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Foreword

This safety investigation is exclusively of a technical nature and the Final Report reflgcts
the determination of the AAIU regarding the circumstances of this occurrence and |ts
probable causes.

In accordance with the provisions of Annex 18the Convention on International Civil
Aviation, Regulation (EU) No 996/261ind Statutory Instrument No. 460 of 2099
safety investigations are in no case concerned with apportioning blame or liability. They
are independent of, separate from and Wwitut prejudice to any judicial or
administrative proceedings to apportion blame or liability. The sole objective of th|s
safety investigation and Final Report is the prevention of accidents and incidents.

Accordingly, it is inappropriate that AAIU Repoghould 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 acknowledggd,
the material is accurately reproduced and that it is not used in a derogatory ¢r
misleading context.

! Annex 13 InternationalCivil Aviation OrganizatiofiCAO)Annex 13, Aaraft Accident and Incident Investigation.

% 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 ifl aiiation.

% Statutory Instrument ) No. 460 of 2009 Air Navigation (Notification and Investigation of Accidents, Serious
Incidents and Incidents) Regulations 2009.
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AAIU Report No2016-007
State File NoIR100913099

Report Format: Synoptic Report
Published: 10 May016

In accordance with Annex 13 tthe Convention on International Civil AviatigrRegulation (EU)
No 996/2010 and the provisions of.ISNo. 460 of 2009, the Chief Inspector of Air Accidenié,
Jurgen Whytepn 20 October 2013 appointedhimself as the Investigatofin-Charge to carry out
an Investigation into thisSerious Incidenaind prepare a ReportMr John Owensand Mr Howard
Hughes Inspectos of Air Accidentsassised with the Investigation.

Aircraft Type and Registration: Boeing757-224, N41140

No. and Type of Engines: 2 XRolls Royc&kB211535E

Aircraft Serial Number: 30353

Year of Manufacture: 2000

Date andTime (UT&): 20 October 2013 05.05hrs

Location: Approximately 80nautical miles southwest of Dublin

Type of Operation: Commercial Air Transport ScheduledPassenger 2—
Persons on Board: Crew-8 Passengers131

Injuries: Crew- 4 (Minor) Passengers13(Minor)

Nature of Damage: Significant

I 2YYlF YRSNX& [ A OS) Air Transport Pilot LicencéATR) issued by the
Federal Aviation Administration (FAA), USA

[ 2YYlIYyRSNXD& 5Sil ;Male aged59years
/ 2YYlF YyRSNQR& Cf & A\ 11,606hours as Pilotin Commanid
Notification Source: Dublin Air Traffic Control

Information Source: AAIU Report FornSubmitted bythe Operator
AAIU Field Investigation

* UTC Coordinated Universal Time. All times in this report are UTC (UTC plumonequals local time).
® SeeSection 1.4n the report.
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SYNOPSIS

While on a scheduled passengservicefrom NewarkAirport (KEWR)USA to Dublin Airport
(EIDW) Irelandthe aircraftencounteredconditions thatbecameincreasinglyturbulent during
the descent As the turbulenceeased the CoPilot noticed that theindicated airspeed as
presentedon his instrumentswas readinglow. Fearing that the turbulence had caused the
aircraft to lose airspeeavhich could leado a stall, the CoPilot applied forward force on the
control column to pitch the aircraft downand increased engine thrustollowing this
manoeuvre,the CoPilot reported that the airspeed as indicated dris instruments began to
recover, beforereducing again. Consequently, theCoPilot repeated the pitch down
manoeuvre

It was thendeterminedthat G K S / 2 Y YdirsfeRdSimnsIuinens were reading correcty,
andthe Commandetook control of the aircraftThe aircraft was returned to norméight and
the Commanderhanded back control to theCoPilot Subsequently, e Flight Crew were
alerted to asystemmessage indicating loss of hydraulipressurein the centre hydraulic
system.Shortlythereafter, reports were receivedrom the cabinthat a number ofpassengers
andFlight Attendantsuffered minor injuries during thevert.

The Commanderreported to DublinAir Traffic ControlATQ that they had experienced some
turbulence and thatmedical assistance auld be required on landingIn addition, airport
emergency services were requested to be in attendance duthéohydraulic problem The
aircraft landed at 05.22 hrswithout further incident The aircraft sustained damag® the
centre hydraulic system service bayd ceiling panelsn the cabinas a result of the occurrence.

FACTUAL INFORMATION 6
History ofthe Flight

The aircraft, a Boeing 75224, was on a scheduled passenger service from KE/HDWwith
8 crew and 131 passengers on baaftie Commandemwas Pilot Monitoring (PM), and théo
Pilotwas Pilot Flying (PA)he flight departd KEWR at 23.22 hrs and therente transatlantic
phase of the flight was uneventfuhpproachingelDW the aircraft wagyivenan initial descent
clearance tFL178 by ATC.

While descending througlapproximately FL250Q in Instrument Meteorological Conditions
(IMC)), the aircraft encounteredurbulent atmospheric conditionsThe Hight Qew noted the
PNB &Sy OS 27T %{adthe dosteMtzdtnued thrd§H_235the CoPilot stated that
the intensity of the turbulence increasel I 6 NXzAU&Ho@ ¢he same timehe intensity of
GKS {0® 9f Y 2dndtheCEPNGS statey e NdidedtHs BRound of abruptly entering
precipitatioré. The aircraft posion at that time wasapproxmately 80 nautical miles NIM)
southwest of EIDW.

6FL170:FIight Level 170, a three digit representation of aircraft altitude (17,000 ft in this case) referenced to
standard pressure (1013.25 hPa).

"IMC: Instrument Meteorological ConditionElight onditionsthat exist when the outside view from an aircraft is
restricted in such a way that aircraft control and navigation can only be carried out using flight instruments.

8{ G @ 9iteyR\Wsible dectrical discharge when an aircraft flieough a heavily electrostatically charged
atmosphere. It ioften associatedvith nearby cumulonimbus or thunderstorm activity dod flight through ice
crystal.
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The CoPilot reported that when the turbulence easede noticed thathis indicated airspeed

(IAS) asdisplayedon his instruments, waw - in the region of 90kts. The CoPilot, believing

that the aircraft was about to stalimmediately pushed the control column forward and
applied full power withoti disengaging the autopilot orudothrottle. The CoPilot stated that
following this,his airspeedwent back up into the armal rangé&, but as soon as he began to

raise the nose and reduce poweit went back intoastak 2 NJ 6§ KS Ay RAOFhaA 2y &
CoPilotthen commenced a s®ndpitch downmanoeuvre

Followingthe secondpitch down manoeuvre the Flight Crewconcludedthat the CoPilotQ a
airspeed indications wereeadingincorrectlyand that the Commande® airspeed indications

which agreed with teB standby aspeed indications were correct. Consequently,the
Commandetook control of the aircraft andeturned it to stabilised flightWhenthe Ca A f 2 (1 Q&
airspeed indications returned to normal the Commanbtanded control back to the Geilot.

At about this time, an alertwas displayed on the Engine Indication and Crew Alerting System
(EICAS), indicatina loss ohydraulic pressurein the cente hydraulic system. The relevant
checklist wasactioned and the flight was continued twards EIDW.Reports were then
receivedfrom the aabin that two Flight AttendantsFAs)and a number ofpassengersad
sustained minor impact injuries.

The CommanderadvisedATCEIDWthat they had encountered severeirbulence andthat
medical assistance was required on arribalcausesome passengerdiad beeninjured. In
addition,the Airport Fire Service was alsequested to be in attendance on landinlyie to the
loss of the centre hydraulic system. A normal landirag performedat EIDW without further
incident. On inspection it was found thtite aircraft hadsustainedsignificantdamage

Injuries to Persons

Immediatelyfollowing the event, eight passengers antivo FAs reported minor injuriesas a
result of having come to contact with various parts of the aircr&taternal structure All
persons who presented themselves as havingrbejured were attendedo, on sceneby the
airport fire andambulanceservicepersonnel One of the injured passengers, who receivaed
slight laceratiorto their head,subsequenthattended a lospital in Dublin, whergéhe passenger
was treated and released

On 2 DecembeR013 a passenger contaetl the AAIU and described how he was in a lavatory
in the rear cabin at the time of thevent and had hit his head on the ceiling. Hien fell,
strikinga handrail mounted on the rear wall of the lavatory.

The Operatotater informed the Investigation that reports ahinor injurieswere subsequently
received from four additional passengess.subsequent written FA report indicated that the
four unrestrained FAs received minor injuries.

%In his initial statement the GBilot said he saw 90 kts on his Airspeed Indicator (lWSd)later written statement
he thought this was possibly 125 kts. See &sotion 1.5.3
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Injuries Passengers  Others
Fatal
Serious
Minor
None

Damageto Aircraft

An AAIU Engineering Inspector conductedeaternalexamination of the aircraft on stand at
EIDW shortly after the aircraft had landedDamage to the following components was
identified:

)l

= -4 -4 4 —a -2

The door frame of the centre hydraulic system servicing bay and adjacent structure
(FiguresNo. 1 and No. 2).

The centre hydraulic system servicing bay door and {o@dn rod

Theelectrical connector on the filter module pressure transmitter

The reservoir drain valveguantity transmitter and associated electrical connector

The hydraulic service panel light

The wiring loom lip at the rear of the hydraulic service bay

Some wing to body fairings had popped open.

Figure No. 1Location of the centre hydraulic Figure No. 2Photograph of Damage to Service

system servicing bay Bay and Associated Structure

In addition, an internal examination of the aircraft determined that:

1
T

A ceiling panel in the rear paenger cabin hasuffered impactdamaged.
There were coffee and tea stains on various ceiling pahedsighout the cabin
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Personnel Information

General

Both Flight Crew members were employed by the Operator. Therdor stated that both
Pilotsinformed themthat they werefully restedprior to the subject flight. The Commander
informed the Investigatiothat he had approximately 32,000 houtsut that he did not keep a
logbook Thereforehis exact flight experience could not be determined. Hogvethe Operator
furnished the Investigation with detailsf the Commande® tight hours for the time thathe
wasin their employnent. These aréimes usedn the tables belowfor the Commander

Aircraft Commander

Personal Details: Male, aged 5Years

Licence: ATP issued by FA
Total as Pilot in Command: | 11,606 hours
Total on type: | 8,769 hours
Last 90 days: | 242 hours
Last 30 days: | 91 hours

Last 7 days: 21 hours

Last 24 hours: 6 hours

Date of Last Proficiency Chec 13 June 2013

First Officer

Personal Detalils: Male, aged 4¥ears
Licence: ATP issued by FA
Totalall types 12,010 hours
Total on type: 5,384hours
Last 90 days: 201 hours
Last 30 days: 47 hours
Last 7 days: 20 hours
Last 24 hours: 6 hours
Date of Last Proficien&heck 12 January013

Interviews andCrew Reports

General

On arrival of the AAIU investigation team at the aircraie Commander initiallpppeared to
be unaware of his obligationsvith regard to the requirements and conduct ef safety
investigationin a foreign stateFollowing a briefing froman AAIU Inspectothe Commader
provided a verbal statementThe CoPilot made afrank, verbal, satement. Both verbal
statements wereobtainedon board the aircraftshortly afterthe event.

Additional written Crew Reports werdater provided by both the Flight Crew and the Flight
Attendants.
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Commander

The Commanderwho was PM stated in his initial interview,that during the descent, the
aircraft encounteredisevere turbulencel y R (i #lt like w Weredhit by wind shear. It felt

like wind shear because we dropped sudderdy | S &l AR UighSpheBpitafidnd & 2
indicated on the weather radatHe alg8 y 2 i SR (KI i GKSNX 46SNB avlt
| S & Wa weNt thiough two drogs | Y R K | (isedim&dSikelit Adudlzadedt so we
pulled the power off, tried to slowly level the aircraft up, looked at the standby instruments, and

| took the aircraft over from theiist Officer (CoPilot) and stabilised the aircradt He stated &

this stage he noticed a problem with the centre hydraulic system. He saidwhah the

aircraft was stabilisetie handed back control of the aircraft to tl@oPilotand spoke with the

FAs, who advised him that see passengers had been injurede statel that dwe accomplished

the loss otentrehydraulic checklist in the QE¥

In his initial interview and first written statementhé¢ Commander madao mentn that he
was aware that the GRilot was of the beliethat the aircraft was about to stalbr that this
was the reason that th€oPilot hadpitched the aircraft down and applieehgine thrust The
QYYlIYRSNRa FTANRG 6N litsSdetaibaboutih8avény’ i LINE OA RSR

In a later statement provided some time after teeent, the Commanderstated that during

the remainng descent, hdearned from theCaoPilot that immediatelyafter encountering the
turbulence the CoPilot@ instruments shaved a very low airspeednd a potential stall, which
prompted the CoPilot to carry outthe pitch down manoeuvre The Commander nig no
mention in any of his reportsof any communications between himself arde CoPilot 10
regarding the manoeuvres performed by the-Bitot during theevent, or of activation of the

Stick Shakeisee alsoSection 1.6.3.2, Warning System

CoPilot

Duringinitial interview, the CoPilot, who was the PEt the time said thatwhenthe turbulence
wasencounteedz G KS I A NONJ Sefies SitetydEahidh 8ajoOj8itR Hel saidithat
following this henoticed that his airspeed was showing lodwell into the red warning | y R
dprobably somewhere around 90 kndts 2  iKittatedba stall recovery proceduied® | S a
that following this,within just a few momentsthe airspeed went back up into the normal

NJ y 3 S 3 pulie@thekp@wercback | Yy R & ( I dilbGt Bhenitr e aifcr&ftdeit chack

into a stall, the indication addistale > f S| RA Yy 3 Kpkch doivgmard&nmiSTheCo G K S
Pilotadlr SR GKFG Fd GKAA LIRAY(GIZ iksiruméntsdnd & £ A &
standby instrumentsshowed i K| & G KS | wieN&bbys R stat | P8y (1 K2 dz3 |
airspeed as\ Y RA Ol 1 SR 2y K belowphy stall]idaty YhS stall warning wias siill

2 y.Regarding thisc & (0 | £ f aslbdelfueny! rBporE received from the @ilot, stated that

it was later realised that the warningeardwas an overspeed warning andtra stall warning

as initially thoughtControl was therpassedo the Commander.

b

10 QRH Quick Reference Handbook.
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TheCoPilotQ & & dzo \@rifdn dzSoyf stated

GThe incident happened aboutO0 miles from EIDW in decent descending through
approximately FL250 while descending to FL170. In the previous few thousand feet on
descentwe entered IMC conditions and were geftin 2dza i | 06 Adjbutalié { 4
radar just showed scattered areas of nothing more than light precipitation. Just prior to
the incidentd KS {G® 9fY2Qa FANBE o6SOFIYS @SNE I Ol
switches toflight. The engine anice switches were already on #tis point. All of a

sudden and very abruptlywe received some rapid and severe turbulence and strong
updrafts along with the sound of abruptly entering precipitation. When the turbulence
subsided| noticed that theFrst OfficerQ airspeed tape was egling very low and well

into the red (just above 125 kts to my recollectjan}h the yellow slow range at the top

of my airspeed tape. At this point, not knowing if we had experienced an upset of some
kind from the turbulencd proceeded to do a higHtaude stall recovery manoeuvre, as |
believed at that moment that our airspeed was lost in the severe turbulence and the
aircraft was in critical danger of entering a stall.

After applying full power and lowering the aircraft nose steeply to attetoptecover

flying airspeed. | asked theé LJG I Ay & NB 4% &@F (HAMNEILIS SR
stagnant and not recovering, even as | had lowered the nose and applied full power. After
a few moments the airspeed started to recover, but very slowly (jugypagentering

the yellow low speed range as read from the first officer airspeed tape). Cigtain
advised me that we were in fact very fast as read from his instruments and for me to raise
the nose and reduce power.

| returned the throttles back ta normal range and started to raise the aircraft nose and
assess the situation. As soon as | started to raise the aircraft nose and reduce power, the
airspeed as read from my speed tammce again plummeted. Still in fear of a stall
situation, and notknowing whose instruments were correct, | once again lowered the
nose and reapplied power until | could be sure thatwere not going to stall. Shortly

after doing so, the ovespeed warning horn started to sound. At first | thought it was a
stall warnirg as that would match what | was seeing on my speed tape, but then realized
that it was indeed an ovespeed and thed LJG F Ay Q& Ay aildNHzySyida ¢S
Captain that my airspeed was still way low and he responded that his airspeed was still
shawing that we were very fast and to raise the nose and reduce power. At that point,
realizing that my airspeed was incorrect, | gave control of the aircraft t@ap&ain.

The Captain returned the aircraft to normal flight from the descent/stall recovdt |

had initiated using the alternate airspeed indicator and alternate artificial horizon. After

a few more momentsmy [the Cot A f] ifsg@éd returned to normal and | assumed
control of the aircraft again fromth€ LJG I Ay ® L RA RifirimentsOetudal f &
to normal as | was backing up th@ptain by watching theQ LJG I Altgreate
instruments and verifying they were indeed correct but once he had settled the aircraft
back to level flight | looked back at my airspeed and saw that irétadned to normal.
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Shortly thereafter, we were informed by the flight attendants that we had passengers in
need of medical attention due to the abrupt turbulence and we let ATC know that we
would requiremedical assistance upon landirgoout this pmt we got an EICAS message
fortheCerlNBE | @8 RNJ dzt AO {@adGSY FyYyR GKS [/ FLIIFAY |1
All checklists were accomplished and the flight landed without further inéident

FlightAttendants

The InFlight Service Manager (I$keported thatthe FAs were in the process of stowing galley
equipment and checking the aircraft cabahen theevent occurred The ISM and another FA
managed to secure themselves into therewseatsadjacent tothe main passenger door at
the front of the aircraft ¢loor 1 leff), but four other FAs ¢hit the ceiling ®The ISM stated that

¢the drop occurred twice

Prior to landing,the ISMwalked through the cabin to check on the passengers. She said that
she noticedhat two passengers were bleedingfn the head and that onef theseapologised

ofor not having her seatbelt on, that she forgot to put on her seatb@e ISMalsosaid that

the four unsecured F#dall complained of neck, back and head jgai

OneFAreportedthat during the descent, moderate turbulence was encountei®de said that

a FAworking in the rear galley aremade an announcement for seat belsd that GAll of a
sudden, | was completely off my feet. We dropped and a few other passengers werefiifted
their feet as well. It felt as though we dropped two tifheShe said that she was assisted by a
passenger and managed tecure herself into a crew seat. 12

AnotherFAconfirmed thatthe fasten seatbelt sign was illuminated wherderate turbulence

was encountered. The FA said that hemade a Public Address announcement urging
passengers to return to their seats and fastépir seatbelts.He stated that econdslater cthe
turbulence went from moderate to sevére I y R { Kdreistwolakr&Ndsopséahat threw
SOSNEGOKAY3A | NRPdzyR aKIFG o6FayQi tF300KSR R24Y

Aircraft Information
General

The aircraft a Boeing 75224, was manufactured in 2000 andias operating on a valid
Certificate of Airworthiness which wasitially issued bythe FAAon 25 February 2000The
certified limit load factor envelope of the B757 aircraft with flaps up is +2.51).0ny

Hydraulic System

Three separate hydraulic systems, left, right and centre, provide flugj080 ps'' to operate
various aircrat systems.In conjunction with the left and right systems, the centre system
provides hydraulic power to the flight controlShere is no fluid interconnection between the
systems and o aircraft system is solely dependent on the centre hydraulic system.

llpsi: Pounds per Square IngHnit of pressure.



The components of the centre system are located ioay which is situated aft of the left hand
wing root SeeSection 1.3Figure No. 1

1.6.3 Air Data System

The air data system consists of the pistatic system(four pitot probes and sixstatic ports),
one total air temperature probe (TAT), two angle of atta¢ROA) vanestwo air data
computers (ADCs), and eleatic flight instruments. The system provides pitot and/or static
pressure information to various flight instruments and airplane systems. ifbegiatic system
consists of the following:

FourPitot probes:

w One leftpitot probe(suppliesADCL, i.e. thecCommandeR ADQ

w One rightpitot probe (suppliesADCR, i.e. theCoPilotQa )! 5/

w Two auxiliary pitot probes, oneleft and one right (right suppliesstandby a@speed
indicator)

SixSatic ports:

w Oneleft andoneright (suppliesADGL)
w Oneleft andoneright (suppliesADCR
13 w Twoalternate ports,oneleft andoneright (both supplythe standbyinstrumentg

The ADCs process the informati@teived from the sensors and send the data, in digital form,
G2 aSOSNIt FFANDODNIFG aeadSvyaod {gAG0OKSa F2NJ St
flight deck. When the switches are set to NORMAL, the-lAp@vides information, including
IAS, toll KS / 2YYIlI YRSNRA A Y &aRpNUd€sSsimilad iBforrmayioR to th€&S | 5/
t A f idstrun@nts IASis derived by measuring thdifference in pressurdetween the pitot
probes andthe static ports. Asan aircraff d@irspeed increaseso the pressurewithin the pitot
probeincreasesThe ADCconverts the difference between pitot probe pressure and static port
pressureinto airspeed information for display on ¢hflight instruments. Should a pitqrobe
become blocked, thenncorrect pressure Wl be sensed at the pitoprobe, resulting in an
erroneous airspeed being sent to the flight instruments. As an exardpheg descent with a
blocked pitotprobe, the system will sense a constant pifmtobe pressure and an increasing
static port pressug andinterpret this as a reducing indicated airspeed.

A fault within anADCwill result in warning flags appearg on the air data instruments
However, failure of a pitoprobeto send correct pressure information is n@cognised by the
systemas an AC fault, and therefore will not cause warning flags to app€ae. opposite ADC

is available to eacHight crew member as an alternate air data source if required, by setting

the relevant ADC selesti from NORMALo the ALTN (Alternate) positiokVith the switches in

the NORMAL positions, tHdight Data RecordeFDR information istaken from the same ADC
OKFG A& adzlld @Ay 3 (K this 2ader bogh ABGI&wiches yekelsbiiaY S y
NORMAL.
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1.6.4.1.

1.6.4.2.

1.6.4.3.

Crew Alertingand Warning Systems

General

Four warning systems are used to providalerts and warnings to flight crewsThey are as
follows:

1 Engine Idicatingand Crew Alertingy8tem (EICAS)
1 WarningSystem

1 Ground FPoximity WarningSystem (GPWS)

1 Traffic Alert and CollisionvAidanceSystem (TCAS)

Of these, thetwo alerting systemgertinent to this event are the EICAS and the Warning
System.

EICAS

TheEICAS consolidates engine and subsystem indications and provides a centralty doeate
alerting message displaiessages are displayed on the Primary (upfeCAS Display located
on the @ntre forward flight deck panel situated between the two pilot positionghe EICAS
also displays some system status and maintenance information.

TheEICAS provides tHellowing information:

14
Systemalerts —_—
Maintenance information
Status messages
Communication alerts

= =4 —a -9

BystemalertsQare messages associated with aircradystem failures or faults. These may
require the performance of nomormal procedures, or affect theiay the flight crew operates
the aircraft. In the case where the system detects a difference in air data between the two
ADCsthen the caution messages ALT DISAGREE or IAS DISk&&ERfayed on theEICAS
These messages are inhibited at low altituatevhen both pilots have the same air data source
selected.

Bystem EertQmessages are also accompanied by the illumination of the Master Caution
(amber) ight which is located o the dare shield in front of each pilot seating position. The
Master Caubn is intended to draw attention tmessages shown dhe EICAS display.

Warning System

The warning system consists of two flight deck warning speakers, two Ma&ening (red)
lights and two stick shaker motors. The warning system controls and adivésual, tactile
and/or aural alerts for a nunmdr of systems, one of which isrgpeed. The two airspeed
warningsand theaural warning operateas follows:



Stall Warning Warning of an impending stall is provided by left and right stick shakers, which
independently vibrate the left and right controblumns. Both systems are energgsin flight
and deactivated on the ground through air/ground logic.

Overspeed WarningAn overspeed warning occurs\imo/ Mmo™? limits are exceededShould
anoverspeedcondition occur, then the following indications are given in the cockpit

w TheMasterWarninglights illuminate

w TheOverspeed@VSPDPight illuminates

w The EICAS warning alert mess#y¢ERSPEBB displayed
w An airal warning siren sounds

All overspeedwarning indications remain activentil airspeed is reduced beloWmo/Mmo.

Aural Alerts Aural alerts are providedior crew attention, recognition, and responsé&hey
include synthetic voices and tones. Aural tones are used to alert the crew and to discriminate
between the differentalert types and levels.

An aural alertconsisting of éeeper isused for all system alertaution-level messages. The
beeper produces tone that sounds four timeper second. The beepesutomatically silences
after one series of four beeps

1.6.4.4.1AS Disagree Alert

Prior to 2002, the B757/767 aircraft did not provide a specific unreliable airspeed or IAS
Disagree alert message to pilots. IBaling an accidentinvolvinga B757 (seeSection 1.12 and

15 AppendixC), the NTSB issued a Safety Recommendationg®16), whichrequested thatthe
Federal Aviation AdministrationFAA require the Aircraft Manufacturerto modify the
B757/767 EICAS to include a caution alert when an erroneous airspeed indication is detected.

Subsequently a Service Bulletin(SB) SB75734A0222 was published by the Aircraft
Manufacturerin 2002. This SB introduced a modification for |&% DISAGREert to be
displayed on the EICAS when there is a difference in indicated airspeed between the
/I 2YYlI yYRSNRa-t Ay RIDKSAY 2INHzyYSydad ¢KS C! ! Llzo
AD2M4-10-05, on 18 May 2004 whichinter-alia, mandated the completion of this
modification The subject ecraft was fitted with this modification

For an IAS DISAGREE alert to be generatetifference of more than 5 ktfasting for more

than 5 secondsmmust beRS G SOG SR 0S8 SSy ditheSet/AZ Y2YIIQAR S!ININD
Indicators Where an airspeed disagreement is detectdat EICASVill generatethe following:

1. An EICAS alert messaigS DISAGRE®E the Primary EICAS display on the Centre
Forward Panel of the Cockpit.

2. A Master Cautiofight on the Glare Shield (one in front of each Pilot).

3. A Warning tonesee Aural Alerts above.

Neither Pilot reported seeing théAS DISAGREE alert messagdts associated MASTER
CAUTION.

2\/mo/Mmo: The maximum operating speed limit.
¥ NTSBThe National TransportatidBafety Board of the United States of America.
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Standby Flight Instruments

In case of failure of any of the primaftyght instruments the following sandby instruments
areavailable

1 Stardby Attitude Director Indicator
1 Standby Altimeter

1 Standby Magnetic Compass

1 Standby Airspeed Indicator

The standby airspeedndicator provides current airspeed in knots. It is connected directly to
the right auxiliary pitotprobe and thealternate static portsExcept forthe standby magnetic
compass, the standby flight instruments are located on the left side of the centveafdr
panel,beside the Command& seating position.

Stall WarningSystem

The stall warning system provides warnwfgmpending stalls, indication and guidance in wind
shear conditionsand detection and display of system faulss part of the systema stick
shaker motor is fitted to each control columvhich causes the column to vibrate if the aircraft

is in danger of stallingThe control systen§Stall Warning Computeffpr each stick shaker is
supplied with angle of attackaformation from its ownvane (angle of attack senspr)e. the

left hand stick shaker is controlled by the left hand vane and the right hand shaker by the right
hand vane.

According to theAircraft Manufacturey gick shaker activation occurs when thagle of attack
of the vane exceeds a certain value which determined from the airspeed and wing
configuration.The stick shaker is only recorded on thigght Data RecordeFDR when both
the left and right stick shakers indicate SHARBe Stick ShakdfDR parameter is recaed
onceeverysecord.

Weather Radar

The weather radar system consists of twansmitter/receives, an antenna, and a control
panel. A switch on the control panel selects whidnsmitter/receiveris used.The Hectronic
Hight Instrument System (EFIStontrol panel Weather &lar (WXR) switch controls power to
the transmitter/receiverand selects the weather radar display on the respecti@izontal
Situation IndicatorHSt.

The radar display ranges set by the HSI range selectam the EFISontrol panel. The
transmitter/receiveris activated when either WXR switch is dihe weather radartransmitter
sends out directional pulses of microwanasliation.

Part of the energyfrom these pulses is reflected off atmosphemparticles such as water
droplets, back in the direction of theeatherradarunit, where it is detected by the receiver.
The weather radar can detect turbulence only when there is sufficient precipitation.
Gonsequently, ear air turbulence cannot be ses$ byweatherradar.

1 HSI:Horizontal Situation Indicator. A primary flight instrument on the main instrument panel which displays
navigation information to the pilot, including: heading, track, map information, navigation watgpdincan be
dzaA SR G2 RAALIX & 6SIFOKSNIAYTF2NXYIGAZ2Y FNBY GKS T ANDONI T



The control paneklso incorporated¥ilt Controfand YWain Contrdselectors which allow the
pilots to adjust the angle of the radar beam and the sensitivity of the radar receiver. These
selectors can be used by pilots to assisaralysing the weather returns.

The Flight Crew informeithe Investigation that the weather radar was ON, but that the returns
displayed were not significant.

1.6.8 Autothrottle Thrust Lever Operation

The autothrottle system moves both thrust levers together to control speed or thrust,
depending on the engagealitoflight mode.For example, if the engaged mode is set to a target
speed, the autothrottle system will adjust the thrust levers to maintain that speed. Shioeld
system detect a reduction in airspeed, the autothrottle will adjust the thrust levers accordingly
to regain the target speed.

Thrust levers can be manually positioned without disconnecting the autothrottle. After manual
positioning, the autothrottlesystem repositions the thrust levers to comply with the engaged
mode. The autothrottle system does not reposition the thrust levers while in THR HLdXIEThr
Hold) mode.

1.7 Maintenance Action

Following theoccurrence maintenance personnel performea functional test of the Air Data
17 System and no defects were founchel A NJOpitibt-Btaiti€©system was tested and no leaks or
— heating system$aults were identified. The damaged centre hydraulic system components and
servicing bay door were replaceshd a eEmporary repair vascarried out to the wing to body
fairings The aircraft then operated on a ferry flight K(EWR, USAyvhere permanent repairs
were carried out.

The Opeator subsequently generated afngineek Y3 / KI Y3 Sk wS LIEGRW) as dzii K 2
a result of theoccurrence This ECRA included a reguaient to carry out the following three
tasks:

1 Perform Flight Faults per AMM Task-@Q202-742-006 (A test to establish if any auto
flight faults were present)

2 Perform a Test 30 per AMM 22-02 (A test performed from the Maintenance Control
and Display panel (MCDP) to display any Flight Management Computer (FMC) faults)

3 Perform an Operational Test of the Air Data Computing System (Both Left and Right) per
AMM 3412-00-715-001

All tests vere carried outand no faults were found
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Meteorologicallnformation

Flight Documentation (Meteorological)

Flight documentation obtainedrom the Flight Crewwhen the aircraft landedat EIDW
contained the following TAE

DUB 191700Z 1918/2010/10KT 9999 SCT020 SCT040 BECMG 1921/1923 15012KT TEMPO
2001/2010 5000 SHRA BKNO010 SCT018CB PROB30 TEMPO 2001/2010 3000 TSRA

The above TAF indicatesathat EIDWon the morning of the esnt, between 01.00 and
10.00hrs, the cloud conditions would temparily change tacumulonimbus(CH*®, with a 30%
probability of thunderstorms. The flight arrived at Dublin during this time period.

The perator provided the Investigation with a copy of a weather chart, which it descebes
Bignificant Weather Briefinghart (available to the crew by 19/2108¥Fhis is showin FHgure

No. 3 Thechart indicates the possibility of scattered to broken thunderstorms over the south
eastern part of Ireland, and lightrbulence forecast for the midlands and northern half of
Ireland.
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Issued 21:05Z 19-0ct-201 FL340
Valid Time Centered on 03Z 20-Oct-2013 ST ST - .%-'0(,‘ - 6 WSI

Solid 002->03Z Dashed 03Z->06Z Both 00Z->06Z

Figure No3. Significant Weather Chartyailable toFlight Cew of this flight

> TAF:Terminal Aerodrome Forecaskconcise statement of the expected meteorological conditions at an airport
during a specified period (usually 24 hours).

' Cumulonimbus:Dense towering verticatlouds associated witltthunderstormsand atmospheric instability
2FT0SY FOONBGAIGSR (G2 W 0Qo
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1.8.2

Atmospheric Conditions at time of Occurrence

The InvestigatiomequestedMet Eireanni” to provide details ofhe weather conditions present

in the area at the time of thevent They stated thatdow pressure with a centre of 988 HiPa

at the mouth of the Shannon estuary maintained an unstable south easterly flow across the
country. A weldefined showery trouglwas moving through the region at the time of the
incident with embeddeatumulonimbuscloud present. Archived radar echoes indicate some
heavier embedded showers were also presett L G ¢ & | Tha téadadand satdlie ( K |
evidence clearly show#adt there was a high possibility of significant (moderate to severe)
turbulence associated witbumulonimbuscloud that was present in the area at the time the
incident occurreél FigureNo.4).

IRL-UK 1km Radar + SFERICS . V ' - Sun 05:00Z
No Smoothing 3 '
20.10.2013 05:00

Figure No. 4Radar image for 0500UTC 20/10/20TBewhite arrow shows
approximate position of occurrenc#ét Eireann

z

A Sigme? issued shortly after theoccurrenced ( | (i SriRekidedy thunderstorm activity

a
suggests that theumulonimbu)t 2 dzRa4 ¢ SNB G 2.LJIISR 2dzi +Fd C[ oH)

" Met Eireann:The Irish Meteorological Service

18 hPa:Hecopascalg A unit of pressure.

19 SIGMETMeteorological informabn issued concerning the occurrence or expected occurrence of spedfied
route weather phenomena which may affect the safety of aircraft operations.

Air Accident Investigation Unit Report 26 - 007
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Met Eireann also providethe following analysis of the upper air profiles and forecast upper
temperatures for the part of the atmosphere through which the aircraft travelled (between
18,000 and 23,000 ft.Yhe findingsare as follows:

G¢KS GSYLISNI (dzNB LINPTFAES SAGKARLG&AE | &
lower level to-35° C at the upper level. Accepted criteria for water phase in cloud for
such a temperature range is that the water phase would be predominately icando,

given the proximity of significant cloud masses in the area in which the incident occurred
as viewed on satellite imagery, it would suggest that ice crystals were likely to have
been present at the time the incident occuriednd at the levels at whicthe incident

2 O0OdzNNB R @ lfaz2s A0S ONRadlta ¢g2dA R KI @S

Met Eireann was asked to comment orater droplet size within theCh with respect to its
reflectivity and detection by aircraft weather radar equipment. Met Eiresstated the
following:

G¢KS NBY2GS (FigusyNn.8)Rlealyl sbow well develope@b cloud and

associated intense precipitation patterns. Water droplet sizes would bedakjéhése

hydrometeoré” have high reflectivity and it is extremely likely that anyboard RADAR

OAFT tAQSUO ¢g2dzd R K @S GKS OF LI oAfAdGE 2F RS
Aircrafta I ydzF I OG dzZNENR&a ! GY2aLIKSNAO ! yIfeéaaa
TheAircraft Manufacturer also carried out an atmospherinaysis of thearea through which 20

the aircraft tracked. Its findings correlate closely with those of Met EimeaFhe Aircraft
Manufacturerstated that the key points were:

1 Depending on the exact track, probable flight through a small cold core thunderstorm
1 Significantice crystals were present in the core of this storm
f FL235 temperature wa87°C

Ice Crystals

Convective clouduch ascumulonimbuscan raise large quantities of moisture within its core.
At lower levelswithin the convective clougwater content will consist mostly of large water
drops, which can be detected by weather radar. Howeverpnditions aresuitable at higher
altitudes within the cloudthis water contentmay occur as ice crystalBhe crystalsre usually
extremely smé, possibly as small a0 pm** in diameter.Ice crystals hava radar reflectivity
of approximately5% of that of averagsized waterdrops,and as a result magot appear on
airborne weather radar displaysce crystals bounce off cold surfaces such lfesdirframe,
whichmakesvisual detectiorof ice crystalslifficult.

% Hydrometeor. Any water or ice particles that have formed in the atmosphere or at the Earth's suaaaeesult
of condensation or sublimation.
2 pm: micromete, also known as a micron, is an Sl unit of length equalling"i&la metre



During flight through ice crystathiere may be no ice accretioron the exterioror noseof a
pitot probe, since the crystals bounce atfiese surfaces. However, the ice crystals eater
the probe intakeitself. If the concentration of crystals is greater than the capaadtythe
heating elemenfor de-icinganddrainageby the purge holes, theicecrystalsmayaccumulate
in large numbers in the prolie@tube, resulting intemporaryblockage of the probe, giving rise
to erroneousairspeed indications.

1.8.5 Pitot ProbeAirworthiness Standards

The certification basis for the B72D0 was established in 1982hd@B757 FAA Tpe Certificate
Data Sheet A2NNhcludedCode of Federal Regulatio(BFRR25.1323 at amendment level 25
1, which stated:

G 6 S0 [aispe€dKindicatingbystem must have a heated pitot tube or an
equivalent means of prewnting malfunction due to icirég

At the time of theB757 certification, he atmosphericconditions understood and used for
design, analysis and demonstration of compliance were defined in CFR Part 25 Appamdlix C
did not include consideratioaf ice crystals.

The Appendix D icing envelope definitions were added to Section 33 of the CFR at amendment
level 3334, effective 5 January 2015. At the time of incorporation of Part 33 Appendix D, it was
identified that this rule, along with other changes, including changes to CFR Part 25 Appendix C,
would;

GOELI YR G(4KS Sy3aayS [ yaionnyi3dm¢ Sirplang éotnpohehtl { A 3
certification regulations (for example, angle of attack and airspeed indicating systems)
to include freezing drizzle, freezing rain, mixed phaseé,iee crystal icing conditiofis

Thus,CFRTitle 14, Part 26 Airworthiness Standards: Transport Category Airplanes, Subpart F,
Instruments: Installation, Section 25.1328rspeed indicating systenpw states:

A(i) Each system must have a heated pitobe or an equivalent means of preventing
malfunction in the heavy rain conditions defined in Table 1 of this section; mixed phase
and ice crystal conditions as defined in part 33, Appendix thisathapterd

Part 33, Appedix D of the regulation referred to above, defines the convective cloud ice
crystalicingenvelopein graph format(Figure No. % Theshaded area of the graph shewhe
conditions in which ice crystating is most likely to occur in association with convective cloud
activity.
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Figure No. 5TheConvective Cloudé QystalEnvelope as depicted in FAR Part 33, Appendix D

EASA is responsible for developaiggcraft Certification Soecifications (CSyithin Europe. C85
at amendment 16 (issued March 201%pw includes requirements for protection from ice
crystal icing, similar to those containedUWmited States CFRs 22

Flight Recorders
General

Following the event, andronotificationthat the aircraft had landed without further incident
and hadpositioned to a remote standhe! ! L Ingpéctor on Ca(lOCyequested the Airport
Duty ManageXADM)to advise the Flight Crew to pull the Cockpit Voice Recorder (CVeand
Flight Data RecordeFDR circuit breakersto ensure thatall recordingswere preservedThe
ADM later confirmed to the IOC that the Flight Crew Btatedthat they had pulled thesircuit
breakess forboth recorders

Cockpit Voice Recorder (CVR)

When the AAIlsubsequentlyemovedthe recorders from the aircraft, it was determined that
while the FDR had been preserved, tbiecuit breakes for the CVR were not pulledThe
download of the CVR confirmed that thelevant cockpit recordings wem@verwritten andthe
CVR wasf no useto the Investigation



In his written report to the AAlLthe CoPilotadvised inter alia,that:

0A lady from Dublin (I assume she was an agent) came to the cockpit and asked us to pull
the CVR and FDR circuit breakers. As there was other personnel in the cockpit speaking to
the captainwho was on the phone with dispatch at the time, | proceeded to locatk an

pull the breakers. At this time there were at lefmstr persons in the cramped cockpit and

with difficulty | tried to locate the breakers to be pulled.

It was late and just getting light and we were tired and very busy attempting to manage

all of theduties placed upon us at that moment with coordinating with the company, the
medical personnel, the maintenance staff, the flight attendants and the Irish Safety
Authorities. | finally located the FDR breakers but apparently | had completely missed the
C\R breakers. advised the Agent and th€aptainthat | had pulled the breakers thinking
OKFG L KFER Lz €t SR Htf 2F (GKS oNBF{SNB | afj!
next day when the agent present on our outgoing flight mentioned that@VR tapes

were not usable due to the breakers not being pulled. At that time | searched the circuit
breaker panel and found the CVR breakers and realized that | missed them the night
before. This was not done intentionallyp

1.9.3 Flight Data RecordeiHDR

The Investigationsuccessfully downloaded th&DRdata for analysis The data was also
93 provided to theAircraft Manufacturerfor review.

1.9.3.1 FDR Recorded Parameters
The Invesgationhad to takeinto account certain limitations of the recorded data

RecordedComputed AirspeedThe source of this parameter is determined by the ADC
selector switches. In this case, with both switches set to NORMAL, the source of the
recorded Computed Airspeed is tl@zommandeR & -L ABirspeed, as indicated on the
CoPilotQa Ay aidNXzySydaz gta y2id NBSO2NRSRO®

RecordedWind Data The wind data recorded by the FDR is dependent on the primary
ADC. In this case, the primary ADC was the-RIEDPiloQd 0 | YR gl a RS S
the engaged autopilot channel, which was thghti autopilot channel. The primary

Flight Management Computer (FMC), computes wind data from true airspeed which

originates fromthe primary ADC, which waDCR

RecordedStick Shake Discret& his discrete is created exclusively for the FDR and is a
combination of both the left and right stick shaker sensdtonly activates when both
the left and right stick shakers indicate SHA#H is recordednceeverysecond

Recorded Airspeed Disagree Discretdhe recorded airspeeddisagree discrete,
WOL/!{L!'{5L{! Dw993ZQ RtheRflighf.This diSckete ysF&tordadi I (i S
every 64 seconds, with samples taken just before jastlafter the event.
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1.9.3.2. FDR Dat@®verview

Figure No. 6shows FDR parameters leading up toridg, and after the event, froni9,640
seconds to 19,740 seconds, a period ahibute and 40 second&igure No. overs the time

of the eventitself, and shows FDR parameters from time 19,676 seconds to 19,696 seconds, a
period of 20 seconds.

The FDRlata indicated that the rightautopilot channel and the autothrottle were engaged
and remained engaged throughout the evefrior to the event, the data shows that the
aircraft was in a steady descent at approximatel$0D feet per minute (fom) and at a
computedairspeed of300 kts(Figure No. 6Point 1).

At 19,560 seconds descendinghrough approximately 25,500 ,fthe atmospheric conditions
becameturbulent, as indicated by the fluctuations in certain parameters including computed
airspeed, acceleratio and control wheel deflectionThe level ofturbulence ircreased at
19,645 second@~igure No. 6Point 2 andbeginning at approximately 19,6 8@mnds, a series

of control column commands wereecordedwith corresponding elevatodeflections(Figure

No. 6 Point6).

The first control column commandt 19,678secondgFigure No. 6Point 3,and Figure No. 7

Point 1) was a noselown commandthat caused the airplane to pitch down t8.1 degrees at
19,683secondgFigure No. 6Point 4). This was accompanied by an increase in engine thrust
(100% N1). As a result, airspeed started to incred#geenaircraft pitch reached9.1 degrees, 24
the control column was pulled back and thrust was reduced towards idle. This resulted in a
reduction in nosedown pitch from -9.1 degreesto -8.2 degrees Consequently airspeed
continued to increase. At 1884 secondsthere was another contol column nosedown
command which resultedin aircraft nosedown pitch increasingto -16.2 degrees at 19,689
seconds(Figure No. 6Point 5). Airspeed continued to increase withcamputed aispeed of

340 kts being recorded at B9 seconds

Duringthe initial part of theevent, the normal load factor reached minimum values-6f18,
-0.36 and-0.22 g between 19,680 and 19,689 secorflgure No. 7 Point 2. At 19689
seconds there was a marked pull back on the control column4.5 degrees and a
corresponding increase in normal acceleration fredi22 g to +1.62 g over a periad 2.4
secondgqFigure No. 7Point 3). The aircraft pitckdown attitude started to recover at thisie
from -16.2 degreesHowever, the data showethat the pitch recovery was interrupted at
approximately 1%690seconds

Thiscorresponds tahe time when the data showed the aircraft exceeddwe Vimo (350 kts)
(Figure No. 6Point 7), at which point a Master Waing occurred(Figure No. 6Point § and
Figure No. 7Point 4. Recorded data showed reduction in control column pull at this point
and that aircraft pitch remained at betweenl3.0 and -11.5 degrees nose daw for
approximately 5 secondgircraft speed continuedo increase;peaking at 38 kts computed
airspeed (Figure No. 6Point 9). Aircraft descent continued, peaking briefly at 12,000 fpm.



During the recoverythe normal load factor reactd peak values of 1.62, 1.6and 1.72 g
between19,690 and 19,708 seconds

FDR data indicatihat the gpeedbrake remained stowed throughout the event.

Prior to the first olumn push, theFDR data showsvo separatethrust (or power) lever
movements described in terms of Power Lever Angle (P&AJ measured in degreeshe first
is a smallmovement from approimately 70 to 73°, which corresponds to a slight decay in
computed airspeedat approximate 19,655 second$heae is asecond faster, thrust lever
movement from 73to 95°, which occurdbetween 19,674 and 1678seconds(i.e. prior tothe
first column push (Figure No. 6Point 10.

Athird, very rapid hrust lever movementoccurs at 19,678econds whichcorresponds to the
time of thefirst control column pust{Figure No. 6Point 17).

The Aircraft Manufacturemprovided additional information omutothrottle function, and how
thrust lever movement can be determined from the FDR data:

OAt times it can be determined whether throttle movement is likely to have been manual
by the shape of the plotgraphs of FDRadla). The autothrottle generally ramps up the
rate while manual movement is more abrupt. With manual control there tends to be
throttle movement and then a period where the throttles remain in one position. The
25 autothrottle tends to provide more continuousovement. There tends to be higher
T rates seen with manual movement. The autothrottle limits the tatd3 degrees per
second with thdRB21%.
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Figure No. 6FDR data from 19,640 seconds to 19,3éconds
Numberediabels refer taext in 1.9.3.2Courtesy of Boeing Aircraft Co.)
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Boeing757-224, N41140 80 NM southwest of Dublin 20 October 2013
FINALREPORT
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Figure No. 7Closeup of FDR data from 19,676 seconds to 19,696 seconds
Numbeled labels refer to text in 1.9.3(Zourtesy of Boeing Aircraft Co.)





























































































