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This safety investigation is exclusively of a technical nature and the Final Report reflects 
the determination of the AAIU regarding the circumstances of this occurrence and its 
probable causes.  
 
In accordance with the provisions of Annex 131 to the Convention on International Civil 
Aviation, Regulation (EU) No 996/20102 and Statutory Instrument No. 460 of 20093, 
safety investigations are in no case concerned with apportioning blame or liability.  They 
are independent of, separate from and without prejudice to any judicial or 
administrative proceedings to apportion blame or liability.  The sole objective of this 
safety investigation and Final Report is the prevention of accidents and incidents. 
 
Accordingly, it is inappropriate that AAIU Reports should 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 acknowledged, 
the material is accurately reproduced and that it is not used in a derogatory or 
misleading context. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

                                                      
1
 Annex 13: International Civil Aviation Organization (ICAO), Annex 13, Aircraft Accident and Incident Investigation. 

2
 Regulation (EU) No 996/2010 of 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 (SI) No. 460 of 2009: Air Navigation (Notification and Investigation of Accidents, Serious 

Incidents and Incidents) Regulations 2009. 
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AAIU Report No: 2016-007  
State File No: IRL00913099 

Report Format: Synoptic Report 

Published: 10 May 2016 
 

In accordance with Annex 13 to the Convention on International Civil Aviation, Regulation (EU) 
No 996/2010 and the provisions of S.I. No. 460 of 2009, the Chief Inspector of Air Accidents, Mr 
Jurgen Whyte, on 20 October 2013, appointed himself as the Investigator-in-Charge to carry out 
an Investigation into this Serious Incident and prepare a Report. Mr John Owens and Mr Howard 
Hughes, Inspectors of Air Accidents, assisted with the Investigation.  

 
Aircraft Type and Registration:  Boeing 757-224, N41140 

 
No. and Type of Engines:  2 x Rolls Royce RB211-535E 

 
Aircraft Serial Number:  30353 

 
Year of Manufacture:  2000 

 
Date and Time (UTC4):  20 October 2013 @ 05.05 hrs 

 
Location:  Approximately 80 nautical miles southwest of Dublin 

 
Type of Operation:  Commercial Air Transport ς Scheduled Passenger 

 
Persons on Board:  Crew - 8                    Passengers - 131  

 
Injuries:  Crew - 4 (Minor)     Passengers - 13 (Minor) 

 
Nature of Damage:  Significant 

 
/ƻƳƳŀƴŘŜǊΩǎ [ƛŎŜƴŎŜΥ  Air Transport Pilot Licence (ATPL) issued by the 

Federal Aviation Administration (FAA), USA  
 

/ƻƳƳŀƴŘŜǊΩǎ 5ŜǘŀƛƭǎΥ  Male, aged 59 years 
 

/ƻƳƳŀƴŘŜǊΩǎ CƭȅƛƴƎ 9ȄǇŜǊƛŜƴŎŜΥ  11,606 hours as Pilot in Command5 
 

Notification Source:  
 

Dublin Air Traffic Control 

Information Source:  AAIU Report Form Submitted by the Operator 
AAIU Field Investigation  

                                                      
4
 UTC: Co-ordinated Universal Time. All times in this report are UTC (UTC plus one hour equals local time). 

5
 See Section 1.4 in the report. 
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SYNOPSIS 
 

While on a scheduled passenger service from Newark Airport (KEWR) USA, to Dublin Airport 
(EIDW) Ireland, the aircraft encountered conditions that became increasingly turbulent during 
the descent.  As the turbulence eased, the Co-Pilot noticed that the indicated airspeed, as 
presented on his instruments, was reading low.  Fearing that the turbulence had caused the 
aircraft to lose airspeed which could lead to a stall, the Co-Pilot applied forward force on the 
control column to pitch the aircraft down, and increased engine thrust. Following this 
manoeuvre, the Co-Pilot reported that the airspeed as indicated on his instruments began to 
recover, before reducing again.  Consequently, the Co-Pilot repeated the pitch down 
manoeuvre.   
 

It was then determined that ǘƘŜ /ƻƳƳŀƴŘŜǊΩǎ airspeed instruments were reading correctly, 
and the Commander took control of the aircraft. The aircraft was returned to normal flight and 
the Commander handed back control to the Co-Pilot. Subsequently, the Flight Crew were 
alerted to a system message indicating a loss of hydraulic pressure in the centre hydraulic 
system. Shortly thereafter, reports were received from the cabin that a number of passengers 
and Flight Attendants suffered minor injuries during the event.  
 

The Commander reported to Dublin Air Traffic Control (ATC) that they had experienced some 
turbulence and that medical assistance would be required on landing. In addition, airport 
emergency services were requested to be in attendance due to the hydraulic problem. The 
aircraft landed at 05.22 hrs without further incident. The aircraft sustained damage to the 
centre hydraulic system service bay and ceiling panels in the cabin as a result of the occurrence.  
 

1. FACTUAL INFORMATION 
 

 History of the Flight 1.1
 

The aircraft, a Boeing 757-224, was on a scheduled passenger service from KEWR to EIDW with 
8 crew and 131 passengers on board. The Commander was Pilot Monitoring (PM), and the Co-
Pilot was Pilot Flying (PF). The flight departed KEWR at 23.22 hrs and the en route transatlantic 
phase of the flight was uneventful. Approaching EIDW, the aircraft was given an initial descent 
clearance to FL1706 by ATC. 
 

While descending through approximately FL250, in Instrument Meteorological Conditions 
(IMC7), the aircraft encountered turbulent atmospheric conditions. The Flight Crew noted the 
pǊŜǎŜƴŎŜ ƻŦ {ǘΦ 9ƭƳƻΩǎ CƛǊŜ8. As the descent continued through FL235, the Co-Pilot stated that 
the intensity of the turbulence increased άŀōǊǳǇǘƭȅέ. At about the same time the intensity of 
ǘƘŜ {ǘΦ 9ƭƳƻΩǎ CƛǊŜ ƛƴŎǊŜŀǎŜŘ and the Co-Pilot stated he noticed άthe sound of abruptly entering 
precipitationέ. The aircraft position at that time was approximately 80 nautical miles (NM) 
southwest of EIDW. 

                                                      
6
FL170: Flight Level 170, a three digit representation of aircraft altitude (17,000 ft in this case) referenced to 

standard pressure (1013.25 hPa). 
7
 IMC: Instrument Meteorological Conditions. Flight conditions that 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
 {ǘΦ 9ƭƳƻΩǎ Cire: A visible electrical discharge when an aircraft flies through a heavily electrostatically charged 

atmosphere. It is often associated with nearby cumulonimbus or thunderstorm activity and/or flight through ice 
crystal. 
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The Co-Pilot reported that when the turbulence eased, he noticed that his indicated airspeed 
(IAS), as displayed on his instruments, was low - in the region of 909 kts. The Co-Pilot, believing 
that the aircraft was about to stall, immediately pushed the control column forward and 
applied full power without disengaging the autopilot or autothrottle. The Co-Pilot stated that 
following this, his airspeed άwent back up into the normal rangeέ, but as soon as he began to 
raise the nose and reduce power, άit went back into a stall ς ƻǊ ǘƘŜ ƛƴŘƛŎŀǘƛƻƴǎ ƻŦ ŀ ǎǘŀƭƭέ. The 
Co-Pilot then commenced a second pitch down manoeuvre. 
 
Following the second pitch down manoeuvre, the Flight Crew concluded that the Co-PilotΩǎ 
airspeed indications were reading incorrectly and that the CommanderΩǎ airspeed indications, 
which agreed with the standby airspeed indications, were correct. Consequently, the 
Commander took control of the aircraft and returned it to stabilised flight. When the Co-tƛƭƻǘΩǎ 
airspeed indications returned to normal the Commander handed control back to the Co-Pilot. 
 
At about this time, an alert was displayed on the Engine Indication and Crew Alerting System 
(EICAS), indicating a loss of hydraulic pressure in the centre hydraulic system. The relevant 
checklist was actioned, and the flight was continued towards EIDW. Reports were then 
received from the cabin that two Flight Attendants (FAs) and a number of passengers had 
sustained minor impact injuries. 
 
The Commander advised ATC EIDW that they had encountered severe turbulence and that 
medical assistance was required on arrival because some passengers had been injured.  In 
addition, the Airport Fire Service was also requested to be in attendance on landing due to the 
loss of the centre hydraulic system. A normal landing was performed at EIDW, without further 
incident. On inspection it was found that the aircraft had sustained significant damage. 
 

 Injuries to Persons 1.2
 

Immediately following the event, eight passengers and two FAs reported minor injuries as a 
result of having come into contact with various parts of the aircraftΩǎ internal structure. All 
persons who presented themselves as having been injured were attended to, on scene, by the 
airport fire and ambulance service personnel. One of the injured passengers, who received a 
slight laceration to their head, subsequently attended a hospital in Dublin, where the passenger 
was treated and released.  
 

On 2 December 2013, a passenger contacted the AAIU and described how he was in a lavatory 
in the rear cabin at the time of the event and had hit his head on the ceiling. He then fell, 
striking a handrail mounted on the rear wall of the lavatory. 
 

The Operator later informed the Investigation that reports of minor injuries were subsequently 
received from four additional passengers. A subsequent written FA report indicated that the 
four unrestrained FAs received minor injuries. 
 
 

                                                      
9
 In his initial statement the Co-Pilot said he saw 90 kts on his Airspeed Indicator (ASI). In a later written statement 

he thought this was possibly 125 kts. See also Section 1.5.3. 
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 Damage to Aircraft 1.3
 

An AAIU Engineering Inspector conducted an external examination of the aircraft on stand at 
EIDW shortly after the aircraft had landed. Damage to the following components was 
identified: 
 

¶ The door frame of the centre hydraulic system servicing bay and adjacent structure 

(Figures No. 1 and No. 2). 

¶ The centre hydraulic system servicing bay door and hold-open rod. 

¶ The electrical connector on the filter module pressure transmitter.  

¶ The reservoir drain valve, quantity transmitter and associated electrical connector. 

¶ The hydraulic service panel light. 

¶ The wiring loom P-Clip at the rear of the hydraulic service bay. 

¶ Some wing to body fairings had popped open. 
 

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

       system servicing bay     Bay and Associated Structure 

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

¶ A ceiling panel in the rear passenger cabin had suffered impact damaged. 

¶ There were coffee and tea stains on various ceiling panels throughout the cabin. 
 
 
 
 
 

Injuries Crew Passengers Others 

Fatal 0 0 0 

Serious 0 0 0 

Minor  4 13 0 

None 4 118  
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 Personnel Information 1.4
 

1.4.1 General 
 

 Both Flight Crew members were employed by the Operator. The Operator stated that both 
Pilots informed them that they were fully rested prior to the subject flight. The Commander 
informed the Investigation that he had approximately 32,000 hours, but that he did not keep a 
logbook. Therefore his exact flight experience could not be determined. However, the Operator 
furnished the Investigation with details of the CommanderΩǎ flight hours, for the time that he 
was in their employment. These are times used in the tables below, for the Commander.  

 

1.4.2 Aircraft Commander 
 

 Personal Details: Male, aged 59 years 

 Licence: ATP issued by FAA 

 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 Check: 13 June 2013 
 

1.4.3 First Officer 
 

 Personal Details: Male, aged 43 years 

 Licence: ATP issued by FAA 

 Total all types: 12,010 hours 

 Total on type: 5,384 hours 

 Last 90 days: 201 hours 

 Last 30 days: 47 hours 

 Last 7 days: 20 hours 

 Last 24 hours: 6 hours 

 Date of Last Proficiency Check: 12 January 2013 
 
 

 Interviews and Crew Reports 1.5
 

1.5.1 General 
 

On arrival of the AAIU investigation team at the aircraft, the Commander initially appeared to 
be unaware of his obligations with regard to the requirements and conduct of a safety 
investigation in a foreign state. Following a briefing from an AAIU Inspector, the Commander 
provided a verbal statement. The Co-Pilot made a frank, verbal, statement. Both verbal 
statements were obtained on board the aircraft, shortly after the event. 
 
Additional written Crew Reports were later provided by both the Flight Crew and the Flight 
Attendants. 
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1.5.2 Commander 
 

The Commander who was PM, stated in his initial interview, that during the descent, the 
aircraft encountered άsevere turbulenceέ ŀƴŘ ǘƘŀǘ ƛǘ άfelt like we were hit by wind shear. It felt 
like wind shear because we dropped suddenlyέΦ IŜ ǎŀƛŘ ǘƘŜǊŜ ǿŀǎ ǎƻƳŜ light precipitation 
indicated on the weather radar. He alsƻ ƴƻǘŜŘ ǘƘŀǘ ǘƘŜǊŜ ǿŜǊŜ ǎƳŀƭƭ ŀƳƻǳƴǘǎ ƻŦ {ǘΦ 9ƭƳƻΩǎ ŦƛǊŜΦ 
IŜ ǎŀƛŘΥ άWe went through two dropsέ ŀƴŘ ǘƘŀǘ ǘƘŜ ŀƛǊŎǊŀŦǘ άseemed like it accelerated, so we 
pulled the power off, tried to slowly level the aircraft up, looked at the standby instruments, and 
I took the aircraft over from the First Officer (Co-Pilot) and stabilised the aircraftέΦ He stated at 
this stage he noticed a problem with the centre hydraulic system. He said that when the 
aircraft was stabilised he handed back control of the aircraft to the Co-Pilot and spoke with the 
FAs, who advised him that some passengers had been injured. He stated that άwe accomplished 
the loss of centre hydraulic checklist in the QRH10έ.  
 
In his initial interview and first written statement, the Commander made no mention that he 
was aware that the Co-Pilot was of the belief that the aircraft was about to stall, or that this 
was the reason that the Co-Pilot had pitched the aircraft down and applied engine thrust. The 
CƻƳƳŀƴŘŜǊΩǎ ŦƛǊǎǘ ǿǊƛǘǘŜƴ ǎǘŀǘŜƳŜƴǘ ǇǊƻǾƛŘŜŘ ǾŜǊȅ little detail about the event. 
 
In a later statement provided some time after the event, the Commander stated that during 
the remaining descent, he learned from the Co-Pilot that immediately after encountering the 
turbulence, the Co-PilotΩs instruments showed a very low airspeed and a potential stall, which 
prompted the Co-Pilot to carry out the pitch down manoeuvre. The Commander made no 
mention in any of his reports, of any communications between himself and the Co-Pilot 
regarding the manoeuvres performed by the Co-Pilot during the event, or of activation of the 
Stick Shaker. See also Section 1.6.3.2, Warning System. 
 

1.5.3 Co-Pilot  
 
During initial interview, the Co-Pilot, who was the PF at the time, said that when the turbulence 
was encounteredΣ ǘƘŜ ŀƛǊŎǊŀŦǘ ŜȄǇŜǊƛŜƴŎŜŘ ŀ άseries of very rapid major joltsέ. He said that 
following this he noticed that his airspeed was showing low, άwell into the red warningέ ŀƴŘ 
άprobably somewhere around 90 knotsέ ǎƻ ƘŜ άinitiated a stall recovery procedureέΦ IŜ ǎǘŀǘŜŘ 
that following this, within just a few moments, the airspeed went back up into the normal 
ǊŀƴƎŜΣ ǎƻ ƘŜ άpulled the power backέ ŀƴŘ ǎǘŀǊǘŜŘ ǘƻ ƭŜǾŜƭ off but then the aircraft went άback 
into a stall, the indication of a stallέΣ ƭŜŀŘƛƴƎ ƘƛƳ ǘƻ ǊŜǇŜŀǘ ǘƘŜ pitch down manoeuvre. The Co-
Pilot ǎǘŀǘŜŘ ǘƘŀǘ ŀǘ ǘƘƛǎ ǇƻƛƴǘΣ ƛǘ ǿŀǎ ǊŜŀƭƛǎŜŘ ǘƘŀǘ ǘƘŜ /ƻƳƳŀƴŘŜǊΩǎ instruments and the 
standby instruments showed ǘƘŀǘ ǘƘŜ ŀƛǊǎǇŜŜŘ ǿŀǎ άwell above the stallέ ŜǾŜƴ ǘƘƻǳƎƘ ǘƘŜ 
airspeed as ƛƴŘƛŎŀǘŜŘ ƻƴ Ƙƛǎ ƛƴǎǘǊǳƳŜƴǘǎ ǿŀǎ άbelow [the stall] and the stall warning was still 
ƻƴέ. Regarding this άǎǘŀƭƭ ǿŀǊƴƛƴƎέΣ a subsequent report received from the Co-Pilot, stated that 
it was later realised that the warning heard was an overspeed warning and not a stall warning 
as initially thought. Control was then passed to the Commander.  
 
 

                                                      
10

 QRH: Quick Reference Handbook. 
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The Co-PilotΩǎ ǎǳōǎŜǉǳŜƴǘ written report stated: 
 

άThe incident happened about 70 miles from EIDW in decent descending through 
approximately FL250 while descending to FL170.  In the previous few thousand feet on 
descent, we entered IMC conditions and were gettinƎ Ƨǳǎǘ ŀ ōƛǘ ƻŦ {ǘ 9ƭƳƻΩǎ ŦƛǊe, but the 
radar just showed scattered areas of nothing more than light precipitation. Just prior to 
the incident, ǘƘŜ {ǘΦ 9ƭƳƻΩǎ ŦƛǊŜ ōŜŎŀƳŜ ǾŜǊȅ ŀŎǘƛǾŜ ŀƴŘ ǘƘŜ ŎŀǇǘŀƛƴ ǘǳǊƴŜŘ ǘƘŜ ƛƎƴƛǘƛƻƴ 
switches to flight. The engine anti-ice switches were already on at this point.  All of a 
sudden and very abruptly, we received some rapid and severe turbulence and strong 
updrafts along with the sound of abruptly entering precipitation.  When the turbulence 
subsided, I noticed that the First OfficerΩǎ airspeed tape was reading very low and well 
into the red (just above 125 kts to my recollection), with 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 turbulence, I proceeded to do a high altitude stall recovery manoeuvre, as I 
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 attempt to recover 
flying airspeed. I asked the CŀǇǘŀƛƴ άŀǊŜ ǿŜ ǎǘŀƭƭƛƴƎ?έ ŀǎ Ƴȅ ŀƛǊǎǇŜŜŘ ǿŀǎ ŀƭƳƻǎǘ 
stagnant and not recovering, even as I had lowered the nose and applied full power.  After 
a few moments the airspeed started to recover, but very slowly (just barely re-entering 
the yellow low speed range as read from the first officer airspeed tape).  The Captain 
advised me that we were in fact very fast as read from his instruments and for me to raise 
the nose and reduce power.   
 
I returned the throttles back to a normal range and started to raise the aircraft nose and 
assess the situation.  As soon as I started to raise the aircraft nose and reduce power, the 
airspeed as read from my speed tape, once again plummeted.  Still in fear of a stall 
situation, and not knowing whose instruments were correct, I once again lowered the 
nose and reapplied power until I could be sure that we were not going to stall.  Shortly 
after doing so, the over-speed warning horn started to sound. At first I thought it was a 
stall warning as that would match what I was seeing on my speed tape, but then realized 
that it was indeed an over-speed and the CŀǇǘŀƛƴΩǎ ƛƴǎǘǊǳƳŜƴǘǎ ǿŜǊŜ ŎƻǊǊŜŎǘΦ  L ǘƻƭŘ ǘƘŜ 
Captain that my airspeed was still way low and he responded that his airspeed was still 
showing that we were very fast and to raise the nose and reduce power. At that point, 
realizing that my airspeed was incorrect, I gave control of the aircraft to the Captain.  
 
The Captain returned the aircraft to normal flight from the descent/stall recovery that I 
had initiated using the alternate airspeed indicator and alternate artificial horizon.  After 
a few more moments, my [the Co-tƛƭƻǘΩǎ] airspeed returned to normal and I assumed 
control of the aircraft again from the CŀǇǘŀƛƴΦ L ŘƛŘƴΩǘ ŀŎǘǳŀƭƭȅ ǎŜŜ ǘƘe instruments return 
to normal as I was backing up the Captain by watching the CŀǇǘŀƛƴΩǎ alternate 
instruments and verifying they were indeed correct but once he had settled the aircraft 
back to level flight I looked back at my airspeed and saw that it had returned 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 require medical assistance upon landing. About this point we got an EICAS message 
for the CentǊŜ IȅŘǊŀǳƭƛŎ {ȅǎǘŜƳ ŀƴŘ ǘƘŜ /ŀǇǘŀƛƴ ǇǊƻŎŜŜŘŜŘ ǿƛǘƘ ǘƘŜ Ψ!ōƴƻǊƳŀƭ /ƘŜŎƪƭƛǎǘΩΦ  
All checklists were accomplished and the flight landed without further incidentέ.  

 

1.5.4 Flight Attendants  
 

The In-Flight Service Manager (ISM) reported that the FAs were in the process of stowing galley 
equipment and checking the aircraft cabin when the event occurred. The ISM and another FA 
managed to secure themselves into their crew-seats adjacent to the main passenger door at 
the front of the aircraft (door 1 left), but four other FAs άhit the ceilingέΦ The ISM stated that 
άthe drop occurred twiceέ.  
 

Prior to landing, the ISM walked through the cabin to check on the passengers. She said that 
she noticed that two passengers were bleeding from the head and that one of these apologised 
άfor not having her seatbelt on, that she forgot to put on her seatbeltέΦ The ISM also said that 
the four unsecured FAs άall complained of neck, back and head painέΦ   
 

One FA reported that during the descent, moderate turbulence was encountered. She said that 
a FA working in the rear galley area made an announcement for seat belts and that άAll of a 
sudden, I was completely off my feet. We dropped and a few other passengers were lifted off 
their feet as well. It felt as though we dropped two timesέ. She said that she was assisted by a 
passenger and managed to secure herself into a crew seat. 
 

Another FA confirmed that the fasten seatbelt sign was illuminated when moderate turbulence 
was encountered.  The FA said that he made a Public Address announcement, urging 
passengers to return to their seats and fasten their seatbelts. He stated that seconds later άthe 
turbulence went from moderate to severeέ ŀƴŘ ǘƘŀǘ ǘƘŜǊŜ ǿere άtwo abrupt drops that threw 
ŜǾŜǊȅǘƘƛƴƎ ŀǊƻǳƴŘ ǘƘŀǘ ǿŀǎƴΩǘ ƭŀǘŎƘŜŘ Řƻǿƴέ.   
 

 Aircraft Information 1.6
 

1.6.1 General 
 

The aircraft, a Boeing 757-224, was manufactured in 2000 and was operating on a valid 
Certificate of Airworthiness which was initially issued by the FAA on 25 February 2000. The 
certified limit load factor envelope of the B757 aircraft with flaps up is +2.5g to -1.0g. 
 

1.6.2 Hydraulic System 
 
Three separate hydraulic systems, left, right and centre, provide fluid at 3,000 psi11 to operate 
various aircraft systems. In conjunction with the left and right systems, the centre system 
provides hydraulic power to the flight controls. There is no fluid interconnection between the 
systems and no aircraft system is solely dependent on the centre hydraulic system.  

                                                      
11

psi: Pounds per Square Inch ς Unit of pressure. 
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The components of the centre system are located in a bay which is situated aft of the left hand 
wing root. See Section 1.3, Figure No. 1. 
 

1.6.3 Air Data System  
 

The air data system consists of the pitot-static system (four pitot probes and six static ports), 
one total air temperature probe (TAT), two angle of attack (AOA) vanes, two air data 
computers (ADCs), and electronic flight instruments. The system provides pitot and/or static 
pressure information to various flight instruments and airplane systems. The pitot-static system 
consists of the following:  
 
Four Pitot probes: 
 

ω One left pitot probe (supplies ADC-L, i.e. the CommanderΩǎ ADC) 
ω One right pitot probe (supplies ADC-R, i.e. the Co-PilotΩǎ !5/) 
ω Two auxiliary pitot probes, one left and one right (right supplies standby airspeed 

indicator)  
 

Six Static ports: 
 
ω One left and one right (supplies ADC-L)  
ω One left and one right (supplies ADC-R) 
ω Two alternate ports, one left and one right (both supply the standby instruments)  

 
The ADCs process the information received from the sensors and send the data, in digital form, 
ǘƻ ǎŜǾŜǊŀƭ ŀƛǊŎǊŀŦǘ ǎȅǎǘŜƳǎΦ {ǿƛǘŎƘŜǎ ŦƻǊ ŜŀŎƘ ŎǊŜǿ ƳŜƳōŜǊΩǎ !5/ ǎŜƭŜŎǘƛƻƴ ŀǊŜ ƭƻŎŀǘŜŘ ƻƴ ǘƘŜ 
flight deck. When the switches are set to NORMAL, the ADC-L provides information, including 
IAS, to ǘƘŜ /ƻƳƳŀƴŘŜǊΩǎ ƛƴǎǘǊǳƳŜƴǘǎΣ ŀƴŘ ǘƘŜ !5/-R provides similar information to the Co-
tƛƭƻǘΩǎ instruments. IAS is derived by measuring the difference in pressure between the pitot 
probes and the static ports. As an aircraftΩǎ airspeed increases, so the pressure within the pitot 
probe increases. The ADC converts the difference between pitot probe pressure and static port 
pressure into airspeed information for display on the flight instruments. Should a pitot probe 
become blocked, then incorrect pressure will be sensed at the pitot probe, resulting in an 
erroneous airspeed being sent to the flight instruments. As an example, during descent with a 
blocked pitot probe, the system will sense a constant pitot probe pressure and an increasing 
static port pressure and interpret this as a reducing indicated airspeed. 
 
A fault within an ADC will result in warning flags appearing on the air data instruments. 
However, failure of a pitot probe to send correct pressure information is not recognised by the 
system as an ADC fault, and therefore will not cause warning flags to appear. The opposite ADC 
is available to each flight crew member as an alternate air data source if required, by setting 
the relevant ADC selected from NORMAL to the ALTN (Alternate) position. With the switches in 
the NORMAL positions, the Flight Data Recorder (FDR) information is taken from the same ADC 
ǘƘŀǘ ƛǎ ǎǳǇǇƭȅƛƴƎ ǘƘŜ /ƻƳƳŀƴŘŜǊΩǎ ƛƴǎǘǊǳƳŜƴǘǎ. In this case, both ADC switches were set to 
NORMAL. 
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1.6.4 Crew Alerting and Warning Systems 

 

 General 1.6.4.1.
 

Four warning systems are used to provide alerts and warnings to flight crews. They are as 
follows: 
 

¶ Engine Indicating and Crew Alerting System (EICAS) 

¶ Warning System 

¶ Ground Proximity Warning System (GPWS) 

¶ Traffic Alert and Collision Avoidance System (TCAS) 
 

Of these, the two alerting systems pertinent to this event are the EICAS and the Warning 
System. 
 

 EICAS 1.6.4.2.
 

The EICAS consolidates engine and subsystem indications and provides a centrally located crew 
alerting message display. Messages are displayed on the Primary (upper) EICAS Display located 
on the centre forward flight deck panel, situated between the two pilot positions. The EICAS 
also displays some system status and maintenance information.  
 

The EICAS provides the following information: 
 

¶ System alerts 

¶ Maintenance information  

¶ Status messages 

¶ Communication alerts 
 

ΨSystem alertsΩ are messages associated with aircraft system failures or faults. These may 
require the performance of non-normal procedures, or affect the way the flight crew operates 
the aircraft. In the case where the system detects a difference in air data between the two 
ADCs, then the caution messages ALT DISAGREE or IAS DISAGREE are displayed on the EICAS. 
These messages are inhibited at low altitude or when both pilots have the same air data source 
selected.  
 

ΨSystem alertΩ messages are also accompanied by the illumination of the Master Caution 
(amber) light which is located on the glare shield in front of each pilot seating position. The 
Master Caution is intended to draw attention to messages shown on the EICAS display. 
 

 Warning System 1.6.4.3.
 

The warning system consists of two flight deck warning speakers, two Master Warning (red) 
lights and two stick shaker motors. The warning system controls and activates visual, tactile 
and/or aural alerts for a number of systems, one of which is airspeed. The two airspeed 
warnings and the aural warning operate as follows: 
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Stall Warning: Warning of an impending stall is provided by left and right stick shakers, which 
independently vibrate the left and right control columns. Both systems are energised in flight 
and deactivated on the ground through air/ground logic.  
 

Overspeed Warning: An overspeed warning occurs if Vmo/Mmo12 limits are exceeded. Should 
an overspeed condition occur, then the following indications are given in the cockpit: 
 

ω  The Master Warning lights illuminate 
ω  The Overspeed (OVSPD) light illuminates 
ω  The EICAS warning alert message ΨOVERSPEEDΩ is displayed 
ω  An aural warning siren sounds 

 

All overspeed warning indications remain active until airspeed is reduced below Vmo/Mmo. 
 

Aural Alerts: Aural alerts are provided for crew attention, recognition, and response. They 
include synthetic voices and tones. Aural tones are used to alert the crew and to discriminate 
between the different alert types and levels. 
 

An aural alert consisting of a beeper is used for all system alert, caution-level messages. The 
beeper produces a tone that sounds four times per second. The beeper automatically silences 
after one series of four beeps. 
 

 IAS Disagree Alert 1.6.4.4.
 

Prior to 2002, the B757/767 aircraft did not provide a specific unreliable airspeed or IAS 
Disagree alert message to pilots. Following an accident involving a B757, (see Section 1.12 and 
Appendix C), the NTSB13 issued a Safety Recommendation (A-96-16), which requested that the 
Federal Aviation Administration (FAA) require the Aircraft Manufacturer to modify the 
B757/767 EICAS to include a caution alert when an erroneous airspeed indication is detected. 
 

Subsequently, a Service Bulletin (SB) SB757-34A0222 was published by the Aircraft 
Manufacturer in 2002. This SB introduced a modification for an IAS DISAGREE alert to be 
displayed on the EICAS when there is a difference in indicated airspeed between the 
/ƻƳƳŀƴŘŜǊΩǎ ŀƴŘ ǘƘŜ /ƻ-tƛƭƻǘΩǎ ƛƴǎǘǊǳƳŜƴǘǎΦ ¢ƘŜ C!! ǇǳōƭƛǎƘŜŘ ŀƴ !ƛǊǿƻǊǘƘƛƴŜǎǎ 5ƛǊŜŎǘƛǾŜΣ 
AD2004-10-05, on 18 May 2004 which, inter-alia, mandated the completion of this 
modification. The subject aircraft was fitted with this modification. 
 

For an IAS DISAGREE alert to be generated, a difference of more than 5 kts, lasting for more 
than 5 seconds, must be ŘŜǘŜŎǘŜŘ ōŜǘǿŜŜƴ ǘƘŜ /ƻƳƳŀƴŘŜǊΩǎ ŀƴd the Co-tƛƭƻǘΩǎ !ƛǊ {ǇŜŜŘ 
Indicators. Where an airspeed disagreement is detected, the EICAS will generate the following: 
 

1. An EICAS alert message IAS DISAGREE on the Primary EICAS display on the Centre 
Forward Panel of the Cockpit. 

2. A Master Caution light on the Glare Shield (one in front of each Pilot). 
3. A Warning tone, see Aural Alerts above. 

 

Neither Pilot reported seeing the IAS DISAGREE alert message or its associated MASTER 
CAUTION. 

                                                      
12

 Vmo/Mmo: The maximum operating speed limit. 
13

 NTSB: The National Transportation Safety Board of the United States of America. 
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1.6.5 Standby Flight Instruments 
 

In case of failure of any of the primary flight instruments, the following standby instruments 
are available:  
 

¶ Standby Attitude Director Indicator  

¶ Standby Altimeter 

¶ Standby Magnetic Compass  

¶ Standby Airspeed Indicator 
 

The standby airspeed indicator provides current airspeed in knots. It is connected directly to 
the right auxiliary pitot probe and the alternate static ports. Except for the standby magnetic 
compass, the standby flight instruments are located on the left side of the centre forward 
panel, beside the CommanderΩs seating position. 
 

1.6.6 Stall Warning System  
 

The stall warning system provides warning of impending stalls, indication and guidance in wind 
shear conditions, and detection and display of system faults. As part of the system, a stick 
shaker motor is fitted to each control column which causes the column to vibrate if the aircraft 
is in danger of stalling. The control system (Stall Warning Computer) for each stick shaker is 
supplied with angle of attack information from its own vane (angle of attack sensor), i.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 the Aircraft Manufacturer, stick shaker activation occurs when the angle of attack 
of the vane exceeds a certain value which is determined from the airspeed and wing 
configuration. The stick shaker is only recorded on the Flight Data Recorder (FDR) when both 
the left and right stick shakers indicate SHAKE. The Stick Shaker FDR parameter is recorded 
once every second.  
 

1.6.7 Weather Radar  
 

The weather radar system consists of two transmitter/receivers, an antenna, and a control 
panel. A switch on the control panel selects which transmitter/receiver is used. The Electronic 
Flight Instrument System (EFIS) control panel Weather Radar (WXR) switch controls power to 
the transmitter/receiver and selects the weather radar display on the respective Horizontal 
Situation Indicator, HSI14. 
 

The radar display range is set by the HSI range selector, on the EFIS control panel. The 
transmitter/ receiver is activated when either WXR switch is on. The weather radar transmitter 
sends out directional pulses of microwave radiation.  
 

Part of the energy from these pulses is reflected off atmospheric particles such as water 
droplets, back in the direction of the weather radar unit, where it is detected by the receiver. 
The weather radar can detect turbulence only when there is sufficient precipitation. 
Consequently, clear air turbulence cannot be sensed by weather radar. 

                                                      
14

 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 waypoints. It can be 
ǳǎŜŘ ǘƻ ŘƛǎǇƭŀȅ ǿŜŀǘƘŜǊ ƛƴŦƻǊƳŀǘƛƻƴ ŦǊƻƳ ǘƘŜ ŀƛǊŎǊŀŦǘΩǎ ǿŜŀǘƘŜǊ ǊŀŘŀǊΦ 
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The control panel also incorporates ΨTilt ControlΩ and ΨGain ControlΩ selectors 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 assist in analysing the weather returns. 
 
The Flight Crew informed the 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 engaged autoflight 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. Should the 
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 autothrottle system repositions the thrust levers to comply with the engaged 
mode. The autothrottle system does not reposition the thrust levers while in THR HLD (Throttle 
Hold) mode. 
 

 Maintenance Action 1.7
 
Following the occurrence, maintenance personnel performed a functional test of the Air Data 
System and no defects were found. The ŀƛǊŎǊŀŦǘΩǎ pitot-static system was tested and no leaks or 
heating systems faults were identified. The damaged centre hydraulic system components and 
servicing bay door were replaced and a temporary repair was carried out to the wing to body 
fairings. The aircraft then operated on a ferry flight to KEWR, USA, where permanent repairs 
were carried out.  
 

The Operator subsequently generated an ΨEngineerƛƴƎ /ƘŀƴƎŜκwŜǇŀƛǊ !ǳǘƘƻǊƛǎŀǘƛƻƴΩ (ECRA) as 
a result of the occurrence. This ECRA included a requirement to carry out the following three 
tasks: 
 

1 Perform Flight Faults per AMM Task 22-00-02-742-006 (A test to establish if any auto-
flight faults were present). 

2 Perform a Test 30 per AMM 22-11-02 (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 34-12-00-715-001. 

 
All tests were carried out and no faults were found.  
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 Meteorological Information 1.8
 

1.8.1 Flight Documentation (Meteorological) 
 

Flight documentation obtained from the Flight Crew when the aircraft landed at EIDW, 
contained the following TAF15: 
 

DUB 191700Z 1918/2018 190/10KT 9999 SCT020 SCT040 BECMG 1921/1923 15012KT TEMPO 
2001/2010 5000 SHRA BKN010 SCT018CB PROB30 TEMPO 2001/2010 3000 TSRA 
 

The above TAF indicates that at EIDW on the morning of the event, between 01.00 and 
10.00 hrs, the cloud conditions would temporarily change to cumulonimbus (Cb)16, with a 30% 
probability of thunderstorms. The flight arrived at Dublin during this time period. 
 

The Operator provided the Investigation with a copy of a weather chart, which it describes as 
ΨSignificant Weather Briefing chart (available to the crew by 19/2105z)ΩΦ This is shown in Figure 
No. 3. The chart indicates the possibility of scattered to broken thunderstorms over the south-
eastern part of Ireland, and light turbulence forecast for the midlands and northern half of 
Ireland. 
 

 
 

Figure No. 3. Significant Weather Chart, available to Flight Crew of this flight 

                                                      
15

 TAF: Terminal Aerodrome Forecast. A concise statement of the expected meteorological conditions at an airport 
during a specified period (usually 24 hours). 
16

 Cumulonimbus: Dense towering vertical clouds associated with thunderstorms and atmospheric instability,   
ƻŦǘŜƴ ŀōōǊŜǾƛŀǘŜŘ ǘƻ Ψ/ōΩΦ 
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1.8.2 Atmospheric Conditions at time of Occurrence 

 

The Investigation requested Met Éireann17 to provide details of the weather conditions present 
in the area at the time of the event. They stated that: άLow pressure with a centre of 988 hPa18 
at the mouth of the Shannon estuary maintained an unstable south easterly flow across the 
country. A well-defined showery trough was moving through the region at the time of the 
incident with embedded cumulonimbus cloud present. Archived radar echoes indicate some 
heavier embedded showers were also presentέΦ Lǘ ǿŀǎ ŀƭǎƻ ǎǘŀǘŜŘ ǘƘŀǘΥ άThe radar and satellite 
evidence clearly shows that there was a high possibility of significant (moderate to severe) 
turbulence associated with cumulonimbus cloud that was present in the area at the time the 
incident occurredέ όFigure No. 4 ).  

 

 
 

Figure No. 4: Radar image for 0500UTC 20/10/2013. The white arrow shows 
approximate position of occurrence (Met Éireann) 

 
A Sigmet19 issued shortly after the occurrence ǎǘŀǘŜŘΤ άembedded thunderstorm activity 
suggests that the cumulonimbus ŎƭƻǳŘǎ ǿŜǊŜ ǘƻǇǇŜŘ ƻǳǘ ŀǘ C[онлέ. 
 
 
 

                                                      
17

 Met Éireann: The Irish Meteorological Service. 
18

 hPa: Hecopascals ς A unit of pressure. 
19

 SIGMET: Meteorological information issued concerning the occurrence or expected occurrence of specified  en-
route weather phenomena which may affect the safety of aircraft operations. 
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Met Éireann also provided the 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.). The findings are as follows: 
 

ά¢ƘŜ ǘŜƳǇŜǊŀǘǳǊŜ ǇǊƻŦƛƭŜ ǿƛǘƘƛƴ ǘƘƛǎ ƭŀȅŜǊ ǊŀƴƎŜŘ ŦǊƻƳΣ ŀǇǇǊƻȄƛƳŀǘŜƭȅΣ -220 C at the 
lower level to -350 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 ice.  So, and 
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 occurred ς and at the levels at which the incident 
ƻŎŎǳǊǊŜŘΦ  !ƭǎƻΣ ƛŎŜ ŎǊȅǎǘŀƭǎ ǿƻǳƭŘ ƘŀǾŜ ōŜŜƴ ǘƘŜ ǇǊŜŘƻƳƛƴŀƴǘ ǿŀǘŜǊ ǇƘŀǎŜέΦ 

 
Met Éireann was asked to comment on water droplet size within the Cb, with respect to its 
reflectivity and detection by aircraft weather radar equipment. Met Éireann stated the 
following:  
 

ά¢ƘŜ ǊŜƳƻǘŜ ǎŜƴǎŜŘ Řŀǘŀ (Figure No. 4) clearly show well developed Cb cloud and 
associated intense precipitation patterns.  Water droplet sizes would be large ώΧϐΦ These 
hydrometeors20 have high reflectivity and it is extremely likely that any on-board RADAR 
όƛŦ ƭƛǾŜύ ǿƻǳƭŘ ƘŀǾŜ ǘƘŜ ŎŀǇŀōƛƭƛǘȅ ƻŦ ŘŜǘŜŎǘƛƴƎ ǘƘŜƳέΦ  

 
1.8.3 Aircraft aŀƴǳŦŀŎǘǳǊŜǊΩǎ !ǘƳƻǎǇƘŜǊƛŎ !ƴŀƭȅǎƛǎ 
 

The Aircraft Manufacturer also carried out an atmospheric analysis of the area through which 
the aircraft tracked. Its findings correlate closely with those of Met Éireann. The Aircraft 
Manufacturer stated that the key points were: 
 

¶ Depending on the exact track, probable flight through a small cold core thunderstorm 

¶ Significant ice crystals were present in the core of this storm  

¶ FL235 temperature was -370 C 
 

1.8.4 Ice Crystals 
 

Convective cloud such as cumulonimbus can raise large quantities of moisture within its core. 
At lower levels within the convective cloud, water content will consist mostly of large water 
drops, which can be detected by weather radar. However, if conditions are suitable, at higher 
altitudes within the cloud, this water content may occur as ice crystals. The crystals are usually 
extremely small, possibly as small as 40 µm21 in diameter. Ice crystals have a radar reflectivity 
of approximately 5% of that of average-sized water drops, and as a result may not appear on 
airborne weather radar displays. Ice crystals bounce off cold surfaces such as the airframe, 
which makes visual detection of ice crystals difficult.  
 

                                                      
20

 Hydrometeor: Any water or ice particles that have formed in the atmosphere or at the Earth's surface as a result 
of condensation or sublimation. 
21

 µm: micrometre, also known as a micron, is an SI unit of length equalling 1×10
ҍ6

 of a metre. 
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During flight through ice crystals there may be no ice accretion on the exterior or nose of a 
pitot probe, since the crystals bounce off these surfaces. However, the ice crystals can enter 
the probe intake itself. If the concentration of crystals is greater than the capacity of the 
heating element for de-icing and drainage by the purge holes, then ice crystals may accumulate 
in large numbers in the probeΩǎ tube, resulting in temporary blockage of the probe, giving rise 
to erroneous airspeed indications. 
 

1.8.5 Pitot Probe Airworthiness Standards 
 

The certification basis for the B757-200 was established in 1982. The B757 FAA Type Certificate 
Data Sheet A2NM included Code of Federal Regulations (CFR) 25.1323 at amendment level 25-
1, which stated:  
 

άόŜύ ŜŀŎƘ [airspeed indicating] system must have a heated pitot tube or an 
equivalent means of preventing malfunction due to icingέ.  

 
At the time of the B757 certification, the atmospheric conditions understood and used for 
design, analysis and demonstration of compliance were defined in CFR Part 25 Appendix C and 
did not include consideration of ice crystals. 
 
The Appendix D icing envelope definitions were added to Section 33 of the CFR at amendment 
level 33-34, 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;  
 

ά9ȄǇŀƴŘ ǘƘŜ ŜƴƎƛƴŜ ŀƴŘ ŜƴƎƛƴŜ ƛƴǎǘŀƭƭŀǘƛƻƴ ŎŜǊǘƛŦƛŎation, and some airplane component 
certification regulations (for example, angle of attack and airspeed indicating systems) 
to include freezing drizzle, freezing rain, mixed phase, and ice crystal icing conditionsέ. 

 
Thus, CFR, Title 14, Part 25τAirworthiness Standards: Transport Category Airplanes, Subpart F, 
Instruments: Installation, Section 25.1323, Airspeed indicating system now states: 
 

ά(i) Each system must have a heated pitot tube 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 D, of this chapter ά.  

 
Part 33, Appendix D of the regulation, referred to above, defines the convective cloud ice 
crystal icing envelope in graph format (Figure No. 5). The shaded area of the graph shows the 
conditions in which ice crystal icing is most likely to occur in association with convective cloud 
activity. 
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Figure No. 5: The Convective Cloud Ice Crystal Envelope as depicted in FAR Part 33, Appendix D 
 
EASA is responsible for developing aircraft Certification Specifications (CS) within Europe. CS-25 
at amendment 16 (issued March 2015), now includes requirements for protection from ice 
crystal icing, similar to those contained in United States CFRs. 
 

 Flight Recorders 1.9
 

1.9.1 General 
 
Following the event, and on notification that the aircraft had landed without further incident 
and had positioned to a remote stand, the !!L¦Ωǎ Inspector on Call (IOC) requested the Airport 
Duty Manager (ADM) to advise the Flight Crew to pull the Cockpit Voice Recorder (CVR) and the 
Flight Data Recorder (FDR) circuit breakers, to ensure that all recordings were preserved. The 
ADM later confirmed to the IOC that the Flight Crew had stated that they had pulled the circuit 
breakers for both recorders. 
 

1.9.2 Cockpit Voice Recorder (CVR)  
 
When the AAIU subsequently removed the recorders from the aircraft, it was determined that 
while the FDR had been preserved, the circuit breakers for the CVR were not pulled.  The 
download of the CVR confirmed that the relevant cockpit recordings were overwritten and the 
CVR was of no use to the Investigation. 
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In his written report to the AAIU, the Co-Pilot advised, inter alia, that: 
 

άA 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 captain who was on the phone with dispatch at the time, I proceeded to locate and 
pull the breakers.  At this time there were at least four persons in the cramped cockpit and 
with difficulty I 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 the duties 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.  I finally located the FDR breakers but apparently I had completely missed the 
CVR breakers. I advised the Agent and the Captain that I had pulled the breakers thinking 
ǘƘŀǘ L ƘŀŘ ǇǳƭƭŜŘ ŀƭƭ ƻŦ ǘƘŜ ōǊŜŀƪŜǊǎ ŀǎƪŜŘ ƻŦ ƳŜΦ L ŘƛŘƴΩǘ ŜǾŜƴ ǊŜŀƭƛȊŜ ǘƘƛǎ ƳƛǎǘŀƪŜ ǳƴǘƛƭ ǘƘŜ 
next day when the agent present on our outgoing flight mentioned that the CVR tapes 
were not usable due to the breakers not being pulled. At that time I searched the circuit 
breaker panel and found the CVR breakers and realized that I missed them the night 
before. This was not done intentionallyέΦ 

 
1.9.3 Flight Data Recorder (FDR) 

 
The Investigation successfully downloaded the FDR data for analysis. The data was also 
provided to the Aircraft Manufacturer for review. 
 

 FDR Recorded Parameters 1.9.3.1
 
The Investigation had to take into account certain limitations of the recorded data: 
 

Recorded Computed Airspeed: The 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 the CommanderΩǎ !5/-L. Airspeed, as indicated on the 
Co-PilotΩǎ ƛƴǎǘǊǳƳŜƴǘǎΣ ǿŀǎ ƴƻǘ ǊŜŎƻǊŘŜŘΦ 
 
Recorded Wind Data: The wind data recorded by the FDR is dependent on the primary 
ADC. In this case, the primary ADC was the ADC-R (Co-PilotΩǎύ ŀƴŘ ǿŀǎ ŘŜǘŜǊƳƛƴŜŘ ōȅ 
the engaged autopilot channel, which was the right autopilot channel. The primary 
Flight Management Computer (FMC), computes wind data from true airspeed which 
originates from the primary ADC, which was ADC-R. 
 
Recorded Stick Shake Discrete: This discrete is created exclusively for the FDR and is a 
combination of both the left and right stick shaker sensors. It only activates when both 
the left and right stick shakers indicate SHAKE, and is recorded once every second. 
 
Recorded Airspeed Disagree Discrete: The recorded airspeed disagree discrete, 
Ψ9L/!{L!{5L{!Dw99ΣΩ ŘƛŘ ƴƻǘ ŎƘŀƴƎŜ ǎǘŀǘŜ ŘǳǊƛƴƎ the flight. This discrete is recorded 
every 64 seconds, with samples taken just before and just after the event.  
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 FDR Data Overview 1.9.3.2.

 
Figure No. 6 shows FDR parameters leading up to, during, and after the event, from 19,640 
seconds to 19,740 seconds, a period of 1 minute and 40 seconds. Figure No. 7 covers the time 
of the event itself, and shows FDR parameters from time 19,676 seconds to 19,696 seconds, a 
period of 20 seconds. 

  
The FDR data indicated that the right autopilot channel and the autothrottle were engaged, 
and remained engaged throughout the event. Prior to the event, the data shows that the 
aircraft was in a steady descent at approximately 1,500 feet per minute (fpm) and at a 
computed airspeed of 300 kts (Figure No. 6, Point 1). 

 
At 19,560 seconds, descending through approximately 25,500 ft, the atmospheric conditions 
became turbulent, as indicated by the fluctuations in certain parameters including computed 
airspeed, acceleration and control wheel deflection. The level of turbulence increased at 
19,645 seconds (Figure No. 6, Point 2) and beginning at approximately 19,678 seconds, a series 
of control column commands were recorded with corresponding elevator deflections (Figure 
No. 6, Point 6).   

 
The first control column command, at 19,678 seconds (Figure No. 6, Point 3, and Figure No. 7 
Point 1) was a nose-down command that caused the airplane to pitch down to -9.1 degrees at 
19,683 seconds (Figure No. 6, Point 4). This was accompanied by an increase in engine thrust 
(100% N1). As a result, airspeed started to increase. When aircraft pitch reached -9.1 degrees, 
the control column was pulled back and thrust was reduced towards idle. This resulted in a 
reduction in nose-down pitch from -9.1 degrees to -8.2 degrees. Consequently, airspeed 
continued to increase. At 19,684 seconds there was another control column nose-down 
command, which resulted in aircraft nose-down pitch increasing to -16.2 degrees at 19,689 
seconds (Figure No. 6, Point 5). Airspeed continued to increase with a computed airspeed of 
340 kts being recorded at 19,689 seconds.  

 
During the initial part of the event, the normal load factor reached minimum values of -0.18,     
-0.36 and -0.22 g between 19,680 and 19,689 seconds (Figure No. 7, Point 2). At 19,689 
seconds there was a marked pull back on the control column to -4.5 degrees, and a 
corresponding increase in normal acceleration from -0.22 g to +1.62 g over a period of 2.4 
seconds (Figure No. 7, Point 3). The aircraft pitch-down attitude started to recover at this time 
from -16.2 degrees. However, the data showed that the pitch recovery was interrupted at 
approximately 19,690 seconds. 

 
This corresponds to the time when the data showed the aircraft exceeded the Vmo (350 kts) 
(Figure No. 6, Point 7), at which point a Master Warning occurred (Figure No. 6, Point 8, and 
Figure No. 7, Point 4). Recorded data showed a reduction in control column pull at this point 
and that aircraft pitch remained at between -13.0 and -11.5 degrees nose down for 
approximately 5 seconds. Aircraft speed continued to increase; peaking at 380 kts computed 
airspeed (Figure No. 6, Point 9). Aircraft descent continued, peaking briefly at 12,000 fpm.  
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During the recovery, the normal load factor reached peak values of 1.62, 1.65 and 1.72 g 
between 19,690 and 19,708 seconds. 
 
FDR data indicate that the speed-brake remained stowed throughout the event. 
 
Prior to the first column push, the FDR data shows two separate thrust (or power) lever 
movements, described in terms of Power Lever Angle (PLA), and measured in degrees. The first 
is a small movement from approximately 700 to 730, which corresponds to a slight decay in 
computed airspeed at approximate 19,655 seconds. There is a second, faster, thrust lever 
movement from 720 to 950, which occurs between 19,674 and 19,678 seconds (i.e. prior to the 
first column push) (Figure No. 6, Point 10). 

 
A third, very rapid thrust lever movement occurs at 19,678 seconds, which corresponds to the 
time of the first control column push (Figure No. 6, Point 11). 

 
The Aircraft Manufacturer provided additional information on autothrottle function, and how 
thrust lever movement can be determined from the FDR data: 

 
άAt times it can be determined whether throttle movement is likely to have been manual 
by the shape of the plots (graphs of FDR data). 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 
autothrottle tends to provide more continuous movement. There tends to be higher 
rates seen with manual movement. The autothrottle limits the rate to 13 degrees per 
second with the RB211έ. 
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Figure No. 6: FDR data from 19,640 seconds to 19,740 seconds 

Numbered labels refer to text in 1.9.3.2 (Courtesy of Boeing Aircraft Co.) 
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Figure No. 7: Close-up of FDR data from 19,676 seconds to 19,696 seconds 
Numbered labels refer to text in 1.9.3.2 (Courtesy of Boeing Aircraft Co.) 

 






























































