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Foreword

This safety investigation is exclusively of a technical nature and the determination of the
AAIU regarding the circumstances of this occurrence and its probable causes will be
contained in the Final Report.

In accordance with the provisions of Annex 13? to the Convention on International Civil
Aviation, Regulation (EU) No 996/2010% and Statutory Instrument No. 460 of 20093,
safety investigations are in no case concerned with apportioning blame or liability. They
are independent of, separate from and without prejudice to any judicial or
administrative proceedings to apportion blame or liability. The sole objective of this
safety investigation is the prevention of accidents and incidents.

Accordingly, itis inappropriate that AAIU Reports should be used to assign fault or blame
or determine liability, since neither the safety investigation nor the reporting process
has been undertaken for that purpose.

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

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

Investigation.

2 Regulation (EU) No 996/2010 of the European Parliament and of the Council of 20 October 2010 on the

investigation and prevention of accidents and incidents in civil aviation.
3 Statutory Instrument (SI) No. 460 of 2009: Air Navigation (Notification and Investigation of Accidents, Serious
Incidents and Incidents) Regulations 2009.




AAIU Report No: 2024-006

State File No: IRL00924023
Report Format: Preliminary Report

Published: 28 August 2024

This Investigation is being conducted in accordance with Annex 13 to the Convention on
International Civil Aviation, Regulation (EU) No 996/2010 and the provisions of SI No.
460 of 2009. This Preliminary Report contains information known at this time and does
not contain analysis or conclusions. This information is therefore subject to change and
may subsequently be found to contain errors; any errors in this Report will be corrected

in the Final Report.

Aircraft Manufacturer:

Model:

Registration:

State of Registry:
Serial Number:

Year of Manufacture:
Type of Operation:
Date and Time (UTC)*:
Location/Position:
Persons on Board:
Injuries:

Nature of Damage:

Investigator-In-Charge:

Bell Textron Canada Ltd

Jet Ranger X, 505

N57NC

United States

65319

2020

Flight Training

30 July 2024 @ 14:25 hrs

Killucan, Co. Westmeath, Ireland

Crew -2 Passengers — Nil
Crew — 2 (fatal) Passengers — Nil

Helicopter Destroyed

Paul Farrell

4 UTC: Co-ordinated Universal Time. All times in this report are quoted in UTC unless otherwise stated; local time
was UTC plus one hour on the date of the accident. The flight data described in this Report contained a field that
indicated that the time values in the recorded data are offset from UTC by plus one hour.
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PREAMBLE

An Instructor and Student were on board the Helicopter at the time of the accident. For
helicopter flight training, the instructor is seated in the left seat and the student in the right
seat.

The Student commenced helicopter flight training on 1 July 2022 at an Approved Training
Organisation (ATO) based at Weston Aerodrome (EIWT), which was completed on 17 June
2024. Subsequently, he completed a skills test for a Private Pilot Licence (PPL) Helicopter (H)
on 25 June 2024. The Pilot’s PPL (H), which contained a rating on the Robinson 44 (R44)
helicopter type, wasissued on 25 July 2024. During the training period, he acquired the subject
Helicopter, which was delivered from Malta to Ireland on 24 June 2023. The Helicopter, which
was originally on the Maltese aircraft register as 9H-NIN, was re-registered on the United
States register as N57NC on 20 July 2023.

On 27 July 2024, the Helicopter was listed on the ATO’s fleet of aircraft. The Investigation
established that the Student wished to complete a type rating on the subject Helicopter which
was to be facilitated by the ATO. According to the ATO, following completion of the type rating
on the subject Helicopter, the Student intended to fly with three other pilots who would also
receive training on the subject Helicopter. Training for all pilots was scheduled to commence
on Monday, 29 July 2024.

As none of the other pilots, or the Student, were qualified on the subject Helicopter type, an
EASA-qualified Flight Instructor (hereafter referred to as the Instructor) was contracted to
conduct training. The Instructor arrived in Ireland on Sunday, 28 July 2024. The following
morning, one of the other pilots collected the Instructor from his hotel and brought him to
EIWT, where they arrived at approximately 07:00 hrs. That morning, the Instructor underwent
an induction course with one of the ATQ’s senior pilots. Following the induction course, the
Instructor met with the cohort of trainees, including the Student.

During Monday, 29 July 2024, one of the trainees flew with the Instructor on two training
flights followed by the Student, who also completed two training flights with the Instructor.
The EIWT Control Tower log indicates that flying concluded at approximately 17:50 hrs.

The following morning, which was the day of the Accident, the Student collected the Instructor
and brought him to EIWT, arriving there at approximately 08:00 hrs. The Student and the
Instructor completed a 44-minute flight in the Helicopter, departing at 08:49 hrs and returning
at 09:33 hrs. Following this flight, the Instructor completed a training flight with one of the
other trainees who had not flown on the previous day. This flight lasted approximately 40
minutes. Subsequently, that trainee said that he witnessed the Instructor briefing the Student
on Exercise 3 of the ATO’s approved training syllabus. This exercise includes ‘autorotations’,
which are manoeuvres that simulate an engine failure in flight in which the engine is
disengaged from the main rotor disc and the rotor blades are driven solely by the upward flow
of air through the rotor.



NOTIFICATION AND RESPONSE

The AAIU Inspector-On-Call (I0OC) was advised of the accident by Shannon Air Traffic Control
(ATC) at 14:36 hrs. A team of Inspectors of Air Accidents deployed to the site and an
Investigation was commenced.

HISTORY OF THE FLIGHT

The Helicopter, a Bell 505 Jet Ranger X, with a Student and an Instructor on board, departed
Weston Airport (EIWT) at 13:58 hrs for a training flight, which was to be part of a number of
flights to prepare the Student for a type rating skills test on the Bell 505 helicopter type.

The Helicopter proceeded generally westwards, and five manoeuvres, which appear to have
been practice autorotations, were carried out. At approximately 14:25 hrs, while operating in
the vicinity of Killucan, Co. Westmeath, and during what appears to have been a sixth practice
autorotation, the Helicopter impacted with the surface of an agricultural field. It then travelled
forwards at a height sufficient to clear a boundary fence and impacted with a gable wall of an
agricultural building. The Helicopter came to rest, in a nose-down orientation, in the wall and
the roof of the building. Both occupants were fatally injured. There was no fire.

INJURIES TO PERSONS

Emergency services personnel recovered the two fatally injured crew members from the
Helicopter wreckage where it appears that they had been restrained by their seat belts. They
were subsequently removed to hospital for post-mortem examinations, the results of which
are awaited by the Investigation.

FLYING EXPERIENCE

On 17 June 2024, the Student had completed just over 100 hours of flying time as part of his
PPL (H) course; all of these hours were on a Robinson 44 helicopter. On 25 June 2024, he
completed a further two hours on a Robinson 44, as part of his successful skill test with an
examiner. The Investigation was advised that the Student had also completed three flights on
the accident Helicopter prior to the accident flight. These flights, totalling two hours and 53
minutes, comprised two flights on Monday 29 July 2024, the day before the accident, of one
hour and four minutes, and one hour and five minutes duration; and one flight of 44 minutes
duration on the morning of Tuesday, 30 July 2024, the day of the accident.

The Instructor held a Part-FCL Flight Crew Licence issued by the Civil Aviation Authority of the
Czech Republic. The licence ‘Rating, certificate endorsement’ details are set out in
Table No. 1.



4.1

Rating, certificate endorsement Testdate  Valid until
Bell 206 26/06/2024 20/06/2025
Bell 505 26/06/2024 20/06/2025
Bell 407 26/06/2024 20/06/2025
R44 12/02/2024 31/03/2025
R22 15/08/2023 20/09/2024
R66 31/05/2024 31/05/2025
FI(H) 28/07/2022 31/08/2025

Table No. 1: Ratings and certificate endorsements from the Instructor’s licence

The Instructor’s Flying Experience is outlined in Table No. 2.

5,253 hours 14 minutes
325 hours 56 minutes
300 hours 00 Minutes (approx.)
79 hours 12 minutes
18 hours 42 minutes (3:36 hours on type)
5 Hours 08 minutes®

Total all types:
Total on type:
Total on type P1:

Last 90 days:
Last 28 days:
Last 24 hours:

Table No. 2: Instructor’s Flying Experience

The Instructor held an Examiner Certificate, issued by the Civil Aviation Authority of the Czech
Republic on 22 December 2022, which was valid until 31 March 2025; this certificate
authorised the Instructor to act as an examiner on R22, R44, R66, Bell 206, Bell 407 and Bell
505 helicopter types.

The Instructor’s last medical examination was on 20 April 2024, which included a routine
electrocardiogram and audiogram. The Pilot’s Class 1 (single pilot commercial operations
carrying passengers) medical certificate was valid until 3 November 2024.

HELICOPTER INFORMATION

General

The Bell 505 Jet Ranger X is a single engine rotorcraft, designed to take-off and land with a
maximum internal gross weight of 1,669 Kg (3,680 Ibs). It is capable of carrying up to four
passengers plus a pilot (five total occupants) and may be flown from either crew seat with the
approved dual control kit installed. The subject Helicopter was fitted with dual controls. It has
a two-bladed main rotor, rotating counter-clockwise (viewed from above) and a two-bladed
tail rotor. Main rotor flight controls are hydraulically assisted.

The Bell 505 utilises a Garmin G1000H integrated avionics system, which includes dual display
units for flight, navigation, propulsion, instrumentation and the Caution and Warning system.
The Garmin G1000H also provides communication, GPS Navigation, and a Mode S
transponder.

5> These figures are based on EIWT Control Tower logs for six flights (prior to the Accident flight); these figures
have not been added into the 28-day and 90-day totals extracted from the Pilot’s logbooks.



4.2

4.2.1

4.2.2

4.2.3

4.3

Flight Controls

There are three main flight controls in a helicopter — they are the collective pitch control, the
cyclic pitch control, and the antitorque pedals or tail rotor control. Effective manoeuvring of a
helicopter requires the co-ordination of the movements of the cyclic, collective, and anti-
torque pedals.

Collective Pitch Control

A collective pitch control (or simply ‘collective’) is located on the left side of each of the two
front seats. As the collective pitch control is raised, there is a simultaneous and equal increase
in pitch angle of all main rotor blades; as it is lowered, there is a simultaneous and equal
decrease in pitch angle. Changing the pitch angle on the blades changes the angle of attack of
each blade. With a change in blade angle of attack comes a change in drag, which affects the
speed or revolutions per minute (rpm).

In order to maintain a constant main rotor speed, measured in revolutions per minute (rpm),
which is essential in helicopter operations, a proportionate change in power is required to
compensate for the change in drag. On the subject Helicopter this change in engine power (as
the collective pitch lever was moved) is accomplished by collective pitch position Control
System Software (CSS) which is designed to provide fast responses to rotor load variations by
varying the engine speed.

Cyclic Pitch Control

A cyclic pitch control (or simply ‘cyclic’) projects upward from the cockpit floor, between each
pilot’s legs. This primary flight control allows the pilot to fly the helicopter in any direction of
travel: forward, rearward, left, and right. The rotor disk tilts in the same direction the cyclic
pitch control is moved.

Antitorque Pedals

A two-bladed tail rotor is fitted to the left side of the tail section to counteract the torque of
the main rotor. The antitorque pedals, located on the cabin floor in front of each seat, control
the pitch and therefore the thrust of the tail rotor blades.

Helicopter Engine

The Helicopter was fitted with a Safran (Turbomeca) Arrius 2R engine, which is a twin-spool,
free-turbine, turboshaft engine with a single stage centrifugal compressor, an annular reverse
flow combustion chamber, a single stage power turbine, and a single stage gas generator
turbine. It is equipped with a Full Authority Digital Engine Control (FADEC).

On the subject Helicopter, a ‘Fly/Idle’ switch is fitted to each collective lever. The idle position
is used during starting and causes the engine to run at approximately 63% of the nominal
power turbine speed (NP). When ‘Fly’ is selected on either switch, the CSS increases the NP to
104%, and anticipation logic is automatically provided by an airframe-mounted collective pitch
transducer which is mechanically linked to the collective pitch lever.



For practising an autorotation in flight, the ‘Idle’ mode is selected on both switches and this
reduces available engine power, while a freewheeling unit disconnects the engine from the
main gear box.

4.4 Airworthiness Certification
The Helicopter was issued with an FAA Standard Airworthiness Certificate on 31 July 2023.

Certification issued on 22 April 2024 itemised various maintenance inspections, Helicopter
Manufacturer Technical Publications, US and Canadian Airworthiness Directives (ADs), EASA
ADs, and other ADs and Service Bulletins that had been accomplished.

5. AUTOROTATION

Flight training for all aircraft includes training pilots to respond appropriately to an engine
failure in flight; in the case of single-engine helicopters, the technique that is taught is called
an ‘autorotation’.

In a helicopter, an autorotative descent is a power-off manoeuvre in which the engine is
disengaged from the main rotor disc and the rotor blades are driven solely by the upward flow
of air through the rotor (Figure No. 1). In other words, the engine is no longer supplying power
to the main rotor.

Figure No. 1: Comparison of main rotor airflow during normal flight and autorotation (FAA)

At the instant of a real or practised engine failure, the main rotor blades are producing lift and
thrust from their angle of attack (AOA) and velocity. By lowering the collective (which must be
done immediately in case of an actual or simulated engine failure), lift and drag are reduced,
and the helicopter begins an immediate descent, thus producing an upward flow of air
through the rotor disk. This upward flow of air through the rotor disc is sufficient to maintain
rotor rpom throughout the descent. Since the tail rotor is driven by the main rotor transmission
during autorotation, heading control is maintained with the antitorque pedals as in normal
flight.



The rate of descent in an autorotation is controlled with airspeed and rotor rom. Higher or
lower airspeed is obtained with the cyclic pitch control just as in normal powered flight. Rotor
rpm is controlled using the collective. A shallow pitch increases the rpom, whereas an increase
in pitch reduces the rpm. Rotor rpm is a critically important parameter for all helicopter
operations and helicopters will not fly below a certain rotor rpm. If rotor rpm falls below a
certain rpm, it will stall.

At zero airspeed, the rate of descent is high during autorotation and decreases to a minimum
at approximately 50-60 knots (kt), depending upon the particular helicopter type. As the
airspeed increases beyond that which gives minimum rate of descent, the rate of descent
increases again.

When landing from an autorotation, the only energy available to arrest the descent rate and
ensure a soft landing is the kinetic energy stored in the rotor blades. As the helicopter
approaches the ground (or the specified height for the auto rotation) the pilot pulls up the
collective. A greater amount of rotor energy is required to stop a helicopter with a high rate
of descent than is required to stop a helicopter that is descending more slowly. Therefore,
autorotative descents at very low or very high airspeeds are more critical than those
performed at the minimum rate of descent airspeed.

During practice autorotations, engine power is restored by moving either one of the Fly/Idle
switches to ‘Fly’.
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6. ACCIDENT SITE

The field in which the Helicopter initially impacted was bounded by wire fencing,
approximately 1.2 metres (m) high, at both ends; there was no evidence of impact with either
of these wire fences (Figure No. 2).

Wire Fences

Figure No. 2: Schematic of accident site with representative dimensions

The Investigation conducted a detailed survey of the accident site. It was noted that the tail
section of the Helicopter was still loosely attached (by a wiring loom and the tail rotor pitch
change control cables) but fractured and bent away from the airframe. The rotor head and
main rotor blades remained attached but were badly damaged. There was no evidence of a
fuel leak. The Investigation did not find any evidence that the main rotor blades had impacted
the ground or the structure of the Helicopter.



WRECKAGE EXAMINATION

The wreckage was recovered to the AAIU’s wreckage facility at Gormanston, Co, Meath, for
further examination.

A representative of the French national Safety Investigation Authority the Bureau d'enquétes
et d'analyses pour la sécurité de I'aviation civile (BEA), an advisor from the France-based
Engine Manufacturer, and an advisor from the Canada-based Helicopter Manufacturer,
attended the AAIU’s wreckage examination facility, to assist the Investigation in the
examination of the recovered wreckage.

No pre-impact anomalies were observed in any airframe components during the wreckage
examination and all observed fractures were consistent with overload forces occurring at
impact. All components were accounted for. At the request of the AAIU, the BEA
representative brought the Helicopter’s FADEC with him on his return to France where the
BEA will supervise, on behalf of the Investigation, the download of data from the unit.

The cockpit doors separated from the fuselage and were located with the main wreckage.
Pieces of fuselage and aft doors were scattered in the direction of flight from ground impact
to the building. The right landing skid detached at the main impact point and was observed to
be deformed, having splayed outward and fractured. The left skid remained attached to the
fuselage; the skid cross bars were driven upwards into fuselage structure. The Cockpit and
cabin were deformed, and both pilot seats and the right passenger seat had stroked?®.

The cockpit plexiglass was completely shattered. The cockpit/cabin survivable space appeared
to be largely uncompromised. The two Garmin cockpit screens appeared intact. Two SD cards
were removed from the left screen; the cards were copied, and the associated data files were
downloaded (Section 8). The engine switch was observed in the Start/Run, position and the
hydraulics, battery, generator, and anti-collision light switches were all observed in their
respective ‘On’ positions.

The left side (Instructor) seat ‘Fly/Idle’ switch was observed in the ‘Fly’ position and right side
(Student) switch was in the ‘Idle’ position. When actuated, the switches displayed normal
behaviour, and clicked into/out of position with no abnormal breakout force noted. The
cockpit controls (cyclic, collective, and pedals) were noted to have continuity to the bottom
of the control closet where all controls rods had fractured in overload. The Pedals, when
actuated, moved the control cables to the point where they had fractured at the aft fuselage.

When the fuel cell filler cap was opened, a distinct smell of jet fuel was noted, and a small
amount of fuel was visible in the bottom of the tank. The engine was observed to have
separated from the main and tail rotor drive shafts. There was no evidence of power loss or
engine malfunction prior to impact. The engine oil tank and associated pipelines remained
attached and intact and engine oil was present. The freewheeling unit (FWU) housing was
fractured away from the engine. The FWU rotated correctly.

6 Stroking Seats: Crew and passenger seats that are designed to deform downwards when subject to significant
vertical loads such as during a helicopter accident. The deformation (stroking) absorbs energy with the intention
of reducing impact loads experienced by the seat occupant.



Several hydraulic lines were fractured, and hydraulic fluid release was evident in the
wreckage. The Hydraulic servos for the main rotors were all present and normal in
appearance.

The main rotor mast was fractured at the transmission. The main rotor swashplates and
controls remained attached, but the left cyclic control rod had fractured. The main rotor
remained attached post impact. Both main rotor blades remained generally intact at the
accident site but were subsequently cut for wreckage recovery purposes.

The tailboom was loosely attached to the fuselage by the intact tail rotor cables and a wiring
loom. The top two mounting points of the tailboom had torn straight through the top surface
of the tail boom. The bottom two mounting points has also separated, but with distortion of
the surrounding structure, and the bottom ‘lip’ of the tail boom, between the lower
attachment points, had been deformed in a downwards direction. The horizontal stabiliser
remained attached to the tailboom. Tail rotor driveshaft covers were intact — when removed,
all tail rotor segments were present, remained attached and rotated freely. The tail rotor
gearbox had separated from the drive shaft and fractured away from its mounts in overload.
Both tail rotor blades were severely damaged, and a large portion of one blade had separated
(and was recovered by the Investigation near to the first ground impact). When the remainder
of the tail rotor blades was rotated (by hand, about their pitch axis) the input quill to tail rotor
gearbox was observed to rotate (as expected). The pitch of the remainder of the tail rotor
blades could be adjusted by hand. The tail rotor gearbox chip detector was noted as clean
when inspected. The lower half of the tail fin (beneath the tail rotor) was found to have
fractured in overload and was recovered at the initial impact site. The tail rotor gearbox
vibration absorber was noted to be intact.

8. RECORDED DATA

As outlined in Section 4.1, the Helicopter was equipped with an avionic suite that included
fully integrated Garmin G1000H™ flight deck with twin 10.4” LCD screens. Each of the Garmin
screens incorporates two slots for Secure Data (SD) cards, and the screen installed on the left
had two such cards installed. The Garmin system records a range of parameters at one second
intervals (one Hertz). The SD card data was successfully downloaded by the AAIU. The first
entry for the accident flight is at time 14:50:20 (formatted as HH:MM:SS), while the first
recording with accurate GPS data is at time 14:52:02. These times were one hour ahead of
UTC time, and a column in the data indicates this one hour offset. Hereafter in this Report,
timings will be quoted in UTC.

The Helicopter lifted off at approximately 13:59 hrs. The time of the recording that coincides
with the accident location was at time 14:24:54.

The aircraft’s path throughout the flight as extracted from the downloaded data is shown in
Figure No. 3.



'Accident Site

Figure No. 3: Flight path of the Helicopter (in white) during the accident flight

Examination of the data indicates that having departed EIWT and proceeded in a generally
westward direction, roughly following the M4 Motorway, the Helicopter carried out five
autorotation manoeuvres (Figure No. 4, AR 1 to AR 5). The accident appears to have occurred
during a sixth autorotation manoeuvre (Figure No. 4, AR 6).

Image © 2024 CNES fAifbus
Image © 2024 Maxar Technologies,

Figure No. 4: Locations of autorotation manoeuvres
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9. WITNESSES

The Investigation spoke with many witnesses who had either contacted the AAIU directly, or
who had been notified to the AAIU by An Garda Siochana. Each witness had seen and/or heard
the Helicopter during the accident flight, although none of the witnesses had actually
observed the final moments of the Helicopter’s flight. Witnesses variously described seeing
the Helicopter descending rapidly as if to land before climbing away again; several described
hearing the Helicopter’s engine going quiet and then becoming loud again. The descending
and climbing manoeuvres are consistent with autorotation training, while the variation in
engine sound is consistent with the Helicopter operation alternating between the ‘Idle’ and
‘Fly’ modes when initiating and completing autorotations.

It was reported by personnel who first arrived on scene that it appeared from sounds heard
that the Helicopter’s engine may still have been running.

10. METEOROLOGICAL INFORMATION

Met Eireann, the Irish meteorological service, was asked to provide an estimation of the
weather conditions prevailing in the Killucan area at the time of the accident. Details from the
report received are reproduced in Table No. 3.

WYY ol T[] YT [ [ HI High pressure gives a light and variable airflow over
Ireland.

Surface Wind: Varying between west and northeast, 3-7 kt
Wind at 2,000 feet (ft): North to northeast, 5-10 kt
Surface to 300 ft: Similar to surface

Visibility: ‘ 40 kilometres (km)

Weather: ‘ Dry and sunny

Cloud: Few (1-2/8%™%) fair weather clouds with bases between
3,500 and 4,000 ft

Surface LE G EETT-H 19 degrees Celsius
Dew Point: 11 degrees Celsius

(VEET I -E R T (YAl 1019 Hectopascals (hPa)
Pressure:

Freezing Level: ‘ 12,000 ft

Table No. 3: Weather conditions in the Killucan area at the time of the occurrence

11. ONGOING INVESTIGATION

The Investigation is ongoing, and a Final Report will be published in due course.



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

A safety recommendation shall in no case create a presumption of blame or liability for an occurrence.

An Roinn Iompair
Department of Transport

Air Accident Investigation Unit,
Department of Transport,
Leeson Lane,

Dublin 2,

DO2TR60,

Ireland.

Telephone: +353 1 804 1538 (24x7)
Email: info@aaiu.ie

X (formerly Twitter): @AAIU_Ireland




	PREAMBLE
	NOTIFICATION AND RESPONSE
	1. HISTORY OF THE FLIGHT
	2. INJURIES TO PERSONS
	3. FLYING EXPERIENCE
	4. HELICOPTER INFORMATION
	4.1 General
	4.2 Flight Controls
	4.2.1 Collective Pitch Control
	4.2.2 Cyclic Pitch Control
	4.2.3 Antitorque Pedals

	4.3 Helicopter Engine
	4.4 Airworthiness Certification

	5. AUTOROTATION
	6. ACCIDENT SITE
	7. WRECKAGE EXAMINATION
	8. RECORDED DATA
	9. WITNESSES
	10. METEOROLOGICAL INFORMATION
	11. ONGOING INVESTIGATION

