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AAIU Report No: 2011-003
State File No: IRL00908039
Published: 7/2/2011

Operator: Private

Manufacturer: Beechcraft

Model: 77 Skipper

Engine: Avco Lycoming O-235-L2C
Nationality: Ireland

Registration: EI-BHT

Location: Kilmovee, Co. Mayo, Ireland

N53°53.79', W008° 43.69'

Date/Time (UTC)": 11 May 2008 @ 15.47 hrs

SYNOPSIS

The aircraft took-off from Ireland West Airport Knock (EIKN) with two persons on
board. Shortly afterwards the Pilot reported engine problems to Air Traffic Control
(ATC) and attempted to return to EIKN. Following power loss the engine subsequently
failed. A forced landing was attempted in difficult terrain and resulted in the aircraft
impacting the ground in a steep nose down attitude. The Pilot was fatally injured and
the passenger was seriously injured.

The engine failure was caused by a fatigue fracture of cylinder No. 2 inlet® valve head,
a segment of which transferred to and contaminated cylinder No. 4. This, combined
with a resulting disturbed inlet manifold airflow, caused the engine to fail.
Metallurgical testing determined that the initiating cause of the fatigue fracture in the
No. 2 inlet valve head was overheating, but the cause of this could not be not
conclusively determined.

NOTIFICATION

At 15.50 hrs the ATC Station Watch Manager at EIKN notified the AAIU of the
accident. An AAIU Response Team of two Inspectors was dispatched and arrived at
the accident site at 18.30 hrs.

In accordance with the provisions of SI 205 of 1997, the Chief Inspector of Air
Accidents, on 12 May 2008, appointed Mr. Paddy Judge as the Investigator-in-Charge
to carry out an Investigation into this Accident. The sole purpose of this Investigation
is the prevention of aviation accidents and incidents. It is not the purpose of the
Investigation to apportion blame or liability.

L UTC: Coordinated Universal Time. All times in this report are in UTC (local time minus one hour).
% Inlet valve: Also known as an intake valve.
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FACTUAL INFORMATION

History of the Flight

The aircraft took off on a private flight from EIKN at 15.35 hrs on Runway (RWY) 09
with Weston Aerodrome (EIWT) as the planned destination. Approximately 7 minutes
later, the Pilot reported to ATC that he had vibration in the engine and requested to
return to EIKN. He subsequently reported limited power, being unable to hold altitude
and declared a “PAN">. He then attempted a forced landing in a field in the townland
of Cloonamnagh, Kilmovee, Co. Mayo, 3 nm SE of EIKN.

The forced landing was conducted in difficult terrain. The field selected, although the
largest available, had an undulating surface with a short steep upslope in the direction
of flight leading to a depression where the aircraft impacted.

Witnesses who heard and saw the aircraft described a labouring engine, which stopped,
restarted for a couple of seconds and stopped again some seconds prior to the noise of
impact.

A helicopter practicing circuits at EIKN located and landed beside the wreckage shortly
afterwards and reported the position to ATC. Local residents attended to the seriously
injured passenger while awaiting the attendance of the emergency services and An
Garda Siochéana.

Helicopter Crew

A helicopter was practicing circuits at EIKN and saw the aircraft taking off with a right
turn out. Its crew heard the Pilot transmit to the ATC Tower that he had difficulties
due to a loss of power and was returning to the airport. The Tower cleared the area and
the helicopter initially held nearby. It later flew towards EI-BHT, which the crew saw
in flight. The crew said that the aircraft came from the east over a larger field and
made a 180° left hand turn back towards the field. There it seemed to the crew to make
a left turn and the left wing dropped. The aircraft then nosed down and it impacted in
that attitude. The helicopter pilot landed at the crash site within about 90 seconds of
the impact. His passenger went over to the wreckage and the pilot followed when he
had shut down the helicopter. The pilot said that the keys were in the ignition of El-
BHT and he could hear electric clicking so he switched the ignition off. He reported
that local people had already arrived.

Ground Witnesses

A witness, who was listening to a VHF radio, said that he heard the aircraft reporting at
800 ft over Urlar Lake. He then heard the Pilot saying that the aircraft would not be
able to make it back to the airport. The witness observed the aircraft turning towards
his house and he believed that the aircraft was attempting to make an approach to a
field beside his house, a mile north of the accident site, when the engine seemed to cut
out. The aircraft then turned to the south out of his view.

® PAN: This is a VHF radio transmission made by a pilot to express a degree of urgency on board an
aircraft, but that there is no immediate danger to the aircraft or anyone on board.
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Another witness heard the aircraft coming from a distance and saw the aircraft make a
turn about his house. He described the sound of the engine as "spluttering” but still
running. The aircraft completed the turn and, as it faced towards the field where it
impacted, the engine stopped. He was sure that the Pilot attempted to restart the
engine, but this was not successful. The engine did not backfire but it sounded similar
to an engine suffering from fuel starvation and cutting out.

A number of witnesses in the area both heard and saw the aircraft approaching from the
west shortly before impact. Generally, they described the aircraft approaching at a low
height just above treetop level. They variously described the sound from the engine as
spluttering, misfiring or like a lawnmower backfiring. All agreed that the engine
stopped before the aircraft disappeared from view and that a bang was heard shortly
afterwards. Two of these witnesses saw the aircraft nose-dive towards the ground but
did not see the ground impact.

Two other witnesses driving by on a road south of the field saw the aircraft hit the
ground. They reported that they saw it above the trees and it started to descend. It
appeared to be trying to turn when its nose dropped. They said that it “dived straight in
and shattered”.

One witness, who saw it dive towards the ground, rang the emergency services and
attended the casualties until their arrival, which took about 15 minutes. He said that a
helicopter arrived and landed near the accident site within minutes. He also said that
there were few big fields in the area and that there was little or no wind at the time.

Passenger

The Passenger in the accident aircraft, who is an experienced pilot, had earlier flown a
light aircraft to EIKN for storage in a facility that was managed by the Pilot. He had
intended to take the bus back to Dublin but the Pilot offered to fly him to EIWT
aerodrome, which he accepted. He had flown in the accident aircraft once previously
but was not familiar with the aircraft type. He recalled the aircraft taking off and the
Pilot subsequently saying that there was a problem with the engine. Not being familiar
with the aircraft, he personally did not notice it. He did not remember the accident, in
which he was seriously injured, or the events preceding it but, on regaining
consciousness, was aware of people talking to him while waiting for an ambulance to
arrive.

Video Recording

A witness supplied the Investigation with a video recording of EI-BHT taxiing and
taking off. It could not be determined from this video if a power check was conducted
prior to take-off. However, no abnormal engine sound was discernible in the recording
during the take-off of the aircraft.
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Aircraft Technician

An experienced technician stated that he assisted the Pilot in performing a 50-hour
inspection® on the aircraft but that he himself (the technician) did not have maintenance
approval on this aircraft type.

He said that this inspection was primarily an inspection of flight controls with a visual
inspection of instruments and components together with an oil and filter change. He
stated that the Pilot said that he was entitled to sign off the 50-hour inspection on the
aircraft. They had flown the aircraft prior to the inspection on 2 May 2008 for an hour
in order to warm the oil prior to draining it. He was unaware of any problem with the
aircraft and stated that the oil appeared free of metallic particles and grit when drained.
He could not open the old filter to check for metal particles as required, since they had
no cutters. The Pilot said that he would cut it open later. The aircraft appeared to him
to be well maintained. They conducted a 10-minute ground run after the maintenance
check and no leaks were observed.

Injuries To Persons

The Pilot was fatally injured. The passenger was seriously injured.

Injuries Crew Passengers Total in aircraft Others
Fatal 1 0 1 0
Serious 0 1 1 0
Total 1 1 2 0

Damage To Aircraft

The aircraft was destroyed.

Other Damage

Minor damage to the surface of the field.

Personnel Information

Commander
Personal Detalils: Male, aged 51 years
Licence: JAA® UK PPL
Medical Certificate: JAA Class Il -Valid until 31 March 2009

Flying Experience:

Total all types: 1,436 hours
Total all types P1: 1,136 hours
Total on type P1: 24 hours
Last 24 hours: 1.30 hours

* A 50-hour inspection was required after every 50 hours of aircraft operation or 6 months, whichever
occurred first.
> Joint Aviation Authorities
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Pilot Owner Maintenance

The Irish Aviation Authority (IAA) was requested to clarify the authorisation
requirements for pilot owner maintenance at the time of the accident. The IAA stated
that approval for a pilot owner to conduct maintenance was subject to Aeronautical
Notice A.12 Issue 9, dated 13/5/04, the relevant clause of which is as follows:

6. The holder of a Private Pilot’s Licence or a pilot’s licence of higher status may
certify the 50 hour check in accordance with LAMS A/1999° (latest issue) and carry out
preventive maintenance (see note (1)) on his/her aircraft provided he/she is competent
to do so, has the relevant maintenance manuals (latest revision) at his/her disposal,
he/she is recommended by an appropriately licensed engineer to perform the preventive
maintenance and is approved by the Authority to do so.

The TAA informed the Investigation that, although the holder of a Private Pilot’s
Licence or a pilot’s licence of higher status may certify the 50-hour inspection if so
approved, there was no evidence on their file of the Pilot having been issued with such
approval nor any evidence of an application or a recommendation for maintenance
approval for EI-BHT.

The Investigation notes that at the time IAA Aeronautical Notice A.12 Issue 9, which is
based on the UK LAMS schedule, was in vogue'.

However, the documentation found associated with the logbooks of EI-BHT contained
the UK Civil Aviation Authority document CAP 411 (April 2005) which states, in
Section 5, Paragraph 2 Pilot Maintenance,

“A licensed pilot who is the owner or operator of the aeroplane may carry out the
following:

e 50 hour check if the aeroplane is operated for private purposes;”

It later states that, “The pilot must include his/her pilot’s licence number with his/her
Signature in the appropriate logbook(s).”

The CAP 411 document found contained an incomplete LAMS A/1999 worksheet,
with sign-offs by the Pilot dated 2 May 2008, indicating inter alia, that engine oil had
been changed on that date.

Aircraft Information

General

The Beechcraft Model 77 Skipper is a single engine, two-seat, low wing monoplane of
bonded metal construction. Its length is 24 ft (7.3 m) and wingspan is 30 ft (9.1 m). It
has a T-tail and a fixed tricycle landing gear. It is frequently used as a club or training
aircraft, the previous owner being a training facility. This training facility informed the
Investigation that the aircraft was regarded as a good training aircraft.

® LAMS: Light Aircraft Maintenance Schedule for Aircraft.

" This was later superseded by Issue 11, dated 21/08/09, which states that the acceptable maintenance
schedule is no longer based on LAMS A/1999 but on EU Commission Regulation (EC) No. 2042/2003
for aircraft that have an European Aviation Safety Agency (EASA) Certificate of Airworthiness or, on
such a Maintenance Programme as may be approved by the IAA.
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However, particular care needed to be taken regarding the use of rudder at low speed,
as it was susceptible to a wing drop during a stall.

The registration of the aircraft was transferred to the Pilot on 21 November 2007. The
IAA informed the Investigation that the Certificate of Airworthiness (C of A) of the
aircraft was valid from 5 May 2006 to 4 May 2008. However, the C of A had lapsed
one week before the accident and the IAA had not received an application for renewal.

The Investigation was informed that the aircraft was refuelled in Galway Airport on the
10 May 2008, the day before the accident. Records show that 68 litres (15 imperial
gallons) of AVGAS (aviation gasoline) was loaded. The Pilot’s personal logbook also
showed that the fuel was uploaded but did not indicate the quantity. However, the
Investigation is of the opinion that, as AVGAS was not available at EIKN, it is likely
that the fuel tanks were filled at Galway. The aircraft weight and balance at the time of

the accident, as estimated by the Investigation, was based on this assumption.

1.6.2 Leading Particulars
Aircraft type: 77 Skipper
Manufacturer: Beechcraft
Constructor’s number: WAT7
Year of manufacture: 1980
Certificate of registration: 21 November 2007
Certificate of airworthiness: 5 May 2006
Total airframe hours: 4,135.62 hrs

Total cycles:
Engine:

Serial Number:

Maximum authorised take-off weight:

Empty weight:

Actual Take off weight:

Weight at time of accident:

Centre of gravity at time of accident:

Not determined

Avco Lycoming O-235-L2C
L-20462-15

1,675 Ibs (760 kgs)

1,100 Ibs (500 kgs)

1,675 Ibs (760 kgs)

1,490 Ibs (Estimated)

Estimated within limits

Approach speed — Engine Inoperative: 63 kts
Stall speed - Flaps up: 49 kts
Stall speed - Full flaps: 47 kts
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Maintenance

A Certificate of Release to Service was issued by an approved maintenance
organisation on 10 April 2006 at 4,027.19 hours with a 50-hour inspection recorded on
12 October 2006 at 4,038.17 hours. Subsequently, an annual inspection was conducted
by the approved maintenance organisation on 17 April 2007 at 4,054.39 hours and a
50-hour/6-month inspection on 5 September 2007 at 4,097.56 hours. Consequently a
new annual inspection was due on the 17 April 2008 and a 6-month inspection on 5
April 2008 (including a one month permissible extension). Both the aircraft and engine
logbooks contained entries up to 23 March 2008, but not subsequently. However, the
Pilot kept a record of his subsequent flying in the aircraft in a temporary logbook, a
common practice encountered where it is intended to transfer the records to the aircraft
logbook at a later stage. This recorded a number of flights conducted after the 17 April
2008.

An invoice dated 21 April 2008 showed that the Pilot had ordered 8 spark plugs and an
oil filter for the aircraft. The 50-hour inspection performed by the Pilot, as reported by
the technician in Section 1.1.5 was partially recorded in the LAMS schedule on 2 May
2008. The removed oil filter was found unopened. However, an annual inspection
(that would have included all the elements of a 50-hour inspection) was required on the
17 April 2008 and this inspection was required to be carried out by an appropriately
approved organisation. No record of such an inspection was found. The Investigation
notes that a cylinder compression and leakage test is required as part of the annual
inspection (LAMS Task No. 63).

On 21 October 2007, the aircraft logbook recorded the aircraft hours as 4,104.43 hours.
The following day, the 22 October 2007, after a 1 hour and 45 minutes flight the
aircraft hours were recorded as 4,024.12, a reduction of 81.76 hours that was not
explained. However, the Pilot kept a personal logbook of his flying on the aircraft and
this indicated that the Hobbs meter® reading on the 22 October 2007 was 4,024.12.
Because of the 81.76 hours reduction the logbook hours incorrectly under read; the
actual total hours on the aircraft at the time of the accident being the recorded Hobbs
meter reading of 4,053.86 hours plus the reduction of 81.76 hours, giving a total of
4,135.62 hours.

Engine History

The engine logbook recorded 1,628.47 hours on 8 July 2004. No activity was recorded
in the logbooks until the next entry, on 10 April 2006, when the aircraft was inspected
and released for service at the same engine hours and 4,027.19 airframe hours. During
this inspection, an engine top overhaul kit manufactured and certified by the engine
manufacturer was fitted by the approved maintenance organisation. The Kit, certified
by two Authorised Release Certificates, FAA Form 8130-3 (one per pair of cylinders),
was comprised of a complete set of new pistons, rings and the cylinder assemblies
included new inlet and exhaust valves. The Pilot probably took possession of the
aircraft on 22 October 2007 when the engine logbook hours showed 1,684.70, as he
recorded flying it back to his base at EIKN. The logbook was not completed after 23
March 2008 when the final entry in the engine logbook was 1,703.99 hours.
Consequently, the aircraft usage by the Pilot was 19 hours in those 5 months.

® Hobbs meter: An instrument that records engine hours based on engine revolutions.
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However, there was an earlier addition error of 20 hours; therefore this final figure
should have read 1,723.99 hours. The final Hobbs meter reading showed that the
aircraft was operated for an additional 11.90 hours after the entry on 23 March 2008
giving a total of 1,735.89 hours. Consequently, it is estimated that the engine had
completed 107.42 hours after the engine top overhaul during which time the records
showed that it was flown by a number of pilots.

Engine Examination

The wreckage was subsequently taken to the AAIU facility at Gormanston where a
teardown and engine examination was conducted under the supervision of an AAIU
Inspector. The engine was in a clean condition.

The carburettor was found damaged due to impact. However, the fuel inlet screen was
clean; the floats were in normal condition and no evidence of leaks was observed. No
evidence of leakage was seen on the inlet manifold gaskets.

The magnetos appeared to be in clean condition. Both the carburettor and magnetos
were later sent to the engine manufacturer for further examination.

The inlet valves in both cylinders No. 2 and No. 3 were found damaged with radial
cracking and guttering® extending from the valve seat towards the stem. No evidence
of a sticking valve stem was seen on any of the valves.

The No. 2 inlet valve (Photo No. 1) had a missing segment and several rough, jagged
regions near the head outer diameter, which shows evidence of guttering. These areas
also had radially oriented cracks.

Photo No. 1: No. 2 Inlet valve

® Guttering: Corrosion, in this case, of the outer rim of the valve head caused by very high temperature
in a corrosive environment.

10



FINAL REPORT

The missing segment (Photo No. 2) from the No. 2 inlet valve head was discovered in
cylinder No. 4 and was 2.5 cm long. Score marks were found in the inlet manifold
(mounted underneath the engine) consistent with the passage of the valve head segment
from cylinder No. 2 to No. 4 in a pulsating pressure pattern.

Photo No. 2: No. 2 Inlet valve seet

The No. 3 inlet valve also had several regions of radial cracking and guttering, near the
outer diameter of the head (Photo No. 3).

Photo No. 3: No. 3 Inlet valve

Numerous score marks and indentations were found on both the cylinder heads and
crowns of No. 2 and No. 4 pistons. These were caused by “hammering” or the
successive impacts of the separated segment of the valve due to being trapped between
the crown of the piston and the cylinder head. Minor scoring was found on all piston
skirts. Heavy soot deposits were noted on the plugs, cylinder head and piston of
cylinder No. 1. The piston, cylinder and plug of No. 3 cylinder assembly were normal.
The No. 4 piston dome showed a grey discolouration. Table No. 1 summarises the
relevant engine teardown observations by cylinder.

11
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Cylinder | Inlet VValve Exhaust Piston Cylinder Plugs
Valve head

No.1 | Undamaged | Undamaged Sooty Sooty Sooty
Metallic
No. 2 Damaged Undamaged | Damaged Damaged deposits
No. 3 Damaged Undamaged Normal Normal Normal
Metallic
No.4 | Undamaged | Undamaged | Damaged Damaged deposits

Table No. 1

Meteorological Information

Weather reports for EIKN, a short distance from the accident site, showed that the wind
was almost calm that day; a 3-knot light breeze from the northeast was recorded shortly
after the accident. The visibility was good and the lowest cloud was at 2,700 ft. The
relevant METARS or actual weather reports for the airport were:

111530 EIKN 01005KT 330V050 9999 BKNO030 SCT053 BKN250 18/11 Q1020
NOSIG=

111600 EIKN 02003KT 9999 BKN027 SCT062 BKN250 18/11 Q1020 NOSIG=

Aids to Navigation

Not Applicable.

Communications

The ATC recordings of EIKN Tower, VHF frequency 130.700 Mhz, recorded that at
15.33:46 hrs the Tower Controller gave the aircraft its ATC clearance; a VFR (Visual
Flight Rules) flight to EIWT to fly not above two thousand feet. At 15.35:40 hrs the
aircraft was cleared for take-off with the wind reported as 010°%04 kts. The aircraft
took off and reported clear of the circuit at 15.42:30 hrs. Five minutes later, it reported
passing the ATC zone boundary 10 nms outbound, as is normal procedure. However,
eleven seconds later, at 15:42:41 hrs, the Pilot calmly reported vibration on the engine
and requested a return to EIKN. ATC reported that there was “noticeable background
vibration noise” in this and subsequent transmissions.

Fifteen seconds later the Pilot reported limited power and that he was heading back to
EIKN. Five seconds later he declared a PAN due to “limited power and high
vibration”.

Two minutes later, the Pilot transmitted that he intended to hold altitude and to find
some fields for landing. He reported his position at 15.45:51 hrs as north of Urlar
Lake, about four miles from EIKN and fifteen seconds later reported that the aircraft
was at nine hundred feet about three miles ESE of EIKN.

12
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At 15.48:01 hrs, the Tower transmitted that the wind velocity was 010°/02 kts and the
QNH was 1020 hPa'®. During the acknowledgement, the last transmission by EI-BHT,
an unidentified sound was heard. Subsequent acoustic analysis by the Investigation
determined that this sound was not a stall warning tone.

The Shannon Area radar recordings at the time of the accident were examined by ATC.
They found two brief radar signals from the aircraft. These showed a transponder code
setting of A7000, the normal setting required for a VFR flight. An examination of the
recordings of a test radar installation showed that these were at 1,500 ft and 1,400 ft
respectively. The positions were both southeast of the airport, the first at 7 nm and the
second at 6 nm. A time signal was not available on this test radar.

Aerodrome Information

Not applicable.

Flight Recorders

Cockpit Voice Recorder

Not fitted nor was it required to be.

Flight Data Recorder

Not fitted nor was it required to be.

Wreckage and Impact Information

General

The accident site was in a farm field 3 nm SE of EIKN. Although the northern and
eastern sections of the field were elevated, the field sloped both to the south and west
from roughly half way. A small semicircular depression (a disused sandpit) in the
centre of this slope was covered with soil and grass. The general landscape was a
combination of forestry, bog, small fields and trees.

Wreckage

The aircraft came to rest pointing down the northern slope of this depression, slightly
left wing low (see Photo No. 4). Although the fuselage and wings were intact, the
empennage was twisted to the right. The left wing was crumpled and bent upwards
from mid span. The right wing had impact marks on its outer leading edge but had
suffered much less damage. The flaps on both wings were extended. Both main
undercarriage legs and wheels remained attached. Flight control continuity was
established although both control columns were found fractured at the point of entry
into the instrument panel.

19 HpPa: Hectopascals or a unit of atmospheric pressure.

13
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Photo No. 4: Final resting position of EI-BHT

The front of the aircraft, including the instrument panel, was severely damaged. The
nose gear assembly and engine bearers had severed; the engine remained attached
solely by control cables and hoses. The propeller flange was fractured as a result of the
impact. Witness marks on the propeller did not show signs of significant rotation at
impact, however both blades were bent slightly aft.

The initial impact position was found 5 metres ahead of the aircraft and to its right.
Here an imprint of the propeller was found in the soil, which was consistent with the
propeller not rotating under power at the time of impact. This initial propeller impact
witness mark had a north/south axis, showing that the aircraft was on an easterly
heading at impact. However, the wreckage came to rest facing south on a heading of
176°M indicating that the aircraft had rotated 90° clockwise immediately after the
initial impact, which was in a steep nose down attitude. Both seats and seatbacks were
intact.

The extent of disruption to the fuselage and distortion of the propeller together with
absence of ground scarring were symptomatic of a low speed impact.

Cockpit Instruments

Table No. 2 records the various cockpit instruments and controls positions as found at
the accident site.

14
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Throttle Mid position
Elevator trim Partly nose down
Avrtificial Horizon Toppled
Airspeed 52 kts
Altimeter 3,600 ft
Altimeter subscale 1020 hPa
VSI +150 ft/min
RMI 174°
CDI VOR 306°
RPM 0 (zero)
Hobbs meter 4,053.86
DC Amps Electrical zero
Oil Temperature Electrical zero
Oil Pressure Electrical zero
L & R Fuel Quantities Electrical zero
Stall warning circuit breaker Tripped position
Turn Coordinator circuit breaker | Tripped position
Vacuum Gauge 0 Ins of Mercury
Fuel selector On
Ignition Off

Table No. 2

Both fuel tanks remained intact and contained fuel. Their contents were checked using
wooden dipsticks found in the wreckage. The right hand tank contained 1%4" of fuel.
However, the left hand wing had 3". This fuel asymmetry was consistent with the
resting position of the aircraft and the slope of the ground.

The Investigation noted that the aircraft was not fitted with a cylinder head or exhaust
gas temperature (EGT) gauge, nor was it required to be, although either one of these
would have been a useful guide for engine care and management.

Medical and Pathological Information

The pathology report indicated that the death of the Pilot was caused by trauma induced
by impact forces. In addition, a toxicology examination showed no trace of alcohol nor
illicit or prescribed drugs.

Fire

There was no fire.

Survival Aspects

The seriously injured Passenger sustained multiple injuries and was removed from the
wreckage by the Emergency Services.

The fatally injured Pilot was found lying out the left hand door; his lower body was

restrained by both his lap and single diagonal shoulder strap, whereas his upper body
rested on top of the wing through the open left hand door.

15
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The door latch receiver was distressed, consistent with the door having been forced
outwards. The window on the door had a circular hole at the same level as the head of
a seated pilot. The outside of the fuselage aft of the door was bloodstained at mid
height.

The two aircraft seats were fitted with seatbelts consisting of a lap strap and a single
diagonal shoulder strap connected to the seatbelt buckle. Both of these diagonal belts
were attached to a single point in the centre of the cockpit, behind and above the seats.
The seats, seat tracks, seat rails and attachment points were in good condition, though
the floor was slightly buckled. The lap straps, seatbelt attachment points and buckles
were intact and in good condition and bore no signs of fraying. However, the
Passenger’s seat strap was cut in a way that is consistent with that used by the
emergency services when recovering a casualty.

Tests and Research

General

Initially the inlet valves (Part Number LW-11901) were sent to an Independent
Laboratory for a metallurgical examination. The examination of the valves proved
inconclusive.  Following this, all the cylinder assemblies, pistons, magnetos,
carburettor, and logbook were sent to the Engine Manufacturer for further evaluation.
The Engine Manufacturer commented that inlet valve failures of this particular valve
type were rare. Section 1.16.2 contains a synopsis of the outcome of the Engine
Manufacturer’s examination.

Subsequently, the Investigation became aware that EI-BHT had an earlier engine
related event that occurred on the 18 February 2007, when ATC reported that the pilot
of the aircraft had declared an emergency. The report stated that “the aircraft was
visible to the tower controller and black oily smoke was visible from the engine of the
aircraft”.

This pilot of this event was interviewed by the Investigation and stated that he was
approximately 5 miles west of the airport when the engine started to run rough and lose
power; he declared a MAYDAY™ and returned to the airport where he landed safely.
This occurred at 1,646.97 engine hours (4,045.65 aircraft hours) or 18.5 hours after top
overhaul when the new cylinder assemblies were fitted. Maintenance rectification at
the approved maintenance organisation included replacing a failed spark plug,
replacing magneto brushes and retiming the magnetos. The owner of the approved
maintenance organisation supplied the Investigation with all the relevant maintenance
documentation and was also interviewed.

Because of this new information, the Investigation then sent the engine parts to a
separate Independent Commercial Facility (Facility) for a full examination. This
Facility reported, inter alia, that the inlet valve cracking was symptomatic of
overheating and considered that the failure of the inlet valves was attributable to
unacceptable valve seating. Section 1.16.3 contains a synopsis of this examination.

1 MAYDAY: The international call for help used with voice radio transmission when an aircraft is in
serious danger.
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The manufacturer was invited to comment on these conclusions and its observations are
contained in Sections 1.16.4.

The observations of both the Facility and the Engine Manufacturer regarding the
significance of the event on 18 February 2007 are contained in Sections 1.16.5.

Engine Manufacturer’s Report
General

It should be noted that the Engine Manufacturer produced this Report before it was
informed of the previous engine related event.

Magnetos and Spark Plugs

The Engine Manufacturer reported that the LH magneto data plate was missing and
may have been missing before the accident. It noted that in April 2006 at 1,637 engine
hours, a 500-hour internal magneto inspection was carried out.

It reported that the magnetos were in normal condition and had satisfactory spark
operation. The Engine Manufacturer concluded that, “it appears unlikely that the
magnetos could have produced pre-ignition on their own”.

All spark plugs were Champion REM40E and conformed to recommendations. It
noted that there were no deposits on the lower plugs. The Engine Manufacturer
suggested that this was due to lean running.

Inlet VValve Evaluation

The inlet valves were measured and their dimensions conformed to specification with
the exception of an elongated No. 3 inlet valve, which was found to exceed the
maximum allowable length by 0.001 inch. This suggested that the inlet valve might
have been stretched slightly longer than its initial length. The No. 2 inlet valve’s edge
thickness at the head outer diameter and its stem diameter, were measured by optical
comparator, and both conformed to engineering specifications.

The hardness of the outside diameter surface of No. 2 and No. 3 inlet valve stems was
measured and found to meet engineering requirement, as did the rocker contact surface
of the valve tip. Chemical analysis of the stem cross-section of the No. 2 inlet valve,
by Optical Emission Spectroscopy, found that it too conformed to the required
specification.

Inlet VValve Microstructure

The No. 2 inlet valve head displayed a microstructure of tempered martensite with
alloy carbides, which is the normal microstructure for this material and component.
The Engine Manufacturer’s report stated that many of the jagged features on the No. 2
inlet valve appeared more like guttering than fracture surfaces. The main chordal
surface and at least one of the intersecting radial surfaces were clearly fractured. These
fracture surfaces were generally in poor condition, covered with combustion products
and oxide scale. (See valve in Photo No. 1 prior to cleaning).
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Nevertheless, having been cleaned, beach marks*? were clearly visible, particularly on
the chordal crack. The beach marks show that the cracks initiated from an origin at or
near the underside surface, near the outer edge contact seat, but the exact origin site
could not be determined. Photo No. 6 shows that the chordal crack grew from left to
right and from top to bottom (as seen in the photograph), in a semi-elliptical shape.
The radial crack grew from the contact seat area, inward toward the chordal crack, and
may have initiated the chordal crack. Striations were observed during microscopic
examination.

Photo No. 6: No. 2 Inlet valve fatigue crack (Engine Manufacturer’s photo)

The Engine Manufacturer’s report concluded that the inlet valve conformed to the
engineering requirements for alloy chemistry, hardness, and microstructure. However,
the valve length was greater than allowed, indicating that it may have become stretched
during service.  Valve stretching indicated a probable exposure to excessive
temperatures and/or higher than usual loading.

The appearance of the valve head edges in many locations seemed more consistent with
high temperature guttering, rather than simple cracking; however, the large piece that
broke off from the No. 2 inlet valve’s head separated as a result of fatigue crack
growth. The fatigue cracks were initiated at or near the valve seat contact area. The
stretched condition of one valve, and the general appearance of the valves and spark
plugs, suggested that detonation or pre-ignition may have played a role. The Engine
Manufacturer concluded that the most likely scenario appears to be the following:

(1) Detonation or pre-ignition most likely induced some localized damage, leading
to initiation of radial cracks on the valve head due to hoop stresses™, and these
radial cracks grew under the combined influence of thermal and mechanical
fatigue.

12 Beach Marks: Also known as “clamshell marks” and are generally composed of striations, or steps in
crack propagation that are only visible by scanning electron microscope. Each beach mark can be
composed of thousands of striations that are each caused by a fatigue crack growth cycle.

3 Hoop Stresses: Circumferential stress in a cylindrically shaped part as a result of internal or external
forces.
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(2) Carbon flakes from combustion products became embedded on the radial
cracks and burned, resulting in the guttering at the valve outer diameter edges.

(3) Some radial cracks continued to grow by fatigue, leading to eventual separation
of a section of the valve’s head.

Independent Facility Report
General

The Investigation requested an Independent Facility (Facility) to examine the engine
components. The Facility’s Report stated that the cracks in both inlet valves No. 2 and
3 were characteristic of overheating but that typical causes of engine overheating, such
as the use of too lean a fuel mixture or insufficient engine cooling, were unlikely to be
the cause of the inlet valve failures in this case. It considered localised overheating of
No. 2 and No. 3 inlet valves as a likely cause.

Valve Seats

The Report stated that the valve seat inserts from the four cylinders were examined in
detail to determine if damaged inserts had resulted in overheating of the valves (see
Appendix A). Detailed visual examination with a stereo optical microscope did not
identify any defects that could account for overheating in the valves. Replicas were
taken from each of the seat inserts to allow the angle and width of the face to be
measured. The angle of all four seat inserts measured 30°, which conformed to the
required specification for the inlet seat inserts. The width of the face measured
approximately 2.5 mm on seat inserts No. 1, 2 and 3, whereas the width of the face of
seat insert No. 4 measured approximately 2.2 mm. Although seat insert No. 4 was
slightly different from the remaining three, it did not account for the overheating of
valves No. 2 and 3.

Inlet VValves Lap

The Report said that the thickness at the edge of the valves was measured in accordance
with the Textron Lycoming Service Manual. Although the failed inlet valves were
thinner at the valve edge than inlet valves No. 1 and 4 (which had not failed), the
thickness at the edge of the failed valves was still above the minimum specified.

As there was a difference in the thickness of the valves, the valve profiles were
examined with a shadowgraph and a difference in valve profile was found between the
failed and serviceable valves. The angle between the valve stem and seat was
measured as 60° in valves No. 1 and 4 and 58.75° in valve No. 3. The angle of No. 2
valve seat could not be measured, as the engine manufacturer had removed the valve
stem and sectioned the valve head during its earlier metallurgical examination; however
the Facility considered that the seat angles of valves No. 2 and 3 were probably similar
due to the shadowgraph showing very similar profiles. According to the Service
Manual the desired contact between the valve seat and seat insert is a point contact at
the outer edge of the seat with a maximum of a 1° angle between the seat and insert.
(See diagram Appendix B). Whereas full contact between the seat and insert (i.e. a 0°
angle) is considered acceptable, it is not acceptable to have point contact at the inner
edge of the seat (negative angle), as this creates a gap at the outer edge where exhaust
gases can flow.
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If it is assumed that the contact between the seats and inserts of valves No. 1 and 4 was
acceptable, then valves No. 2 and 3, in which the seat angle was 1.25° different, must
have had point contact at the inner edge of the seat and hence been unacceptable. The
1.25° difference between seat angles of the failed valves and the serviceable valves had
resulted in unacceptable valve seating that allowed hot exhaust gases to flow between
the seat and insert at the outer edge. This led to localised overheating, which had
caused radial cracks, and eventually a large chordal fatigue crack liberated a section of
the valve head.

The Report considered that failure of the No. 2 and No. 3 inlet valves was attributable
to unacceptable valve seating.

Engine Manufacturer’s Comments on Facility’s Report

The Engine Manufacturer stated that it did not agree with the Facility that use of too
lean a fuel mixture was unlikely to cause inlet valve failure. It said that it was quite
possible for one cylinder to run lean while the others did not. In addition, it countered
that general engine overheating did not tend to affect exhaust valves in the same
manner/degree as it did inlet valves. This was due to the exhaust valve materials being
superior in resistance to a high temperature environment (see Section 1.18.1) and
providing additional resistance to service temperatures. It stated that the lack of over-
temperature damage in the exhaust valves did not necessarily support a conclusion that
the inlet valves had experienced a localized over-temperature condition. It argued that
their experience of the history of this engine type supported the view that an
excessively lean fuel mixture can cause inlet valve stretching/deformation/failure
without producing any effect on the exhaust valves, and this can rapidly lead to
overheating in the inlet valve.

The Engine Manufacturer noted that although some heat from an inlet valve is
dissipated through the seat, the incoming air/fuel mixture produces the greater amount
of cooling. Therefore, the suggestion that localized overheating of the inlet valves
pointing towards poor conduction of heat through the contact seat, did not adequately
take into account the stronger effects of the inflowing cooling air/fuel mixture.

Whereas the Facility had found a 1.25° difference in the contact seat angle for the
damaged valves (compared to the two undamaged valves) the Engine Manufacturer
drew attention to the fact that these measurements were on valves that had been in
service, had possibly experienced deformation during that service and stated that this
was normal. Therefore, the initial contact seating surface profile as manufactured had
not been determined by this shadowgraph measurement. Furthermore, the Engine
Manufacturer believed that the fact that the two undamaged valves had correct profiles
was relevant, since it stated that the inlet valves came from the same manufacturing lot.
It maintained that it was therefore quite possible that the two damaged valves were also
manufactured with the correct profile but that the original profile became deformed as a
result of the service environment.
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The Engine Manufacturer stated that photos clearly showed that both damaged valves
had full contact over a wide band of the valve seat contact area, not just point contact.
It maintained that the edges of the inlet valve seats nearest to the combustion face were
in contact with the valve seat insert and that the damaged valve cross section showed a
deformation bulge at the combustion face edge (visible in the shadowgraphs), which
could not have happened in the absence of contact with the insert in that vicinity.
Therefore, the Engine Manufacturer was of the opinion that the seating profiles on the
damaged valves were deformed from their initial configuration and that the post
accident measurement of the profiles did not accurately represent the condition of the
valves at installation.

Earlier Engine Event Evaluations

The Facility was of the opinion that the engine event on the 18 February 2007 was not
related to the later valve failure. It suggested that the rough running and loss of power
was probably due to the failed spark plug and magneto timing since; when these were
corrected the engine appeared to be satisfactory again. It stated that it was unlikely that
this event had any bearing on the final failure, which it believed was due to an incorrect
valve seat angle. It was of the opinion that the incorrect valve seat angle was unlikely
to have had any bearing on the spark plug failure and magneto timing problem.

On the other hand, the Engine Manufacturer believed that the event, which had
occurred 18.5 hours after installation of the cylinders and about 90 hours prior to the
valve failure, was of considerable relevance. The Engine Manufacturer had requested
and obtained the magnetos, at the beginning of its investigation, because it wished to
assess whether any magneto problems might have created conditions favourable for
pre-ignition or detonation. No such evidence was found and, as it had not been aware
of the earlier event involving worn magneto brushes and incorrect timing, its report was
accordingly produced without that knowledge. The Engine Manufacturer was now of
the opinion that the previous engine event provided evidence that improper engine
operating conditions played a role in the later valve failure.

The Engine Manufacturer also pointed out that this particular engine model has
mechanical valve lifters (not hydraulic) and that it is very important when installing the
new engine cylinders that the proper lash'® is measured using a specific procedure;
equally the valve lash needed to be checked and adjusted periodically at specific
intervals. The Engine Manufacturer stated that, if the cylinders had not been set up
properly when they were installed on the engine, there could have been unusual stresses
put on one or two cylinders e.g. No. 2 and 3. Improper magneto timing could have
made this situation worse.

Fuel and Oil Analysis
Samples of both fuel and oil were sent to a laboratory for testing.

The oil analysis concluded that the results were characteristic of a mineral oil and that
the measurements of wear metal in the oil analysis were within specified limits. The
sample tested contained also approximately 1% AVGAS.

¥ Lash: Also known as tappet adjustment regarding this engine.
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The fuel analysis indicated that the high lead content and colour of the fuel sample was
consistent with AVGAS 100LL.

Organisational and Management Information

Not applicable.

Additional Information

Engine Valves - General

Although issues have occasionally been reported in the general aviation community
regarding the exhaust valves and exhaust valve guides of this engine type, the Engine
Manufacturer stated that there had been few reports regarding problems with the inlet
valves. Exhaust valves operate in a hotter environment than the inlet valves since they
are exposed to the hot out-flowing exhaust gasses whereas the inlet valves are not. The
particular exhaust valves fitted to this engine contain a sodium chamber (to assist in
heat transfer) unlike the inlet valves, which are of a single metal (stainless steel)
construction. In addition, the exhaust valves are made from a nickel based super alloy
and have a hard faced alloy welded to the valve seat contact area.

Detonation and Pre-Ignition

Normal ignition of the fuel/air mixture in an engine should result in a controlled and
progressive burning. Detonation, conversely, is the spontaneous and uncontrolled
explosion of the mixture. It can be caused by a number of factors including:

e Excessive combustion temperatures due to an over lean fuel/air mixture. This is
particularly critical at high power settings.

e Using a fuel that has too low an octane number (anti-knock rating).
e EXxcessive compression pressures.

Pre-ignition on the other hand, occurs when the fuel/air mixture ignites out of sequence
or before the plug sparks. It may be caused by abnormal hot spots or deposits within
the combustion chamber. Pre-ignition results in more heat and less power being
produced by the power stroke and greater pressure in the combustion chamber. If pre-
ignition happens while the piston is still on the compression stroke it may cause
detonation and the piston may attempt to reverse direction and engine rotation. In this
case a shock wave can be felt, which if severe enough will cause mechanical damage.

An excessively lean mixture causes higher temperatures and makes the engine more
susceptible to detonation i.e. the margin between normal combustion and detonation is
reduced. When running lean, a misfiring spark plug, a build up of carbon or an inlet
manifold air leak can instigate detonation and engine damage can become inevitable.
Detonation can initiate engine damage that progresses with usage of the engine. The
initial undetectable damage may later manifest itself in a total failure of the engine. In
extreme cases detonation can result in combustion pressures and temperatures
exceeding the material limits of the mechanical parts of the engine e.g. the pistons,
valves and connecting rods.
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It should be noted that both detonation and pre-ignition are complex matters depending
on a number of factors. It is a fact that either can occur in one or more cylinders
without being manifested in the others.

Mixture Leaning

Normally the fuel/air mixture in an aircraft engine can be leaned when operating at
higher altitudes (i.e. low density altitudes) or low power settings, when the
temperatures and cylinder pressures are lower. During cruise, the mixture can be
leaned to increase economy and range. Generally, this is accomplished by leaning the
mixture until there is a drop in RPM (due to excessive leaning). The mixture is then
made richer until the RPM is restored to its original value and on the cooler side of
maximum cylinder head temperature. If the mixture is set too lean, cylinder head
temperatures rise. The degree of leaning requires caution and cylinder head
temperatures should be monitored while doing so. This however requires suitable
instrumentation that was not fitted to EI-BHT. Further aids that can be used in this
process are exhaust gas temperatures and fuel flow (used in conjunction with a suitable
graph). The fuel/air mixture should be always set slightly to the rich side of maximum
cylinder head temperature. Without any of these aids leaning will be problematic and,
if attempted, may well lead to excessive leaning, high engine temperatures and
ultimately detonation.

Seat Belt Design Certification

The aircraft was certified under Part 23 of the Federal Aviation Regulations (FAR),
Amendment No. 23-16, Section 23.785 (see Appendix C), which stated:

(G) Each occupant must be protected from head injury by—
(1) A safety belt and shoulder harness that will prevent the head from contacting any
injurious object;
(2) A safety belt plus the elimination of any injurious object within striking radius of
the head; or
(4) A safety belt plus and energy absorbing rest that will support the arms,
shoulders, head and spine.

This regulation has since been superseded but the current requirements of FAR Part 23,
Section 23.785, seatbelt design do not differ materially from the earlier version
according to which this aircraft was originally certified.

Continuing Airworthiness Record

The maintenance records were obtained from the maintenance organisation concerning
the event on 18 February 2007. These stated that no oil or fuel leak was found but that
the brushes on one of the magnetos were replaced and the magnetos retimed. A spark
plug was found inoperative and a minor exhaust gasket leak was discovered. Cylinder
compression tests were conducted and were satisfactory. Following rectification and
ground runs the aircraft was test flown and released to service. However, there was no
record of the event or its subsequent rectification in either the aircraft or engine
logbook.
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The Investigation noted that although the scheduled periodic maintenance and
associated additional work had been accurately recorded in the aircraft’s logbooks there
was no record of other defects. The Investigation visited the establishment that had
owned the aircraft and found that a daily record was kept of each individual flight
conducted, which was later aggregated into a daily total in the aircraft airframe and
engine logbooks. Any minor aircraft defect was entered into this daily record and was
subsequently rectified during the normal scheduled maintenance periods. Major
defects grounded the aircraft until rectified. However, procedures did not entail
entering a defect into the logbooks at any stage, which the establishment stated it liked
to keep clean. It understood that this was acceptable procedure and had not
encountered any problem regarding this matter when renewing its C of A with the IAA.

S.I. No. 324 of 1996, IAA (Airworthiness of Aircraft) Order, 1996, Article 22
subparagraph (2) states, inter alia:

“The operator of an aircraft shall keep in respect of that aircraft log books or
equivalent records of a form and in a manner approved by the Authority ...."

Sub paragraph (3) of that Article 22 gives the duration for which these records must be
retained. The Investigation has found that although the General Aviation in Ireland is
required to keep a record of aircraft defects and maintenance, the general practice is not
to enter those defects into aircraft logbooks. In addition, if the aircraft is subsequently
sold, the record of defects and their subsequent rectification might not be transferred
with the aircraft, as in this case.

Useful or Effective Investigation Techniques

Not applicable.

ANALYSIS
General

The weather was suitable for the VFR flight and was not a factor in this accident as
visibility was good and the wind was light. Adequate fuel was on board the aircraft for
the intended flight. An initial engine power loss was reported by the Pilot, which
escalated to an eventual engine failure. Witnesses reported the sound of a labouring
engine, which stopped, restarted for a couple of seconds and stopped again some
seconds prior to impact. One witness reported that the Pilot made an unsuccessful
attempt to restart it. During the subsequent forced landing, the aircraft was observed to
attempt a turn when its nose dropped and the aircraft impacted the ground in a steep
nose down attitude. Subsequent examination of the accident site and wreckage
indicated that the aircraft rotated 90° immediately after impact.

The flaps were found extended and the airspeed indicator read 52 kts'. The outer
section of the left wing was crumpled and bent upwards. The Pilot was fatally injured
and the Passenger suffered serious injuries.

The analysis therefore discusses the engine failure, the subsequent forced landing and
survival aspects of the accident.

> A frozen airspeed on its own is not necessarily indicative of the precise airspeed at impact.
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Engine Failure

General

Witnesses reported that the engine had stopped prior to impact. This was confirmed by
the examination of the accident site, which revealed that the propeller showed no signs
of significant rotation at impact. Subsequent to the accident the fuel selector was found
in the “on” position. The ignition switch, which had been on, had been switched off by
the helicopter pilot.

In the later engine teardown, conducted by the Investigation, a large segment of No. 2
inlet valve head was found in cylinder No. 4. The valve head itself had suffered radial
cracking and guttering. No. 3 inlet valve head was found to be in a similar condition.
Other than the damage caused by the valve failure the Investigation considers that the
engine appeared to be in an acceptable mechanical condition before the accident. The
exhaust valves were found in a normal condition. The exhaust valves are of a different
material and construction to the inlet valves and are therefore more heat resistant and
consequently can be more tolerant of some abnormal combustion conditions.

The Investigation also found that the pistons and combustion chambers did not have an
excessive carbon build-up and, as the pistons and cylinders conformed to manufacturer
specification, excessive combustion pressures are not considered to be a factor.
Similarly, the Investigation is of the opinion that the plugs were originally in good
condition. As the magnetos were properly set, incorrect ignition during the last 90
hours of engine operation is considered unlikely. No evidence was found of an air leak
in the inlet manifold and therefore excessive leaning due to this cause was excluded.
Because the carburettor was damaged in the accident its operation and calibration could
not be verified, however the two undamaged inlet valves indicated that it was probably
not a factor as otherwise damage could be expected on the other inlet valves.

Engine Failure Sequence

The initial cracking and guttering in the No. 2 inlet valve progressed to the point where
a significant portion of the valve head departed, thus opening the compression chamber
to the inlet manifold. Consequently, power was no longer available from that cylinder.

Having broken off, the segment of No. 2 inlet valve was “hammered” by the piston
against the cylinder head for a number of cycles. It was then ejected through the inlet
valve duct down into the inlet manifold by pulsating pressure, generated by the piston
and blowback through the broken valve head. From there, it transferred to the No. 4
inlet duct where it oscillated for some time, scoring that duct, before being ingested up
into cylinder No. 4 where again it was “hammered” between the cylinder head and the
piston causing significant indentations to both, and further power loss. In the
meantime, it is probable that the pressure pulsations leaking through the broken No. 2
inlet valve affected the airflow and fuel/air mixture distribution in the inlet manifold
leading to the other cylinders.

It is likely that this imbalance resulted in an over rich mixture and sooty deposits in
cylinder No. 1 and an over lean mixture and very high temperature oxidising
environment in cylinder No. 4, hence the grey colour of its piston and the metallic
deposits on its spark plug. This may explain the observed variation in condition and
colouration.
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It is also possible that the spark plug in the open cylinder No. 2 ignited some of the
fuel/air mixture in the inlet manifold. If this were so, it could result in misfiring and
further power loss and possible stoppage of the engine.

It is clear that the combination of the failure of No. 2 inlet valve and consequent gas
flow disruption resulted in the power loss reported by the Pilot and the misfiring sounds
and eventual stoppage of the engine, as reported by the witnesses and manifested by the
ground imprint of a propeller not under power at initial impact.

Inlet Valve Damage Evaluation

The results of the first evaluation, by an independent laboratory, were inconclusive and
therefore the relevant engine components were sent to the Engine Manufacturer for
further examination. Here the components were tested for engineering specifications
and metallurgical composition. The components tested were found to be within
engineering and metallurgical specifications with the exception of stretching of the No.
3 inlet valve.

The Engine Manufacturer’s Report (Section 1.16.2) suggested that detonation or pre-
ignition may have played a role and concluded that the most likely scenario was that
detonation or pre-ignition induced localized damage, leading to initiation of radial
cracks on the valve head, due to hoop stresses. The report indicated that the radial
cracks probably grew under the combined influence of thermal and mechanical fatigue
until a section of the valve’s head separated after two radial cracks joined to form a
chordal crack.

The Investigation notes that the Engine Manufacturer and the Facility both agreed that
the radial cracking and subsequent guttering was caused by overheating of the No. 2
and 3 inlet valves.

Additional Inlet VValve Damage Evaluation

Following the later discovery of the engine event of the 18 February 2007, the engine
parts were then sent for examination at a third Facility, whose report disagreed with the
Engine Manufacturer’s conclusions. This Facility was of the view that unacceptable
valve seating had allowed hot gases to flow under the outer edge of the inlet valves thus
causing localised overheating. It was therefore possible that localised overheating
could have created hotspots, thus inducing pre-ignition. However, the Engine
Manufacturer subsequently disagreed saying that most inlet valve cooling comes from
the air/fuel gas inflow and that this reduces the likelihood of inlet valve overheating. It
accepted that the seating profiles on the damaged valves were not correct but stated that
this may have been due to in service exposure.

Regarding the engine event of the 18 February 2007, the Facility was of the opinion
that incorrect valve lapping had caused an initiating event and that the earlier event was
unrelated to the later inlet valve failure. However, the Engine Manufacturer disagreed
saying that it considered that the earlier event was significant as it provided evidence
that improper engine operating conditions had a role in the valve failure.
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The Investigation notes that an incorrect valve angle was found on No. 3 inlet valve,
which had suffered severe radial cracking around the rim of the valve head. The
Facility deduced from shadowgraph examination that the seat angle on No. 2 valve was
probably similar to that of No. 3. However it was not possible to measure the valve
angle, as the valve stem had been removed and the valve head sectioned during an
earlier examination. In addition, No. 2 inlet valve head had lost a significant portion of
its circumference when the segment broke off. The Investigation considers that there is
a possibility that the relief of hoop stresses, and the release of strain, in the rim of the
valve head, resulting from the radial cracking, and the loss of the large segment in one
case, may have caused distortion of the valve in the area of the lap angle, thereby
giving rise to the incorrect angle.

This possibility is supported by three observations. Firstly, there is no dulling or
blunting of the valve at the point of contact noted as Point A in the Facility Report (ref
Appendix B). It would be expected that this would occur if the valve head was making
only point contact with the valve seat, as opposed to contact over the area of the lap
angle. Secondly, if the valve was only making single point contact with the valve seat,
a corresponding “witness” ring mark should be present on the valve seat, again at Point
A, but this was not was found. Finally, if only point contact was being made between
the valve and the seat, combustion by-products should be present over the area of the
lap angle, Area B in Appendix B. None were found. The foregoing suggests that the
observed incorrect valve angles could have resulted from the radial cracking and not
from a manufacturing error. It is also possible that the observed elongation of 0.001
inch, in the overall length of inlet valve No 3, also resulted from distortion of the valve
head, again arising from release of hoop strains.

Although the engine subsequently operated satisfactorily for almost 90 hours
(4,135.62 — 4,045.65) after the event of the 18 February 2007, a slow progressive
growth of fatigue cracks and guttering during this period cannot be ruled out. It is also
possible that there may have been hot spots in the engine following initial damage to
the inlet valves and that carbon flakes from combustion products became embedded in
the radial cracks, as identified by the Engine Manufacturer. Following the fracture of
No. 2 inlet valve head with the consequential damage to both No. 2 and No. 4 pistons
and combustion chambers, it is probable that there were hot spots and likely that
conditions for pre-ignition existed only for a short period, thus giving rise to the sounds
that the witnesses reported.

The beach marks in the valve head fatigue fracture in Photo No. 6 indicate that the
crack growth was over a significant number of fatigue cycles during previous flights.
However, it was not possible to determine the timescale involved. Therefore, the
Investigation, although of the opinion that detonation or pre-ignition were likely
initiating factors that caused inlet valve overheating, was unable to determine which, or
when the initial damage might have occurred.

The Investigation notes that a number of different pilots operated the aircraft after the
replacement of the cylinder heads, before and after the change of ownership. In
addition, it is probable that ground running of the engine was carried out on occasion.
The Investigation is therefore unable to determine the circumstances in which an
initiating detonation or pre-ignition could have been caused by operational over-
leaning.

27



2.2.5

2.3

FINAL REPORT

Records

The engine had accumulated 107.42 hours since the cylinder assemblies (and inlet
valves) were renewed. Therefore, if detonation damaged the valves, it occurred during
that period. Although a flying school had owned and operated the aircraft for
approximately 77 hours after top overhaul, generally an experienced instructor would
have accompanied an inexperienced student. The flying school informed the
Investigation that they had no record of engine detonation or overheat problems
subsequent to the cylinder assemblies being changed nor was there any aircraft logbook
record of such problems during the circa 30-hour ownership of the aircraft by the Pilot.

The Investigation notes that there was no record in either the engine or aircraft logbook
of any technical defect occurring during the history of the aircraft, although the
Investigation has evidence from the ATC report of the 18 February 2007 of an engine
defect causing the pilot to declare an emergency. The Investigation therefore cannot be
confident that no other significant engine events occurred.

The Investigation is satisfied that the practice of not recording defects in General
Aviation aircraft logbooks is widespread and found a similar issue in a recent fatal
accident (see AAIU Report 2010-009). The Investigation is of the opinion that this
practice is unwise and that defects and their subsequent rectification should be recorded
in logbooks, thus providing a continuous and accurate service history of the aircraft. It
also notes that the documentation associated with the defect rectification of the aircraft
is generally not transferred with the aircraft, as the work has been carried out by a
maintenance organisation. Thus, as in this case, no record later appears of significant
events in the aircraft’s history. Accordingly, a Safety Recommendation is issued to the
IAA requesting that it reviews its airworthiness requirements with regard to keeping a
record of defects and their subsequent rectification, as specified in S.1. No. 324 of 1996
Article 22.

Airworthiness

The Investigation found that the C of A of the aircraft had expired during the week
prior to the accident. Furthermore, as an annual inspection was due on 17 April 2008,
the C of A effectively lapsed when this inspection was not completed. However,
records show that the Pilot continued to operate the aircraft subsequent to the expiry of
the Certificate. Had the annual inspection been completed it is possible that the
required compression test may have detected damage to the inlet valve.

A time adjustment to flight hours in the aircraft’s logbook (minus 81.76 hours) on 22
October 2007 was not explained in the logbook. As the Pilot flew the aircraft from the
home base of the training school to EIKN, it is likely this was the date that the Pilot
acquired the aircraft.

The Pilot kept a personal log of his flying on the aircraft, which recorded the Hobbs
reading on that date at 4,024.12 hours. It is therefore likely that the alteration was done
to align the aircraft hours with the Hobbs reading. Such alterations are incorrect as the
Hobbs meter does not record engine hours precisely, but rather an approximation
derived from engine revolutions, hence this resulted in the logbook under reading.
However, this time inaccuracy is not considered a factor in the occurrence.
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The Aircraft Technician (Section 1.1.5) stated that he had assisted the Pilot in
performing a 50-hour inspection on the aircraft and that the Pilot had said that he was
entitled to sign off the inspection. The IAA informed the Investigation that it had not
granted the Pilot approval and he was therefore not entitled to sign off this inspection.
Furthermore, this 50-hour inspection should have been part of an annual inspection and
was required to be carried out by an approved organisation and therefore the Pilot was
not authorised to carry it out.

However, UK CAP 411 LAMS A/1999, on which IAA approval was based, allowed a
pilot owner to sign off a 50-hour check. This documentation found with the aircraft’s
logbooks, contained evidence that maintenance was being conducted according to that
schedule. Had the aircraft been UK and not Irish registered the Pilot would have been
approved to sign off a 50-hour check and there may have been some confusion in the
Pilot’s mind regarding this matter, especially since he had a UK pilot licence.
However, this shows the potential errors that can arise when the 1AA adopts a foreign
system (in this case the LAMS schedule) but makes local changes as to how the
schedule should be implemented. As Aeronautical Notice A.12 issue 9, has been
superseded by Issue 11 the Investigation is of the opinion that the possibility of
confusion should no longer arise and consequently makes no Safety Recommendation
in this regard.

The Aircraft Technician also said that they could not open the oil filter, as required, but
that the Pilot had said that he would cut it open later. This filter was later found
unopened and, when opened and examined by the Investigation, no evidence of
metallic deposits was found. The impending failure of the inlet valve would not have
manifested itself with metallic deposits in the oil, since these particles would have been
ejected through the exhaust system. Consequently, the Investigation is satisfied that the
unchecked filter was not a factor in the engine failure.

Forced Landing

An engine failure in itself should normally result in a successful forced landing,
assuming there is a suitable location available to land in and that the pilot is adequately
trained and maintains proficiency in this exercise. In this case, although the Pilot was
experienced, the nature of the terrain together with very small farm fields resulted in
few options being available and consequently a decision was made to attempt to return
to the EIKN. In addition, a progressive power loss with eventual engine failure can be
very deceptive. This may initially result in a pilot attempting to return to the airport.
However, as power is progressively lost so too are options, especially if altitude cannot
be maintained. Thereafter the locations where a forced landing can be successfully
conducted become progressively fewer and the time for assessing those locations less.
A gradual engine failure is therefore quite deceptive, especially if the aircraft gets low
during the approach.

In this case, the forced landing, which resulted from the engine failure, was attempted
in terrain that was a combination of forestry, bog and small fields. The local fields are
typically 1 to 2 acres and the field selected by the Pilot was one of the largest available
in the area and appeared large enough to land in. However, although the northern and
eastern sections of the field were elevated, the field sloped both to the south and west
from roughly half way.
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Therefore, the usable portion of the field, from the point of view of a forced landing,
was less than half the field size. When viewed from a height it is unlikely that the Pilot
would have been able to detect this. In addition, the grass covered, disused sandpit in
the southern slope would probably only have been seen from a low height and
immediately before landing.

It is possible that the Pilot had selected another large field to the north of the accident
site as one witness thought. However, when the engine stopped the approach was made
towards the accident field, possibly at the engine failure speed of 63 kts. The final
approach of the aircraft was on an easterly heading, towards the centre of the field.
Immediately before landing and, possibly just as the flare was commencing, the Pilot,
now at a lower speed, would have been confronted with a short but significant upslope,
which would have required a rapid pull back on the elevators. Although the stalling
speed of the aircraft with flaps extended was 47 kts, a sharp pull back would increase
this substantially due to increased manoeuvring loads.

The helicopter pilot and a witness driving by stated that the aircraft appeared to be
trying to turn when its nose dropped. It is possible that the Pilot was trying to avoid the
sandpit depression. It is also possible that, as the aircraft was susceptible to a wing
drop during a stall, a sharp pull back precipitated a stall, which resulted in the left wing
dropping and the appearance of a turn before the aircraft’s nose dropped to the ground.
Irrespective of these possibilities, the aircraft finally stalled into the depression at a low
speed, as evidenced by the final reading of the airspeed indicator (52 kts).

Although the stall warning circuit breaker was found in the tripped position following
the accident, the Investigation noted that another circuit breaker was also found tripped.
The Investigation is of the opinion that both these circuit breakers tripped due to the
impact or impact damage and that the stall warning was probably operative prior to
impact.

Witnesses reported that the Pilot attempted to start the engine at a late stage during the
landing, but that this was not successful. Attempting to restart an engine, although a
natural reaction, is generally not advisable in the latter stages of a forced landing
because it is a serious distraction when the objective is to position the aircraft for a safe
landing. This requires completing the forced landing checks, evaluating the field
surface and maintaining an appropriate speed and flight path. Such requirements tend
to absorb the full attention of a pilot who, if distracted, may allow the aircraft become
too low or too slow. Alternatively, if the engine restarts, even briefly, then the planned
forced landing profile is no longer achieved. This can then place the aircraft too high to
continue with the forced landing and if the engine subsequently fails the aircraft will be
poorly positioned for a successful forced landing.

Survival Aspects

The seatbelts fitted each consisted of a lap strap and a single diagonal (over-one-
shoulder strap). The shoulder straps for both occupants were connected from a single
common attachment point, above and between the seats, to the individual seatbelt
buckles. Thus in the left (Pilot) seat the shoulder strap came over the right shoulder
whereas in the right (Passenger) seat the strap came over the left shoulder. Both
occupants were found wearing their lap strap and diagonal shoulder strap at impact.
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Although the seatbelt of the Passenger had been cut, this was probably done by the
emergency services in freeing the casualty from his attached seat belt. Therefore, the
Investigation considers that the seatbelt was intact at impact and that the seats and
seatbelt restraint system functioned as per design and did not fail. The seatbelt design
criteria were in accordance with FAR Amendment No. 23-16, Section 23.785, which
required that “Each occupant must be protected from head injury by” a “safety belt and
shoulder harness that will prevent the head from contacting any injurious object”.

Due to the dynamics of the accident, the aircraft rotated 90° clockwise after the initial
impact. In addition, since the outer section of the left wing was crumpled and bent
upwards, it is likely that the 90° clockwise rotation was left wing low and fast. As a
result, both occupants were thrown to the left, with the Pilot’s upper body being thrown
out of his diagonal shoulder strap whereas the Passenger’s upper body was more
securely restrained by his diagonal shoulder strap. The centre of the left hand door
window had a circular hole at the same level as the head of a seated pilot indicating that
the Pilot’s head contacted the window.

The damage to the left hand door latch receiver was consistent with the door having
been forced outwards by the body of the Pilot. In addition, the outside of the fuselage
was bloodstained aft of the left door indicating that this happened during the accident
sequence and before the aircraft came to rest. The Investigation believes that the rapid
clockwise rotation of the aircraft on impact caused the upper torso of the Pilot to
emerge from its diagonal restraint strap and then flail. Consequently, the injuries
suffered by the Pilot were fatal.

The Passenger, in the left hand seat also wore a similar diagonal seatbelt, but over the
other shoulder. He survived although with serious injuries. The fact that the Passenger
survived, and the Pilot did not, was a matter of chance i.e. it depended on the direction
the aircraft rotated after impact relative to over which shoulder the seatbelt was worn.

Because of the violent yaw that can accompany an impact rotation, the single diagonal
type of shoulder harness does not provide the same level of protection for the aircraft’s
occupants as the four-point harness type that crosses over both shoulders. During this
slow speed accident, the level of protection for the Pilot provided by his seatbelt
restraint system was insufficient due to impact rotation. In this particular case, the
Investigation believes that the Pilot would have probably survived had he been wearing
a four-point harness.

As the seatbelt restraint system did not adequately restrain the Pilot, the Investigation is
therefore of the opinion that its design and certification standard may be inadequate and
that it should be reviewed accordingly. The Investigation notes that the current
requirements of FAR Part 23, Section 23.785 seatbelt design do not differ materially
from the earlier version according to which this aircraft was certified.

Previous AAIU investigations have also noted the higher level of injury associated with
the use of two or three point harnesses. Consequently, this Investigation is of the
opinion that the use of four point harnesses would reduce the level of impact injury in
many General Aviation accidents and two Safety Recommendations are made to that
effect.
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CONCLUSIONS

(a) Eindings

1. The aircraft suffered an inlet valve failure, which caused the engine to fail.

2. Aforced landing was attempted in difficult terrain following engine failure.

3. The aircraft stalled during the attempted forced landing, impacted nose down and
rotated 90°.

4. Radial cracking and guttering was found on both No. 2 and No. 3 inlet valve heads
during the engine teardown.

5. A segment of No. 2 inlet valve head had fractured, migrated to cylinder No. 4,
contaminating that cylinder and disturbed inlet gas flow to all cylinders.

6. The damage to the inlet valves was caused by overheating of the valve heads.

7. The initiating cause of damaged inlet valves could not be positively determined.

8. The Certificate of Airworthiness of the aircraft had expired 7 days before the
accident.

9. An annual inspection due the month before the accident was not accomplished.

10. With regard to carrying out the 50-hour inspection it is probable that the Pilot was
unaware of the further Irish regulatory requirements imposed in addition to those
required by the UK CAA LAMS.

11. Although a previous engine related event had occurred it was not recorded in the
aircraft’s engine logbook.

12. The Pilot’s injuries were exacerbated by the failure of the single diagonal seatbelt
harness to restrain him adequately during impact rotation.

(b) Probable Cause
Fracture of cylinder No. 2 inlet valve head caused a progressive in-flight engine
failure and resulted in an unsuccessful forced landing.

(c) Contributory Factors

1. The local topography was not conducive to a successful forced landing.

2. The selected field had an undulating surface that would have been difficult to
detect from the air.

3. The single diagonal seatbelt harness failed to restrain the Pilot adequately during

the impact.
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SAFETY RECOMMENDATIONS

It is recommended that:

1

The Irish Aviation Authority reviews how aircraft defects and their rectification are
recorded in aircraft logbooks. (IRLD2011002)

That the European Aviation Safety Agency (EASA) should review the certification
requirements for light aircraft with a view to requiring four point harnesses to be
fitted to cockpit seats in order to increase survivability. (IRLD2011003)

That the Federal Aviation Administration (FAA) should review the certification
requirements for light aircraft with a view to requiring four point harnesses to be
fitted to cockpit seats in order to increase survivability. (IRLD2011004)
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Appendix A

Inlet valve seat inserts (Facility’s photograph)

34



FINAL REPORT

Appendix B

Valve Seat Insert Contact (Facility’s drawing)
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Appendix C

FAR PART 23—AIRWORTHINESS STANDARDS: NORMAL, UTILITY,
ACROBATIC, AND COMMUTER CATEGORY AIRPLANES

Subpart D—Design and Construction

Personnel and Cargo Accommodations

23.785 Seats, berths, litters, safety belts, and shoulder harnesses.

There must be a seat or berth for each occupant that meets the following:

(a) Each seat/restraint system and the supporting structure must be designed to support
occupants weighing at least 215 pounds when subjected to the maximum load factors
corresponding to the specified flight and ground load conditions, as defined in the
approved operating envelope of the airplane. In addition, these loads must be multiplied
by a factor of 1.33 in determining the strength of all fittings and the attachment of—

(1) Each seat to the structure; and

(2) Each safety belt and shoulder harness to the seat or structure.

(b) Each forward-facing or aft-facing seat/restraint system in normal, utility, or
acrobatic category airplanes must consist of a seat, a safety belt, and a shoulder harness,
with a metal-to-metal latching device, that are designed to provide the occupant
protection provisions required in §23.562. Other seat orientations must provide the
same level of occupant protection as a forward-facing or aft-facing seat with a safety
belt and a shoulder harness, and must provide the protection provisions of §23.562.

(c) For commuter category airplanes, each seat and the supporting structure must be
designed for occupants weighing at least 170 pounds when subjected to the inertia
loads resulting from the ultimate static load factors prescribed in §23.561(b)(2) of this
part. Each occupant must be protected from serious head injury when subjected to the
inertia loads resulting from these load factors by a safety belt and shoulder harness,
with a metal-to-metal latching device, for the front seats and a safety belt, or a safety
belt and shoulder harness, with a metal-to-metal latching device, for each seat other
than the front seats.

(d) Each restraint system must have a single-point release for occupant evacuation.

(e) The restraint system for each crewmember must allow the crewmember, when
seated with the safety belt and shoulder harness fastened, to perform all functions
necessary for flight operations.

() Each pilot seat must be designed for the reactions resulting from the application of
pilot forces to the primary flight controls as prescribed in §23.395 of this part.

(9) There must be a means to secure each safety belt and shoulder harness, when not in
use, to prevent interference with the operation of the airplane and with rapid occupant
egress in an emergency.

(h) Unless otherwise placarded, each seat in a utility or acrobatic category airplane
must be designed to accommodate an occupant wearing a parachute.

(i) The cabin area surrounding each seat, including the structure, interior walls,
instrument panel, control wheel, pedals, and seats within striking distance of the
occupant's head or torso (with the restraint system fastened) must be free of potentially
injurious objects, sharp edges, protuberances, and hard surfaces. If energy absorbing
designs or devices are used to meet this requirement, they must protect the occupant
from serious injury when the occupant is subjected to the inertia loads resulting from
the ultimate static load factors prescribed in §23.561(b)(2) of this part, or they must
comply with the occupant protection provisions of §23.562 of this part, as required in
paragraphs (b) and (c) of this section.
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(1) Each seat track must be fitted with stops to prevent the seat from sliding off the
track.

(K) Each seat/restraint system may use design features, such as crushing or separation
of certain components, to reduce occupant loads when showing compliance with the
requirements of §23.562 of this part; otherwise, the system must remain intact.

(I) For the purposes of this section, a front seat is a seat located at a flight crewmember
station or any seat located alongside such a seat.

(m) Each berth, or provisions for a litter, installed parallel to the longitudinal axis of the
airplane, must be designed so that the forward part has a padded end-board, canvas
diaphragm, or equivalent means that can withstand the load reactions from a 215-pound
occupant when subjected to the inertia loads resulting from the ultimate static load
factors of §23.561(b)(2) of this part. In addition—

(1) Each berth or litter must have an occupant restraint system and may not have
corners or other parts likely to cause serious injury to a person occupying it during
emergency landing conditions; and

(2) Occupant restraint system attachments for the berth or litter must withstand the
inertia loads resulting from the ultimate static load factors of §23.561(b)(2) of this part.
(n) Proof of compliance with the static strength requirements of this section for seats
and berths approved as part of the type design and for seat and berth installations may
be shown by—

(1) Structural analysis, if the structure conforms to conventional airplane types for
which existing methods of analysis are known to be reliable;

(2) A combination of structural analysis and static load tests to limit load; or

(3) Static load tests to ultimate loads.

[Amdt. 23-36, 53 FR 30813, Aug. 15, 1988; Amdt. 23-36, 54 FR 50737, Dec. 11,
1989; Amdt. 23-49, 61 FR 5167, Feb. 9, 1996]
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Appendix D

Abbreviations

AVGAS Aviation gasoline

CAA Civil Aviation Authority

Cof A Certificate of Airworthiness

EIKN Ireland West Airport Knock

EIWT Weston Aerodrome

ESE East southeast

FAR Federal Aviation Regulations

hPa Hectopascals or a unit of atmospheric pressure

IAA Irish Aviation Authority

JAA Joint Aviation Authorities

LAMS Light Aircraft Maintenance Schedule for Aircraft

MAYDAY The international call for help used with voice radio transmission
when an aircraft is in serious danger.

LH Left hand

PAN A VHF radio transmission made by a pilot to express a degree of
urgency on board an aircraft, but that there is no immediate danger to
the aircraft or anyone on board.

PPL Private Pilot’s Licence

SE Southeast

UTC Coordinated Universal Time

VFR Visual Flight Rules

—END -
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