew an unsafe tyre pressure either before
dispatch of the aeroplane, or during the operation of the@#ane,
ie.

o} either a TPMS, or

o} aGTPIS,

on large aeroplanes afteB[years after entry into force of the
regulation.
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Aircraft Fleet Evolution (Situation at end of yea@ption 3
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Figure 8 — Aeroplane Fleet Evolution for Option 3 (Equipped = either OBTPMS or GTPIS)

Aircraft Fleet Evolution (Situation at end of yea@ption 4
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Figure 9 — Aeroplane Fleet Evolution for Option 4 (Equipped = either OBTPMS or GTPIS)
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Aircraft Fleet Evolution (Situation at end of yea@ption 5
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Figure 10 — Aeroplane Fleet Evolution for Option 5 (Equipped = either OBTPMS or GTPIS)

With this information, the cosbenefit and coseffectiveness analysis can lbenducted For this
particular case, the following costs and benefits were modelled:

d Development andertification costs;

Retrofit andinstallationcosts;
Additionalfuel and COZ2osts;
The kenefit of preventedfatalities
The kenefit of avoidedaccidentinvestigatiors;
The kenefit ofavoidedaeroplanedamage and
d The kenefit of avoidedairport disruption
All these costs and benefits lead to the following output, on which an assessment to compare the
different options can beonducted

d CBAratio: the total benefits divided by the total cost value higher than 1 indicates a
costefficient strategy, as the benefits would eeaterthan the costs.

d Netpresentvalue: the total benefits minus the total cost positive value indicates a strategy
where the berfits aregreaterthan the cost. The values have been discounted in order to
calculate the present value

d Discountedpreventedfatalities: the totalnumberof prevented fatalities, but discounted to
account for a time preference for the present, a techmquhich was also employed for the
economic parameters. The mathematical formula for discounting a given value Y by a discount
rate X can béound below

QX Ox Ox Ox Ox

&
P
d Net cost per prevented fatality: the net present value, excluding the prevented fatalities,
divided by the discounted prevented fatalities, it indicates the net cost to avoid one single
fatality.

&

*x TE.RPRO.000®10© EuropeanUnionAviation Safety Agency. All rights reserved. ISOgéfified.
L Proprietary document. Copies are not controlled. Confirm revision status through the EASA iimtanst. Page34 of 60

*
* ok

An agency of the European Union



EuropeanUnion Aviation Safety Agency NPA 2@0-05

4. ImpactassessmentlA)

Table5 shows all these output parameters for the three optio@ption 3, 4 and 5) in combination

with the variationin the average number of passenger seper aeroplane for the two systems
(OBTPMS and GTPIS). The breakdown of the total costs and benefits can be retrieved in Appendix 5
and Appendix 6.

Table 5 — Results of Cost-Benefit and Cost-Effectiveness Analysis for Options 3, 4 and 5 with variable number

of

pax. seats

Average Number of Pax Seats
140
Option 3 | Option 4 | Option 5 | Option 3 | Option 4 | Option 5 | Option 3 | Option 4 | Option 5

Average Number of Pax Seats =| Average Number of Pax Seats =

GTPIS | 0.301 0.373 0.413 0.567 0.702 0.779 0.833 1.032 1.144

CBA Ratio]

OBTPM 0.045 0.052 0.057 0.085 0.098 0.107 0.125 0.145 0.157

Net Present

GTPIS | -8.349 -21.880 | -43.754 | -5.174 -10.382 | -16.498 | -1.999 1.117 10.759

BTPM
Val ue g -114.360 | -353.959 | -766.619 | -109.597 | -336.710 | -725.734 | -104.835 | -319.462 | -684.850
Discounted | GTPIS | 0.40 1.44 3.40 1.30 4.72 11.19 2.21 8.01 18.98
Prevented OBTPM
. 0.59 2.15 5.10 1.96 7.08 16.78 3.32 12.01 28.47
Fatalitesf] | S

Net Cost per

GTPIS | 24.568 18.745 16.361 7.470 5.699 4.974 4.404 3.360 2.933

Prevented
Fat al i

OBTPM

S 195.884 | 167.915 | 153.728 | 59.555 51.052 46.739 35.116 30.102 27.559

As can be seen froiable5, thereare only two casegyfey highlightswhere a cosefficient scenario
is present, i.e.

d inthe case of a GTPIS implementation following Optipant
d inthe case of a GTPIS implementation following Option 5

For all threeof the defined average numbeiof passenger seats per aeroplar@gtion 5consistently
scores slightly higher, but closettee Option 4result Taking into account the fact that the cost of a
retrofit exercise has been sets being the same ake cost of installatioron a newly produced
aeroplane which is a likely underestimate of the actual cost, it can be deduced that in réaditiull
retrofit scenario Option 5) will be less desirable than the scenario where only newly produced

ae

roplanes are targetedoption 4), when comparinghe two options from a coshbenefit and cost

effectiveness point of view. Obviously, due to the higher efficiency of the OBTPMS comwjthrea:
GTPIShe OBTPMS prevents more fatalities, albeit at an additional cost. It should be noted that none

of

the options specikeswhich of the two systems would need to be installed.

Figurellvisualigs the trend of the CBA ratio with the average number of passenger seats for the two
systems and the three options.
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CBA Ratio versus Average Number of Passenger Seats per Aircraft
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Figure 11 — Variation of CBA Ratio with the average number of passenger seats per aeroplane (OBTPMS and GTPIS)

Similaty as withTable5b, it is alsovisiblefrom Figure9 that only two cases score positively from a cost
benefit perspectivethesebeing Option 4 and Option 5, applying GERdS an aerage number of
passenger seats per aeroplane equal to 140.

Also, the sensitivity of the codienefit ratioto the average number of passenger seats per aeroplane
can be assessed froRigurell. It is clear that althe options related to the GTPIS are more sensitive
to the average number of passenger seatsmparedwith the OBTPMS options. Furthermore, Figure

9 showsthat requiring the installation of an OBTPMS, independent of which option is pursued and
how high the agrage number of passenger seats per aeroplane is chosen, will never reach a point at
which the benefits outweigh the costs.

Theeconomics of théwo cases, i.e. GTRI@mbinedwith an averagd 40 passengeseatsandOptions

4 and 5, are broken down iRigue 12 and Figure 13. Here, the total annual cost, benefit and
cumulative net cost/benefit are depicted for each year.
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Figure 12 — Evolution of Economics of Option 4 (GTPIS) with an average number of passenger seats per aeroplane of 140
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Figure 13 - Evolution of Economics of Option 5 (GTPIS) with an average number of passenger seats per aeroplane of 140
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From these figures, it can be seen that a breakn point is reached foDption 4 in 2045 which
Option 5would have alreadyreachedin 204@. Nevertheless,the fact remainsthat Option 5was
optimistically assessed due to the vakedectedfor the cost of retrofit which has been taken to be
equal to the cost of installatioan a newly produced aeroplane
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In conclusion, the codienefit and coseffectiveness analgs indicatethat only one scenario, i.e.
equipping aeroplanes with a GTPIS and an average number of passenger seats per aeroplane of 140
(or more), will provide a situation where the benefits apeaterthan the cost, if a fultetrofit or a
production cutin is performed. The results of these ctsnefit and coseffectiveness analysis will

be used in the later subsections, where other impacts are analysed to compare the options.

Proposato stakeholderon economic impacts

Stakeholders are invited to provide quantified justification elements on the possible economic impacts
of the options proposed, or alternatively to propose another justified solution to the issue.

4.5.2. Safety impact

Regardingption 0, since no policy action walbe taken, no fatalities or accidents will be prevented.

As a direct quantification of the number of fatalities preventeddpgion 1 andOption 2 (requiring a

daily pressure checlo be used, ora check atnother interval agreed witfleAS/Aor the competet
authorities of Member Statgsis rather difficult to estimate, the occurrences found in the ECR and
IORS database between 2002 and 2016 have been reviewed. Among the 8 occurrences (accidents and
serious incidents triggered by inadequate tyre inflatioegsure), a daily tyre pressure check would
probably have prevented 2 occurrences, in 1 case it would not have helped, and in the other,5 cases
it may have prevented the occurrence depending on the duration of the uimflation orthe leakage

rate. Thebenefit of agreaterpressure check time intervdimited to a reasonable value agreed with
EASAIs difficult to assess: in 1 casiewould have prevented the accident, in 1 caisevould not have
helped, and in the other 6 casésmay have preventethe occurrence depending on the value of this
interval and other factors.

One of the outputs of the codienefit analysis is the number of prevented fatalitieOptions 3, 4

and 5 between 2022 and 2046, both discounted and-dizcounted.Table5 displys the discounted
values for the different scenaripsvhile Figurel2 shows the variation of the nediscounted
prevented fatalities with the average number of passenger seats per aeroplane.
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NonDiscounted Prevented Fatalities versus Average Number of
Passenger Seats per Aircraft
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Figure 14 — Variation in the non-discounted prevented fatalities versus the average number of passenger seats per
aeroplane

As can be seen frofable5 and Figurel4, the full retrofit scenario@ption 5) achieves thgreatest
number of prevented fatalities, followed by targetjnall newly poduced aeroplanesCption 4).
Mandating the installation of a systeonly onnewly certified aeroplanesOption 3) prevents the
smallesthumberof fatalities. For each of these options, the OBTPMS prevents more fatalities than the
GTPIS duentits higher efficiency.

Combining all the previous information, the following scoring of the different options for the safety
impact is proposed:

Option 1: 0 to +

Option 2: +

Option 3: + to ++

Option 4: ++

Option 5: ++ to +++

4.5.3. Environmental impact

RegardingDption 0, since no policy action would be taken, no environmental impact can be avoided
or caused.

Regarding the daily tyre pressure check, there is no impact on the environment through additional
fuel or CQ, as no system is added to the aerapa
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EuropeanUnion Aviation Safety Agency

Through the use of the surveljat wasdirectedat the manufacturers, the existence of a significant
impact from the two systems (OBTPMS and GTPIS) on the fuel consumption and emissions was
checkedFigurel5andFigurel6show therepliesreceived regrding OBTPMS and GTPIS, respectively.

Existence of a Significant
Impact from OBTPMS on Fuel
Consumption and Emissions

Existence of a Significant
Impact from GTPIS on Fuel
Consumption and Emissions

Figure 15 — Existence of a significant impact on fuel
consumption and emissions from OBTPMS

Figure 16 — Existence of a significant impact
on fuel consumption and emissions from
GTPIS

Themajority of the manufacturers believe that adding one of the two syst€@BTPMS and GTPIS)

will not cause a significant impact on the fuel consumptiolenemissions.

Nevertheless, through the additional weight estimate available from the -besefit and
costeffectiveness analysis (sdable2), the additional fuel and G@ost was estimated foDptions

3, 4 and 5 and the two systems. Since the additional fuel angc@@sed by the addition of a system

is independent of the average number of passenger seats per aeroplane, only one value is obtained
for these parameters per option for each of the two systems.

Table6 provides the values for the discounted additionallfaad CQ@costs between 2022 and 2046

for Options 3, 4and 5, and for each of the two systems.

Table 6 — Discounted Additional Fuel and CO2 Costs for Options 3, 4 and 5

Discounted Cost System Option 3 | Option 4 | Option 5
S GTPIS 0.362 1.309 3.021
Addi tional
OBTPMS | 14.451 52.229 120.531
S GTPIS 0.092 0.322 0.660
Addi tional
OBTPMS | 3.680 12.830 26.329

Asshown byTable6Table, an additional fuel and GQ@ost is to be expectedue tothe additional
weight of the aeroplane. Between the two systentse OBTPMS incurs higher negative impacts due
to it being amore complex and heavy system. For each of these three options, there is the choice
between the two systems, giving the user the flexibility to decide which systeimstall, if one of

these three options is pursued. Even though an additional fuel and@®Dis apparent from the cost
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benefit and coseffectivenessanalysis foOptions 3, 4and 5, theproportionit represents compared
with the total cost is still relatively low, as can be seen from Appendices 5 and 6.

Combining all the previous informat, the following scoring of the different options for the
environmental impact is proposed:

Option 0: O

Option 1: 0

Option 2: 0

Option 3:-to O

Option 4:-

Option 5:--to -

4.5.4. Social impact

RegardingDption 0, since no policy action would be taken, no abichpact is expected.

As far as thayre pressure checkonducteddaily (orat other interval agreed withEASAor the
competent authorities of Member Statggs concerned, both small positive and negative impacts are
to be expected concerning the sociab&ct. On one hand, it might create additional labour due to the
increased frequencyin some case)f the tyre pressure check task. On the other hand, a reduction
in the interval of thetyre pressure check might not necessarily leacny additional wokload This

is because a tyre pressure check can be conducted in parallel with other tasks which already need to
be performed on an aeroplane.g.visualchecksof the tyre condition).

Introducing a new system onto an aeroplane (eitagsTPIS or OBTPNt8 Options 3, 4and 5) will
result in the need foadditional training for flight crew and maintenance personnel, both initial and
recurrent. Nevertheless, this impact is estimated to be ratlogr, which is also consistent with the
resultsfrom the surwey of manufactures.

Combining all the previous information, the following scoring of the different options for the social
impact is proposed:

Option 0: 0

Option 1:-/+

Option 2:-/+

Option 3: 0

Option 4: 0

Option 5: 0

4.5.5. Economic impact

In order to assess theconomic impact of applying a daily tyre pressure check, the operator survey
resultswere consulted.Figurel7 displays the current time interval strategy between tyre pressure
checks of the operators, expressedtie maximum elapsedime inhours.
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Air Operators' Tyre Pressure Check Time Interval Strategy

Uniform Tyre Pressure
Check Across Fleet2h
10%

Figure 17 — The time interval between tyre pressure checks, expressed in the maximum elapsed time in hours, of
operators

In order toalsoincorporate the size of the different operators, thpeoportion of aeroplaneshat
would be impacted by the application oh@andatorydaily tyre pressure ched&shown inFigurel8.

Proportion of aircraft
impacted by mandating a daily
tyre pressure check

Figure 18 — Proportion of aeroplanes that would be impacted by mandating a daily tyre pressure check
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Although most of the operatorsonductdaily tyrepressure checkontheir aeroplandileets(i.e. 70%),
when looking at the corresponding number of aeroplanes, it appeardiieanajority of them(62%)
would actually beaffected ifa daily tyre pressure cheakas mandated As a result, there is still
minor economic impact to be expected when a daily tyre pressure check is introducedlesbtbian
from the installation of a new systeon the aeroplane (OBTPMS or GTPIS).

In order to assess the economic impaxdtthe quantitative options, i.eOptions 3, 4 and 5, the
costbenefit analysis results are used, and more specifidhiéytotal discounted cumulative net cost
for the European industry between 2022 and 2046 is deriveth pdrameter takes into accouatl
the costs (development and dification, installation, additional fuel and @Ominus the direct
benefits for the industry (aeroplane damage aheé avoidance o#irport disruption).Table7 shows
this parameter for the three options and two systems, as it is independent of the averagber of
passenger seats per aeroplane.

Table 7 — Total Discounted Cumulative European Industry Net Cost between 2022 and 2046
Option 3 | Option 4 | Option 5
Tot al Cumul ative | |GTPIS 10.714 30.459 64.192

(excluding economic  benefits  fror
prevented fatalitiesand avoided acciden| OBTPMS | 114.365 | 354.480 | 771.937
investigation)

FromTable?, it is obvious that a substantial difference exists between the two systems, for all options.
Comparing the different options, there issignificantincrease in the total cumulative industry net
cost fromOption 3 to Option 4 and fromOption 4 to Option 5, due to theincreasedproportion of
aeroplaneswhich areaffected by a mandateo install eitheranOBTPMS aa GTPIS.

Combining all th@revious information, the following scoring of the different options for the economic
impact is proposed:

Option 0: 0

Option 1:-to O

Option 2:-to 0

Option 3:--

Option 4:---

Option 5:--—

4.5.6. General Aviation and proportionality issues
None identified.
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4.6. Conclusion

4.6.1. Comparison of options
Table8 shows the result of the muliiriteria analysis of the different options, which is derived from
the previous subsections.

Table 8 — Multi-criteria analysis comparing the different options
Option 0 | Option 1 | Option 2 | Option 3 | Option 4 Option 5
No policy| CS25 Option 1| Option 2| Option 3 +| Option 4
chang Tyre + Part |+ C&5| Part26/CS | + Part
pressure | 26/CS26 | Alerting | 26 Alerting | 26/CS26
check Tyre system system Alerting
interval pressure (Production| system
check cut-in) (Full
interval retrofit)
Safety 0 Oto+ + +to ++ ++ ++ 10 +++
Environmental | O 0 0 -to 0 - --to -
Social 0 -+ -1+ 0 0 0
Economic 0 -to 0 -to 0 - -
Overall 0 0 Oto+ -to 0 -- -—-t0 --

When comparing the options in the above tablewibrthwhile consideringhat no root cause was
identified for themajority of the occurrencethat involved a tyre failure, and therefore the safety
benefit shown in the table above may be undmtimated (B accidents, including 2 fatal, are
guestionableas explained ifgection4.1.2.6 above).

Option 0 isneutral, and would leave the identified safety risk at the same level

Options 4 and 5, although promising the highest safety begeditt not recommenda because of
the substantial economic and environmental impaethich are not sufficiently balanced by the safety
benefits.

Option 1 would improve safeinthe long term by better controlling the ICA of new aeroplane designs.
However, it would not addresthe risk on existing aeroplanes that are in operation.

Option 2 would impove safetyon all aeroplanes in operatiorwithout introducing asignificant
economic impact, andould haveno environmental and social impadh addition, 1 is simple to put
in place and it does not require design changebe made

Option 3 would ensure that future types of large aeroplanes are equipped with an active monitoring
system QBTPMS (probably in most of the cases) or GTPISyanid therefore further improve safety
comparedwith the maintenancerelated action ofOption 2. It would better mitigate the risk of human
error which still exists inthe absence ofan active systemand it would createno or very low
environmental impact and no social impactHowever,the associated economic impact may be
considereddisproportionateregardng the magnitude of the safety risk.

Therefore Option 2 is selectedWith this option, EASA proposes that large aeroplane manufacturers
and operators carchoose between the tyre pressure check being performed at a suitable interval,
andthe installation ofa tyre pressure monitoring system (as a roandatory alternative).
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4. ImpactassessmentlA)

4.7. Monitoring and evaluation

The monitoring of the effects created by the proposed amendment of-B&r(and the related
amendment of C26), as well as the corresponding amendment o6 Swill consist of:

(a) experience gathered by EASA and the competent authorities of Member States
regardingthe approval oflongertyre pressure check intervals thavith a daily
check

(b) the trend in the number of tyre pressure monitoring systems, or other types of
alerting systems (e.g. GTBIBeing installedand

(c) in the long term, the direction of # trend in the numbers of accidents and
serious incidents associated with tyre failures, in particular when such fadtee
causedby the inadequate inflation of tyre

Item (a) depends on the applications received EASA and the competent authoritiesMember
Statesafter the amemiment of Part26/CS26 and C&5. A review may be made at the earliest five
years after the amendment of Pa26/CS26 and CS5.

Item (b) depends on the decision made by large aeroplane manufacturers and opgesdise
ingtallation of these systems is not mandated. A review may be made at the earliest five years after
the amendment of Park6 and C&5.

Item (c) would be available once the aeroplargzerated with tyres checked in compliance with the
new Part26 rule (i.e.either daily or at another intervalapproved by EASAr the competent
authorities of Member Statg@shave expeenced sufficient timein operation In orderto obtain
relevant statistical information, this may be performed at least 5 years after the deggiovided in

the new Part26 rule for compliance of the AMP

In addition, the changes made to €% and Par26/CS26 might be subject to
interim/ongoing/expost evaluation that will show the outcome that is obtained after the application

of the new ruges, taking into account the earlier predictions made in this impact assessment. The
evaluation would provide evidendeased judgement of the extent to which the proposal has been
relevant (given the needs and its objectives), effective and efficient, eaheand has achieved added
value for the EU. The decision as to whether an evaluation will be necessary should also be taken
based on the monitoring results.
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5. Proposed actions to support implementatic

5. Proposed actions to support implementation
—  Focused communication for advisory body meeting(s) (TeB, STeB)

(Advisory body members)

N/A

— Providing supporting clarificatioria electronic communication tools EASNAAs (CIRCE&B
SINAPSE or equivalent)
(Primarily targeted audience Competent Authority)

N/

—  EASAKircular
(Primarily targeted audience Competent Authority, Industry)

N/A

—  Detailed explanation with clarification anmedicated hints on the EASA web
(Industry, Competent Authority)

N/A

—  Dedicated thematic workshop/session
(Industry, Competent Authority)

N/A

—  Seres of thematic events organised on the regional principle
(Industry, Competent Authority)

N/A

—  Combination othe above selected means
(Industry, Competent Authority)

N/A
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7.

Appendices

7.1. Appendix 1: Occurrences confirmed to be caused by tyre under- or over-inflation - ECR and IORS databases 2002-2016

Occurrence:
class per AAIB |Aircraft i Flight phase of Serious
Occurrence date - |report T |Location name - [State of registn - |registration - |model - |Model - |Description - |[Key. -T|Comment - - |Factors - |Fatalities |Injuries Other damage
Both of the transport airplane's center landing gear tires (#s 9 and 10)
shredded during takeoff roll, damaging the door retraction arms and mul The tyre pressure was
Ifuselage skin panels. The flight crew could not retract the landing gear { Tyre burst - Under Fuse plug had a 6-psi leak [checked 30 hours before th{Inadequate Maintenance - [Damage of the door retraction arms and multiple fuselage
18 August 2003 Serious inciderjHonolulu , Hawaii Canada C-FYKX IAIRBUS /AIRBUS-A340 |elected to return to the departure airport and performed an uneventful _|inflation TIo. lover 12 hour period time __|occurrence Fuse plug leaking 0 o|panels.
Substantial.
\Wheel well, vertical stiffener, flight control hydraulic pressul
line, brake hydraulic line, an electrical control unit, puncturg
[the upper pressure deck, one light, puncture on fwd body
landing gear door, main body landing gear door, link of a d
broken, wing to body fairing punctured. The 1580 frame wa:
missing a large piece of the web and lower cap while the uj
cap was present but deformed. The 1620 frame had a hole
[the web and a cracked upper cap. The fuselage skin under
[the wing-to-body fairing had several punctures adjacent to
fairing damage and several large pieces of the fragmented
\wheels were found embedded in the skin. The damage to
On December 19, 2005, at 2030 Pacific standard time, the four right body| lfuselage under the wing-to-body fairing was located in the
landing gear (RBLG) tires on a Boeing 747-400, Indian registry VT-AIM, between two lap joints on the lower right side of the fusela
operating as Air India 136, burst during takeoff from Los Angeles Interna| Between STA 1520 and 1560, there were three relatively lai
|Airport, Los Angeles, California. holes, which measured 10 inches by 8 inches, 10 inches by|
|After the event, the airplane circled off shore to jettison fuel in order to If inches, and 8 inches by 4 inches, respectively, along with
IThe specialist that reported and identified the initial debris on runway 2§ several smaller holes and scraping damage. There were tt
reported that after the airplane landed there was some debris on runway| additional holes between STA 1600 and 1640 that measureq9 runway lights, 1 taxiway light
|As the airplane approached the east end of runway 25L to land, the spe{ Inadequate Maintenance - inches by 3inches, 8inches by 2 inches, and 10 inches by ]Jdamaged, runway concrete
noted that none of the main body landing gear tires on the right side wei| Tyre burst - Under Incorrect installation of the: Incorrect installation of the inches, along with several more areas with dents and scrap{damage (skid marks, scrape
19 December 2005 |Accident Los Angeles , C: IVT-AIM BOEING BOEING-747 _|evident. The airplane touched down at 21565. linflation [T/o inflation valve inflation valve 0 O|damage. The lower fuselage skin aft of the wing-to-body |marks, and grooving)
(On November 25, 2007, at 0042 mountain standard time, a Boeing 737-8
IN3744F, registered to and operated by Delta Air Lines, Inc., of Atlanta
Georgia, and operating as flight 430, sustained minor damage when the'
on the right outboard tire came off and struck the airplane during takeoff|
[from Phoenix Sky Harbor International Airport (PHX), Phoenix, Arizona.| | The tire was examined by tt
| The takeoff was continued and no other anomalies were noted. Soon aff |tyre manufacturer and
leveling off at FL330, the crew was advised by air traffic control that tire laccording to its report, "The:
[fragments had been found on the runway and that they had possibly haq most likely cause of the trea| Hydraulic system A lost fluid.
tire failure on takeoff. Shortly thereafter, the crew noticed hydraulic syst{ separation is [severe] Post-incident inspection revealed the tread on the right
|A was losing fluid. The decision was made for the airplane to divert to D Probably Inadequate outboard tire had come off and had struck the inboard and
International Airport (DEN), Denver, Colorado. After declaring an emerg| [underinflation and/or maintenance - Tyre pressure midspan flaps, necessitating their replacement. In addition |
lthe crew made an overweight landing on runway 16R using 40 degrees {Tyre tread detachment| overloading) during use in Icheck or inflation not leading edge of the right horizontal stabilizer had been stru
|25 November 2007 |Serious inciderjPhoenix , Arizona United States _ [N3744F BOEING BOEING-737 _|flaps. The airplane landed at 0247. Under inflation 10 service]." ladequate (under inflation) o 0land required
On July 23, 2008, approximately 2230 mountain daylight time, an Airbus
Industrie A319-114, C-FYJP, registered to and operated by Air Canada ¢
piloted by an airline transport certificated pilot, sustained minor damage|
\when the right inboard tire failed during takeoff at Denver International
|Airport, Denver, Colorado.
|According to Air Canada, as the airplane accelerated for takeoff on runw|
|the captain detected a whistling noise and realized his side window was|
secured. The takeoff was rejected and the airplane was taxied back. Be]
lthe second takeoff was initiated, the crew confirmed that all brake
ltemperatures were below 300 degrees Celsius (C.). Takeoff was initate{
gear retraction, which was delayed to allow the brakes to cool as a resul|
lthe previous rejected takeoff, was normal. When the flaps were retracte|
an F-LOCKED message was received. Slats were retracted and flaps re|
lto just short of the number 1 position. An emergency was declared. Whe|
airplane was configured for landing, the following messages were
illuminated: RIGHT UNLK ON PANEL; L/G SYS DISAGREE; L/G NOT D|
around was executed. The crew then contacted the company’s dispatch
Air Canada's department inforr| | The tyre manufacturer
lthe crew that if one GREEN triangle on the DOORS page was illuminate| lexamined the failed tyre an
lthe right landing gear was effectively down and locked. A flaps 3 landing concluded that the tyre
made on runway 16R. Although the landing was said to be smooth, therd sustained a casing break,
a noticeable vibration on the right side of the airplane. Minimal braking | likely due to prior pressure
used to slow the airplane on the 16,000-foot runway, and there was no loss, which led to complete Probably Inadequate
difficulty maintaining runway centerline. pressure loss, severe stres: maintenance - Tyre pressure [Not described in the IORS report, but probably some right
Post-incident inspection by FAA inspectors and Air Canada personnel [Tyre burst - Under on the tyre, and the Icheck or inflation not landing gear damages which triggered the ECAM message:
(23 July 2008 |Serious inciderfDenver |Canada C-FYJIP [AIRBUS [AIRBUS-A319 |revealed the right inboard tire (number 3) had failed. linflation [T/o tread separatior |adequate (under inflation) 0 O[(RIGHT UNLK ON PANEL; L/G SYS DISAGREE; L/G NOT
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class per AAIB i Flight phase of Serious.
|Occurrence date | - [report ¥ |Location name - |state of registry - |registration - |model - |Model - |Description - |Key Failure Modes 7 |tyre/wheel failure _.7|Comment - i - |Factors - |Fatalities _|Injuries i |Other damage
Iberia McDonnell Douglas MD-88, flight IB3575 from Vienna to Madrid wil
122 people on board, suffered a burst tyre, the debris of which was inge:
into an engine and caused the failure of that engine, during take-off frol
|Vienna at 1931, local time. When the crew attempted to land back to the|
airport, the gear was indicated unsafe (not locked into down position). T| Inadequate Maintenance -
\Vienna Intemational MCDONNELL [MCDONNELL [aircraft over flew the airport twice to have the landing gear checked out § Tyre burst - Under Valve stem fastening to rim Incorrect installation of the Engine damaged by ingestion of tyre debris.
31 July 2008 |Serious inciderfirport |Spain |EC-FPD. DOUGLAS _ |DOUGLAS-MD8|the tower. The crew managed a safe landing at 2050 hrs. linflation TI0 not secured inflation valve [ 0|Landing gear damage.
On September 19, 2008, about 2353 eastern daylight time, a Bombardier|
Learjet Model 60, N999LJ, owned by Inter Travel and Services, Inc., and|
loperated by Global Exec Aviation, overran runway 11 during a rejected
|takeoff at Columbia Metropolitan Airport, Columbia, South Carolina. The| |All four main landing gear
captain, the first officer, and two passengers were killed; two other tires on the airplane were. Damage to airport property.
passengers were seriously injured. operating while severely included some of the runway
IThe National Transportation Safety Board determines that the probable underinflated during the lapproach lighting, a localizer
o f his accident the erato [takeoff roll, which resulted it |antenna array, and the airport
ltires, which resulted in multiple (four) tire failures during takeoff roll due the tire failures. Inadequate Maintenance - perimeter fence. Concrete
severe underinflation, the |Tyre pressure had not been I Tyre pressure check and roadway right-of-way markers
(RTO) after V1, which was inconsistent with her training and standard ~[Tyre burst - Under checked for approximately inflation not adequate (unde! and a five-lane asphalt road wel
19 September 2008 |Accident Columbia United States _[N999LJ LEARJET LEARJET-60 |operating procedure: linflation IT/0 [weeks. inflation) 4 Destr d by impact forces and the postcrash fire. |also damaged.
During takeoff from runway 10 at Manaus-Eduardo Gomes International | Tests conducted on wheels
|Airport, the crew heard a loud extemnal noise followed by a yaw to the ri identified that the six
land then new noise, similar to a tire burst. Speed at the time of the connecting bolts of the right|
occurrence was just below V1. outer wheel torque with
| The crew decided to abort the takeoff by reducing the thrust levers and semicubos were
lengaging the spoilers. The aircraft did not have reversers and was parti 90% lower Probably Inadequate
Manaus-Eduardo Gome] controlled on the center of the runway with use of pedals and differenti lthan foreseen. Itis possible| Maintenance - Wheel bolts
International Airport, brakes. However, the aircraft could not be stopped on the runway and  [Tyre burst - Tyre unde! lthat this fact has contributed| not adequately torqued (air
|07 March 2010 |Serious Brazil PT-LIK LEARJET LEARJET-35A |overran by about 400 m. linflation T/I0 [to the tire deflation. [Ambulance leakage) 0l 0l
| The number 5 tire ruptured
[the tire pressure increased
due to the heat originating
[from the accumulated high
ltemperature and an Boeing information: fatigue
additional load caused by ar| the tyre, suspected under
imbalance of the diameter inflation, probably
between number 5 tire and |Boeing disagrees with the |maintenance related
number 6 tire while the of the inflation or
On 4 May 2010 at about 23:21, a Souther Air B747-300SF (Registration [Tyre burst - Under was moving a |i tion. Boeing check). Left wheel well door was damaged by the collision with the|
IN749SA, Freighter, hereinafter referred to as "Flight 720 Freighter”) linflation long distance for takeoff, anfthat the tyre n°5 suffered damaged tire fragments, and number 1 hydraulic return line|
performing flight SO720 from the Incheon International Airport, the Rept lthe number 6 tire ruptured ~ [fatigue effects on the Note: the official investigatio| lwas cut out, and the number 5 and 6 wheels were abraded
of Korea to Anchorage International Airport, the United States, had two fNote: the official because it could not bear alljstructure from over refers to operational and [friction with
Incheon Interational of the left main body gear disintegrated at a speed of about 150 knots dfinvestigation concludef lthe load that the number 5 |deflection, which may have [maintenance factors: long tay lthe runway. And the thermal Fuses of the wheels were
|Airport, Republic of BOEING-747- |takeoff rolling, so the captain rejected the takeoff immediately just beforto over ltire had to receive after it ha|been caused by operating |difference of tyre diameters activated so pressure leaked out Five (5) taxiway centerline light
104 May 2010 |Serious. USA IN749SA BOEING |300SF |the V1 speed. [TI0 ruptured. \with under inflation. (n°5 & 6) ol 0|from 12 tires. \were broken.
S TE.RPRO.000810© EuropeanUnionAviation Safety Agency. All rights reserved. ISOg6fified.
S o Proprietary document. Copies are not controlled. Confirm revision status through the EASA iimitanett. Page49 of 60
* ok
An agency of the European Union




EuropeanUnion Aviation Safety Agency

NPA 202€05
7. Appendies

7.2. Appendix 2: Potential mitigation means for occurrences confirmed to be caused by tyre under- or over-inflation - ECR and IORS
databases 2002-2016

Mandate daily
pressure check or |Require ICA with
other daily pressure
|On-board Ground tyre substantiated check or other
integrated tyre pressure interval (e.g. CMR |substantiated Compliance with CS 25.734
Occurrence pressure indication system |Mandate daily and ALS item), interval, witha  |Over pressure protecting structure & systems
class per AAIB |Aircraft Flight phase of monitoring system |(GTPIS) (before  [pressure check  |with a limit on the valve (per CS against tyre & wheel failure effects
Occurrence date | = [report T|Location name ~ |state of registry - |registratio| - |Aircraft Make/ Model |~ = |Key Failure Modes T |tyre/wheel failu .T|Factors ~ |(oBTPMS) each flight) (.g. CMR and ALS) interval interval 25.731(d)) (or formerly JAA TGM/25/8)
Both of the transport airplane’s center landing gear tires (#s 9 and 10) shredde:
during takeoff roll, damaging the door retraction arms and multiple fuselage ski
panels. The flight crew could not retract the landing gear and elected to return Inadequate Maintenance - Fi
18 August 2003 Serious incideriHonolulu , Hawaii Canada C-FYKX__ |AIRBUS-A340 departure airport and performed an uneventful overweight landing. Tyre burst - Under inflation |T/O plug leaking Yes Yes No No No No No
On December 19, 2005, at 2030 Pacific standard time, the four right body landin,
(RBLG) tires on a Boeing 747-400, Indian registry VT-AIM, operating as Air Indi
burst during takeoff from Los Angeles International Airport, Los Angeles, Califol
|After the event, the airplane circled off shore to jettison fuel in order to land. TI
specialist that reported and identified the initial debris on runway 25R reported Probably Probably Maybe Maybe
after the airplane landed there was some debris on runway 25L. As the airplan Dependenton  [Dependenton [Dependenton  [Dependenton
approached the east end of runway 25L to land, the specialist noted that none Inadequate Maintenance - duration of duration of duration of duration of Maybe. Compliance could have
main body landing gear tires on the right side were evident. The airplane touch Incorrect installation of the i i prevented some of the damages of
19 December 2005 |Accident Los Angeles , C: VT-AIM BBOEING-747 down at 2155.  Tyre burst - Under inflation |T/O inflation valve High probability |operation loperation operation loperation No hydraulic and eletrical systems.
On November 25, 2007, at 0042 mountain standard time, a Boeing 737-832, N37|
registered to and operated by Delta Air Lines, Inc., of Atlanta Georgia, and ope!
as flight 430, sustained minor damage when the tread on the right outboard tire
off and struck the airplane during takeoff from Phoenix Sky Harbor
|Airport (PHX), Phoenix, Arizona.
| The takeoff was continued and no other anomalies were noted. Soon after leve|
off at FL330, the crew was advised by air traffic control that tire fragments had b
found on the runway and that they had possibly had a tire failure on takeoff. Sh Probably Maybe Maybe Maybe
thereafter, the crew noticed hydraulic system A was losing fluid. The decision Probably Inadequate Dependenton  [Dependenton [Dependenton  [Dependenton
made for the airplane to divert to Denver International Airport (DEN), Denver, maintenance - Tyre pressure duration of duration of duration of duration of Maybe. Compliance should have
Colorado. After declaring an emergency, the crew made an overweight landing| Tyre tread detachment - check or inflation not adequat i prevented hydraulic system fluid
25 November 2007 |Serious incideriPhoenix , Arizona United States  |N3744F BOEING-737 runway 16R using 40 degrees of flaps. The airplane landed at 0247. Under inflation T/IO (under inflation) High probability |operation loperation operation operation No loss
On July 23, 2008, approximately 2230 mountain daylight time, an Airbus Industr|
|A319-114, C-FYJP, registered to and operated by Air Canada and piloted by an|
transport certificated pilot, sustained minor damage when the right inboard tire
failed during takeoff at Denver International Airport, Denver, Colorado.
|According to Air Canada, as the airplane accelerated for takeoff on runway 25,
captain detected a whistling noise and realized his side window was not secure
takeoff was rejected and the airplane was taxied back. Before the second take:
initiated, the crew confirmed that all brake temperatures were below 300 degres
Celsius (C.). Takeoff was initated and gear retraction, which was delayed to all
brakes to cool as a result of the previous rejected takeoff, was normal. When t!
flaps were retracted, an F-LOCKED message was received. Slats were retracte|
flaps retracted to just short of the number 1 position. An emergency was declar
\When the airplane was configured for landing, the following messages were
RIGHT UNLK ON PANEL; L/G SYS DISAGREE; L/G NOT DOWN.
was executed. The crew then contacted the company's dispatch and maintenar
Air Canada's informed the crew that if of
GREEN triangle on the DOORS page was illuminated, then the right landing ge|
effectively down and locked. A flaps 3 landing was made on runway 16R. Althof
the landing was said to be smooth, there was a noticeable vibration on the righ Probably Maybe Maybe Maybe
of the airplane. Minimal braking was used to slow the airplane on the 16,000-fo Probably Inadequate Dependenton  [Dependenton [Dependenton [Dependenton
runway, and there was no difficulty maintaining runway centerline. maintenance - Tyre pressure duration of duration of duration of duration of
Post-incident inspection by FAA inspectors and Air Canada personnel reveales check or inflation not adequat i
23 July 2008 Serious inciderjDenver Canada C-FYJP |AIRBUS-A319 right inboard tire (number 3) had failed. | Tyre burst - Under inflation |T/O (under inflation) High probability [operation operation operation operation No No
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Mandate daily
pressure check or |Require ICA with
other daily pressure
|On-board Ground tyre substantiated check or other
integrated tyre pressure interval (e.g. CMR [substantiated Compliance with CS 25.734
Occurrence pressure indication system |Mandate daily and ALS item), interval, witha  |Over pressure protecting structure & systems
class per AAIB |Aircraft Flight phase of monitoring system |(GTPIS) (before  [pressure check  |with alimit on the [limit on the valve (per CS against tyre & wheel failure effects
date |- |report 7| Location name - |State of registry - |registratio - |Aircraft Make/ Model |~ ~ |Key Failure Modes T|tyre/wheel failu .| Factors - |(oBTPMS) each flight) (e.g. CMR and ALS) |interval interval 25.731(d)) (or formerly JAA TGM/25/8)
Iberia McDonnell Douglas MD-88, flight 1B3575 from Vienna to Madrid with 122
beople on board, suffered a burst tyre, the debris of which was ingested into ar
engine and caused the failure of that engine, during take-off from Vienna at 19: Probably Maybe Maybe Maybe
local time. When the crew attempted to land back to the airport, the gear was Dependenton  [Dependenton [Dependenton  [Dependenton
indicated unsafe (not locked into down position). The aircraft over flew the airp Inadequate Maintenance - duration of duration of duration of duration of Maybe. Compliance may have
Vienna International MCDONNELL DOUGLA({twice to have the landing gear checked out by the tower. The crew managed a Incorrect installation of the i mitigated the engine and landing
31 July 2008 Serious incider|irport Spain |EC-FPD__ |MD88 landing at 2050 hrs. Tyre burst - Under inflation |T/O inflation valve High probability |operation loperation operation operation No gear damages.
On September 19, 2008, about 2353 easter daylight time, a Bombardier Learje|
Model 60, N999LJ, owned by Inter Travel and Services, Inc., and operated by G
Exec Aviation, overran runway 11 during a rejected takeoff at Columbia Metrop
|Airport, Columbia, South Carolina. The captain, the first officer, and two passen|
were killed; two other passengers were seriously injured.
I The National Transportation Safety Board determines that the probable cause Maybe. Wheel wells systems
accident was the operator’'s inadequ protection may have avoided the
resulted in multiple (four) tire failures during takeoff roll due to severe Inadequate Maintenance - Ty| luncommanded T/R stowage and
underinflation, and the captain's e pressure check and inflation forward thrust during the rejected
19 2008 |Accident Columbia United States _[N999LJ LEARJET-60 which was ith her training and standard operating Tyre burst - Under inflation |T/O not adequate (under inflation]Yes Yes Yes Yes Yes No T/ ensuing runway excursion.
During takeoff from runway 10 at Manaus-Eduardo Gomes International Airport,|
crew heard a loud external noise followed by a yaw to the right and then new n¢
similar to a tire burst. Speed at the time of the occurrence was just below V1. Maybe Maybe Maybe Maybe
I The crew decided to abort the takeoff by reducing the thrust levers and engagit Probably Inadequate Dependenton  |Dependenton |Dependenton  [Dependent on
Manaus-Eduardo Gome| spoilers. The aircraft did not have reversers and was partially controlled on the Maintenance - Wheel bolts n¢ duration of duration of duration of duration of
International Airport, center of the runway with use of pedals and differential brakes. However, the |Tyre burst - Tyre under adequately torqued (air Unknown. Aircraft damage info not
07 March 2010 Serious Brazil PT-LIK LEARJET-35A aircraft could not be stopped on the runway and overran by about 400 m. inflation TIO leakage) High probability |operation loperation operation operation No available.
Boeing information: fatigue of
the tyre, suspected under
inflation, probably
maintenance related
(inadequate inflation or
pressure check).
On 4 May 2010 at about 23:21, a Southern Air B747-300SF (Registration N749S;
Freighter, hereinafter referred to as "Flight 720 Freighter") performing flight SO|Tyre burst - Under inflation Note: the official investigatior| Maybe Maybe
from the Incheon International Airport, the Republic of Korea to Anchorage refers to operational and Dependenton  |Dependent on
Incheon Interational International Airport, the United States, had two tires of the left main body gear |Note: the official maintenance factors: long tax duration of duration of Maybe. Compliance may have
|Airport, Republic of disintegrated at a speed of about 150 knots during takeoff rolling, so the captair{investigation concluded to difference of tyre diameters i prevented the hydraulic line
04 May 2010 Serious USA N749SA  |BOEING-747-300SF |rejected the takeoff immediately just before the V1 speed. over pressure/overload  [T/O (n°5 & 6) High probability |operation loperation Maybe Maybe No damage.
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7.3. Appendix 3: Other Input Parameters for Cost-Benefit and Cost-Effectiveness Analysis
_ Value ,
Parameter Definition Unit Source
OBTPMS | GTPIS
. . . Standard value in
. The value by which all the total annual costs and benefits are discounted to
Discount Rate . 4.0 % Impact
into account the preference for the present over the leiegm future.
Assessment
. ) . . 3 ears after
The year by which all aeroplanes shall be retrofitted with a sytem installed (1 y_
. . ) . . 2026 (based upor entry into force of
) . or GTPIS), in the scenario of a full retrofit mandate (Option 5), meaning th
Retrofit Deadline Year . . . 31 December| - the Part26
aeroplanes will have to be equipped by the end of the previous year (end of .
in this @se) 2025) regulation
' (assumed 2022)
2026 3 years after
Installation Start Year for newly producg The year from which newly produced aeroplanes, must be equipped wi (corresponding to entry into force of
aeroplanes system (TPM8r GTPIS) (Option 4). the 1%t of January the Part26
2026) regulation (2022)
Entry into force of
CSs25
amendment
2026 (assumed to
Installation Start Year for aeroplanes tyj] The year fron which newly produced aeroplanes will be equipped with a sys (corresponding o happen by the
certificated in compliance with the ney (TPMS or GTPIS), in compliance with their type certification basis which man the 1 pof Jar?uar - end of202Q with
CS25 specifications the installation of such system as a result of the amendment e23{Sption 3). 2026) y five years
additional  time
for a type
certification
project)
€ / US| Value as of Jung
Fuel Cost - 1.85
uer-os Gal. | 2018
Average Number of Flight and Cabin Cr 5

per A/C
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IATA Air
Average Load Factor - 0.805 - Passenger
Analysis
Aeroplane Damage per Fatal Accident | The average cost associated with the aeroplane damage after a fatal accid( 16,000,000 € EASA Research
. The average cost associated with the aeroplane damage after afatain
Aeroplane Damage per NdratalAccident accident g P g 2,600,000 € EASA Research
Investigation Cost per Fatal Accident All costs involved during the investigation process of a fatal accident. 10,000,000 € EASA Research
Investigation Cost per NeRatal Accident | All costs involved during the investigation process of a-fadal accident. 1,000,000 € EASA Research
Airport Disruption per Fatal Accident Diversion, cancellation, delay costs. 2,384,500 € EASA Research
Airport Disruption per Nosfratal Accident | Diversion, cancellation, delay costs. 2,384,500 € EASA Research
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7.4. Appendix 4: Fleet Development Model used in CBA and CEA

**

* *

*
e

An agency of the
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Year Already Produced New Production (old TC) New Production (new TC) New Deliveries
Aeroplanes| Flight Cycles| Flight Hours | Aeroplanes| Flight Cycles| Flight Hours | Aeroplanes| Flight Cycles| Flight Hours | Old TC | New TC

2018 7159 8,968,159 | 16,689,698 0 0 0 0 0 0 446 0

2019 6956 8,576,699 | 15,911,778 446 718,714 1,394,981 0 0 0 415 46

2020 6747 8,186,735 | 15,139,917 861 1,373,152 2,661,524 46 74,230 144,076 428 48

2021 6532 7,798,574 | 14,374,697 1288 2,036,255 3,941,472 94 149,435 289,664 442 49

2022 6312 7,412,470 | 13,616,617 1729 2,707,880 5,234,446 143 225,600 436,725 456 51

2023 6085 7,028,668 | 12,866,181 2183 3,387,969 6,540,230 193 302,723 585,241 470 52

2024 5854 6,647,447 | 12,123,967 2650 4,076,482 7,858,653 245 380,804 735,201 431 108
2025 5617 6,269,147 | 11,390,676 3078 4,686,678 9,021,255 353 546,511 1,054,813 444 111
2026 5374 5,894,182 | 10,667,159 3517 5,304,066 | 10,194,361 463 714,198 1,377,389 458 114
2027 5127 5,523,020 9,954,398 3968 5,928,631 | 11,377,868 577 883,893 1,702,956 471 118
2028 4875 5,156,173 9,253,440 4433 6,560,671 | 12,572,156 694 1,055,096 2,030,524 486 122
2029 4618 4,794,392 8,565,494 4909 7,198,610 | 13,774,386 814 1,228,725 2,361,857 501 125
2030 4359 4,438,380 7,891,967 5397 7,842,296 | 14,984,097 938 1,404,171 2,695,746 452 194
2031 4095 4,088,862 7,234,420 5832 8,388,407 | 16,000,743 1129 1,685,580 3,234,317 465 199
2032 3830 3,746,933 6,594,666 6276 8,938,281 | 17,021,563 1326 1,648,760 3,153,693 479 205
2033 3564 3,413,786 5,974,838 6729 9,490,902 | 18,044,656 1528 2,256,981 4,323,494 494 212
2034 3297 3,090,689 5,377,348 7190 10,045,835 | 19,069,298 1736 2,546,865 4,873,846 509 218
2035 3032 2,779,084 4,804,807 7658 10,602,314 | 20,094,170 1948 2,839,535 5,428,015 449 300
2036 2770 2,480,509 4,259,896 8057 11,038,888 | 20,883,772 2241 3,255,522 6,219,936 463 309
2037 2513 2,196,591 3,745,259 8459 11,473,365 | 21,667,677 2541 3,675,316 7,017,040 477 318
2038 2263 1,928,867 3,263,397 8861 11,904,626 | 22,444,100 2848 4,098,799 7,819,093 492 328
2039 2022 1,678,650 2,816,484 9263 12,332,381 | 23,212,937 3162 4,526,348 8,626,846 508 339
2040 1792 1,447,166 2,406,264 9663 12,755,922 | 23,973,329 3484 4,957,953 9,440,302 437 437
2041 1574 1,235,355 2,033,947 9971 13,034,313 | 24,452,291 3901 5,534,515 | 10,532,988 | 452 452
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2042 1371 1,043,870 1,700,156 10273 13,306,308 | 24,920,436 4327 6,117,341 11,635,047 467 467
2043 1184 872,896 1,404,822 10566 13,572,811 | 25,380,102 4764 6,707,129 | 12,747,888 | 484 484
2044 1013 722,281 1,147,149 10851 13,834,887 | 25,833,888 5212 7,304,201 | 13,872,198 | 501 501
2045 860 591,406 925,599 11126 14,094,333 | 26,285,711 5670 7,909,038 | 15,008,984 | 415 623
2046 724 479,288 737,959 11290 14,186,084 | 26,415,506 6242 8,688,919 | 16,483,007 | 430 645
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7.5. Appendix 5: Breakdown of Total Cumulative Discounted Cost and Benefits between
2022 - 2046: OBTPMS

Average Number of Passenger Seats per A/C =20

*
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Option3 Option4 Option5
Development and Certification €2,000 €2,000] €2,000
Retrofit and Installation €99, 6071 €306, 34 €663, 91
COST | Additional Fuel €14, 45] €52,22§ €120, 53
Additional CO2 €3,680| €12,82¢ €26, 32
TOTAL €119,74 €373, 44 €812, 8¢
Prevented Fatalities €2,080 €7,534| €17, 86
Accident Investigation Avoided €798,2 €2,890| €6, 852
BENEFI| AeroplaneDamage Avoided €1,605| €5, 815| €13, 78
Airport Disruption Avoided €895,6 €3,243|] €7,689
TOTAL €5,380| €19, 48} €46, 18
NET PRESENT VALUE €114,3% €353, 94 €766, 6]
COST BENEFIT RATIO 0.0449 0.0522 0.0568
PREVENTED FATALITIES 1.41 4.87 9.84
DISCOUNTED PREVENTED FATAL 0.59 2.15 5.10
NET COST PER PREVERAEALITY| €195, 88 €167, 91 €153, 772
Average Number of Passenger Seats per A/C = 80
Option3 Option4 Option5
Development and Certification €2,000 €2,000 €2,000
Retrofit and Installation €99,60¢{ €306, 39 €663, 914
COST | Additional Fuel €14, 45] €52,22§ €120, 53
Additional CO2 €3,680| €12,82¢ €26, 32
TOTAL €119,74 €373, 44 €812, 8¢
Prevented Fatalities €6,843| €24, 78] €58, 74
Accidentinvestigation Avoided €798, 2 €2,890 €6, 852
BENEFI| AeroplaneDamage Avoided €1,605 €5,815| €13, 78
Airport Disruption Avoided €895,6 €3,243] €7,689
TOTAL €10, 14 €36, 73] €87, 07
NET PRESENT VALUE €109,59€336,7] €725, 71
COST BENEFIT RATIO 0.0847 0.0984 0.1071
PREVENTED FATALITIES 4.63 16.03 32.37
DISCOUNTED PREVENTED FATAL 1.96 7.08 16.78
NET COST PER PREVENTED FAT, €59, 55 €51, 05 €46, 73
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Average Number of Passenger Seats per A/C = 140
Option3 Option4 Option5
Development and Certification €2,000 €2,000] €2,000
Retrofit and Installation €99, 607 €306, 34 €663, 91
COST | Additional Fuel €14,45] €52, 22§ €120, 53
Additional CO2 €3,680| €12,82¢ €26, 32
TOTAL €119,74 €373,44 €812, 8(
Prevented Fatalities €11, 60 €42, 03 €99, 63
Accident Investigation Avoided €798,2 €2,890| €6, 852
BENEFI| AeroplaneDamage Avoided €1,605| €5,815| €13, 78
Airport Disruption Avoided €895,6 €3,243| €7,689
TOTAL €14,90) €53,98] €127, 95
NET PRESENT VALUE €104,83 €319, 44 €684, 814
COST BENEFIT RATIO 0.1245 0.1446 0.1574
PREVENTED FATALITIES 7.86 27.19 54.90
DISCOUNTED PREVENTED FATAL 3.32 12.01 28.47
NET COST PER PREVENTED FAT, €35, 11} €30, 10] €27, 55
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7.6. Appendix 6: Breakdown of Total Cumulative Discounted Cost and Benefits between
2022 - 2046: GTPIS

Average Number of Passenger Seats per A/C =20

*
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Option3 Option4 Option5
Development and Certification €1,000 €1,000 €1, 000
Retrofit and Installation €10, 48 €32, 23| €69, 86
COST | Additional Fuel €362, €1,309 €3,021
Additional CO2 €92, 2 €321,€¢ €659, ¢
TOTAL €11, 93 €34,87| €74, 54
Prevented Fatalities €1,387 €5, 023 €11, 90
Accident Investigation Avoided €532, €1,927 €4,568
BENEFI] AeroplaneDamage Avoided €1,070 €3,877 €9,190
Airport Disruption Avoided €597, €2,162 €5,126
TOTAL €3,586 €12, 99| €30, 79
NET PRESENT VALUE €8,349 €21,88 €43, 75

COST BENERATIO 0.3005 0.3725 0.4131

PREVENTED FATALITIES 0.94 3.25 6.56

DISCOUNTED PREVENTED FATAI 0.40 1.44 3.40
NET COST PER PREVENTEDFAT| €24, 56| €18, 74| €16, 36

Average Number of Passenger Seats per A/C = 80

Option3 Option4 Option5
Development and Certification €1,000 €1, 000 €1, 000
Retrofit and Installation €10, 48 €32, 23| €69, 86
COST | Additional Fuel €362, €1,309 €3,021
Additional CO2 €92, 2 €321,¢ €659, ¢
TOTAL €11, 93 €34,87| €74, 54
Prevented Fatalities €4,562 €16, 52| €39, 16
Accident Investigation Avoided €532, €1,927 €4,568
BENEFI| AeroplaneDamage Avoided €1, 070 €3,877 €9,190
Airport Disruption Avoided €597, €2,162 €5,126
TOTAL €6, 761 €24, 48| €58, 04
NET PRESENT VALUE €5,174 €10, 38/ €16, 49

COST BENEFIT RATIO 0.5665 0.7023 0.7787

PREVENTED FATALITIES 3.09 10.69 21.58

DISCOUNTED PREVENTED FATAI 1.30 4,72 11.19
NET COST PER PREVENTEDFAT| €7, 469 €5, 699 €4, 974
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Average Number of Passenger Seats per A/C = 140
Option3 Option4 Option5
Development and Certification €1,000 €1,000 €1, 000
Retrofit and Installation €10, 48 €32, 23| €69, 86
COST | Additional Fuel €362, €1,309 €3,021
Additional CO2 €92, 2 €321,¢ €659, ¢
TOTAL €11,93| €34,87| €74, 514
Prevented Fatalities €7,737 €28, 02| €66, 42
Accidentinvestigation Avoided €532, €1,927 €4,568
BENEFI] AeroplaneDamage Avoided €1,070 €3,877 €9, 190
Airport Disruption Avoided €597, €2,162 €5,126
TOTAL €9,936 €35, 98| €85, 30
NET PRESENT VALUE €1,999 €1,117, €10, 75
COST BENEFIT RATIO 0.8325 1.0320 1.1443
PREVENTED FATALITIES 5.24 18.12 36.60
DISCOUNTED PREVENTED FATAL 2.21 8.01 18.98
NET COST PER PREVENTEDFAT, €4, 404 €3, 360 €2, 933
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8. Quality of the documen

8.

If you are not satisfied with the quality of this document, please indicate the areas which you believe

Quality of the document

could be improved, and provide a short justification/explanation:

the technicalquality of the draft proposed rules and/or regulations and/or the draft proposed

amendments to them;

the clarity and readability of the text;

the quality of the impact assessment (1A);

application of the &dndladter regulation’

others (please specify).

pri

Note: Your replies and/or comments in reply to this section will be considered for internal quality
assurance and management purposes only and will not be published in the related CRD.

8

for guidance see:

- https://ec.europa.eu/info/law/lawmakingprocess/plannineand-proposinglaw/better-regulationwhy-and-how/better-
regulationguidelinesandtoolbox_en

- https://ec.europa.eu/info/law/lawmakingprocess/plannineand-proposinglaw/better-regulationwhy-and-how_en

- https://ec.europa.eu/info/law/lawrmakingprocess/plannineand-proposinglaw/better-regulationwhy-and-how/better-
regulationguidelinesand-toolbox/better-regulationtoolbox _en)
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