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Foreword

This safety investigation is exclusively of a technical nature and the Final Report refledts the
determination of the AAIU regarding the circumstances of this occurrence and its proljable
causes.

In accordance with the provisions of Annex" 18 the Convention orinternational Civil
Aviation Regulation (EU) No 996/20%and Statutory Instrument No. 460 of 200)%afety
investigations are in no case concerned with apportioning blame or liability. The} are

independent of, separate from and wiblat prejudice to any judicial or administrativ
proceedings to apportion blame or liability. The sole objective of this safety investig
and Final Report is the prevention of accidents and incidents.

tion

Accordingly, it is inappropriate that AAIU Repast®uld be used to assign fault or blame
or determine liability, since neither the safety investigation nor the reporting process|has
been undertaken for that purpose.

Extracts from this Report may be published providing that the source is acknowletigeq, t
material is accurately reproduced and that it is not used in a derogatory or mislegding
context.

! Annex 13 International Civil AviatiorOrganization(ICAO) Annex 13, Adraft Accident and Incident
Investigation.

2 Regulation (EU) No 996/2016f the European Parliament and of the Council of 20 October 2010 on the
investigation and prevention of accidents and incidents in civil aviation.

3 Statutory Instrument S) No. 460 of 2009 Air Navigation (Notification and Investigation of Accidents, Serious
Incidents and Incidents) Regulations 2009.
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In accordance with Annex 13 to the Convention on International Civil Aviation, Regulation (B

Aircraft Type and Registratian

Number and Type of Engines

Aircraft Serial Number:
Year ofManufacture:
Date / Time (UTC)
Location:

Type of Operation:
Persons on Board:
Injuries:

Nature of Damage:
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BAe Avro 146-RJ85 EFRIW

4 x Honeywell LF 507

E2371

2000

1July2016 @ 14.10hrs

NearParis CDG (LFRG)ance

Commercial Air TranspoytScheduled Passenger
Crew-4 Passengers89

Crew- Nil ~ PassengersNil

Nil

Airline Transport Pilot Licence (ATPL), Aeroplar
(A) issued by the Irish Aviation Authority (IAA)

Slyears
11,322hours, of which 10,156were on type

Occurrence Reporsubmitted by the Operator to
the IAA

AAIU Report Form submitted bthe Pilot
Correspondence witlthe Operator

* UTC Coordinated Universal Time. All times in this Report are UTC (local time minus two hdbes actident date).

U)
No 996/2010 and the provisions of 8lo. 460 of 2009, the Chief Inspector of Air Accidents, oh
4 July 2016, appointed John Owensas the Investigatofin-Charge tocarry out an Investigation
into this Serious Incidenaind prepare a Report.
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SYNOPSIS

During climbout from Paris Charles De Gaularport (LFPG), Franceon a scheduled
passenger flighto Newcastle(EGNT)United Kingdomthe Flight Crewnoticed that the

cabin rate of climb and cabin altitude had increased rapidly, and that a white PRESSN
advisory ligh{pressurisation faulthadilluminated on the Central Warning Panel (CWP). This

was followed bya pressurisation systergsaution light(pressurisation failure)Asthe Flight
Crewwere completing theabnormal operation checklist, @ABIN HI AL€abinhigh altitude)
warningwas generatedThs resulted in thé-light Crewdeclaing an emergency (Mayday)
Air Traffic Control (AT@Jonningtheir oxygen maskand performngan emergency descent.
During completion of theabin high altitudechecklist, theydiscoveed thataram air switch
on the overhead panelwhich controls the position of the ram air valweas in the OPEN
positioninstead ofthe normal SHUTposition. TheFlight Crewmoved the switctto the SHUT
position, which closed the ram air valve an@éstored normal system operationThe flight
was continued to EGNA#ithout further incident

It was subsequently found that a neaturn valve in thd: A N fdih Zirsy3@m had been
installedthe wrong way roundThis incorrectly installed valy@é combination withthe ram
air valve being in th@pen position on the occurrence flighpprevented the aircraft from
pressurisingorrectly.

NOTIFICATION

The AAllbecame avare of thisseriousincident¥ 2 f f 2 Ay 3 (G KS h LIGNT

Occurrence Repoto the IAAon 4July 2018 The AAllhotified the Bureau d'Enquétes et
d'AnalyseqBEA in Fance, where the event occurredhd@ BEAdelegatal the Investigation
to Ireland as the State of Registiyeither the Gockpit Voice Recorder (CVRor the Flight
Data Recorder waspreserved by the OperatorHowever, the Operator provided the
Investigation withdata for the occurrence flight from it§light Data Monitoring (FDM)
system

FACTUAL INFORMATION
History ofthe Flight
The aircraft departed from LFPG aapproximately 13.5 hrs. During the climb, at

approximately F1OC®P, the Flight Crew completed a standard pressurisation checky Th

noted that thedifferential pressuréand cabin rate of clinfbwere normal (3.8sf and 500
feet (ft) per minute respectivly), but observedhat the airflow coming from theodpit air
ventswasdquite weal€.

® OccurrenceReporting RequirementsRegulation (EU) 376/2018h he reporting, analysis and followp of

G2 N

occurrences in civil aviatioh NBlj dzA NBa 2LISNI 2NB (2 &adzowYAdG 200dz2NNByO

possibleand inany event no later thair2 hours after becoming aware ah occurrence Sl No. 460 of 2009 on

i K ribtifigation and investigation of accidents, serious incidents and inci@entslS Ij dzA NS & 2 LIS NI { 2 NE

AAIU directly of any serious incident or algit as soon as practicable by the most rapid meavailable

® FL100:Flight Level 100, a three digit representation of aircraft altitude (10,000 feet (ft/FT) in this case)

referenced to standard pressure (1013.25 hPa).

" Differential Pressurein this case, the difference between the air pressure in the aircraft cabin and the air
LINS&dadzNE 2dziaARS GKS I ANONI TDeeQ! DE P ] ¥ 2 dilificteRce oret aa &

changé.
8 Cabin rate of climbThe rate at which the apressure inside the aircraft cabin is decreasing.
° PSipsi: Pounds per Square InchUnit of pressure



1.2

When the aircraft was passing FL16@fe Flight Crewnoticed that the cabin rate of climb

and cabin altitud&’ had increased rapid)yand that avhite PRESSN (pressatisn) advisory

light was illuminated on the Central Warning Panel (CWWF) G KS 0201 LA GQa Y
panel. The Flight Creweported that the [PressurizationController Fau]t éabnormal
checklis¢'* was followed andhat PRIand SEC fauit(Section1.5.2 were obsened on the
pressurisation panétontroller located in the overhead panel in the cockgiheFlightCrew
continuedwith the aircraftclimb.

The Crew stated that when the aircrft was passing FL200, an amid@RESSNautiont
indicating a pressurisatiosystemfailuret illuminated on theCWP They also stated thahe
cabin alttude wascontinuingto climb rapidly. The aircraft was levelled offeggproximately
FL20. The WPressurization Controller Fail@ehecklist(to be folowed when an amber
PRESSN caution illuminates) requithe pressurisationsystemto be selected to MAN
(Manual) The Flight Crew reported that the system was selected to MAN, butcthattol of
the system could not be regained@hey saidat this stage, he cabin altitude had reached
9,500 ft? and thata CABIN HI ALT (cabin high altitudeyningwas displayedn the CWP.
They declared aMayday to ATCParis donned their oxygen masks arwhrried outan
emergency descent to FL100

The Flight Crew vas now following (i K Smetgency Descent after Presgatibn Failured
checklist which included the requirement to select theam air switchto OPEN when the
cabin differential pressurevasless than 1 psiwhen theFlightCrew looked at theam air
switch, they discovered that itwas alreadyin the OPENposition Because the differential
pressure was 0.5 psi at this stage, yheelected theram air switchto SHUT. The
pressurisation mode wathen reselected toAUTOand mntrol of the pressurisation system
was regained. Th&light Crew reported that they briefed the Cabin Crearried out a
DODAR checkand decided to continue t&EGNTThe Flight Crewstated that they made a
PA“ to the passengers and thahe rest of theflight was uneventful Following arrival in
EGNT, theFlight/ NB¢ YIRS 'y SyiNER Ay GKS | ANONF T
occurrence. Maintenance personnel carried out a test of the pressurisation system. No
anomalies were noted and the aircrafias returned to service.

_ 4

Subsequently, e Flight Crewdid not recall touching the switch at any stage before the
occurrence anaould not explain how theam air switchcame to be irthe OPEN positiorA
different crew had operated theircraft on thepreviousflight on the day of the occurrence
The Operator irdrmed the Investigation that thcrewwho operated the previous flighdid
not experience anproblems with the pressurisation systeifhe Operatoralsoadvised that
no maintenance was carried out during the turnaround in LFPGtlzetdGround Servicing
personnel woulchormallynot have entered the cockpit at this time.

Cabin CrewDbservations

The Operator reported thatollowing the occurrencethe Cabin Crewstated that the
Emergency Descedt | yy 2dzy OSYSy &G GKS CftA3IKG / NBg YI R
onot readily understandable by those in the cabin

1% Cabin Altitude:The air pressure inside the aircraft cabin expressed in terms of altitude (in feet).

1 Appendix Acontains extractérom the relevam checklists.

2The Cabin Altitude would normally be approximately 3,600 & étl 220.

¥ DODARAN acronym used during abnormal operatioBecision, Options, Decide, Act or Assign, and Review
“PA:Public/Passenger Address.



In addition,the Operatorreported thatthe Cabin Crewvere expecting the oxygen masks in
the cabin to drop dowecauseahat was their understandingf whatwould occur during an
emergency descenfhe masks did not drop dowror should they havéSection 15.2).

1.3 Injuries to Persons
No injurieswere reported to the Investigatian

1.4 Personnel Information

1.4.1 Aircraft Commander

Age 51 years

Licence: ATPL, issued by the IAA
Total all Types 11,322 hours

Total on Type: 10,156 hours

14.2 First Officer

Age 29 years
Licence: ATPL, issued by the UKivil
Aviation Authority(CAA)
Total all Types: 406 hours
3 Total on Type: 246 hours

1.5 Aircraft Information

151 General

The aircraft, a BAAvro146-RJ85, was manufactured 200Q Its Certificate of Airworthiness

was issued by the IAA on 18 October 2007. The Airworthiness Review Certificate (ARC) in
force at the time of the occurrence was issued on 16 February 2016 and was valid until
17 February2017. The aircraft had operatedrfa total time 0f26,411 hours from the date

of manufacture until the occurrence date.

1.5.2 Aircraft Pressurisation System

¢KS | ANDONI FiQa SyaaySa IyRk2NI GKS | dzEAE Al NE
system.The aircraft is pressured by air from the air conditioning systemho maintain the

cabin altitude (air pressure)at a comfortable level for its occupant®ressurisation is
controlledby apressurisation panétontroller locatedon the overhead panel in the cockpit

(Figure No. L When thepressurisation panel/controlleis in the AUTO(normal) mode, it
automatically adjustshe openshut position ofa fuselagemounted cabin air outflow valve

(the No. 1/master valve) This regulateshe outflow of pressurised a@nd thereby contols

the air pressure within the aircrafffThe position of an identical valve (Ndslave valvg is
controlled by the position of the No. 1 valve



A threeline displayon the panel/controllerindicates theRATEOf change of cabin altitude in
ft per minue (FPM)the k t(differential pressure) between the cabin and the outside air (in
PS), and the cabinALT (altitude)in FT). If the system detects fault, the relevant fault
code(s) will be displayed on thaiddle 6 k tiné of thedisplay. These can be cleared by a
CLEAR DISPLAY FAULT button orpréeesurisation panel/controllerThe fault code PRI
indicates that the primaryelectronic controlchannel has failedSEC indicates that the
secondary channel has fail¢BRI and SEC wearbserved by the Flight Crew)

The system can also be set to MAMafual) mode. In this mode, the positief the
outflow valvesare controlled by a 1éosition MAN RATE rotary selectdf the outflow
valves are fully open, PRIMARY FULL OPEN and©ONSBERY FULL OPEN will illumiiate
greenon thepressurisation panel/controller

up . DN up
LDGALT
CLEAR

DISPLAY
FAULT

r——— OUTFLOW VALVES
NORMAL

MAN RATE

/‘-\DN

MAN
MODE

e

o

Figure Nol: Pressurisation panel/controlldadapted fromFlight Crew Operating Manual)

Aquadindicator (Figure No. 2A a

FTAGAGSR

2 GKS TANRIG

2FaF A OSN

four-line displayto indicate theRATEof change of cabin altituden( FPM, the kP between
the cabin and the outside a{in PS), the CAB ALTcébin altitudg in FT, and theLDG ALT
(altitude of the landing airfiely also in FT
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Figure No2: QuadIndicator @dapted fromFlight Crew Operating Manual)
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Thel A NOGWRE § @K A OK Aa t20FGSR Ay GKS OSyiNB 2
contains vhite and amber PRESS&ptiors. The white caption indicates that an abnormal
system selection has been made or that a minor system failure has occurred. According to
GKS CftAIKG / NBg h LISaNdinbrisysiem failung dzlofie that@bes ach = ¢
require pilot actios ® ¢ K S ptiol indicatés at the differential pressure is outside the
range-n ®p U2 T ®amaidisjsterd Miluré Kak dccudeshuiring pilot actiog @

If the cabin altitude exceeds 8,700 ft, t&ABALTdisplay on the quad indicator and the ALT
displayon the pressurisation panel/controllewill flash If the cabin altitude reaches 9,700 f

(x 200 ft) aCABIN HI ALT warning will illuminate on the CWP, accompanied by a triple chime
aural alert. The cabin oxygen masks will automatically drop if the calltitude reaches
13,250 ft + 250 ft

Ram AirSystemDescription
An optionalram airsystem(Figure No.3)ia FAGGSR G2 ff ww I ANON
When activated, it provideaircraft ventilationduring unpressurised flight avhen the air

conditioning packs are afft can also assi with the clearingof smoke or fumes fromwvithin
the aircraftand its activation is included in the checklists to be followed for such events

PANEL 131~ 12~ 00

FRAME 44
FRAME 43

-
@ PART OF PANEL 21-50-08

Ram Air Valve
(Note: Only one Ram Air Valve is
fitted; the figure depicts two
different modification states)

Ram Air NRV

veeasn

Figure No.3: Theram air systen{adapted from AMM21-51-00). The
RANBOUAZY 2 7F 0 KS I ANFE 20
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Ram air is supplied from the ram air duct (which is connected to the ram air intake), through

a nonreturn valve (NRV) and a ram air valve to the flight deck lsugpct This ductis
connected to the cabin air supply du@ection 17, Figure No. 4. The direction of airflow is
SYoz2aasSR 2y (GKS NIY I AN @lrdmzaB eabe iKcardmillddybyd @ ¢
an unguardedtwo-position (OPENSHUT) switchitfed to the AIR SUPPLY panel, which is
located on the bottom right of the overhead panel in the cockpit. The correct position for

the switch during normal aircraft operation is SHUT. The AIR SUPPLY panel contains several
other switches relating to air sygby and air conditioningwhich are the same shape and size

as the ram air switth b SAGKSNJ G KS I ANON} FiQa CfAIKIG 51
FDM system, records the position of the ram air switch or the position of the ram air valve.

When theram air valve is being switched from SHUT to OPEN or vice versa, a RAM AIR
VALVE amber annunciator above the switch will briefly illuminate when the ram air valve is
in motion, i.e. Wot in the Position Select&d o b The annhunciatr will only remain
illuminated ifthe valve fails to open or shut as selectedhis occurs an associated amber

AIR COND caution light will illuminate on the GC\WPconjunction with a Master Caution

light on the cockpit glare shield pareaid an associated single chiraeral alert

Theram airNRVconsists of a circular housirffpur inches in diametgr whichcontairs two
springloadedflaps and aspigot about which the flaps hingéPhoto No. ). The flapsare
springloaded to the closed positiomhe purpose of the RV is to ensure that when the ram
air valve is open, air can only flow into th&craft cabin from the ram air duct and not from
the cabin to the ducaind therefore toatmosphere

8

Direction of Airflow

Photo No. 1:A removedamair NRV(SourceAircraft Operato
Aircraft Checklists

The Operator utilises two-page (single leaformal Checkli@ RdzZNA Yy 3 NRdzi Ay S
ThS Before Sta® a SOG A 2y & ( ih tel§tiadn taiait Supply 2rid Gircondliyoaing

AIRCONDITIONING.........c...... AS REQD
¢ KA&fterStar) a SO0 A2y adlk adSa

APU/ENG AIR........cooiiiiiieens ASREQD
t!/ Y{k/ ! . Lb XIXLAS REQD



¢ K BftertTakeOffQ aSOGA2y &bk dSay

ENGAIR. ..., ON
APUAIR. ..., OFF
PACKS......coo hbx kt aXeg

¢ K Slight’Deck Safefsection of thechecklistis required tobe completed in full for the
first flight of the day. For other flights, a reduced version is used IR CONDITIONING AS
wOv5Q AlSYY AlBK SlighietkR348 OK S O in thé radiiced wrslon.

Expanded checklistare contained in the Flight Crew Operating Manual (FCOafjied on
boardthe aircrafc ¢ KA OK O2 y (i AS)REG@DS G i Bfyd ANB THRBIB R (2
Checklisf2In accordance with the FCQIvhe flight crew is required to confirm thewitch
positiors2 ¥ AKREQDV A.k &K¥Ba hLISNI G2NRA hLISNI GA2ya aly
be used.¢ K S S W2 NI Air {ConditibhitS REQDitems are as follows(emphasis

added)
FLT DECK TEMP CTRL switch..... AUTO
CABIN TEMP CTRL switch............ AUTO
AUTO rotary selectors ..................As Required
FLT DECK FAN switch .................. As Required
CABIN FABWitch............cooovvvviee. ON
CABIN AIBwItCh.......ccci e AsRequired
9 PACK 1 & 2 switches.....................ASRequired
RAM AIR switch............ccccovviviieeee. SHUT
Lt ! I'Lw agA i XRX)OFF, unless conditioning from the APU

lt! [+ bh¢ { I XXOut
ENG AIR switchés 0 X X X XXX@& OFF

Extracts from the abnormal and emergency checklists are includefippendix A The
checklists do not contain sequirement for Flight Crews to level off if a white PRESSN
advisory light or an amber PRESSN caution light is illuminated d®\iii&The Investigation
asked theaircraft Manufacturerwhy there is no requirement to level off if an amber caution
is receivedThe Manufacturer stated that

XGKS LIKAf2a2LKe& 0SKAYR GKS RNAffXAa (2 0
quicklyas possible and levelling off, with the necessary ATC interaction, would delay its
commencement. Furthermore, the problem might be solved when carrying out the drill
whilst continuing to climb, requiring no change to the flight profile

Regarding thepossibility of reduced oxygen levels adversely affecting the Flight Crew, the
Manufacturer stated that:

In the eventof reduced oxygen levels arising fropmessurisation difficulties, the
FANONI F0Qa YIFadSNI g NyAyad &aeaiaSy LINROAR
[provides]A Yy & 1 NHzOG A2y a (2 SyadaNS FftA3IKI ONBga



1.6

1.7

1.7.1

1.72

h LIS NJ laitBINkSN&w-Up Action

Following theoccurrence the Opeator wasinitially of the opinion that theram air switch
inadvertently being in the OPEN position caused the failure of the aircraft to pressurise.
Therefore, the Operator requested tharcraft Manufacturer to review the Abnormal and
Emergency checklstvith a view toincludng a check of the position of theam air switch
earlier in the checklists for pressurisatioglated events.

The aircraft Manufacturer advised the Operattinat an openRAM AIR valvehould not on

its own, allow cain air to escape to atmosphemue to thea & & G ISR®awever, the
Manufactureralso stated thatit was aware of a previous similar eventvhich occurred in

2004 and that subsequent investigatiomf that eventfound the ram airNRVto have been

installed the wrong way roundAs a result othis communicationthe Operator inspected

the ram airNRV orEFRJWbn 9July 2016and foundit to be fitted the wrong way roundAn
inspection of theram arNR8 2y (G KS NBal 2RBfledl @b additinddINI- § 2 NI
aircraft) was also carried out and no further anomalies wietentified.

ScheduledMaintenance Requirements
General

A list of allscheduledmaintenance tasks to be performed on the aircraft is contained in the
hLISNI 02NRA ! LIINPOSR alAydSylryOS tNRBAINIVYYS
aA NONJ FG al ydzF I OG dzZNB NI Zoutlivdd Anytsi MaifitenAr@e& PlaNdhi dziid\lJE
DocumentMPD), combned with the specificrequirementsof the Operator The AMPis

approved by the IAAEach scheduled maintenance taskh@mallyissued to maintenance
personnel in the form of a worrder, which contains th@art Number /N), Serial Number
(S/N)and locdion of the component on which the work is to be performadda description

of the work required A task card, containing more detailed instructiarsl the appropriate

AMM section tobe usedis normally issued with eackork order.

Non-ReturnValves

There is no scheduled inspectisequirement forthe ram air NRMy G KS al ydzF I C
at5 2NJ Ay {KS TwootENIRUs2viNGD Gave thee tsam@/N and are identical

to the ram air NRVare fitted to the recirculating air supply duc¢twhich form part of the
recirculating system on the aircraffhere is aask in theMPD/AMP regardingthese two
NRVEMPD ref215006RA$100301), which is scheduled to be performed every 20,000 flight
cycles®. The maintenance task states

REMOVE, CLEANSPECT AND CHECK OPERATION OF COOLING SYSTEM-4 INCH Nt
RETURN VALVE RECIRCULATING AIR SUPPLYOTCAUJET PUMP.

The instructions on how to perform this task are containedsaction 2150-64 of the
Aircraft Maintenance ManugAMM): VALVE (RECIR@ATING DUCEINONRETURN VALVE
MAINTENANCE PRACTICES

> FlightCycleA flight cycle is a takeff and landing.
®CAUCOId AirUni!  dzy A G Ay GKS FANDNI FiQa LINBaadzZNRARALFGAZY ae@



This AMM section is referred to on theork orderand task card issued f@ach ofthe two
NRVsfitted to the recirculating systemThe locations of the valves are specified on each
work orderas 6RIW L/H and 6RJW R/El A detailed postinstallation operational and leak
check igrescribed in the AMM.

NRVs are also fittetb the cabin and flight deck supply duatsnanating from the rear
pressurebulkhead located at Frame 4Eigure No. 4 The two NRVs are the same type as
the recirculating NRVs and the ram air NRV, but are five inches in diafibeNRYV fitted
to the flight deck supply duct (left hand side) is in close proximity to the ram aiaN&R¥am

air valve The duct coming frorthe ram air valve is connected the flight deck supply duct,
which in turn is connected to the cabin air supply duct.

TheMPD/AMPcontains asimilarmaintenance task for theabin and flight deck suppNRVs
(MPD ref 215004RA$100401), which is alsscheduled to be performed every 20,000 flight
cycles. Thenaintenance tasktates:

REMOVE, CLEAN, INSPECT, AND CHECK OPERATION OF COOLING SYSTEM 5 INCF
RETURN VALVES, CABIN MAIN SUPPLY AND FLIGHT DECK MAIN SUPPLY.

The instructions on how to perform this task are contaimedection21-50-54 of the AMM:

VALVEC NONRETURN (CABIN AND FLIGHT DECK SUPPLY DUCTS) MAINTENAN

PRACTICES
Z 7 :
ﬁ%ﬁ\{\ Cabin Supply Duct NRV
)\‘\“%é{ ) / (5 inch diameter)
W = )
i\\\_ji A e IS
%

Aft Pressure Bulkhead

FRAME 40

Location of Ram Air NRV
(4 inch diameter)

Direction of Airflow
(Indicated on Diagram)

\ Location of Ram Air Valve

l/ 4 ///%/ / / / Flight Deck Supply Duct NRV

y 4 /// (5 inch diameter)

e

CABIN SUPPLY DUCT

FLIGHT DECK SUPPLY DUCT ~

Figure No4: AMM 21-50-54 Fig201 (Cabin and Flight Deck Supply Ducts ancsNRV

¢KS !'aa LINE OSRdalgs pirh of ndrbtibizOvalke (dal2e) (d44) with slot in
flange of duct (47), with valve flaps operating in direction of airflow and insert valve i duct
This slot ensures that the NRV s fitted with the spindle in the vertical positidoes not
ensure that the valve is installed the right way round.
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The postinstallation testing requiremestA y Of dzZRS 2 LISN} G Ay 3 GKS | A
systemfrom either the engines or the Auxiliary Power Unit (APU) and ensuring that air can
0S adzZllX ASR (2 (GKS | A NdGalak dhack at @ll duct jfints-tyaR | f
were disturbedduring the inspection of the valve

The Investigation asked trarcraft Manufacturer why there was no scheduled maintenance
inspection/cleaning requirement for the ram air NRV, which is identical to the recirculating
air NRVs and for which there is such a requirement. The Manufacturer stated that this was
for economc reasons, i.e. the economic impact on the air conditioning system if a
recirculating air NRV fails justifies regular maintenance actiwhereas according to the
Manufacturer:

The ram airsystem does not serve a safety function; rather it providesoatilation

at nonpressurised altitudes in the event of total failure of the air conditioning system.
Indeed, the ram air system is an optional modification that, by design, is not installed
on all AVRO RJ aircraft.

Operational Check of Ram Avalve

The MPD/AMP contains  NX lj dzA NB Y S y (i OPERATIOMANJERECKI@HRAM &

AIR VENTILATION ON/OFF VALVE AND INDICATING SYSEEM 5 1085FF1000@1)

which is scheduledo be carried out every 10,000 flight cycldzart of his task involves
selecting the ram air switch to OPEN and ensuring that the ram air valve actuator moves the
valve toopen. The RAM AIR VAL\Enunciatorshould come omwhile the valve is in motion 12
and then go offThis task would not identify an incoricfitted ram air NRV. -

Non-Return Valve Maintenance History

The most recentheavy maintenancecheckon the aircraft prior to the occurrence was
performed by an approved Maintenance/Repair Organisation (MRO) irAllgiyst 2011.
The maintenance taskegarding the recirculating air supply NR¥@ur inch diameter) and
the cabin and flight deck supply duct NRVs (five inch diameter? scheduled to bearried
out during this visit. However, according to the Operaits aircraft maintenance computer
system automatically scheduled an inspection of the ram air NRV dite part number
being the same as the part numbertbe NRVs fitted to the recirculation ducts

Thework orderthat wasissued for tls taskreferred to theS/N d the NRV fitted to the ram
air system (922867, which had been fitted since aircraft manufactur@hework order

RS&EONA 0 SR (i KS dRIW AR aHowexdbthelinst@igfionand the AMM section
to use (2150-64), as included on thevork order, related to the originating taskoutlined

earlier and repeated below)

REMOVE, CLEAN, INSPECT AND CHECK OPERATION OF COOLING SYSTEM 4 INCFH
RETURN VAL\RECIRCULATING AIR SUPPLY TO CAU OUTLET JEMphAdiR
added]

Y RIW AFTThe Operator advised that this description was selected from esptdist of positions in its aircraft
may G Syl yOS O2YLJziSNI d28aiSYyx 6KSy (GKS tkba F2N GKS
system.



The associated task cardkplainedii K i (1 KS RAI®Ssdhedddddaintenginceitask

g KA OK NIbéj remioddlh (For discard, restoration, cleaning, testing or inspection) and
subsequent installation of an equipmdsic]or a component identified by a Part Numbée®
ThetaskOl NR Ff a2 SELX | Ay St®thelcénponenipin ser/h&poditiadLdt A O
as defined on the associated workoréle®p

Thistask was completed during the heavy maintenance check andcergied on the task
cardandwork orderon 28 August 201TThS | A NONJ Fd Qa G2 G tfligi LIS NI
cycles at the time were 20,856 and 18,715 respectivEhe following text was entered in

the action taken section of theork order.

AFT NRV (CABIN AND FLIGHT DECK SUPPLY DUCTS) REMOVED, CLEERED, INSP
AND REFITTED. SA3a8sfactory] REFAMM 21-:50-54-201.

Maintenance records indicate thathe same maintenance technician performed the
maintenance task othe two 5 inch NRVg#bin and flight deck supply ducts) atweb of the
three 4 inch NRV4ife left handrecirculating NRV and the ram air NRW)is technician no
longer works for the MR@ue to the length of time that has elapsed since the maintenance
task was performegthe technicianwas unable to recall any detaighen contactedby the
Investigation Records indicate that different technician performed the task on the right
hand recirculating NRV.

The Operator reported thathe only defectrecordel in relation tothe ram air system from
13 the JulyAugust 2011 heavy maintenance cheaoktil the occurrence date,was on

— 3 December 2011which stated that theRAM AIR VALMEPS lighfremained]illuminated
when the ram air valve was operatel.wasreported that the fault was traced to F&b
which was removedThe Operatoistated that thee is no record of the ram air NRV having
been removed at this timeFollowing the removal of the FOB ram air valve operational
test was performed The testis to ensure that the RAM AIR VALVE annunci@gdt?S light)
illuminateswhile the ram airvalveis in motionand extinguisheswhen the ram air valve
reaches the selected positioit would not identify if an NRV was incorrectly fitted.

The Operator advised that there were no reported problems as a result of the maintenance
inspections performed othe other NRVs during the July/August heavy maintenance check.

1.9 Ram AirNRVRemova)] Installation and TestProcedures
1.9.1 Aircraft Maintenance Procedures

Section 2351-14 of the AMM included atAppendix B describes the installation procedure
for the ram air NR\Figure No. Selow is from this AMM section.

¥ RAI:Removal and Installation.
“FoD (Foreign Object Damagdhe acronym FOD is used to describe damage attributed to foreign objects
and the foreig objects themselves.
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Figure No5: AMM 21-51-14 Fig.201
(Locationof the ram air valvend rear pressure bulkheatided for clarity) —

There are no design features that preclude an incorrect installation ofaheairNRV. The
procedure statesinter-alia:

(2) Insert norreturn valve (45)in duct (44), making certain spindle of valve is
positioned vertically and valve flaps operate iredtion of airflow

Regardingposk yadl t €t FdA2y GSaldAy3as NS requaed da & IKSES ¢
Operator was originally of the view that the lack of a piostallation test contributed to the

SOSy G | yrechnicd FublicationsdQuéry 2 G KS F ANDONI FG al ydzFl
a suitable posinstallation test be developed. The aircraft Manufacturer replied to this
request by stating that the addition of a test requirement was unnecessary as the
installation instructions weréappropriate.

LY FTRRAGAZ2Y G2 O Keéinvésligatidid agkad\iiicraiNjuteSuied B (
comment on why there was no test requirement following the installatiom cdm air NRY

yet there was a test requirement for the identical valves fittedhe recirculation systemin
response, the Manufacturer stated that the testing of the recirculating air NBYsred the
provision of bleed air (from the engines or the APU), but did not require the aircraft to be
pressurised, whereas the only waytest the correct function of the ram air NRdh an in

service aircraftlg & (2 LINB&aadz2NR asS K §ver indddd Ndt Fetvd a 6 K A
safety function, was[at the time of aircraft development and certificationgvidently
considered excessivey R y 20 ¢F NNJ yiAy3a G§Sadéo



1.9.2 PostManufacture Testing

1.10

The Investigation considered the possibility that the ram air NRV was installed incorrectly at
aircraft manufacture and wathen reinstalled in thesame orientation during maintenance.

Thel ANONI F0 al ydzFl OG0 dzZNBENJ LINE @A RS HuselageSProbfy @S &
Pressure Te§&which they considered was the most likely means by which an incorrectly
installed ram air NRV might have been identified post aircraft manufa¢frier to aircraft

delivery) The test introduces compressed aito the fuselage at a pressure of 9.0 psi. The
pressure supply is then shut off and the fuselage is testednsurethat the leak rate is

within specified limits. The Manufacturer advised tliarder to test for correct installation

of the ram air NRYthe test wouldhave had to includan instruction to select theam air

valve to the OPEN position. This tdses not includesuch an instruction.

Additional Action Takenby the Operator

The Operator carried out their own safety investigatfolowingthe event and promulgated
details of the occurrence throughout its maintenance department by way of an article in its
WISMS[Maintenance Safety Management SysteBrjgineering Report Jguarter 3] 20162

and later, in a Safety Bulletin specific to the occurrence.

¢KS hLISNI{I2NRa Ay@SadAadalr adazy a NBhde Mbafetp RIF (G S
recommendatios. One of thesaequeskd an internal review of communications when
oxygen masks areniusg 0 S O dza BmerfeKcy Descedt | yy 2dzy OSYSy d YI
Flight Crew was not readily understandable by those in the cabin. Also, as a result of the
/' oAy I NBgQa SNNRyS2dza SELISOGIGA2Y GKIFG GK
an emergencyRSa 0SSy x (GKS hLISNI G2NDa AygdSadAal aa
requesting an internal review of th®perations ManuaB (Cabin Crew Operating Manyal

0to ensure that cabin crew decompression drills are explained in both contexts of slow and
rapid decompressich ®KS h LISNI 42 NRaA Ay @SadAalr dAzy NBLR
in relation to its reporting responsibilities due to tAIUnot beingdirectly informed ofthis
seriousincident. At the time of writing, theerecommendations remain ope

¢
2

The Operator informed the Investigation thet addition to the fleet inspection performed
following the occurrencejts AMP has beenamended to include a specific inspection
requirement for the ram air NRMo be performed every 20,000ight cycles Thisrequires
an inspection during reinstallationby a secondtechnician (independentinspectiorf®) to
ensure that the NRV has éerefitted correctly.

Task 215008RA+100301, which led to the generation of theork order for NRV S/N
922867, installedin the ram air position on ERJW, has not been performed tre ram air
NRVord y& wwW | ANONI T Ay (pésthectrreiSeldetiindpediian wast S S
carried out

20 Independent InspectionRef. EASA Part 1481C4 145.A.48(l)An independent inspection is an inspection
LIS NF 2 NJ SnBependent quélifietl perséh 2 F O NiNR 3 R agthtmisedpérso® y W



1.11

1.12

2.1

Action taken by the Aircraft Manufacturer

{ dzo 4 S1j dzSy (i U 2reporKdd thehincBrisict insealdiba of the ram air NRV, the

' ANONI Fid al y dzFAll OperdedtMbskaies 0dzhR NS FB NBWELS Y dzY
dated 15 September 2016). The AOM containedidentified details of the occurrence and

stated that there vere two contributing factors to the occurrence:

1 The ram air switch was in the OPEN position.
1 The NRV had been installed the wrong way round.

The AOM recommended that operatorsf RJ aircraftreview their operational and
maintenance procedures. The Mawgturer advised the Investigation that it received no
feedback from other operators as a result of the AOM.

The aircraft Manufactureadvised that whilst the potential consequences of the ram air NRV
being installed incorrectly were undesirable, its review of this condition, which took account
of the applicable certification standards, did not identifps defined in EASA Part
21.A.3B(H}, a potential unsafe conditigrbecause any loss afabin pressure would not
result in a rapid depressurisation of the cahin

Action taken by Maintenance/Repair Organisation

The MRO, where the labeavy maintenancenspection wagarried ouf issued aBafety and 16
Compliance Bulleth F2ff 2gAy 3 GKS 200dzNNBYy OS o0AaadzS |
KFR 200dzZNNBER® ¢ K SWithh thef rénair NRV iricarrectlySridtallédKrand air &

was not availablé | y R thi§ fepoii has been raised rfanformation and awareness.

Always confirm you are installing components in the correct location and oriertaf\sn

further details emerged during the course of the AAIU Investigation, the bulletin was re
issued toemphasisdahe severity of the occurrence.

ANALYSIS
General

An optional ram air systenwhich providesaircraft ventilation in unpressurised flighvas
FAGOSR G2 |ttt | ONB wwW The sydiemlcanialsoiagsistiwitrSthe h LIS
clearing of moke or fumes from within the aircrafffThe normal position for theam air

switch is SHUT andt should only be alected to OPEN when instructed by an
abnormal/emergency checklist dzO K IEdergéniySDeseent after Pressurization Fdilure
checklist ofi K Smokié, Fumes or Fize O K SApdefidk 3.0 0

“ EASA Part 21Regulation (EU) 748/2012 laying down implementing rules for the airworthiness and
environmental certification of aircraft and related products, parts and appliances as well as for the certification
of design and productionrganisations The Acceptable Mans of Compliance (AMC) for 21.A.3B(b) defines the

i S Nuvisafé conditiod Appendix Gcontains further details).



TheNRYV fitted to theram airsystemordinarily prevents a loss gbressurisationn the event
of a failureof the ram air valvén the open positioror its inadvertentopening. In the case of
the subgct aircraft, this protection was losbecause theam airNRVhad beeninstalled the
wrong way roundand with the ram air switch inadvertently in the OPEN positionthe
occurrence flightthe aircraftdid not pressurisecorrectly.

When the aircraftwvas passing FL1@&iring the climb out from LFR@e Flight Crew noticed
that the cabin rate of climb and cabin altitude had increased rapidly, and that a white
PRESSN (pressurisation) advisory light was illuminateth@rCWP The (Pressurization
Controler Faulj checklistassociated wittthis faultdid not contain a requirement to level off
and the climb was continued.hen, vhenthe aircraft was passing FL200, an amber PRESSN
caution illuminated indicating a failure of the pressurisation controjlevhile the cabin
altitude continted to climb rapidly.Similar to the previous checklisthe Pressurization
Controller Failur@hecklistnow beingfollowed did not contain a requirement to level off
however,the FlightCrewdiscontinuedthe climbandlevelled off atapproximatelyFL20.

As per theWPressurization Controller Fail@ehecklist, thepressurisation panel/controller
was selected to MAN at this stage, but control could not be regained. The subsequéNt CAB
HI ALT warningrompted an emer@ncy descentFollowing this manoeuvieand when the
remaining items of théBmergencyDescentafter Pressurizatiofrailur€xhecklist were being
followed, one of which requirethe ram airswitchto be selected to the OPEN position, it
was realised thathe switchwas already in BENposition. The Flight Crew likely thought
that this was the cause of the pressurisation problem and movedsthiéch to the SHUT
position. Thepressurisation panel/controllewas then re-selected toAUTOand control of

17 thel A NONJ F0Qa LINB & & dzNJ and theAlighf wad éostiauSoMBGHT. & NB 3 |

2.2 Ram Air Switch

The flight crew who operated the aircraft on the previous flight did negiort any problems

with the pressurisationsystem, indicating that theam ar switch was likely in the correct

(SHUT) positiomvhile the aircraft wasairborne during that particular flight leg. The Flight

Crew who operated the aircraft on the occurrence flight did not recall touching the switch at

any stage before the occurrenead could not explaimow it was in the OPEN positiolhe

I A NO NadraliGheckli®¥ R2Sa y20 O2ydGlAy Ly SELX AOAG N
the ram air switch before flightHowever|t is contained in the expandgare-flight checklist

The Investigation noteshat the FCOM requires the flight crew to confirm the switch

LJ2 & A 0 A 2 ASREQDF AlIKSSr a4y

The positions of the switch and valve are not recorded on the FDR nor do they form part of
0KS hLISNI G§2ND&a Cb5a tRd ldvestigatiéniwas unablg foSditesine( f & >
exactlywhen the ram air switch was selected to OPENeunguardedram air switchis in

close proximity to the switches for the air conditioning paaksl is of the same shape and
size as these switcheand may lave been inadvertentlydisturbed when the postflight
checks were being completedter landing or when preflight checks were being performed
before the occurrence flightlt is also possible that the switch wemdvertently disturbed
during access t@r egress from the cockpwhen the flight crews changed ovbefore the
occurrence flight The Operator advised that no maintenance was carried out during the
turnaround in LFPG and that Ground Servicing personnel woatthally not enter the
cockpit at his time.



2.3

Installation of Ram Air NofReturnValve

Thel ANONJI F& al ydzFlF Ol dzZNBNA at RAMP dfiRot CodtgimaS Ij dzS
scheduled maintenance inspection tbie ram airNRV. Howeverccording to the Operator,

its aircraft maintenane computer system automatically schedulead inspection ofthis
valvebecause it?>/Nwas the same as two othédenticalfour inchNRVghat werefitted to

the air conditioning recirculating systemy R F2 NJ g KA OK (i K Staih AnND NI ¥
inspection requirement.Consequently, lree work orders were issued for the taskfor
completion during theJulyAugust 2011heavy maintenance checkll three work orders

referred to the AMM section to be used for the inspection:

AMM 215064 (REMOVE, LEAN, INSPECT AND CHECK OPERATION OF COOLINC
SYSTEM 4 INCH NRETURN VALVE RECIRCULATING AIR SUPPLY TO CAU OUTLET
PUMP).

/ 2 NNB Ol RBVAMIG A-FI R & 6 SNBE & LIS@KofdesSr&atirgyo G K S
the NRVs actually fitted to the recirculating systeihe otherwork order issued also
referred to a recirculating system NRMt with | £ 2 O RIW2A¥T TRetfe istno such

NRYV fitted to the recirculating systerlloweverthe S/Nthat the work orderreferred towas

the S/N ofthe NRM\hat wasfitted to the ram airsystem(9228677).

Work ordes were also issuetbr inspections of thdive inchNRVs fitted to the dain and

flight deck supply ducts. Thed¢RVsare fitted in ductsemanatingfrom the rear pressure
bulkhead The ram air duct, into which the ram air NRV (four inch) is fitted, also emanated-3
from the rear pressure bulkhea@he flight deck supplguct (connected to the left hand five

inch NRVand theduct from theram ar NRV are in close proximity to each other and are
interconnected.

Maintenance records indicate that the same maintenance technician perforied
certified the inspection @ the left hand recirculating NRV arah the NRVs fitted to the
cabin and flighdeck supply ductsThe AMMsectiors referred to by the techniciarmn the

action taken section of thevork ordeis were correct (260-64 and 2150-54 respectively)

and matched what was included on the task cards describing the work required. The same
technician alsocertified the work orderthat was raised foNRV S/N 22867, which the

work orderstated, was located in thedAFE  LJ2 aHowiefe?, Hedaction taken section of

the work orderstated:

Aft NRV (cabin and flight deck supply ducts) remoekxhned, inspected and refitted.
Satig[satisfactory].Ref AMM 2150-54-201

The AMM reference used was appropriate for an inspection of an NRYV fitted to the cabin
and flight deck supply ductsThis suggess that the technician, upon locating NRV
S/N 2867-7, may have thoughthat due to the layout of the ducts at the rear pressure
bulkhead,the NRVbelongedto the normal cabin and flight deck suppection21-50-54 of

the AMM indicates the direction of airflow at the NRV installations in the cabin fagidt

deck supply ductsSection 17, Figure No. % however, because this AMM section is not
applicable to the ram air NRV, it does not indicate the direction of airflow at this valve.
Notwithstanding this, the direction of airflow is embossed on theyof the ram air valve.
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Neverthelessiit is still possible that the technician misunderstotite direction of the
airflow due to the layout of the ducts and intentionally refitted the NRV in the orientation
consistent with this misunderstanding; compent design is such that it does not jgtede

the incorrect installation o ram aifNRV.

No defects were recorded as a result of the maintenance inspection of the left hand
recirculating NRV and the NRVs fitted to the cabin and flight deck supply, thditsating

that the technician (who also installed the ram air NRV) correctly installed these valves. It is
therefore equallypossible thatthe techniciancorrectly undersibod the direction of airflow

at the ram air NRMut unintentionally installedit the wrong way round

It is essential that scheduled maintenance task requirements are clearly and accurately
described to help ensure that the correct work is carried out. The Operator advised the
Ly@SaaAaalridAazy GKFG A0 Kihcide b eReduiriRspettisrfof theA NIO N
ram air NRV, which will include requirement for an inspection during reinstallation by a
second techniciario ensure the correct orientation of the NRV following its installation
Consequently, no Safety Recommendatis made regarding the incorrect maintenance task
description.

The total aircraft cycles recorded when the NRV inspections were performed during the July
August 201heavymaintenance check was 18,715. The inspections are only scheduled every
20,000 flght cycles; therefore, it is probable that it was the first time the inspections had
been performed since aircraft manufactur@ere was no posimanufacture/predelivery

test to verify correct installation of the ram air NRY¥nsequentlythe possibility of it being
incorrectly installed at manufacture and the maintenance technician reinstalling the valve in
the same orientation that he removed it, cannot be ruled out.

The only maintenance action recorded on the ram air sysianthe perod from the
July/August 2011lheavy maintenance inspectiomntil the occurrenceflight was on

3 December 2011, whei®OD was removedue to a RAM AIR VALVHEIPS indication
remaining on The Operator advised that there was no recordtbé ram air NR\having
been removed at this timeHowever, due to its close proximity to the ram air valve, the
possibility of it being removed and thdxeingincorrectly reinstalled at this time can also not
be ruled out.

Ram Air Mn-Return Valvenspection
The incorrectinstallation of the ram air NRV was a latent effom that its adverse

consequences lay dormant from at leaBecember2011 until the ram air switch was
inadvertently moved to the OPEN position.

22| atent Error:An error whose adverse consequences lie dormant for a period of time, only becoming evident
when combined with other factorfkeason, J. (199Gluman ErrorNew York: Cambridge University Press.
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Asoutlined earlier it is considered likely that theeichnician was unaware that it was actually
the ram air NRV that the work was being performed on. The AMM section referred to by the
technician was applicable to theabin and flight deck supply NRVs. This seatmrtains an
instruction on how to instal KS& S b wz* & Walvé fapsKopetatn§ in direction of

I A NJFah®pgescribes a poststallation test.The performance of this poshstallation test
would not have identified the incorrectly installed ram air NB&auseat was not applicable

to that system.

The correct AMM section to be used durimgiintenanceof the ram air NRV also contains an
AYAUaNHz0G A2y G2 YBIH{S0SOSINTI sy 208 NI+ (iBkvEvels R A NX
the procedured G | G Sa ( Kro iest teGubedB TREt @Ay 3 Ala Ayadl
therefore that even ithe technician had been aware of which NRV the inspection was being
performed on and consequenthyasfollowing the correct AMMan installation error may

still have occurred.

There is noscheduled maintenance requirement temove andinspect the ram air NRV
Gonsequently the issue of an associated installation error should marmally arise.
However it is possible that ram air NRVs on other aircraft in the worldwide RJ fleet have
beenremoved or replaced for other reasons (e.g. defects or component acéass)to the

lack of a posinstallation test,it is possibletherefore that there may be other aircraft with
incorrectly installed ram air NRVs, which have the potential to be a factor in similar serious
incidents. Furthermore, a incorrectly installed ramair NRVwould prevent ram air from
flowing when requiredand thereforecould inhibit the clearance of smoke or fumé&®m the

aircraft when the ram air valves selected to OPEN as instructed thg checklists to be
followed for such everst 20

The Investigation acknowledges ththe Operator inspected the ram air NRV installaton
14 other RJ aircraft in its fleet, with no adverse findings, aado that the aircraft
Manufacturer issued an AOR® highlightthe occurrenceo other operators However, the
Manufacturer advised of a previous similar occurrence anddicated that pogd aircraft
manufacturépre-delivery testing would not identifyif a ram air NRVhad been incorrectly
installed at aircraft manufactureAccordingly the Investigation issues the following Safety
Recommendation to the aircraft Manufacturer:

SafetyRecommendation No. 1

BAE Systenshouldadviseoperators of 146RJ aircraft equipped with ram air systems t
verify that the ram ainon-return valveis correctly installedlRLD208004).

Ram Air NorReturn Valve Installation Procedures

Regarding the lack of a pesistallation test,the aircraft Manufacturer explained thathis
wasbecause the ram air system was optional and did dsarve a safety functian | Y R { K &
only way to check the correct operation of the NRV on aseirviceaircraft would be to
pressurisethe aircraft. The Manufacturer stated thathis wasad S@A RSy Gf & 02y
excessive |0 GKS GAYS 27F I ANDNJI Thé MaRBagtGdr advined y G |
that its review of the effect of an incorrectly installedm air NRV did not identifyas

defined in EASA Part 21.A.3B(®)potential unsafe conditignbecause any loss ofalein

pressure would not result in a rapid depressurisation of the €athin
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oxygen masks when necessary. Howeteg, Investigation is concerned that the failure of

an aircraft topressurisecorrectly after takeoff, in addition to leading to events such as the
subject serious incident, can also produce subtle and insidious effects which could impair
flight crew performanceand adversely affect their reaction to the warnings receiviéds
imperative therefore thathe ram air NRV is correctly installed.

y

S
K U

The Investigation acknowledges that pressurising an aircraft during maintecantsresult

in safety hazards for maintenance personnahd is therefore reluctant to issue a
recommendation for such a tesHowever due to the lack of a posinstallation test, and
because there are no design features to prevent incorrect installation, the correct
installation of the ram air NRV relies solely upon the instruction in the AMM regarding the
NRYV flaps operating ithe direction of the airflow. Therefore, this instruction should be
clearly highlighted in the procedure. The Investigation considers that neither the text of
AMM 21-51-14 nor the associated figurdppendix B sufficiently highlights the importance

of the correct orientation of the NRV. Consequently, the following Safety Recommendation
is issued to the aircraft Manufacturer:

Safety Recommendation No. 2

BAE Systems should review the ram air -neturn valve installation procedures
contained in AMM seabn 21-51-14 with a view to more clearly highlighting the
importance of the correct orientation of the valyEiRLD208005).

Scheduled Maintenance Inspection

TKS FANDODNFI TG al ydzFl OGdzZNBENRa at 5 inspectod/chgtir it 02
requirement for the ram air NRV, yet such a check exists for the identical valves contained in
the recirculating systenfcarried out every 20,00@ight cycle$. The aircraft Manufacturer

stated that this was because the purpose of the ramnk NJ 2@ A G SY gdagn G2 |
ventilation at nonpressurised altitudes in the event of total failure of the air conditioning
systeng towever, the MPD/AMP does contain a requirement to perfam operational

check of the ram air valve and indicatingt®m, which isscheduledo be carried outevery

10,000 flight cyclesThis maintenance task would not identify an incorrectly installed or
malfunctioning ram air NRV\ior is it designedb, yet correct system operation is predicated

on the NRV functionings intended.

The Investigation notes that the Operator has amended its AMP to include a specific
inspection requirement for the ram air NRV, which requiressexond (independent)
inspection during reinstallation to ensure thati$tNRV has been refittecbrrectly.A regular,
scheduled inspection of theam airNRV, similar to that introduced by the Operator, coupled
with the existingoperational check of the ram air valve and indicating syst&wuld ensure

that the entire ram air systens operatingcorrectly. Such an inspection may be of benefit to
other operatorsand could identify a latent error or system defect before it manifests itself
as a causal factor in a serious inciderterefore, the following Safety Recommendatien i
issued to the aircrafilanufacturer:
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3.1

Safety Recommendation N@

BAE Systemsshould consider developing a scheduled maintenance inspect
requirement for the ram air system neneturn valve, similar to that whicls prescribed
for the identical valves installed in the rezulating air supply systeniRLD208006).

h LIS NJ lit@rdlnhiestigation

¢ KS h LISmerndl invieddgation report contains a number of safety recommendations.

Two of these are safetselated: Onerecommendationrequested an internal review of
O2YYdzyAOlI GlA2ya ¢6KSy 2E&3Sy YEnkigency IDesBDt A Y
announcement made by the Flight Crew was not readily understandable by those in the
cabin. The otherecommendationrequested an internal reviewfahe cabin crew operating

Y |y d#lo £nsuée that cabin crew decompression drills are explained in both contexts of
slow and rapid decompressiborE  RdzS (2 GKS /I 06Ay [/ NBgsQa SN
oxygen mask would automatically drop down during areegency descentAt the time of

writing, these recommendations remain operConsequently, the following Safety
Recommendation is issued to the Operator:

Safety Recommendation No. 4

CityJet should review itsafety occurrence management processes to ensure th
recommendations arising from its internal investigations are addressed in a tin
manner(IRLD201800)7 22

CONCLUSIONS

Findings

1. Theairworthiness certificatiorior the aircraftwas valid.

2. The ram airnon-return valve was found installed the wrong way roundon the
aircraft

3. There are no design features that preclude iacorrect installation of theam air

non-return valve.

4. The aircraft did not pressuriseorrectly on the occurrence flightdue to a
combinationof an incorrect system configuration leading to an open ram air valve
andthe incorrectly installed ram air nereturn valve

5. Theaircraft Manufacturer informed the Investigation that a similar event occurred in
2004.
6. The absence ofeports of a malfunctioning pressurisation systeunnggests thathe

ram air switch was in the correct SHUT position for the@borne phaseof the
previous flight and wadikely inadvertently moved to the OPEN position at some
stagethereatfter.
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The failure of the aircraft to pressuristiring the climbout on the occurrence flight
eventuallyresulted ina CABIN HI ALT (cabin high altitude) warning on the Central
Warning Panel in the cockpit.

When the CAB HI ALT warning was received, the Fligit Geclared a Mayday to
ATC, donned their oxygen mas&ad carried out an emergency descent.

hyS 2F (KS Emérdgency Deacygnt aftdt Sressttion Failured OKS O f A
contained the requirement to select the ram air valve to OPEN when the cabin
differential pressure was less than 1 psi. When the Flight Crew looked aatheair

switch, they discovered that it was already in the OPEN position.

When theFligh Crew moved theam air switch to the SHUT positiand reselected
the pressurisation to AUTOnormal operation of the pressurisation system was
restored and the flight was continued to its destination.

Following the occurrence, the Cabin Crew informéd Flight Crew that the
Emergency Descedt | Yy 2 dzyh&u€ wySthyeHlight Crew while wearing their
oxygenmasks was not readily understandable by those in the cabin.

Theak NONI Fd al ydzFl OGdzZNENRAa Y lrédqyiréd & gerioi©o S NX
inspedion/check of ram air noswreturn valve.

The aA NONJ ¥ i al ydzF I OG dzZNB N & inciided ¥ Gpdribdicy O S
inspection/check of two nometurn valvescontained in the recirculating system
which had the same part number as the ram air fieturn valve.

¢CKS hLISNFYG2NDRDa YIFIAYyaSylyOS 02YLlzi SN aeai
of the ram air norreturn valve because it had the same part number as the-non
return valves installed in theecirculating system and which were subject to a
scheduled inspection.

The description of the work required as contained on the work order and task card
generated for the inspection of the nemturn valve fitted to the ram air systeno

be performed duing the JulyAugust 2011 heavy maintenance inspecti@ras not
applicable to the ram air nereturn valve.

The technician who performed the inspection of the ram air-neturn valveduring
the JulyAugust 2011 heavy maintenance chaslly have been ahe understanding
that the valve formed part of the normal cabin and flight deck suppiesy due to
the incorrect work required description and the layout of the ducting

The Aircraft Maintenance Manual procedure for the installation of the ramair
return valve (AMM 2351-14) dbesnot require a posinstallation test.

Therewas no post aircraft manufacture/prdelivery test to verify correct installation
of the ram air norreturn valve.



19. The possibility of the ram air NRV being installed iireztily at aircraft manufacture
or during defect rectification in December 2011 could not be ruled out.

20.  An inspection of the ram air neNB ( dzNY @I t @S a ZLother RKaBcrafi LIS NJ
identified no anomalies.

21. ¢KS hLISNJ G2 NRA& A yép&tNyohtdins & yhandheér (of afaiyA 2 v
recommendations. Two safetglated recommendations remain open at the time of
writing.

3.2 Probable Cause

Failure of the aircraft taorrectly pressuriseafter take-off due the inadvertentselection of
the ram airswitchto OPEN¢ombined withan incorrectly fitted ram air nometurn valve

3.3  Contributory Causés)

There are no design features that precludeiacorrect installation of theam airnon-return
valve

4. SAFETY RECOMMENDATIONS

It is Recommended that: Recommendation
Ref. 24

BAE Systems should advise operators ofR4@ircraft IRLD208004
equipped with ram air systems to verify that the ran
air nonreturn valve is coectly installed

BAE Systems should review the ram manreturn |RLD208005
valve installation procedures contained in AMN

section 2151-14 with a view to more clearly

highlighting the importance of the correct orientation

of the valve

BAE Systems should consider developing a schedu IRLD208006
maintenance inspection requirement for the ram air

system norreturn valve, similar to that which is

prescribed for the identical valves installed in the

recirculating air supply system.

CityJet should review its safety occurrence IRLD2028007
management processes to ensure thai
recommendations arising from its internal
investigations are addressed in a timely manner

View Safety Recommendations for Report 20085



http://www.aaiu.ie/node/1167#overlay-context=node/1161

Appendix A R385 Checklists

Pressurization Controller Failure

FRESSURIZATION .. MAN
Attemgt 1o control
{ é +
Contral not regained Contral regained
Go to appropriate procedure on Page 1.07 Continue in manual control
| —— MNaotes on manual eontrol on Fege 1.08

Pressurization Controller Fault

PRESSN

Pressunization ... Confirm operating corractly
MODE and QUTFLOW VALVES ... . Selected as required
Check the controller differential pressure display ling.
If & fault is indicated

«  Record the faul,

s Press CLEAR DISPLAY FALILT
* Record the next fault.
= Continue this sequence until differenfial pressure is displayed,

Figure No. A1Abnormal and Emergency chesks$ for a pressurisatiofault/failure

25

= | Cabin High mlitudu]

CABIN
HI ALT

(Ortygan masks ... . Flight crew don
Crew communication ... Establish
FACKS AND AIR SUPPLY Caortirm ON
PRESSURIZATION (i e GhECK COfrectly set
If contral not regained, FRESSURIZATION... ... MAN - attampl o control
4
—O !
Control not regained Control regained
Cabin altilude and rate or cimb .. Check Rermair in manuwal,
Lowest safe aliitude ... Check Notes on manual control on Page 1.08,
PAK SI0NS o, ON Flight deck craw :star on oxygan until
cabin is 10000 fi or below.

FAX OXY OUT L Monitar END

annunciators.

If mot lit br 14 000

ft cab all, Jpress

elther DHOFE QUT

OVAD bulton

Use descent profile appropriate to route
See Page 105 for Descent Profile - Chemical
Ouygen

l
—O !

Emergency Descent not Required Emergency Descent Required

Go to Emergency Descent after
Pressurization Failufe procedure

Gonsider emergency descent

Page 1050 ==
When at higher of; lowes! safe allitude or 10 000 ft:
Flight deck crew oxygen.... e SET MESH regulators to N (pull down) to conserve axygen
Keep masks on until below 10 000 ft cabin altitude
RAM AIR VALVE ... WHEN AR s lRss than 1 psi, OPEN

Figure No. &: Abnormal and Emergency checklist for a CAB HI ALT (high altitude) warning



Appendix A Aircraft Checklists (continued)

Emergency Descent after Pressurization Failure I

Emergency descent ..........ccccceueuenne Announce

Thrust Levers .......ucicereenieeennannes Flight idle

TANGO SPOOA .ivresvsnecsssavsvuersessrsssanssise Announce - Myo/Vy or 0.6 M/240 kt
|" n%ttrugtural integrity in doubt, do not exceed 0.6 M/240 kt and
|

(o111 0] (- U U S, ouT

Oxygen masks .......ccoceurvenniannnnnne.. CoNfirm donned and crew communications established.

Establish flight at 10 000 ft or the lowest safe altitude if higher

CONTIGNAandB...........ccc....... CN

Trensponder ... saiiiainive. As required

When at higher of; 10 000 ft or lowest safe altitude:

Flight deck crew oxygen................ Set mask regulators to N (pull down) to conserve oxygen
Keep masks on until at or below 10 000 ft cabin altitude

RAM AIR VALVE........cccoovminrcnnannns When Ap is less than 1 psi, OPEN

CONT IONG e satassasss As required

Figure No. B: Abnormal and Emergency checklist for Emergency Descent

Bovube, Puimes we Flos

an the Flight Deck, in the Cabin ar in ihe Elecirical Equipment Bay

ELECT
May ba it [ SMokE

Owygen masks and gogales ... Flight craw don, chack 100%
UL EREFISENGT 0 UCUENETY 1D Kp
mas oul of mask

Lo Lt g b1 15 oo e e Ealaldizl
H‘%n oocurs on changeover batween EMNG AIR and APU AIR, ravan to onginal
F 241

| Lannd am swe aw prossllis

L MOl aRsLma tho TIre 15 aXngUIsne IT smdahn
dlgpareas ar tha Fl FOT SMOKF capllan gras sof

Instrumant Bghts ... Full bright
MAMCL FLOOD ligkis ... .. CTOMY
EFIS .. .. Full ERT
FLT BESH EMEMS LTS T
GALLEY swiloh ..o .- SHED
GAEIN EMEHG ngnla. - UN
MO SMKG | S & |
FASTEN BELTS . [T -, |
Cinbim attrndant's nanﬁl | Innararsary linhis off
Pull all CBs
Flight deck coor [ fed) ... Close
CABIMAIR ... oo, FRESH
Airgraft al or above B 000 H.
FHESSUHIER TN .. e NBAN MILILE

Thn sed MAN RATE 1o mas UP unlil GAE ALT
8000 i then sal pare rata

Only if time parmits:
= a]‘uglsi.al.sg!lkmil?rsiﬂalg;ﬁuw wl =:|ln;||.|r.| wn fuenss, vl SFF wne PACH al o liie

= W the apurce k8 elecincal and cen be identified, elactrdcally lsolate ralovam

aquipmant.
When abrcraft below 8000 1.
PACKE .. OFF
RAM AIR OPEN
CUTFLOW VALWVEE . CAUMP

Figure No. A: Abnormal and Emergency checklist for Smoke Fumes or Fire
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Appendix B Extract from AMM 2151-14

C. Inatall non=catica walué
(15 Remave blanks from ram air walwe (413, rear dock C4E) and duct CR&).
[2) [nsert nan-ratara walwe (850 §a dact [R4D, makieg certainm spindle ol

walve 15 posttignsd wertigally asd walwe PLAGS operate 18 @irection of
atrflas.

-

I3 Posfithen dust [44), eqamplate with sea-retere walwe C55) and fwe pew
O=rfng seals [43) gnd THE), Bebween rear duct CRE) and rom afir volve
(413, Secure duct_[44) te rear dect (430 wsing clomp C47). Tergee
tighten clasp ta 70 Lbf.in. (0.7% mdall.

P47 Secure duct D43 te ram afr walwe 0570 gaing clamg (4F). Torgee mighten
claso ta 710 Lbf.fn. (0.79 mdal).
| Lad IF eamdvad for accass. fastall FL9gAt data recerdar (Eed.RMA 11-11-37,
page black 2000 aad/er esekpit welied recerdir CRaf DWW 2T-T1-76, pagd
hlazk 20113.
| Ihh Ramnua safaty rifps and tags and riase rirceit Braakers ==
PANEL LABELFSERVICE GHIN REF/TNENT
1539-11-00 R&H AIR CTRL LA &l
211-50-30 PACK 1 VALYE £29
214-50-30 PACKE 2 WALYE 13
| [T4 Aemowe warning matfice frem flight deck.
LR ET]

L1 Ha test required.

E.Clade up

(1% [n rear cargo coeparteeat, iastall sccess pamels 1E10L ans 1EZEE
[Raf AMM 25-50-21, paga Blach 2073,

WARNING : MAKE CERTAIM THE WEIGHT OF THE CARGO COMPARTHENT ROORALS) [§
EEﬁEERTEh WHEW THE RELEASE PLUWGER I35 PRESSED AND UNLATCHED To

21-51-14

Page 202
27 Ra1 S Feb 15709

[3% Clase and desurs soar sacges samparimest dese CRTED.

(34 Make certain work area 5 clean, and clear of Rools ard miscellencous
I wquipment .

FERlRF dn

M FLUW

Figure NoBL: Extract fromAMM 21-51-14 Ram Air NRV Installation Procedure



Appendix C: Acceptable Means of Compliance (AMC) as contained in Adnex ED
Decision 2012/020/R (Issue 2, 30 October 2012)

AMC 21.A.3B(b) Unsafe condition

An unsafe condition exists if there is factual evidence (from service experience, analysis or
tests) that:

(@) An event may occur that would result in fatalities, usuwadith the loss of the aircraft,
or reduce the capability of the aircraft or the ability of the crew to cope with adverse
operating conditions to the extent that there would be:

(i) A large reduction in safety margins or functional capabilities, or

(i)  Physicabistress or excessive workload such that the flight crew cannot be relied
upon to perform their tasks accurately or completely, or

(i) Serious or fatal injury to one or more occupants

unless it is shown that the probability of such an event is within the defined by the
applicable certification specifications, or

(b) There is an unacceptable risk of serious or fatal injury to persons other than occupants,
or

(c) Design features intended to minimise the effects of survivable accidents are notd
performing their itended function.

Note 1. Norcompliance with applicable certification specifications is generally considered as
an unsafe condition, unless it is shown that possible events resulting from this non
compliance do not constitute an unsafe condition as ddfimeder paragraphs (a), (b) and

(©).

Note 2: An unsafe condition may exist even though applicable airworthiness requirements
are complied with.

Note 3: The above definition covers the majority of cases where the Agency considers there is
an unsafe condibn. There may be other cases where overriding safety considerations may
lead the Agency to issue an airworthiness directive.

Note 4: There may be cases where events can be considered as an unsafe condition if they
occur too frequently (significantly beyd the applicable safety objectives) and could
eventually lead to consequences listed in paragraph (a) in specific operating environments.
Although having less severe immediate consequences than those listed in paragraph (a), the
referenced events may rede the capability of the aircraft or the ability of the crew to cope

with adverse operating conditions to the extent that there would be, for example, a
significant reduction in safety margins or functional capabilities, a significant increase in
crew workoad, or in conditions impairing crew efficiency, or discomfort to occupants,
possibly including injuries.



In accordance with Annex 13 téhe Convention on International Civil Aviation, Regulation (EU).N
996/2010, and Statutory Instrument No. 460 of 2009, Air Navigation (Notification and Investigatio
Accidents, Serious Incidents and Incidents) Regulation, 2009, the sole purposeisintfestigation is to
prevent aviation accidents and serious incidents.i¢t not the purpose of any suclvestigation and the
associated investigation report to apportion blame or liability.

A safety recommendation shall in no case create a presumptibilame or liability for an occurrence.

An Roinn lompair
Turasoireachta agus Spoirt

Department of Transport,
Tourism and Sport

Air Accident Investigation Unit,

Department of Transport Tourism and Sport,

2nd Floor, Leeson Lane,

Dublin 2,D02TR60lreland.

Telephone: +353 1 604 1293 (24x7): or
+353 1241 1777

Fax: +353 1604 1514

Email: info@aaiu.ie

Web: www.aaiu.ie
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