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AAIB Field Investigation Reports

A Field Investigation is an independent investigation in which
AAIB investigators collect, record and analyse evidence.

The process may include, attending the scene of the accident
or serious incident; interviewing witnesses;
reviewing documents, procedures and practices;
examining aircraft wreckage or components;
and analysing recorded data.

The investigation, which can take a number of months to complete,
will conclude with a published report.
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N197DN AAIB-28968

Serious Incident

Aircraft Type and Registration:

No & Type of Engines:
Year of Manufacture:
Date & Time (UTC):
Location:

Type of Flight:
Persons on Board:
Injuries:

Nature of Damage:

Commander’s Licence:

Commander’s Age:

Boeing 767-332(ER), N197DN

2 Pratt & Whitney PW4060 turbofan engines
1997 (Serial no: 28454 LN: 683)

10 February 2023 at 1130 hrs

Prestwick Airport

Commercial Air Transport (Passenger)

Crew - 10 Passengers - 211
Crew - None Passengers - None

Contained engine failure, fractured water drain
tube

Airline Transport Pilot’s Licence

62 Years

Commander’s Flying Experience: 21,000 hours (of which 12,000 were on type)

Last 90 days - 180 hours
Last 28 days - 50 hours

Information Source: AAIB Field Investigation

Synopsis

During takeoff from Edinburgh Airport bound for New York, a high-pressure turbine blade
fractured in the right engine. The blade damaged a further five blades, but the engine was
still capable of producing thrust. The out of balance turbine caused vibrations sufficient to
cause a slat track housing drain tube to fracture in the wing which allowed fuel to escape
from the right wing fuel tank.

Due to the high engine vibration, the flight crew diverted the aircraft to Prestwick Airport.
During the diversion, fuel escaping from the wing was ignited by the hot engine exhaust,
and this was recorded on video by a passenger, but the flames extinguished before the
landing. The aircraft landed promptly, with full emergency service attendance. After the
aircraft arrived on stand, the airport fire service noticed the fuel coming from the right wing
and put provisions in place to capture the fuel, preventing it igniting on the hot engine or
brakes. The passengers were rapidly disembarked, with no injuries.

A Safety Recommendation has been made to the Federal Aviation Administration that
requires the Boeing Aircraft Company to demonstrate that following this serious incident,
the design of the slat track housing drain tube on the Boeing 767 family of aircraft continues
to comply with the certification requirements for large transport aircraft.
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History of the flight

The aircraft was operating a scheduled passenger flight from Edinburgh Airport (Edinburgh)
to New York JFK Airport (New York). The co-pilot was PF and a relief pilot" occupied the
flight deck jump seat.

Around 1100 hrs, while the aircraft was taxiing to Runway 24, two members of the
cabin crew stationed at the overwing exits recalled hearing “rattling” as though something
was loose in the cargo compartment. During the takeoff?, the commander made normal
standard operating procedure calls of “POWER SET” and “EIGHTY KNOTS THRUST NORMAL”.
No unusual sounds were apparent on the CVR recording. Several members of cabin crew
described a continuous loud vibration from the mid-cabin after takeoff power was set. The
cabin crew at the overwing exits reported this vibration to the purser using the interphone.
She, in turn, called the flight crew although was initially unable to get through.

Soon after the flight crew set climb power?, the autothrottle disconnected, the right
Electronic Engine Control (EEC)* alternate mode light illuminated (Figure 1 right), and the
Engine Indicating and Crew Alerting System (EICAS) advisory message R ENG EEC MODE
appeared® (Figure 1 left). The commander announced an “OVERTEMP!® ON THE RIGHT SIDE”.

PRIMARY EICAS DISPLAY

(1) EICAS Message Field
Eleven lines are available lor system and communicalions alerts.
Additional pages are availabla.

(2) Engine Secondary Data Cue
Displays (cyan) - secondary engine data should be displayed on lower CRT.

(3 Primary Engine Indications
Displays full time on the EICAS display.

Figure 1

Example primary EICAS display and overhead EEC panel from the operator’s ‘Flight
Operations Volume 2’ manual

Footnote

' The relief pilot monitors the operation, assisting the PF and PM as necessary.

2 Takeoff time was recorded as 1102 hrs.

3 Climb power was set at the beginning of the acceleration segment of the takeoff (normally around
1,000 ft agl).

4 Each EEC monitors autothrottle and thrust lever inputs to automatically control the respective engine.

5 The advisory message and amber ALTN light indicated that the EEC was not receiving adequate inputs using
normal (Engine Pressure Ratio) mode, so was operating in alternate (N1) mode.

5 Probably referring to a high exhaust gas temperature.
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After being instructed by ATC to climb to FL140, the flight crew completed the ‘After takeoff
checklist’. The commander and relief pilot tried unsuccessfully to re-set the EEC using
the appropriate Quick Reference Handbook (QRH) procedure, so the co-pilot continued
flying the aircraft using manual thrust, with the EEC in ALTN mode. The purser successfully
contacted the flight crew on her second attempt at calling them. She explained that a
vibration which began while taxiing was now “QUITE BAD”, and that passengers seemed
concerned. The commander called ATC, requesting to level the aircraft at FL100 and to
maintain an airspeed of 250 KIAS. He asked the relief pilot to ask’ the operator’s engineering?®
department whether the EEC in alternate mode would affect their Extended Range Twin
Operations (ETOPS) clearance. He did not sense the vibration in the flight deck so asked
the relief pilot to assess it in the cabin, informing ATC they were doing so. He commented
to the co-pilot “THEY KNOW IN THE BACK IF IT’S BAD... IF IT'S A BAD VIBRATION WE'RE GOING
BACK”.

At around 1110 hrs, while trying unsuccessfully to re-engage the autothrottle, the
commander observed the right engine’s Exhaust Gas Temperature (EGT) indication was
fluctuating. Deciding they should return to Edinburgh, he informed ATC “WE DON’T HAVE
AN EMERGENCY®! AT THIS TIME WE JUST HAVE A MAINTENANCE PROBLEM”, and flew heading
030°. The commander took control of the aircraft so the co-pilot could prepare for the
arrival, but realised a longer runway would be preferable, with the aircraft being significantly
heavier than its Maximum Landing Weight.

The relief pilot returned from the cabin saying he “WALKED ALL THE WAY TO THE BACK”
without noticing anything obviously abnormal, and suggested any noise might relate to the
pressurisation system. The commander explained they were diverting anyway, commenting
“I DON'T WANT TO STAY IN THE AIR WITH THAT ENGINE”, and asked him to check performance
information for Prestwick and Belfast International airports. The commander handed
control of the aircraft back to the co-pilot and informed ATC they sought a long runway
for landing overweight. ATC suggested nearby Prestwick, Runway 30, with an available
landing distance of 2,987 m.

The relief pilot informed the cabin crew, passengers, and operator they were diverting to
Prestwick. ATC called “FIFTY-ONE MILES TO TOUCHDOWN” and issued a heading of 205° and
a descent. The purser reported the cabin noise had diminished although the flight crew
attributed that to the aircraft slowing down. After ATC queried whether the aircraft required
special handling at Prestwick, the commander requested the Airport Fire Service (AFS)"°
attendance for potentially hot brakes. Preferring to perform the overweight landing himself,
he resumed control of the aircraft from the co-pilot. The aircraft was transferred to Prestwick
Radar frequency who gave the weather information of wind from 210° at 14 kt, visibility
10 km or more, scattered cloud at 900 ft, broken cloud at 1,300 ft, and temperature 9°C.

Footnote

7 Any contact with the operator during the flight was via the Aircraft Communication Addressing and Reporting
System (ACARS).

8 Termed ‘maintenance’ in the US.

® Emergency — aircraft requires urgent assistance.

© AFS, rather than RFSS, used throughout this report for consistency with the airport's documentation.

© Crown copyright 2024 5 All times are UTC



AAIB Bulletin: 9/2024 N197DN AAIB-28968

The commander briefed using FLAPs 25 for landing, indicating the associated reference
landing speed (V...) was slower than for FLAPs 30. The relief pilot suggested using the
single engine landing setting of FLAPS 20 instead, but the commander, showing possible
signs of stress, responded “NO BOTH ENGINES ARE RUNNING. I'M NOT SHUTTING ONE DOWN

YET .

While the aircraft was maintaining 6,000 ft amsl on a long right base leg, the commander
throttled back the right engine, which reduced some vibration he had started to notice
(Figure 6, point 16). They selected FLAPs 1 (Figure 6, point 17) which briefly generated an
abnormal noise on the CVR. The commander commented “THAT’'S A BIG VIBRATION”, then
requested selection of FLAPS 5. ATC instructed them to turn right onto a heading of 240°,
with 21 miles to touchdown. Around this time a passenger videoed what looked like flames
coming from under the right wing (Figure 2 and Figure 6, point 18). The commander briefly
considered changing to landing FLAPs 20, asking the co-pilot for the associated V...

Figure 2

Image from passenger video

The flight crew set FLAPS 15, followed an ATC descent instruction, and slowed the aircraft to
180 KIAS. The commander expressed a preference for operating the right engine using idle
thrust. The relief pilot suggested shutting down the engine, but the co-pilot agreed to keep
it running. ATC gave them an intercept heading for the ILS localiser, and further descent.

By the time a member of the cabin crew reported the possible flames' to the purser, they
had disappeared. Concurrently, the relief pilot informed the purser they had a yellow'?
emergency with less than ten minutes to landing, anticipating no evacuation. The purser
reported the engine appeared to shut down, with some associated electrical power loss in
the cabin, so she instructed the other cabin crew members to sit down as soon as possible.
The flight crew remained unaware of any flames until after the flight.

Footnote

" She described an “orange streaking” which ‘seemed like flames’.
2 The operator categorised emergencies as ‘red’, ‘yellow’ or ‘medical’.
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The relief pilot queried whether they should perform the “ENGINE FAILURE” items, but the
commander indicated there was insufficient time and requested the ‘Approach checklist’.
The relief pilot made effective suggestions throughout the approach, including starting the
APU and briefing the single engine go-around procedure. The flight crew lowered the landing
gear while the aircraft intercepted the ILS glideslope. The commander said, “WE CAN'T
AUTOLAND SINGLE ENGINE BUT WE'VE GOT TWO ENGINES RUNNING SO I'M GONNA AUTOLAND
IT” and selected the autobrake to MAX AUTO™. They used FLAPS 25 for the landing.

The aircraft landed at 1131 hrs with wind from 210° at 16 kt, and wet runway conditions.
While vacating Runway 30 onto taxiway Kilo, the commander requested the AFS vehicles
to follow them to Stand 5 (Figure 3). The flight crew reported noticing then that the right
engine’s primary indications read zero. The commander said “LOOK... | THINK THE RIGHT
ENGINE FAILED WHEN WE LANDED”, before selecting its fuel control switch to cuT oFF and
requesting the ‘After landing checklist’.

AIRCRAFT PARKING/DOCKING ARP 553034N 0043540W AD ELEV 65FT
CHART - ICAO

£2 "d¥ £0 31¥a O4NI OH3IY

Figure 3
Aircraft location (aircraft not to scale)

The aircraft was parked facing in a southerly direction at around 1133 hrs. The flight crew
told the passengers to remain seated and then performed the ‘Shutdown checklist’. ATC
relayed a message from the ground marshaller that there was something leaking from the
aircraft’s right wing (Figure 4). The commander requested the stairs “REAL QuicK”, telling
the passengers to expect an “ORDERLY DEPLANING”. The relief pilot went outside to liaise
with the AFS crew who were monitoring the brakes with thermal imaging cameras. They
radioed the co-pilot saying “YOu HAVE FUEL LEAKING BEHIND THE ENGINE ON THE STARBOARD
WING. WE'RE GONNA PUT OUT A CHARGE LINE!”,

Footnote

3 Maximum autobrake setting for landing.
' Water-filled hose.

© Crown copyright 2024 7 All times are UTC



AAIB Bulletin: 9/2024 N197DN AAIB-28968

Figure 4

Fuel leaking from the right wing

With the stairs in place, the commander instructed the passengers “PLEASE LEAVE YOUR
BAGS BEHIND AND DEPLANE...”. One member of cabin crew reported making “very strong
PAs” when passengers tried to access their bags. The commander asked the co-pilot to
perform the ‘Secure checklist’ so they could disembark quickly, when the relief pilot returned
saying “THERE’S FUEL POURING OUT OF THE WING”. It took approximately 5 minutes,
20 seconds’ for all the passengers to vacate the aircraft, which was then shut down at

1144 hrs.

The AFS put in place several actions to contain the fuel spill including using containers,
containment booms and absorbent materials. Approximately 30 minutes after the aircraft
arrived on stand an engineer from a maintenance organisation at the airport, arrived and
after discussions with the crew and operator, assisted in coordinating actions to stop the
fuel leak. He had recognised that fuel was coming from a drain hole in the wing dry bay and
concluded that if fuel were transferred out of the right wing fuel tank, it might stop the leak.
The aircraft had landed with 99,000 Ib of fuel onboard, split between 19,000 Ib in the centre
tank, and 40,000 Ib in each wing tank. There was sufficient empty capacity in the centre fuel
tank and so they used the aircraft fuel transfer pumps to move the fuel from the right wing
fuel tank. As the fuel quantity in the wing tank reduced below 7,000 Ib the leak stopped.
The aircraft was then shut down again.

Recorded information
Sources of recorded information

The FDR and CVR from the aircraft were downloaded, providing audio and data for the
incident flight. Additional sources of recorded data were:

e Maintenance messages that had been automatically sent during the flight
by the aircraft systems, triggered by engine related events.

Footnote

'® From CCTV this was the time between what appeared to be the first and last passengers stepping off the
exit stairs on to the tarmac.
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e Engine management system data that was downloaded at the operator’s
engine maintenance facility.

e QAR data recovered from the aircraft.'®

e A passenger video which was widely circulated on social media, filmed
through a cabin window, showing a short period with flames that appeared
to come from under the wing.

e Handheld video taken from the tower at Prestwick which showed a normal
landing, from the left side of the aircraft, with no evidence of a leak or flame.

e CCTV recordings from many cameras were provided by Prestwick Airport.

Incident flight

Selected data from the FDR, QAR and ACARS are shown in Figures 5 and 6.
The aircraft engines were throttled up for takeoff from Edinburgh at 1102 hrs on
10 February 2023. There was a step increase in the recorded N2 vibration parameter soon
after the engines reached their peak speed for the takeoff, indicating a level of damage was
present at that time.

Footnote

' The operator advised that once the aircraft returned to its base in the USA, the QAR data would be
automatically processed and would not be available to the investigation due to deidentification protocols.
This was not as expected and necessitated the AAIB removing and processing of the QAR memory card.
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Figure 6
Flight path with marked events (see report text)

The following highlights key points during the flight, with numbering associated with
Figures 5 and 6:

1. Overall vibration parameter and N2 vibration parameters of the right engine
significantly higher than for the left engine but not at any trigger level.
2. Right oil quantity reduced.

3. Right engine EPR parameter became invalid, control switched from EPR to
N1 and the autothrottle disengaged.

4. An ACARS engine exceedance report was generated. This was triggered
by the right EGT exceeding the 654° C limit. The peak value was recorded
as 667.5° C.

5. An ACARS maintenance message was generated indicating an issue with
an engine P2 or EPR pneumatic tube.

6. Rise in right engine oil temperature.
7. The aircraft levelled off at FL100.

8. Vibration level of right engine exceeded 2.5 units. 10 seconds above
2.5 units changes the crew indication of the vibration value on the upper
EICAS display to amber.

9. ACARS maintenance messages were generated regarding an engine
temperature probe.

10. The aircraft headed back east and then south.

11. Engine power reduced for the descent from FL100 to 6,000 ft amsl.
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12.
13.
14.
15.

16.
17.
18.
19.
20.

21.
22.
23.

Right engine oil pressure dropped and an associated alert was generated.
The same ACARS maintenance messages were sent.
Aircraft levelled at 6,000 ft amsl.

An additional ACARS maintenance message was sent relating to the EEC
control of the air/oil heat exchanger valve.

Right engine throttled back.

Flap deployment sequence started.

Approximate location of passenger video showing flames.
Start of descent from 6,000 ft amsl.

ACARS messages were generated. One related to a degraded EEC
channel capability, but with sufficient control for time-limited dispatch.
Another related to the air/oil heat exchanger and a further two related to a
temperature probe.

Right engine N2 stopped.
Gear down.

Landing.

The recorded engine fire parameters did not indicate a fire at any point during the flight
or taxi. The passenger video (Figure 2) shows fire evident in flight. This was recorded
approximately 8 minutes before landing, as the aircraft was levelling from a left turn with
flaps deploying. No evidence of fire was found after this time.

The aircraft was shadowed by the AFS vehicles for the taxi and arrived at the final parked
location of Stand 5 on a heading of about 260° approximately 2 minutes 20 seconds after
touchdown.

Fluid splashing evident
in CCTV replay =

Figure 7

CCTV snapshot showing fuel leak location, disembarkation and AFS attendance
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AAIB-28968

The presence of the fuel leak can be identified when a CCTV camera was zoomed in to the

relevant location after the aircraft came to a halt. The first

passengers started disembarking

via steps at the front left door within 5 minutes of the aircraft coming to a stop, and the last
less than 6 minutes later. Figure 7 shows a snapshot from one of the CCTV recordings.

Figure 8 shows the vibration levels of both engines for the most recent flights, including the
event flight. The values are not calibrated or in specific units but serve to highlight large

changes in vibration levels. The difference between left

and right engine vibration values

before the event flight were not considered relevant to the investigation. The plot shows
that the overall and N2 vibration levels dramatically increased at the start of the event flight.

The N1 vibration values decreased.
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Aircraft information

N197DN is a Boeing 767-332 aircraft that is ETOPS certified and powered by two Pratt
& Witney PW4060 turbofan engines. It was delivered to the operator in December 1997
and had completed 15,843 flight cycles and 106,760 flight hours by the time of the serious
incident.

Fuel tanks

The internal wing structure forms three aircraft fuel tanks: a left and right wing tank
with a capacity of 40,000 Ibs each and a centre wing tank of 80,000 Ibs. The wing fuel
tank boundaries are the front and rear spar, upper and lower wing surfaces, and Rib 3
(Figure 9). Located above the engine pylon within the fuel tank boundary is a separate zone
called the dry bay, which is sealed and does not contain fuel. It spans from Rib 6 to Rib 9
and is a safety feature in case of an uncontained engine rotor failure. Analysis has identified
that high energy engine fragments could penetrate the wing in this area and therefore it is
kept free of fuel to prevent a fuel leak. It has a drain hole at the lowest point to remove
any condensation or other fluids that may collect in the bay and a removal access panel to
facilitate inspections (Figure 10).

Fuselage ‘
Rear spar

Centre wing
fuel tank

Right wing

‘ ST
Dry bay Front spar
fuel tank "' :
Slat tracks f’ Engine

Engine pylon

Figure 9

Wing scheme showing dry bay location.
(Upper and lower wing surfaces not shown for clarity)
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Wing front spar

" Dry bay boundary
O

Figure 10

Dry bay viewed from outside the aircraft looking aft
(Note: Access panel removed after flight)

Slat track system

The wing leading edge slats extend and retract on tracks supported on rollers (Figure 11).
In the retracted position the slat track protrudes through the front spar into the fuel tank. To
maintain the fuel tank boundary, a slat track housing is attached to the inside of the front
spar into which the track retracts. It is fitted with a drain tube to allow any fluids from the
environment to drain out of the housing. If water were allowed to accumulate in the bottom
of the housing and then freeze, there is a risk that the slat tracks could damage the housing,
resulting in a fuel leak.
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Slat retracted

Wing o0
fuel  Upstrea m\ﬁ}/

tank  drain tube Wing lower skin

Inboard

Figure 11
Generic slat track function (left) and the B767 inboard slat track housing (right)

The inboard slat track housing for Slat 8 is located just outboard of Rib 9 (the outboard rib
of the dry bay). The drain tube connects the housing at the lowest point to a fitting on Rib 9.
Any water that accumulates in the housing will flow through the drain tube into the dry bay
and then out of the wing via the drain hole at the lowest point in the dry bay.

Slat track housing construction

The slat track housing, including the upstream section of the drain tube, is a welded
aluminium assembly. The upstream and downstream drain tube sections are manufactured
from %2 inch (12.7 mm) diameter 6061 aluminium alloy tube with a typical wall thickness
of 0.035 inch (0.89 mm). After the slat track housing has been welded, it is heat treated"’
and a conversion coating (current process is to use Alodine 600') is applied to the whole
assembly. The assembly is then painted with two coats of zinc chromate primer, and a
corrosion inhibiting compound is applied to the internal surfaces. During manufacturing the
components are visually inspected for surface defects and the minimum wall thicknesses
must remain greater than 0.032 inch (0.80 mm). The investigation did not identify the
specific supplier or any manufacturing records for the slat track housing, and downstream
drain tube, fitted to N197DN.

Slat track housing design evolution and other related events

The design of the drain tube for the Slat 8 inboard track has changed since the aircraft
type first entered service. This has been managed by Airworthiness Directives (ADs) and
Service Bulletins (SBs). The first change moved the drain tube exit from the lower wing skin
over the engine to discharging into the dry bay through Rib 9. The change was mandated
as it was identified that if fuel leaked into the drain tube and then onto the hot engine or
exhaust nozzle, there was a risk of a fire when the aircraft was stationary or during low-
speed taxiing.

Footnote

7 From O condition to the T6 condition.
8 Alodine 600 is a chemical formulation for the treatment of aluminium alloys to provide corrosion protection
and as a surface preparation for paint and adhesives.
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Both drain tubes (original and post SB) comprised a flexible steel tube to connect the rigid
drain tube welded to the slat track housing to either the lower wing skin or Rib 9 with two
flexible O-ring couplings between the individual parts. Since the publication of the SBs
there were two in-service occurrences that caused the flexible steel tubes to crack due to
vibration following an engine event. AD 2011-12-11"°, which mandated SB 767-57A0094%,
was issued to restore the continued airworthiness, and change from a flexible steel tube to
a rigid aluminium tube.

The background information for this change is stated as: ‘Accomplishment of this service
bulletin prevents cracks in the number 5 and number 8 slat track housing drain tubes.
Cracks in these drain tubes could let fuel drain from the main fuel tanks into the dry bay area
of the wings. Fuel from the dry bay areas could subsequently drain on to hot Main Landing
Gear (MLG) brakes and possibly result in a fire.’

SB 767-57A0094 was embodied on N197DN in December 2012 at 5,864 flight cycles and
36,857 flight hours.

The drain tube fitted to N197DN was an assembly of several components; two sections
of aluminium tube joined together with flexible O-ring couplings. The first section of tube
is welded to the slat track housing and the second tube is attached to a machined fitting
on Rib 9 with the same O-ring coupling. The flexible O-ring couplings are made up of
several components and allow for angular movement of the tubes in the fore/aft and vertical
directions, and small lateral movements to accommodate build tolerances.

Fatigue analysis by the aircraft manufacturer during certification of the rigid drain tube
demonstrated that the fatigue life was greater than the design goal even when artificial
damage was introduced to replicate manufacturing defects. The new design was vibration
tested for five hours both laterally and vertically without failure and the system had a first
mode resonant frequency response at 170 Hz and a second mode at 260 Hz. Analysis of
the drain tube at 165 Hz demonstrated that with a 5g or 10g input load, the drain tube would
fracture after either 200,000 or 21,000 fatigue cycles respectively, at the bend adjacent to
the slat track housing. This equates to approximately either 20 minutes or 2 minutes of
operation.

Engine vibration monitoring system

Vibration sensing is carried out using a single accelerometer mounted to the engine. This,
along with other engine parameters, is processed by the Airborne Vibration Monitor unit
using algorithms tailored to give a value of between 0 and 5 for N1, N2 and overall vibration
levels. The processes are different for each, and no specific units are associated with these
values. The values cannot be linked to any engine issue or level of damage or provide
precise timing for the change in actual vibration. In the lower left corner of the secondary
EICAS display the value and name of the highest vibration parameter are indicated to the
crew. If a vibration level exceeds 2.5 for more than 10 seconds, the displayed value changes
from white to amber (Figure 5, point 8). There are no other cockpit effects.

Footnote

® Issued in July 2011.
20 Qriginally issued in June 2005, current revision 3 issued in October 2015.
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Engines

N197DN was fitted with two Pratt & Whitney PW4060 turbofan engines, and the engine
installed on the right wing was serial number ESN 724314. It had accumulated a total
of 90,814 hours and 15,560 cycles in operation with 1,862 hours and 331 cycles since
its last maintenance shop visit. It is a conventional two shaft turbofan with a two-stage
high-pressure turbine (HPT) section (Figure 12). The second stage HPT disk (HPT 2) has
82 blades and a 100% rotation speed of 9,900 rpm.

Figure 12
Section view of PW4060 engine showing HPT 2 disk (used with permission)

Aircraft examination

Initial assessment of the fuel leak

The aircraft was inspected by the AAIB at Prestwick Airport with support from the operator’s
maintenance personnel and a detailed visual inspection of the dry bay confirmed that it was
structurally intact, with no evidence of fuel leaks through joints or sealant. The components
of the fuel system which passed through the dry bay were confirmed to be satisfactory with
no leaks present. It was noted that after the event the leak was stopped by moving fuel
out of the right wing tank into the centre fuel tank. A test was undertaken where fuel was
transferred back to the wing tank, and during the transfer the dry bay was monitored for
fuel leaks. When the fuel quantity reached approximately 17,000 Ib in the wing tank, fuel
was seen coming through a fitting on Rib 9 (Figure 13). The flow rate was estimated at
approximately 1.5 gallons per minute.
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Figure 13
Fuel coming through the fitting on Rib 9. View from inside the dry bay looking outboard.

The wing fuel tank was drained, and a qualified mechanic inspected the area outboard of
Rib 9. The inspection revealed that the drain tube from the slat track housing to the rib had
fractured and had allowed fuel to enter the drain tube (Figure 14). The two pieces of the
upstream drain tube section were removed from the aircraft for further examination.

"N Fracture Slat track housing

il See_ ﬁgure 16 e Drain tube Lower skin See Figure 15

Figure 14

View looking forward of the slat track can showing the drain line fracture (centre)
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Drain tube examination

The two pieces of the upstream drain tube (Figure 15 and 16) were examined at a specialist
forensic laboratory using an optical microscope and a Scanning Electron Microscope
(SEM). Initial examination of the fracture surfaces identified extensive mechanical damage
consistent with rubbing between the opposing halves of the fracture. Areas of the fracture
surface also exhibited deposits which masked the underlying fracture surface. Energy
Dispersive X-ray (EDX) analysis of the deposit found that it was consistent with the primer
paint on the inner and outer surfaces. It appeared that once the crack had developed,
fragments of paint from the surface had migrated into the crack and had been ground
between the opposing fracture faces.

Figure 15
Short piece of drain tube (adjacent to slat track housing)

Figure 16

Long piece of drain tube (adjacent to the coupling)

Striations were visible at discrete areas across most of the fracture surface indicating
that crack growth was the result of fatigue. The orientation of the striations suggested
that fatigue cracks had initiated on the upper surface of the tube and propagated in both
directions around the circumference (Figure 17). Although the main crack growth suggested
initiation in an area at the top of the tube, it was apparent that multiple cracks had initiated
at both the inner and outer surfaces of the tube ahead of the main crack front. These
secondary cracks propagated for short distances before joining the main crack. Towards the
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inboard edge, the fracture turned downstreamtowards Rib 9 and propagated for approximately
7 mm in an axial direction before returning to a circumferential orientation. At the bottom
of the tube, the two converging crack fronts were on different planes approximately 1.7 mm
apart. At this point an overload crack propagated between the two cracks causing the two
pieces of the tube to separate.

Intergranular
fracture
W

Fatigue
initiation

UP

'lNBD/

Fatigue |4
initiation
point

Figure 17

Left - Short piece fracture face showing crack propagation direction
Right - Long piece fracture face showing crack propagation direction

It was noted at the fatigue initiation point on the outer edge at the top of the tube, that an
area of intergranular fracture approximately 100 um deep was present (Figure 18 left).
Further instances of intergranular fracture were observed on the fracture surface at both
the inner and outer edges. At the outboard side of the fracture an area of intergranular
fracture was observed on the outside edge which extended approximately 180 um in from
the outboard edge (location identified in Figure 17 left, shown in Figure 18 right).

100 pm EHT = 20,00 kY |robe= 100 pA s»gum=msesp 100 pm ] EHTZO‘WW I Probe= 200pA  Signal A = NTE BSD
WD =12.0mm E4823_SF_3024f FE18486 QINE-”Q — WD=10.0mm E4823_SF_118.6f F::aass QENETIQ

Figure 18

Left - Intergranular fracture at the initiation point
Right - Intergranular fracture at the outboard edge of the fracture

© Crown copyright 2024 21 All times are UTC



AAIB Bulletin: 9/2024 N197DN AAIB-28968

A series of micro-sections were removed from both pieces of the tube away from the
fracture face. All the sections highlighted further intergranular cracking present on both
the inside and outside of the tube, although it was more prevalent on the outer surface. In
some cases, the micro-section showed the intergranular fracture breaking onto the surface
(Figure 19), and it appeared to have initiated from a small pit approximately 5 ym deep on
the surface of the tube. Further analysis using EDX mapping (Figure 19 right) showed that
the surface breaking feature was covered with a chromium rich layer consistent with the
Alodine process applied during manufacturing.

Paint layer

/

]
Surface breaking pit
Alodine layer

Intergranular crack

Figure 19
Example surface breaking intergranular fracture

It was observed that the chromium rich layer had formed around the bottom of the pitand had
partially extended along the grain boundaries which indicated the pitting and intergranular
cracking was present before the application of the chromate conversion coating. It also
showed that it was present before the part was painted. The pitting and intergranular
cracking was therefore not a result of in-service degradation and had been present since
the drain tube was manufactured.

Additional analysis using EDX techniques confirmed the material alloy composition to
be consistent with the aluminium-magnesium-silicone alloy 6061, and the hardness
demonstrated that the temper condition was T6. The average paint thickness on the
inner surface was 12 yum and 31 ym on the outer surface. Wall thickness measurements
were taken from the micro-sections away from the fracture face and showed an average
thickness of 0.89 mm (0.035 inch). Wall thickness measurements taken from the fracture
face indicated that the wall thickness on the inside of the bend was approximately 0.96 mm
(0.038 inch) but 0.75 mm (0.030 inch) on the outside of the bend. A further measurement
was taken near the initiation point which was 0.90 mm (0.035 inch).

Engine examination

A preliminary external inspection revealed no evidence of soot or heat damage to the
engine cowlings, or other external surfaces of the aircraft. An inspection of the engine
identified a significant quantity of loose metal items and fragments in the cowlings and the
exhaust. Further examination revealed many broken system mounting brackets, component
chaffing damage and the oil scavenge line for bearing No 3 had become detached. All the
components liberated from the engine had remained within the casing or cowls and was
therefore considered a ‘contained engine failure’.
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The engine was subsequently stripped at the operator’s engine maintenance facility, and
it was found that six blades on the HPT 2 disk exhibited transverse fractures (Figure 20).
These blades were identified as Blades 2 through 7. Further damage was noted to the
turbine section downstream of the HPT 2 disk consistent with turbine blade loss.

A',_, —— == 1 1 : o _—\ ~
Blade 1 s Blade 2 ¥ Blade 3 f Blade 4 _ Blade 5 * Blade 6 [ Blade 7 Blade 8 g

Figure 20

Left - View on HPT 2 disk looking forward showing rotation direction
Right - Detail view of Blades 1 to 8

High-Pressure Turbine examination

The blade set was examined by the engine manufacturer which revealed that the facture
face of Blades 2 to 6 exhibited jagged non-directional fracture features indicative of rapid
tensile overstress due to secondary impact. Blade 7 exhibited fracture features consistent
with fatigue, indicating that it was the first blade to detach (Figure 21). The level ofimbalance
in the subject event exceeded the level of imbalance observed in two prior B767 events that
resulted in the fracture of the slat track housing drain tube.

Detailed examination indicated that the fracture initiated from two Stress Corrosion
Cracks (SCC) at the forward rib external convex wall (identified in green in Figure 21),
which measured 3.96 mm (0.156 inch) wide by 2.06 mm (0.081 inch) deep and 3.00 mm
(0.118 inch) wide by 1.12 mm (0.044 inch) deep. SEM examination of these areas revealed
these cracks extended from multiple origins along the external convex wall surface, but
the exact origins could not be determined due to oxide scale and rubbing damage. EDX
mapping of the fracture surface and exterior convex wall surface revealed it was composed
primarily of mixed nickel-based alloy oxides and aluminium-platinum based coating oxides.
The regions of pitting and oxide scale also exhibited silicon, which could have originated
from dirt ingested during engine operation. EDX mapping of the crack attack front of a
pit, paired with Wavelength Dispersive Spectroscopy revealed the presence of sulphur,
indicative of sulphation attack, otherwise known as hot corrosion. Further evaluation of
the fracture surface found evidence of fatigue on both the convex and concave side walls.
The fatigue progressed from the extremity of the cracks (identified in red in Figure 21)
and exhibited arrest features indicative of high cycle fatigue. Final blade fracture was by
overload stress, identified in blue in Figure 21.
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Figure 21
Detail of the Blade 7 fracture face (Used with permission)

Although not all the HPT 2 blades were examined in detail, there were some small surface
cracks similar to those in Blade 7, identified in the adjacent blades to the cluster loss.

Additional information from the operator’s operating manuals

Quick reference handbook

The QRH procedure for ‘Engine Limit or Surge or Stall is contained in Appendix 1. It
specified ‘one or more’ of the following conditions for applying the procedure: ‘Engine fire
warning... Airframe vibrations with abnormal engine indications...Engine separation’. It
included steps to select idle thrust on the affected side, start the APU, then shutdown of the
affected engine.

The QRH ‘Overweight landing considerations’ procedure is contained in Appendix 2.
The QRH'’s guidance on ‘Checklists directing engine shutdown’ stated:

‘Checklists directing an engine shutdown must be evaluated by the captain to
determine whether an actual shutdown or operation at reduced thrust is the
safest course of action. Consideration must be given to the probable effects of
running the engine at reduced thrust.
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There are no non-normal checklists for the loss of an engine indication or
automatic display of the secondary engine indications. Continue normal engine
operation unless an EICAS message shows or a limit is exceeded.’

Flight crew training manual

The Flight crew training manual (FCTM) section on ‘Airframe vibration due to engine severe
damage or separation’ stated:

‘Certain engine failures, such as fan blade separation, can cause high levels
of airframe vibration. Although the airframe vibration may seem severe to the
flight crew, it is extremely unlikely that the vibration will damage the aircraft
structure or critical systems. However, the vibration should be reduced as soon
as possible by reducing airspeed and descending. In general, as airspeed
decreases vibration levels decrease. As airspeed or altitude change the
airplane can transition through various levels of vibration. It should be noted
that the vibration may not completely stop.

...Vibration will likely become imperceptible as airspeed is further reduced
during the approach.

Once airframe vibration has been reduced to acceptable levels, the crew must
evaluate the situation...’

The FCTM ‘Evacuation’ section’ stated:

‘...Crew members must make the decision as to which exits are usable for the
circumstances...the captain has to choose between commanding an emergency
evacuation using the emergency escape slides or less urgent means such as
deplaning using stairs, jetways, or other means...’

Flight operations manual

The operator’s Flight Operations Manual described a ‘yellow emergency’ as one where ‘The
landing will be successful’ and TAFS] equipment may be required’. It advised cabin crew
‘Do not anticipate an evacuation...” but ‘Prepare for dynamic circumstances which may
require an evacuation after landing’.

Additional operational aspects

The investigation did not establish what engine vibration levels the flight crew might have
seen on the EICAS display?'. The commander encouraged input from other crew members
throughout the event. The flight crew could not answer every interphone call made by
cabin crew members, and some resulting conversations were inaudible on the CVR. They
expressed the view that Prestwick handled the incident effectively.

Footnote

# The EICAS secondary engine indications — N,, fuel flow, oil and vibration — are displayed using a switch on
the EICAS control panel, or they automatically appear when (for example) a parameter is exceeded.
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Several cabin crew members described high workload after the ‘yellow emergency’ call,
instructing passengers to read their aircraft safety cards and re-briefing those seated at
emergency exits. They checked one another were prepared, then assumed their jump seat
brace positions while mentally reviewing their evacuation procedures.

The operator reported it does not specify a ‘rapid disembarkation’??2® procedure. It had
previously simplified its cabin crew emergency procedures to encompass unanticipated
emergencies at the gate, and evacuation scenarios.

Information from the airport

Airport fire service

Prestwick’s ‘Airport fire service aircraft incident report’ stated the AFS was ‘originally called
out by ATC to a Local Standby Air?4, for an inbound Boeing 767 with vibration problems. On
route to standby positions, ATC upgraded incident to a Full Emergency?>?%, and advised the
pilot was landing heavy and was concerned about hot brakes’.

The report stated the AFS vehicles positioned at the front of the parked aircraft because
of ‘heavy nose to tail winds’. They ‘deployed [two] hoses at this point to guard the aircraft
against ignition as the fuel was running near hot engine and braking surfaces. AFS crews
were also instructed to monitor the brake assembly temperatures using thermal imaging
equipment. The brakes were not over hot but were still a concern due to the leaking fuel’)".

The AFS Officer in Charge reported that had possible flames been reported, he would
have requested the aircraft to stop on the runway for an inspection. Also, had the aircraft’'s
fuel leak been discovered earlier, he would have required it to park away from the airport
buildings.

ATC

The on-duty ATC watch manager reported upgrading the airport’s response after the
commander requested AFS attendance for the overweight landing. She said aspects of
their communication indicated they were under pressure. She reported that six people in
the control tower watched the aircraft’'s approach and landing (some using binoculars), and
none saw anything abnormal.

Footnote

22 Referred to as ‘rapid deplanement’ in the USA.

2 Some operators specify precautionary rapid disembarkation procedures to address scenarios where an
evacuation may not be necessary. They usually involve passengers expeditiously vacating the aircraft using
normal means, without baggage.

2 Response category for an aircraft in flight which has, or is suspected to have, a defect which should allow it
to land safely.

2 Response category for an aircraft which is, or is suspected to be, in danger of an accident.

% The full emergency was announced at around 1118 hrs.

27 The first recorded temperature was approximately 180°C and they decreased thereafter.
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Stress and plan continuation bias

Authors of a model on pilot stress, startle and surprise?® wrote “...stress is thought to cause
a shift from analytical skills toward intuitive judgement, making one susceptible to biases’.
Plan continuation bias means continuing with the original plan despite cues indicating a
different plan might be preferrable. It often occurs in dynamically changing conditions. An
‘FAA aviation safety’ publication?® stated it ‘can appear stronger the closer [a person] gets
to accomplishing an activity.

Analysis
Introduction

A high-pressure turbine blade fractured in the right engine, probably during takeoff, which
damaged a further five blades, but the engine was still capable of producing thrust.

A passenger recorded a video of flames coming from below the wing, however the fire
extinguished before the landing. Extensive CCTV recordings of the landing and taxi, and
eyewitness accounts, did not indicate the presence of fire whilst on the ground. As the
aircraft arrived on stand the AFS noticed the fuel coming from the wing and put provisions
in place to capture the fuel and prevent it igniting on the hot engine or brakes. Thus, there
was the potential for a more significant event to have occurred. The crew actions and the
engineering aspects are analysed below.

Initial crew actions

Flight deck indications of a failure began during the airborne acceleration segment of
the takeoff with the autothrottle disconnecting and right engine EEC mode alerts, neither
of which were resolved using the applicable QRH procedure. While considering the
effect of those on continuing the flight, reports of abnormal vibration in the cabin raised
the commander’s awareness of a bigger, yet unidentified, problem. That, combined
with abnormal EGT indications, prompted his decision to divert, probably realising such
indications would preclude an overwater crossing anyway. While the extent to which crew
members perceived the vibration varied, the commander, appearing aware it could vary with
altitude and airspeed, preferred landing promptly. As no urgent assistance was required,
declaring an emergency with ATC was probably not necessary.

The flight crew managed the overweight landing according to the associated QRH guidance;
they used the longest runway nearby, with FLAPS 25, autoland, maximum autobrake, and
requested AFS attendance on arrival.

Footnote

% Referenced in: Frontiers | A narrative review of the interconnection between pilot acute stress, startle,
and surprise effects in the aviation context: Contribution of physiological measurements (frontiersin.org)
[accessed 1 March 2024].

2 CFIT and Plan Continuation Bias (faa.gov) [accessed 14 March 2024].
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Engine management and procedural implications for the approach

Vibration became evident in the flight deck during the base leg, especially when FLAPS 1
was set. More than one QRH procedure, along with other guidance, was applicable. The
‘Engine fire or engine severe damage or separation’ procedure directed engine shutdown,
while the ‘Engine limit or surge or stall’ procedure contained options to shut down the engine
or operate it at reduced thrust settings (depending on specified engine indications). The
flight crew’s actions aligned with aspects of the ‘Engine limit or surge or stall’ procedure
and, consistent with other aspects of QRH and FCTM guidance, they considered whether
an ‘actual shutdown’ was necessary. Aside from the ‘Engine EEC mode’ procedure, they
did not appear to reference the QRH manual itself.

The relief pilot made several references to engine failure considerations but the commander,
appearing keen to land, preferred continuing with the approach, and operating the engine
at reduced thrust. Supporting that decision, the relief pilot continued making effective
suggestions to encompass single engine operating aspects. The ‘Engine limit or surge
or stall’ QRH procedure specified using the single engine landing flaps setting. Although
the commander briefed the single engine go-around, he continued with the overweight
flaps setting for the approach. He might have assessed landing performance as the more
immediate threat and wished to avoid the distraction of re-setting speeds, while he perceived
time pressure to continue with the approach. The right engine subsequently running down
was not apparent to the crew until after landing, therefore did not feature in those decisions.

The arrival and disembarkation

The ATCO ensured a full emergency response because of the intended overweight landing,
and there were indications the flight crew were under pressure. After the flight crew
declared an onboard ‘yellow’ emergency, the cabin crew had limited time to make landing
preparations, and the short period of flames seen from the cabin was not reported to the
flight crew. Such a report may not have significantly changed the approach and landing but
might have caused the AFS to inspect the aircraft immediately after landing and/or keep it
away from the terminal building.

Because the right wing’s fuel leak was discovered after parking, the commander could
make the pragmatic decision of deplaning the passengers quickly using the normal
(left) exits, without baggage. The fuel leak’s proximity to hot brakes from an overweight
landing increased urgency. However, prompt actions by airport staff and assertive cabin
crew passenger management helped fulfil a ‘rapid disembarkation’. Had the fuel leak been
discovered before parking; or had the stairs been delayed to the stand and/or the fuel been
leaking from the left wing, an evacuation (using relevant exits), with the inherent risk of
injuries, may have been necessary.

Other crew resource management aspects

The commander’s openness to input, combined with assertive communications by the
relief pilot and cabin crew, manifested some effective information sharing while the co-
pilot focussed on the flying task. However, high workload for all the crew during the last
ten minutes of the flight, along with natural limitations of communicating using interphone,
might have impeded certain cabin information reaching the flight crew. The flight crew
remained unaware of the flames which had been seen from the cabin during the approach.
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The commander exhibited natural signs of stress during the event. The insidious, complex,
and dynamic nature of the failure might have increased the potential for plan continuation
bias, as the commander felt time pressured to land the aircraft. Consequently, some decision
making, for example, in relation to engine operating considerations for the approach,
appeared more intuitive, rather than structured, in nature.

Delaying commencing the approach, for example, after the vibration became evident while
at 6,000 ft amsl, could have allowed time for the flight crew to reference the QRH together;
agree on engine operation and aircraft configuration for the landing and go-around; and
make additional communications with the cabin. Nevertheless, the affected engine ran
down, the flames curtailed, and the aircraft landed promptly.

Engine failure

An HPT 2 blade in the right engine fractured and the detached blade then damaged a
further five HPT 2 blades, the majority of which were subsequently liberated from the disk.
The initial fracture was a result of fatigue cracks initiated from two SCCs on the exterior
convex face of the blade. Similar cracks were also seen on the adjacent (non-damaged)
blades. Detailed metallurgical examination revealed the presence of sulphur, indicative of a
sulphation attack, hence pitting of the blade surface during normal engine operation, rather
than a specific blade problem.

The vibration created by the rotating out of balance HPT 2 disk resulted in many engine
systems being damaged, and the vibration was transmitted into the airframe. Engine
control modes, engine oil parameters and the automatic ACARS messages relating to the
engine showed multiple issues with the engine as the flight progressed under high vibration.
Significantly higher levels of vibration from the right engine were evident during and after the
takeoff than had been recorded during N197DN’s previously recorded flights. For a short
period in flight, the vibration values were sufficiently high to have changed the displayed
vibration values from the normal white to amber. It is not evident whether the crew noticed
this change, however they were aware of a problem anyway. The engine maintained a
capability to create thrust until the throttle was reduced to idle during the descent and it
is considered that a short time after this, the engine ran down and the N2 shaft ceased
rotating.

It is the opinion of the engine manufacturer that the magnitude of imbalance from the
damaged HPT 2 disk exceeded the level of imbalance observed in the two prior B767
events. All three events resulted in the fracture of the slat track housing drain tube, and
the time to shut down the engine after the blade loss was of a similar order of magnitude.
The engine was at takeoff / climb power from 1103 hrs until the aircraft reached FL100 at
1108 hrs, with the peak vibration level sustained for one minute starting at 1110 hrs. The
engine ran down and the N2 stopped rotating at 1125 hrs. Based upon the N2 rotation
speed the frequency of the vibration would have been between 150 to 160 Hz for the climb,
dropping to 130 to 140 Hz during the period at FL100. This is discussed further in the
fracture of the drain tube section below.
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Itshould be noted that the certification specification for aircraftengines, CS-E 810 Compressor
and Turbine Blade Failure, states that any single turbine blade will be contained after failure.
Furthermore, no hazardous engine effect can arise because of other engine damage that
is likely to occur before the engine is shut down following a blade failure. During the event
flight the failed blade was contained and no hazardous engine effect was identified.

Fracture of the drain tube

The investigation did not determine the exact vibration spectra that was applied to the
Slat 8 inboard track housing drain tube, but it was concluded that the sustained high level
of vibration from the engine caused the drain tube to oscillate and fail in fatigue. Detailed
analysis of the fracture faces concluded that the fatigue cracks initiated from intergranular
cracking. A literature survey in conjunction with the forensic materials laboratory was
undertaken to determine the source of this intergranular cracking and it was deemed most
likely to have come from accidental acid splash®. This may have occurred during the
early stages of the tube manufacture as there was a layer of chromate conversion coating
as well as paint that covered the cracks. A fatigue analysis by the aircraft manufacturer
demonstrated that the intergranular cracks on the surface of the drain tube would not have
significantly reduced the fatigue life of the component. Analysis of the fracture face of the
drain tube showed regular striation spacing and there was no evidence of arrest features;
it was therefore concluded that a crack started and fully fractured within this single flight.

During certification testing of the modified drain tube design that was fitted to N197DN, it was
determined that the first mode resonant vibration response of the system was approximately
170 Hz. From the recorded data for most of the incident flight the N2 speed was between
120 and 150 Hz. It was not possible to determine how the out of balance forces from the
HPT 2 disk were attenuated, amplified or modified by the structural elements between the
engine and the drain tube. However, the aircraft manufacturer was able to demonstrate the
drain tube would have fractured in less than 20 minutes of operations in a similar manner
to N197DN if it were subjected to an input load greater than 5g at 165 Hz. It was deemed
probable that the drain tube would have been subjected to loads such as these and hence
provide conditions conducive to crack propagation during the incident flight.

The rotation axis of the engine is orientated in the fore/aft direction (Figure 22) and therefore
out of balance HPT 2 disk loads are transmitted in the vertical and lateral directions. The
slat track housing and Rib 9 prevent the drain line from moving laterally, but it is unrestrained
vertically. The vertical vibration loads act upon the centre coupling causing it to be displaced.
This movement is absorbed at Rib 9 by the other coupling but creates a bending moment
in the drain tube near the slat track housing. The upper and lower surfaces are cyclically
placed into tension and compression thereby applying a fatigue load to the drain tube. The
analysis of the drain tube fracture faces showed the crack initiated from the upper surface
at the point furthest laterally from the centre coupling.

Footnote

30 The Identification and Prevention of Defects on Anodized Aluminium Parts / Ted Short, Metal Finishing Information
Service, 2003.
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Figure 22
Drain line fracture mechanism

The fracture of the drain tube opened a leak path from the right wing fuel tank into the
dry bay which allowed fuel to travel from the tank into the slat track housing drain tube,
through the dry bay and out of the water drain. It was estimated that approximately
1,100 Ib of fuel were lost from the aircraft during the period from the fracture of the drain
tube to the completion of the fuel transfer after the aircraft was on stand. Approximate flow
rate calculations suggest that the fuel leak started shortly after takeoff and continued until
the fuel transfer was completed at approximately 1300 hrs with about a quarter of the total
quantity of the fuel lost through the drain tube being lost in flight.

The passenger video of flames coming from the rear of the wing was likely to be the fuel
streaming from the dry bay drain hole into the air flow and being ignited in the hot jet efflux.
The absence of soot or heat damage on the engine cowlings suggests that the flames were
behind the engine rather than being an engine fire. None of the witnesses on the ground
reporting seeing any flames during the approach, and the fuel leak was first noticed by a
ground marshaller as the aircraft taxied to the stand. The wind direction and the orientation
of the aircraft on stand resulted in fuel being blown aft towards the landing gear. The
brake temperatures were monitored when the aircraft was on stand and the initial readings
were in excess of the fuel ignition temperature. No ignition took place, but this did present
significant potential for a fuel fire.
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As a result of this serious incident the aircraft manufacturer has taken safety action to
launch a project to review the design of the drain tube for potential reliability improvements.
At the time of publication of this report, the manufacturer had found that there was no
increased risk to a catastrophic®' outcome from a failed drain tube. The Federal Aviation
Administration review of the analysis was pending. To provide visibility of the outcome, the
following recommendation is made:

Safety Recommendation 2024-015

It is recommended that the Federal Aviation Administration requires the Boeing
Airplane Company to demonstrate that following this serious incident, the design
of the slat track housing drain tube on the Boeing 767 family of aircraft continues
to comply with the certification requirements for large transport aircraft.

Conclusion

During the early stages of the event flight a high-pressure turbine blade fractured through
fatigue cracking. The fatigue crack was initiated by a possible combination of hot corrosion
and pitting from external contamination. The detached blade caused damage to a further
five blades resulting in an engine imbalance. A drain tube in the right fuel tank fractured,
probably as a result of the vibrations transmitted from the out of balance engine. This
resulted in fuel escaping from the right fuel tank out of a wing drain hole and igniting in flight.
The flight crew landed the aircraft promptly at Prestwick. They were unaware of any flames,
or the right engine running down, until after landing.

The fuel coming from the wing was noticed by the ground crew as the aircraft parked near
the terminal buildings. The wind was blowing the fuel towards the hot brakes and there was
a risk of a fuel fire. The passengers were rapidly disembarked, and actions were taken to
contain and stop the fuel leak.

As a result of the vibration-driven fatigue fracture of the drain tube, the aircraft manufacturer
has launched a project to identify potential reliability improvements to the design while
the Federal Aviation Administration reviews the manufacturer’s finding that the risk of a
catastrophic outcome from a failed drain tube is not elevated. This projectis ongoing and so
a Safety Recommendation has been made to the Federal Aviation Administration to ensure
the aircraft continues to meet the certification requirements for large transport aircraft.

Footnote

31 Airworthiness definition of a ‘catastrophic event’ — Normally a full aircraft hull loss with multiple passenger
fatalities and possible crew incapacitation or fatality. Statistically improbable with less than one occurrence
happening in 1x10° flying hours.
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Appendix 1 - QRH ‘Engine Limit or Surge or Stall’ procedure

—| Engine Limit or Surge or Stall |—

Condition: One or more of these occur:

=Engine indications are abnormal

=Engine indications are rapidly approaching
oF exceeding limits

=Abnormal engine noises are heard,
possibly with airframe vibration

=There is no response to thrust lever
movement or the response is abnormal

+Flames in the engine inlet or exhaust are
reported

1 ATARM switch ... ... ... .. . ... ... OFF
2 Thrust lever
{affected side) . . . Confirm . . . . ... .Retard until

engine indications
stay within limits or
the thrust lever is at idle

3 EMNG START selector (affected side). . . ... .. FLT

Note: If an engine compressor surge/stall occurs
during ground operations, or takeoff is
rejected due to an engine compressor
surge/stall, a maintenance inspection is
required prior to flight.

Note: Do not initiate an over-water crossing when

a surge or stall has occurred.

Note: EGT may take up to two minutes to recover

to normal range.

¥ Continued on next page T

¥ Engina Limit or Surge or Stall continusd ¥

4 Choose one:

Engine indications are stabilized and EGT is
stabilized or decreasing:

»»Gotostep 5

Engine indications are abnermal or EGT
continues to increase:
»»Go to the Engine Failure or
Shutdown checklist on page 7.16
EEER

Check that RPM and EGT follow thrust lever
movement.

5 /Iy Thrust levers (affected side). . . Advance slowly
6 Choose one:

Engine RPM and EGT follow thrust lever
movement:

Run the engine normally or at a reduced

thrust setting that is surge and stall free.

»»Go to step 11

Engine RPM and EGT do not follow thrust lever
movement:

> > Go to step 7

¥ Continued on next page ¥

7 Choose one:
EGT is normal:
= »Go to step 8

EGT is not normal:

»»Go to the Engine Failure or
Shutdown checklist on page 7.16
EEEw

8 ENG bleed air switch (affected side) . ... ...
9 Choose one:
Engine responds:

Operate engine normally or at a reduced
thrust level which is surge and stall free.

»»Go to step 10

. Off

Engine does not respond:
Operate engine at idle.
»»Go to step 10

10 ENG bleed air switch (affected side) . ... ..
¥ Continued on next page ¥

..0n

— Overweight Landing Considerations }——

v Surge or ¥ Engine Limit or Surge or Stail continued ¥
11 Choose one: Deferred Items
#Engine cperates normally: Descent Checklist
LR AltiMeters . ... ............ _, vckd CRF
#Engine operating at idle or at a reduced thrust mMinimums .. .......... ey %ckd C&F
level which is surge and stall free: alanding data .. flaps 20, Vref 20, xckd CaF
Hote: E;Sg:nsimc performance mhpproach briefing .......... complete M
»»Go to step 12 mhutobrakes .. ... ... ... ..., as reqd M
12 GND PROX FLAP OVRD switch . .........OVRD Seatbeltsigns ................. ON M
Mote: Monitor fuel balance. Pressurizationpanel ............. set PM
13 Transponder mode selector .. .. ... ... TA ONLY | Recall ... ... i, ckd PM
14 Use flaps 20 and VREF 20 for landing.
15 Use flaps 5 for go-around. Approach Checklist
16 Check the Abnormal Configuration, Actual Landing wFlight & nav instruments . ... ... verified C&F
Distances and Approach Speeds tables in the ODM. Cabin notification . . ......complete c
17 Checklist Complete Except Deferred Items AltIMETErs ... .......o0uuen _, xckd CaF
¥ Continued on naxt page ¥
Landing Checklist
Landinggear . ........cc00uuuus down C&F
Flaps . . . .o oo ie i i i e e 20, 20 C&F
Speedbrake ................ ARMED PM
EEEN
Appendix 2 - QRH ‘Overweight landing considerations’ procedure
Yo Landing

Condition: A decision is being considered or has been
made to land over the maximum landing
weight limitation.

Note: Exercising captain's emergency authority

does not require the declaration of an

emergency with air traffic control. Refer to

FOM - Flight Ops Manual 2.3 Operational

Irregularities.

Note: When considering animmediate return to the

takeoff runway, the landing distance is

generally less than the takeoff distance at all
gross weights when landing with flaps 25 or

30 and the runway is dry.

Approach:

+Consider landing on the longest available runway.

«Review landing distance required in the Approach/
Landing or Abnormal section of the ODM (normal or
reduced landing flap configuration).

«If landing distance is a concern, consider jettisoning

Landi

«If landing distance is not an issue, jettisoning fuel
or holding to reduce weight is not necessary.

+*Use an autobrake setting commensurate with
runway length and conditions. Refer to the
Operational Landing Distances table in the ODM.

«If approach VREF (including additives) is within 10
KIAS of the flaps 30 placard speed, use flaps 25 and
VREF 25 (plus additives) for landing.

+The aircraft is not certified to autoland at greater
than maximum landing weight. If the captain
determines that an autoland is the safest course of
action, the approach, flare, and landing must be
closely monitored at all times.

+The vertical speed required to maintain glidepath
may be significantly higher than normal. The
captain should brief contingencies if "SINK RATE”
cautions are received on short final.

¥ Continued on next page ¥

fuel or holding to reduce weight.
¥ Continued on next page ¥

Published: 18 July 2024.

*Do not hold the airplane off waiting for a smooth
landing.

*Fly the airplane onto the runway at the normal
touchdown point.

=Attempt to touch down at approximately 200 - 300
fpm. If able, note the vertical speed at touchdown.

«If a long landing is likely to occur, a go-around
should be accomplished.

«Apply reverse thrust commensurate with runway
length and conditions.

After Landing:

«Be alert for the possibility of tire, grease, or
hydraulic fire and the possibility of wheel fuse plugs
melting. Advise the ground crew of the hot brake
hazard.

s«Make a logbook entry including the phrase
“overweight landing.” Include actual landing
weight, maximum landing weight, and vertical
speed at touchdown, if known.
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AAIB Correspondence Reports

These are reports on accidents and incidents which
were not subject to a Field Investigation.

They are wholly, or largely, based on information
provided by the aircraft commander in an
Aircraft Accident Report Form (AARF)
and in some cases additional information
from other sources.

The accuracy of the information provided cannot be assured.
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Serious Incident
Aircraft Type and Registration:
No & Type of Engines:

Year of Manufacture:
Date & Time (UTC):
Location:

Type of Flight:
Persons on Board:
Injuries:

Nature of Damage:
Commander’s Licence:

Commander’s Age:

Commander’s Flying Experience:

Information Source:

Synopsis

Fan Jet Falcon Series D, G-FRAK

2 General Electric Co CF700-2D-2 turbofan
engines

1969 (Serial no: 213)
14 November 2023 at 0930 hrs
In-flight over South-West England

Aerial work

Crew - 2 Passengers - None
Crew - None Passengers - N/A
None

Airline Transport Pilot’s Licence
56 years

7,000 hours (of which 6,000 were on type)
Last 90 days - 38 hours
Last 28 days - 17 hours

Aircraft Accident Report Form submitted by
the pilot and an investigation conducted by
the operator in conjunction with the aircraft
manufacturer

The pitch control became restricted whilst operating at FL190. A MAYDAY was declared,
and the aircraft diverted to the nearest suitable airfield. During the approach, the restriction
cleared with a “thud” and the aircraft landed without further incident.

Subsequent investigation determined that the restriction was caused by rainwater collecting
in a compartment under the pitch control idler link and then freezing at high altitude.

To prevent a recurrence, two safety actions have been taken; a modification by the operator
to reduce the possibility of rainwater ingress and a modification by the aircraft manufacturer
to increase drainage of the affected compartment.

History of the flight

The takeoff and climb in stages to FL190 were normal. After approximately 40 minutes
at this flight level, and whilst turning, the pilots noticed the pitch control became restricted
and it could no longer be moved sufficiently nose-up to maintain level flight in the turn.
The aircraft was rolled wings level and stabilised in straight and level flight. The pilots felt
the restriction had increased, and less nose-up pitch control deflection was available. A
MAYDAY was declared, and the aircraft diverted to the nearest suitable airfield.
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During the descent and approach the pilots noticed that the restriction seemed to initially
be increasing but then, whilst attempting to move the pitch control, they felt the restriction
clear with a “thud”.

The aircraft landed without further incident.

Recorded information

The aircraft’s flight data recorder was downloaded by the operator. The event data required
for the investigation was shared with the aircraft manufacturer with AAIB permission.
Relevant data relating to this serious incident was as follows:

e At the start of the flight until takeoff the OAT was 13°C.

e During climb after takeoff until the top of climb at FL170, the OAT reduced
with height to minus 21°C for 5 minutes.

e Afurther climb to FL190 reduced the OAT to minus 25°C for 40 minutes until
the restriction was felt.

e During the descent to 4,000 ft, the OAT increased over a period of 8 minutes,
and was 4°C, when the restriction was overcome.

e The OAT continued to increase during further descent and landing until it
was 13°C when the aircraft landed.

Analysis of recorded information by the aircraft manufacturer determined that the rear
compartment skin would have been at minus 7°C, or lower, at the time of the occurrence.

Aircraft examination

Examination of the aircraft by the operator found evidence of trapped water in the control
box compartment, at frame 37 in the rear fuselage, under the elevator (pitch) control idler
(Figure 1). No other anomalies were found with the pitch control system or its components.
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Elevator (pitch) idler

Water level indication [

"N

Rudder idler

Frame 37 |

Figure 1

Control box area in rear fuselage
(Image used with permission)

Water drainage in this area is intended to be through natural gaps between the structural
components to drains in the lower fuselage. On this aircraft, due to normal tolerances in the
build process and the application of anti-corrosion fluid, the drainage path was restricted.

Tests and research

Subsequent investigation and testing by the operator found that if subjected to heavy rain,
rainwater could enter the rear fuselage via the APU exhaust shroud and collect in a control
box compartment.

The Fan Jet Falcon was not typically equipped with an APU; it was an option that could be
installed or upgraded as part of a manufacturer modification or a third-party Supplemental
Type Certificates. On the incident aircraft the APU exhaust was oriented upwards.

Testing using a model of the control box and a polymer to simulate the water level, showed
that if this water froze into ice, it could restrict pitch control movement (Figure 2). The area
of contact with the ice was a flat section of the idler that had been shaped to allow clearance
with the aircraft skin.
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‘ Elevator (pitch) idler ‘

Polymer used
to simulate
frozen water

Area of contact
causing restriction

Model of control box

Figure 2

Test model showing how frozen trapped water could restrict control movement
(Image used with permission)

It is believed that only the operator’s fleet and one other aircraft, with another operator, who
has been informed of the issue, have a similar APU installation.

Rainfall leading up to the event

In the two months prior to this event, the Meteorological Office had recorded three storms
with exceptional rainfall (Storms Babet, Ciaran and Debi). During the 41 days prior to the
event, the aircraft had spent 23 nights outside and in the 12 days prior to the event the
aircraft was parked outside overnight for 11 of them.

Analysis

Testing showed thatin heavy rain, rainwater could enter the rear fuselage via the APU exhaust
shroud. On this aircraft, the intended drainage path in the control box compartment was
restricted due to reduced gaps between components, because of normal build tolerances,
and the application of anti-corrosion fluid in the vicinity of the control box. This allowed the
rainwater to collect in the control box beneath the elevator control idler in the rear fuselage.

Analysis by the aircraft manufacturer confirmed that the rainwater in the control box section
would have had sufficient time to freeze in to ice, during the 40 minutes that the aircraft was
at FL190, with an OAT of minus 26°C.

Once frozen, this ice would cause the restriction experienced by the pilots. It is likely that
this ice then melted as the aircraft descended into warmer conditions, freeing the restriction.
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Safety actions

As a result of this serious incident the following safety action have been taken by the aircraft
operator:

To reduce rainwater ingress, a ‘gutter rail’ has incorporated above the APU
exhaust to direct rainwater away from it (Figure 3).

Gutter rail installed
above APU
exhaust outlet

Figure 3

Gutter rail installation
(Image used with permission)

The following safety action has been taken by the aircraft manufacturer:

A modification has been developed to increase drainage in the compartment
under the pitch control idler at frame 37, in the rear fuselage. This will be
introduced as a service bulletin due to be published in September 2024.

Conclusion

During prolonged periods of heavy rain over several days’ rainwater entered the rear
fuselage and collected in the control box beneath the elevator control idler. When the
aircraft was operating at altitude, the temperature in the rear fuselage compartment was
sufficiently below freezing to cause this rainwater to freeze into ice. The control restriction
experienced by the pilots, was due this ice restricting movement of the pitch control idler
and this restriction cleared when the ice melted as aircraft descended into warmer air.
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Accident
Aircraft Type and Registration: Beagle B121 Series 2 Pup, G-AZCZ
No & Type of Engines: 1 Lycoming O-320-A2B piston engine
Year of Manufacture: 1970 (Serial no: B121-167)
Date & Time (UTC): 3 March 2024 at 1630 hrs
Location: Near Cardiff Airport
Type of Flight: Private
Persons on Board: Crew - 1 Passengers - 1
Injuries: Crew - None Passengers - 1 (Minor)
Nature of Damage: Damaged beyond economic repair
Commander’s Licence: Private Pilot’s Licence
Commander’s Age: 28 years
Commander’s Flying Experience: 83 hours (of which 8 were on type)
Last 90 days - 4 hours
Last 28 days - 4 hours
Information Source: gilroci{raft Accident Report Form submitted by the
Synopsis

The pilot had planned to fly to Sywell from St Athan but due to weather, altered course and
landed at Duxford Airfield. The pilot’s fuel planning did not take full account of the additional
fuel required to fly on to Duxford, unusable fuel, or fuel usage during the ground and initial
climb phases. No fuel was uplifted at Duxford. During the approach to land at St Athan,
the engine suffered from a loss of power which was most likely due to fuel starvation. The
pilot subsequently landed the aircraft in a field, during which the aircraft tipped over. The
passenger was injured, and the aircraft damaged beyond repair.

History of the flight
Background

The pilot had recently joined a syndicate to fly G-AZCZ. His previous flying experience
included an Icarus C42 and more recently a Piper PA-28, in which he had completed his
PPL (A) training and thereafter had flown as part of another syndicate. The pilot also held a
restricted instrument rating. Differences training for G-AZCZ was provided by the aircraft’s
owner, who had flown for about two hours with the pilot. The pilot advised that this had
included the need to ensure that the fuel tank selector in the cockpit was correctly set as it
was possible to rotate the selector past the detents for each tank. G-AZCZ was fitted with
two 12 imperial gallon (imp gal) (54.6 litre) tanks and the fuel selector could be set to direct
fuel from the left, right or both tanks. The pilot had also been given advice not to rely on the
accuracy of the fuel tank quantity indications displayed in the cockpit.
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The flight

The pilot had planned to fly with his passenger from St Athan Airfield, where the aircraft was
based, to Sywell Aerodrome before returning to St Athan later the same day. The route to
Sywell was to be almost direct, at about 115 nm. The weather forecast showed a slight
westerly wind, providing a tailwind outbound and a headwind for the return flight. The pilot
advised that the aircraft was fully fuelled prior to departure, which he had calculated would
provide sufficient endurance to complete both flights without uplifting fuel at Sywell.

The pilot stated that his fuel planning was based on a fuel usage of 6.5 imp gal/hour. This
was the value specified in the Approved Flight Manual (AFM) for when flying at 4,000 ft amsl|
and 99 KIAS in ISA conditions, at an engine speed of 2,300 rpm with the mixture leaned.
The temperature at St Athan was 7°C and the calculated takeoff weight was 793 kg (the
MTWA was 873 kg).

The pilot was aware that fog had been reported at Sywell, but this was due to clear, and
the weather was also better further to the east at Duxford Airfield. He decided that upon
reaching the Daventry VOR he would obtain a weather update from Sywell, after which he
would either continue or alter route to Duxford. The pilot stated that he had not calculated
the additional fuel required to reach Duxford; Sywell is 14 nm from the Daventry VOR and
Duxford is just over 46 nm.

G-AZCZ commenced taxiing at 1100 hrs and took off 13 minutes later. Figure 1 provides
the track of the aircraft during the flight. The aircraft climbed to 5,000 ft amsl and, as it
approached Cravens Gorse hang glider site located to the east of Gloucestershire Airport,
it climbed to 5,500 ft amsl. After passing Cravens Gorse, the aircraft descended to 3,800 ft
and levelled off. When it was overhead the Daventy VOR the pilot altered course towards
the north and contacted Sywell. The weather had not improved as anticipated and the pilot
subsequently altered course towards the south, flying over Milton Keynes before turning
east to Duxford, where it landed at 1248 hrs. The flight time was 1 hour 35 minutes, and the
flight distance was 170 nm. During the flight the pilot stated that he had leaned the engine
mixture and alternated regularly between the left and right fuel tanks; he did not operate the
aircraft with the tanks set to both.
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Sywell
®

Daventry VOR e Duxford

Milton Keynes

St‘Athan

Google Earth

Figure 1

GNSS flight track from St Athan to Duxford
(©SIO NOAA U.S Navy, NGA GEBCO, Image Landsat / Copernicus)

After several hours on the ground at Duxford, the pilot planned his return route, which was
initially to fly to St Neots, then turn west to the Daventry VOR before following a direct route
to St Athan. The pilot stated that he had calculated the flight would require about 10 imp gal.
Based on his estimate of fuel used during the outbound flight, he calculated that this would
leave about 4.5 imp gal remaining on arrival at St Athan.

The pilot reported that he did not check the fuel indicators in the cockpit prior to departure
because he was not confident of their accuracy but had visually checked the fuel tanks
during his preflight checks. Unlike the PA-28 he was more familiar with, G-AZCZ’s fuel
tanks were not fitted with a filler neck quantity indicator (known as “tabs” on the PA-28).
However, the pilot advised that he had visually estimated the fuel quantity in each tank.
This was made by lowering the securing chains of the fuel filler caps into the tanks to
estimate the relative level of the fuel from the top of the filler orifice. He advised that he had
not been shown or used this procedure before but that it appeared to support his estimate
of the remaining fuel and decided that it was not necessary to uplift fuel at Duxford.

The aircraft started to taxi at 1453 hrs and took off at 1500 hrs, initially climbing to
2,500 ft amsl followed by a further climb to 3,500 ft amsl| as it passed St Neots. Figure 2
provides the track of the aircraft during the flight. As the aircraft approached Gloucestershire
Airport, the pilot changed from the left to the right fuel tank. Between five to ten seconds
later the engine started to lose power. The pilot checked the instruments and saw that the
fuel pressure was low, following which he identified that the fuel selector was not correctly
positioned into the detent for the right tank. Having corrected this, engine power was
restored. The pilot advised that he had initially considered diverting to Gloucestershire
Airport but, satisfied that he had identified the problem, decided to continue to St Athan.
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As the aircraft approached the Severn Bird Sanctuary the pilot climbed the aircraft to
5,000 ft amsl before then starting a gradual stepped descent to 1,500 ft amsl. The aircraft
was subsequently cleared for a straight in approach to land on Runway 25 at St Athan. The
pilot stated his normal practice was to change fuel tanks during the approach checks and
recalled changing from the right to the left tank, for which he reported that he had checked
the cockpit gauge which showed 2 imp gal in the left and 4 imp gal in the right tank. The
aircraft was now at a height of about 1,100 ft agl and about 2.4 nm from St Athan and
1.5 nm from Cardiff Airport.

Approximately five to ten seconds after selecting the left fuel tank the engine started to lose
power. The pilot saw that the fuel pressure was indicating zero and so checked that the
electric fuel pump was oON; which it was. He recalled that he had then possibly changed
back and forth several times between the left and right tank, but the engine did not regain
power. The pilot declared a MAYDAY and, being aware that he was closer to Cardiff Airport,
turned towards Runway 12. As the aircraft descended, the pilot was not certain that it would
make the runway and so decided to land in a field. During the landing roll the nosewheel dug
into the soft ground and the aircraft tipped over. The pilot was uninjured, but his passenger
suffered an injury to her shoulder. The emergency services and a SAR helicopter arrived
on site shortly after and provided medical assistance.

The total flight time of the accident flight was 1 hour 35 minutes, and the flight distance was
148 nm.

St Neots
Daventry VOR o ® Duxford
[ ]

Gloucestershire Airport
{ ]
Seven Bird Sanctuary.

St Athan

.Cardiff Airport

Google Earth

Figure 2

GNSS flight track from Duxford to St Athan
(©SI0 NOAA U.S Navy, NGA GEBCO, Image Landsat / Copernicus)
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Accident site

The aircraft (Figure 3) was recovered to St Athan the day after the accident. This was
performed with the assistance of staff from the maintenance organisation that had maintained
the aircraft. It was reported that the aircraft’s fuel tanks were intact and both fuel tank filler
caps were fitted and secure. There was no smell of fuel or evidence of fuel contamination
of the surrounding soil. When the fuel tanks were inspected prior to removing the wings,
they were found to be empty of fuel.

Figure 3

Accident site

Recorded information

GNSS derived position and altitude data for the flight from St Athan to Duxford and the
accident flight were recorded by a navigation application on the pilot’s tablet computer.

The average ground speed during the flight from St Athan to Duxford was 107 kt and during
the accident flight it was 93 kt. This was consistent with the pilot’s report of having flown at
about 100 KIAS and with a light westerly wind.

Aircraft information

From 2001, de Havilland Support Limited (DHSL) based in the UK were the CAA approved
organisation that acted as the Type Certificate holder for the Beagle Pup aircraft type. In 2007
the EASA adopted the Beagle Pup, following which the type became an EASA-regulated
‘orphan’ aircraft that operated in Europe on a Restricted Certificate of Airworthiness under
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Specific Airworthiness Specification (SAS) SAS.A.082. SASs were used by EASA during
its early inception as a transition measure to allow continued operation of certain aircraft
without a Type Certificate and for those without a Type Certificate Holder.

Following the UK's exit from the European Union, regulation of the Beagle Pup aircraft type
was returned to the UK CAA, who adopted SAS.A.082 verbatim. The aircraft type remains
an ‘orphan’ with no Type Certificate Holder.

Unusable fuel

The AFM did not refer to unusable fuel but SAS.A.082 included a cross reference
‘(See Note 1 for data on unusable fuel). However, SAS.A.082 Note 1 referred to
Airworthiness Directives (ADs) of which none related to unusable fuel. The UK CAA
subsequently provided a historical copy of the Beagle Pup FAA Type Certificate Data Sheet
(TCDS) A22EU, which had subsequently been superseded by SAS.A.082. The TCDS
specified that the unusable fuel weight was 7 Ib. This value was reflected on G-AZCZ'’s
weight and balance sheet, which also stated that 7 Ib (3.2 kg) of fuel was unusable; this
equates to approximately 1 imp gal (~0.5 imp gal per tank).

The accident pilot advised that he was not aware of what volume of fuel was unusable on
G-AZCZ.

The AFM and SAS.A.082 included information on fuel capacity, with the AFM stating that
the aircraft was fitted with two 12 imp gal fuel tanks. However, the SAS specified that the
fuel capacity of 24 imp gal was ‘Usable’ whereas the AFM was ambiguous in that it did not
clarify if 24 imp gal was usable or included the 7 Ib (~1 imp gal) of unusable fuel.

The CAA was made aware of the differences between SAS.A.082 and AFM concerning
unusable fuel, for which the CAA stated that they will be working with the EASA and DHSL
to correct. This activity is expected to take six months.

Fuel planning

Based on a total usable fuel volume of 23 imp gal and the pilot’s planned fuel usage of
6.5 imp gal/hour, this equated to a maximum endurance of 3 hours 32 minutes.

The AFM did not specify fuel planning information for the ground phase (engine startup, taxi
and ground power check). However, historical data showed that the aircraft manufacturer
had nominally allowed 0.5 imp gal for the ground phase during its flight test program. Fuel
usage data for the takeoff climb was provided in the AFM. This specified that at a takeoff
weight of 800 kg, climbing' from sea level to 2,000 ft would require 0.35 imp gal and from
sea level to 4,000 ft was 0.7 imp gal.

Footnote

' Based on ISA conditions, at an airspeed at 70 KIAS with the flaps retracted, full throttle and carburetor heat
set to cold.
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The total recorded flight time from St Athan to Duxford and the subsequent accident flight
was 3 hours 10 minutes. This equated to 20.6 imp gal at 6.5 imp gal/hour. This would
have provided a planned 2.4 imp gal remaining. However, if an allowance of 1 imp gal for
the ground phases and 1.4 imp gal for climbing to the planned cruise altitude of 4,000 ft is
applied, the planned fuel would be equal to a total useable fuel quantity of 23 imp gal. If
the actual usable fuel is 24 imp gal, this would have provided approximately 1 imp gal of
planned fuel remaining.

The CAA Skyway Code? states that ‘you are not recommended to land with less than
30 minutes fuel for a VFR flight. The CAA considers the Beagle Pup type to be a
Part 21 aircraft for which the 30 minutes of fuel is a requirement?, but clarified that it is only
a recommendation for non-Part 21 aircraft. At a fuel usage of 6.5 imp gal/hour, this equates
to just over 3 imp gal of usable fuel required.

Conclusion

The evidence indicates that the loss of engine power was most likely due to fuel starvation.

The possibility that the pilot had not correctly set the fuel selector to the left tank during the
approach checks was considered. However, the pilot stated that he thought this was less
likely as, following the previous mis-setting earlier in the flight, he had paid special attention
to ensuring the fuel selector was correctly positioned into the appropriate detent.

The other possibility is that the useable fuel in the left tank had become fully depleted.
The pilot was not aware that nearly 1 imp gal of fuel was unusable and had not allowed
for additional fuel usage during the ground or initial climb phases. The retrospective fuel
planning also indicates that based on a usable fuel capacity of 23 imp gal, the total planned
fuel was equal to the total available fuel on board. It is however possible that some useable
fuel remained in the right tank but changing back and forth between tanks, as recalled by
the pilot, would have likely extended the time required to restore fuel to the engine.

As was also the case for the original departure from St Athan, the calculated weight of
the aircraft was less than the MTWA when the fuel tanks were fully fuelled, and with the
pilot and passenger onboard. Therefore, there was no limitation on uplifting fuel whilst at
Duxford, and this would have provided a greater safety margin.

This accident highlights the need for effective pre-flight fuel planning, which includes
allowance for unusable fuel and fuel used during ground and initial climb phases.

Footnote

2 https://www.caa.co.uk/our-work/publications/documents/content/cap1535s/ [accessed 16 April 2024].
3 https://regulatorylibrary.caa.co.uk/965-2012/Content/Regs/19060_NCOOP125_Fuel_and_oil_supply__
aeroplanes.htm [accessed 4 July 2024].
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Serious Incident
Aircraft Type and Registration:
No & Type of Engines:
Year of Manufacture:
Date & Time (UTC):
Location:

Type of Flight:

Persons on Board:
Injuries:

Nature of Damage:
Commander’s Licence:
Commander’s Age:

Commander’s Flying Experience:

Information Source:

Piper PA-28-140, G-AWBG

1 Lycoming O-320-E2A piston engine
1968 (Serial no: 28-24286)

22 April 2024 at 1150 hrs

Perth Airport, Perthshire

Private
Crew - 1 Passengers - None
Crew - None Passengers - N/A

Propeller strike

Private Pilot’s Licence

62 years

328 hours (of which 206 were on type)
Last 90 days - 2 hours

Last 28 days - 0 hours

Aircraft Accident Report Form submitted by the
pilot

During preparation for a flight, the pilot removed the aircraft from the hangar with the
assistance of another individual which required attaching a towbar to the nosewheel. Once
the aircraft was out of the hangar, the pilot engaged in discussion with the individual and

forgot to remove the towbar.

He then taxied to the runway and took off with the towbar still attached. The tower informed
the pilot on the radio and then recovered the towbar which had detached during the takeoff.
The aircraft landed without incident and subsequent inspection showed a propeller strike.

The pilot considered he became distracted during the preparation of the aircraft for takeoff
and stated that he normally placed the towbar on the wing by the door after use. He stated
that he planned to add a note on his checklist to remove the towbar to help prevent future

recurrence.
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Accident

Aircraft Type and Registration: Pitts S-2A, G-TllI

No & Type of Engines: 1 Lycoming AEIO-360-A1A piston engine

Year of Manufacture: 1979 (Serial no: 2196)

Date & Time (UTC): 8 June 2024 at 1155 hrs

Location: Blackpool Airport

Type of Flight: Private

Persons on Board: Crew - 1 Passengers - 1

Injuries: Crew - None Passengers - None

Nature of Damage: Damage to right upper wing and propeller
strike on Pitts S2-A. Damage to tailplane and
fuselage of a parked aircraft

Commander’s Licence: Light Aircraft Pilot's Licence

Commander’s Age: 51 years

Commander’s Flying Experience: 418 hours (of which 3 were on type)
Last 90 days - 2 hours
Last 28 days - 2 hours

Information Source: Aircraft Accident Report Form submitted by the
pilot and further enquiries by the AAIB

Synopsis

A passenger experienced a panic attack during taxi and accidentally advanced the throttle
resulting in a collision with a parked aircraft. Guidance is available from the CAA and other
sources to help General Aviation pilots minimise the risks from passengers.

History of the flight

On the day of the accident, the pilot decided to take one of his employees for a flight. The
passenger had previously asked to go flying on several occasions.

The pilot prepared the aircraft and briefed the passenger. The pilot reported that he
explained what they would do during the flight, how to get in and out and what to do if the
passenger felt unwell. He strapped the passenger in, checked his comfort and instructed
him to keep his hands on the safety straps and not to touch any controls. The passenger
reported to the AAIB that he was feeling “good” at this point.

The passenger was 5 foot 2 inches (157cm) tall and used a booster seat in the front seat
of the aircraft. He reported that he felt cooped up and could only see the sky. He stated
that he started to feel worried when taxiing and requested not to fly. The pilot obtained a
clearance to return to the hangar. When the aircraft was on the apron and about to park,
the passenger recalled that he felt panicked and needed to get out. He began to undo his
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straps and attempted to open the canopy. During this process, he accidentally advanced
the throttle. The pilot reported that the passenger did not respond to his instruction to wait
and calm down. The pilot said he had his hand on the throttle during the taxi, but it was
ripped out of his grip. He stated that he cut the engine and attempted to brake but could not
avoid colliding with a parked aircraft and a vertical post. The pilot and passenger were not
injured but both aircraft were damaged.

Accident site

Figure 1

The aircraft after the collision

Personnel

The pilot reported he flies with passengers approximately 60% of the time.

The passenger reported he had no experience of flying in any type of aircraft before but
was very keen to try it. The passenger stated he was not under pressure to fly and that he
trusted the pilot. He said he had never experienced a panic attack before. The passenger
commented that G-TIIl may not have been the most appropriate choice of aircraft for his
first time in the air.

Relevant guidance

CAA Safety Sense leaflet SS02 Care of Passengers’ provides advice for GA pilots on how
to manage the risks associated with passengers. It explains that ‘Fear of flying however
is common and occasionally a nervous reaction may take place.’ It states that some
passengers may ‘find the unique environment of noises and other sensations disconcerting.’

SS02 advises that pilots should ‘Explain the controls and the importance of keeping hands,
feet and other objects such as cameras clear of them’ and ‘consider discussing emergency
scenarios.’

Footnote

' https://lwww.caa.co.uk/media/5lgmj2lb/safetysense02careofpassengers.pdf [accessed 31 July 2024].
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The CAA's Skyway Code? offers the ‘| AM SAFE’ mnemonic for assessing fitness to fly
(Figure 2). It is intended for pilots’ self-assessment of their fithess to fly but can also be
used to structure a pre-flight discussion with a passenger to assess how they are feeling
about the flight.

| AM SAFE

The following mnemonic is recommended
for assessing fitness to fly:

] lliness
Do | have any symptoms that might
affect my ability to fly?

A  Attitude
Am | emotionally ready and fully

focussed on the flight?

M  Medication
Am | taking any prescription or over
the-counter drugs that might affect my
performance?

S  Stress
Am | under pressure or have any worries
and anxieties?

A Alcohol
Have | been drinking within the last 24
hours?

F Fatigue

Am | tired or not adequately rested?

E Eating
Am | adequately nourished?

Figure 2
‘I AM SAFE’ mnemonic from the CAA’'s Skyway Code

The AAIB consulted a clinical psychologist who specialises in fear of flying and she stated
that claustrophobia, fear of heights, turbulence and the overall stress associated with flying
can trigger panic attacks.

She offered the following suggestions for preparing passengers:

‘I would suggest the pilot do a pre-flight briefing with the passenger to clearly
explain the flight plan, including the types of manoeuvres, duration, and what
sensations to expect. The pilot should emphasise safety measures, emergency
procedures, and how to communicate any discomfort during the flight. Also
important, would be assessing the passenger’s experience with flying,
particularly aerobatics, and asking about their comfort level before the flight.’

Footnote

2 https://www.caa.co.uk/our-work/publications/documents/content/cap1535s/ [accessed 31 July 2024].
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Discussion

The event shows that even passengers who are keen to fly can experience a sudden and
unexpected panic reaction with the potential to affect the safety of the aircraft. In this case,
it appears that claustrophobia and a lack of forward vision triggered the reaction.

A pre-flight briefing was conducted, and the pilot immediately cancelled the flight when he
became aware the passenger was uncomfortable. This averted a more serious outcome,
but he was not able to prevent the collision caused by the passenger inadvertently advancing
the throttle.

It is not possible to eliminate all risk from unexpected passenger behaviour. The risk can be
minimised by thorough preparation focusing not only on the passenger’s physical readiness
for the flight but also their emotional readiness.

Conclusion

The aircraft collided with a parked aircraft because the passenger inadvertently advanced
the throttle and the pilot was unable to stop the aircraft in time.
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Accident

Aircraft Type and Registration: Magic Cyclone, G-KEVA

No & Type of Engines: 1 Piston engine

Year of Manufacture: 2013 (Serial no: AC-158)

Date & Time (UTC): 16 August 2023 at 0730 hrs

Location: Glassonby Airfield, Cumbria

Type of Flight: Private

Persons on Board: Crew - 1 Passengers - None
Injuries: Crew - 1 (Serious)  Passengers - N/A
Nature of Damage: Substantial

Commander’s Licence: National Private Pilot’s Licence
Commander’s Age: 79 years

Commander’s Flying Experience: Not known

Information Source: Enquiries by the AAIB

History of the flight

As the pilot was about to taxi for takeoff at Runway 05 at Glassonby Airfield, he was seen to
shut down the engine before leaving the cockpit to adjust a camera mounted on the wing.
As he climbed back into the cockpit from the right side, the pilot reported that he probably
knocked the hand throttle forward, which was mounted on the right side of the cockpit. His
previous aircraft had the throttle mounted on the left side of the cockpit and this was only
the second time he had flown G-KEVA.

The pilot could not remember if he fastened his safety harness. As he re-started the engine,
the aircraft immediately accelerated and struck a wire fence and windsock tension cable
at the side of the runway, where the pilot was thrown out of the aircraft. The pilot who
sustained serious injuries was found trapped under the aircraft.

AAIB Comment

G-KEVA was a Single Seat Deregulated Aircraft. The pilot could recall little of the accident,
but it is likely that he had not secured his harness before he started the engine. It is also
likely that the aircraft suddenly accelerated across the ground as the throttle was open
when the engine was started.
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Accident
Aircraft Type and Registration: UAS DJI Mavic 2 Enterprise Advanced
No & Type of Engines: 4 Electric motors
Year of Manufacture: 2021 (Serial no: 4GCCJ5RR0A0C41)
Date & Time (UTC): 9 February 2024 at 0255 hrs
Location: Weybridge, Surrey
Type of Flight: Emergency Services Operations
Persons on Board: Crew - None Passengers - None
Injuries: Crew - N/A Passengers - N/A
Nature of Damage: Damage to all four propellers, body, legs and
battery pack.
Commander’s Licence: Other
Commander’s Age: 33 years
Commander’s Flying Experience: 11 hours (of which 4 were on type)
Last 90 days - 3 hours
Last 28 days - 1 hour
Information Source: Qilrc)qtraft Accident Report Form submitted by the
[
Synopsis

The UA lost power whilst being flown in an area that excluded the general public. This was
likely due to the battery becoming detached in flight and it is possible that the battery was
not fully latched in place. The same model of battery has been known to swell when it starts
to deteriorate which can compromise its secure retention within the UA. Such swelling can
be detected before flight by checking that the battery can sit firmly on a flat surface without
rocking, and the operator has highlighted the need for such a check to its pilots.

History of the flight

The flight was the fourth deployment of the UA and was conducted at night in the early
hours. The pilot had completed the task and had positioned the UA for the descent when it
appeared to lose power and then fell to the ground. The downloaded data abruptly stopped
whilst the UA was in the air. Prior to the data loss, the recorded battery health and level of
charge were sufficient for continued flight. The battery and UA came to rest some distance
apart with the battery still indicating it was powered. The pilot believed they had installed
the battery properly but could not be certain.

Both the battery and the UA suffered physical damage, but examination of the plastic battery
latching mechanism on both items showed no signs of damage. This lack of damage could
indicate that separation did not occur as a result of the impact with the ground.
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An online search found examples where the same model of battery pack had swelled,
and this had compromised the ability of the battery to be securely attached to the UA.
An examination of the battery pack after the accident showed that the casing was split,
probably as a result of the impact with the ground, but also that there was some evidence
of swelling. However, it was not possible to determine whether this swelling was present
prior to the accident.

If a battery has swollen and has a curved underside surface, this can impede or prevent
secure retention of the battery by the latching mechanism.

Action taken by the operator

Following this accident, the UAS operator advised all its pilots of the following:

‘The initial assessment is that the battery either was swollen and or the battery
hadn’t completely engaged in the locking mechanism during the build phase.
The battery then disconnected and parted with the aircraft when the pilot
commenced the landing phase.

Please be reminded that with any drone, prior to flight, the battery is checked
and you confirm this with a confidence test. (Push pull) and that you photograph
or BWV [Body Worn Video] the completed build. Not only from the top but of
any locking part and the side view. This should be completed each time you
change a battery. NB — Although the locking buttons on the side of the battery
should be protruding to indicate locked, as per the photos below if the battery is
not sitting flush then even though the buttons are protruding, the battery is not
secure.

Below is a photo of what we think happened. Which from looking down on the
drone or at night could be missed if rushed.’

This message to its pilots was accompanied by an instruction to report any battery issues
to the appropriate person to arrange replacement.
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Images from the operator’s information notice are shown below (Figures 1 and 2).

I

Figure 1

Battery not properly secured, but with button positions that could indicate it was if viewed
from above. (Used with permission).

e

Figure 2

Battery without swelling with a flat underside (left) compared with one with swelling
evident (right). (Used with permission).

Civil Aviation Authority (CAA) monitoring and actions

The CAA reported that battery failures (due to incorrect attachment, potential swelling,
degraded performance from cold weather, incorrect storage etc) are a common feature of
loss of control events for UAS operations but, following a review of trends, has not identified
this particular model of UAS as requiring special attention. The CAA also reported the
following:

‘The CAA has a number of actions previously taken and currently being worked
on to address wider battery related issues with our operating community:

e The battery issues have previously been highlighted as a trend to the
Recognised Assessment Entities (training school equivalents) for additional
emphasis in training.
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e [The CAA has] published guidance on winter flying’ and degraded battery
performance, and technical failures? (including pre-flight checks and battery
management).

e In relation to recent AAIB reports, [the CAA has] an open tracked action to
create additional safety promotion material related to wider battery related
[issues].

e The Regulatory Review process aims to introduce Class Marking
requirements that will improve product standards for Open category
operators.’

Conclusion

The investigation did not establish whether the battery was installed incorrectly, or whether
battery swelling was a factor. However, the safety message issued by this operator highlights
the importance of checking that batteries are securely installed prior to flight. In April 2023,
the CAA published guidance which highlights this aspect.

Safety action

The operator has issued guidance to its pilots on how to check for secure battery
installation and the action to take if a swollen battery is identified.

Footnote

' https://lwww.caa.co.uk/media/jfaf02vs/caa10292_droneeducational_safetyarticle_04_saferwinterflying_
v2.pdf [accessed 9 July 2024].
2 https://www.caa.co.uk/publication/download/20285 [accessed 9 July 2024].
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AAIB Record-Only Investigations

This section provides details of accidents and incidents which
were not subject to a Field or full Correspondence Investigation.

They are wholly, or largely, based on information
provided by the aircraft commander at the time of reporting
and in some cases additional information
from other sources.

The accuracy of the information provided cannot be assured.
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Record-only UAS investigations reviewed: June - July 2024

17 May 2024

20 May 2024

21 May 2024

28 May 2024

17 Jun 2024

25 Jun 2024

11 Jul 2024

UAS FX2.5 Deenethorpe Airfield, Northamptonshire

The remote pilot was performing a manual landing when the vehicle
stopped responding to control inputs. Control could not be regained, and
the vehicle stalled before striking the runway. The operator believes that
the accident may have been caused by the onboard communications
payload interfering control signal. The operator did, however, report that
the control frequency was deconflicted and tested prior to flight.

UAS MA OMP Beeches Farm Airstrip (Newark), Nottinghamshire
Hobby

After several successful attempts the remote pilot succeeded in transitioning
the UA to forward flight. The UA suddenly descended rapidly nose down
from 25 m agl before striking the ground.

UAS SkyMagic Near Goole, Yorkshire

X258

A swarm of 500 drones were being operated to practice for a display. One
of the UAs experienced a motor failure and fell to the ground away from
the operators.

UAS DJI Mini 4 Port of Liverpool, Merseyside

Pro

The remote pilot, positioned at Crosby Beach to the north-west of the
Port of Liverpool docks, was flying the UA over the docks when he lost
communications with it. Personnel at the port reported that the UA struck
a crane and fell to the ground near to where they were working. The crane
was approximately 785 m away from the remote pilot's location.

UAS MA Dynam Near Wimborne, Dorset

DHC-2 Beaver

Shortly after takeoff the remote pilot lost the control link with the model
aircraft. It went out of sight and was found a couple of days later.

UAS MA Foam Near Dartford, Kent

Sport Glider

The foam model aircraft, on its maiden flight, flew away and was not
recovered.

UAS FX2.6 Near Brampton, Cumbria

The UA had returned from an uneventful three hour beyond visual line of
sight flight flight and the remote pilot took manual control. The UA was
climbing and making a left turn after a go-around when the engine suffered
a power loss. The UA pitched nose down and struck the ground in a valley.
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Record-only UAS investigations reviewed: June - July 2024 cont

17 Jul 2024 UAS uAvionics Ashton, Northamptonshire
Inspector
The remote pilot, using a laptop to control the UA instead of the controller
which was to hand, did not notice compass and gyro error messages
displayed by the system. Control was lost shortly after takeoff and the
UA struck a tree.

19 Jul 2024 UAS MA Pronto Sibson, Warwickshire
As the remote pilot took the transmitter from a colleague, he lost sight of
the model aircraft. The pilot cut the throttle, but the model aircraft was
not recovered.
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Miscellaneous

This section contains Addenda, Corrections
and a list of the ten most recent
Aircraft Accident (‘Formal’) Reports published
by the AAIB.

The complete reports can be downloaded from
the AAIB website (www.aaib.gov.uk).
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3/2015

1/2016

2/2016

1/2017

1/2018

TEN MOST RECENTLY PUBLISHED
FORMAL REPORTS
ISSUED BY THE AIR ACCIDENTS INVESTIGATION BRANCH

Eurocopter (Deutschland)
EC135 T2+, G-SPAO
Glasgow City Centre, Scotland
on 29 November 2013.

Published October 2015.

AS332 L2 Super Puma, G-WNSB
on approach to Sumburgh Airport
on 23 August 2013.

Published March 2016.

Saab 2000, G-LGNO
approximately 7 nm east of
Sumburgh Airport, Shetland
on 15 December 2014.

Published September 2016.

Hawker Hunter T7, G-BXFI
near Shoreham Airport
on 22 August 2015.

Published March 2017.

Sikorsky S-92A, G-WNSR

West Franklin wellhead platform,
North Sea

on 28 December 2016.

Published March 2018.

2/2018

1/2020

1/2021

1/2023

2/2023

Boeing 737-86J, C-FWGH
Belfast International Airport
on 21 July 2017.

Published November 2018.

Piper PA-46-310P Malibu, N264DB
22 nm north-north-west of Guernsey
on 21 January 2019.

Published March 2020.

Airbus A321-211, G-POWN
London Gatwick Airport
on 26 February 2020.

Published May 2021.

Leonardo AW169, G-VSKP
King Power Stadium, Leicester
on 27 October 2018.

Published September 2023.

Sikorsky S-92A, G-MCGY
Derriford Hospital, Plymouth,
Devon

on 4 March 2022.

Published November 2023.

Unabridged versions of all AAIB Formal Reports, published back to and including 1971,

are available in full on the AAIB Website

http://www.aaib.gov.uk
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aal
ACAS
ACARS
ADF
AFIS(O)
agl
AlC
amsl
AOM
APU
ASI
ATC(C)(O)
ATIS
ATPL
BMAA
BGA
BBAC
BHPA
CAA
CAVOK
CAS
cc

CG

cm
CPL
°C,EM, T
CVR
DME
EAS
EASA
ECAM
EGPWS
EGT
EICAS
EPR
ETA
ETD
FAA
FDR
FIR

FL

ft
ft/min
g
GNSS
GPS
GPWS
hrs

HP
hPa
IAS
IFR
ILS
IMC

IP

IR

ISA

kg
KCAS
KIAS
KTAS
km

GLOSSARY OF ABBREVIATIONS

above airfield level

Airborne Collision Avoidance System
Automatic Communications And Reporting System
Automatic Direction Finding equipment
Aerodrome Flight Information Service (Officer)
above ground level

Aeronautical Information Circular
above mean sea level

Aerodrome Operating Minima

Auxiliary Power Unit

airspeed indicator

Air Traffic Control (Centre)( Officer)
Automatic Terminal Information Service
Airline Transport Pilot’s Licence

British Microlight Aircraft Association
British Gliding Association

British Balloon and Airship Club

British Hang Gliding & Paragliding Association
Civil Aviation Authority

Ceiling And Visibility OK (for VFR flight)
calibrated airspeed

cubic centimetres

Centre of Gravity

centimetre(s)

Commercial Pilot’s Licence

Celsius, Fahrenheit, magnetic, true
Cockpit Voice Recorder

Distance Measuring Equipment
equivalent airspeed

European Union Aviation Safety Agency
Electronic Centralised Aircraft Monitoring
Enhanced GPWS

Exhaust Gas Temperature

Engine Indication and Crew Alerting System
Engine Pressure Ratio

Estimated Time of Arrival

Estimated Time of Departure

Federal Aviation Administration (USA)
Flight Data Recorder

Flight Information Region

Flight Level

feet

feet per minute

acceleration due to Earth’s gravity
Global Navigation Satellite System
Global Positioning System

Ground Proximity Warning System
hours (clock time as in 1200 hrs)

high pressure

hectopascal (equivalent unit to mb)
indicated airspeed

Instrument Flight Rules

Instrument Landing System

Instrument Meteorological Conditions
Intermediate Pressure

Instrument Rating

International Standard Atmosphere
kilogram(s)

knots calibrated airspeed

knots indicated airspeed

knots true airspeed

kilometre(s)

kt

Ib

LP
LAA
LDA
LPC
m
mb
MDA
METAR
min

QNH

RFFS
rpm
RTF
RVR
SAR
SB
SSR
TA
TAF
TAS
TAWS
TCAS
TODA
UA
UAS
USG
uTC

Pyl

REF

< << <<<

NE

55
i)

VHF
VMC
VOR

knot(s)

pound(s)

low pressure

Light Aircraft Association

Landing Distance Available

Licence Proficiency Check

metre(s)

millibar(s)

Minimum Descent Altitude

a timed aerodrome meteorological report
minutes

millimetre(s)

miles per hour

Maximum Total Weight Authorised
Newtons

Main rotor rotation speed (rotorcraft)
Gas generator rotation speed (rotorcraft)
engine fan or LP compressor speed
Non-Directional radio Beacon
nautical mile(s)

Notice to Airmen

Outside Air Temperature

Operator Proficiency Check
Precision Approach Path Indicator
Pilot Flying

Pilot in Command

Pilot Monitoring

Pilot's Operating Handbook

Private Pilot’s Licence

pounds per square inch

altimeter pressure setting to indicate height above
aerodrome

altimeter pressure setting to indicate elevation amsl
Resolution Advisory

Rescue and Fire Fighting Service
revolutions per minute
radiotelephony

Runway Visual Range

Search and Rescue

Service Bulletin

Secondary Surveillance Radar
Traffic Advisory

Terminal Aerodrome Forecast

true airspeed

Terrain Awareness and Warning System
Traffic Collision Avoidance System
Takeoff Distance Available
Unmanned Aircraft

Unmanned Aircraft System

US gallons

Co-ordinated Universal Time (GMT)
Volt(s)

Takeoff decision speed

Takeoff safety speed

Rotation speed

Reference airspeed (approach)
Never Exceed airspeed

Visual Approach Slope Indicator
Visual Flight Rules

Very High Frequency

Visual Meteorological Conditions
VHF Omnidirectional radio Range
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