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Foreword

This safety investigation is exclusively of a technical nature, and the Final Report reflects
the determination of the AAIU regarding the circumstances of this occurrence and its
probable causes.

In accordance with the provisions of Annex 13 to the Convention on International Civil
Aviation, Regulation (EU) No 996/20102 and Statutory Instrument No. 460 of 20093,
safety investigations are in no case concerned with apportioning blame or liability. They
are independent of, separate from and without prejudice to any judicial or
administrative proceedings to apportion blame or liability. The sole objective of this
safety investigation and Final Report is the prevention of accidents and incidents.

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

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

1 Annex 13: International Civil Aviation Organization (ICAO), Annex 13, Aircraft Accident and Incident
Investigation.
2 Regulation (EU) No 996/2010 of the European Parliament and of the Council of 20 October 2010 on the
investigation and prevention of accidents and incidents in civil aviation.
3 Statutory Instrument (SI) No. 460 of 2009: Air Navigation (Notification and Investigation of Accidents, Serious
Incidents and Incidents) Regulations 2009.
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In accordance with Annex 13 to the Convention on International Civil Aviation, Regulation
(EU) No 996/2010 and the provisions of Sl 460 of 2009, on 30 July 2024 the Chief Inspector of
Air Accidents appointed Paul Farrell as the Investigator-in-Charge to carry out an
Investigation into this Accident and prepare a Report.

Operator: National Flight Centre

Manufacturer: Bell Textron Canada Ltd

Model: Bell 505 Jet Ranger X

State of Registry: United States

Registration: N57NC

Serial Number: 65319

Pilot’s Licence: Part-FCL Commercial Pilot Licence, issued by the Civil Aviation
Authority of the Czech Republic

Pilot’s Age: 47 years

Location: Near Killucan, Co. Westmeath, Ireland

Date/Time (UTC)*: 30 July 2024 @ 14:25 hrs

SYNOPSIS

At approximately 14:25 hrs on 30 July 2024, while operating in the vicinity of Killucan, Co.
Westmeath, with an Instructor and a Student on board, control of the Helicopter was lost at
a low altitude during a sixth practice autorotation. The Helicopter impacted with the surface
of an agricultural field, then travelled forwards and impacted with a gable wall and roof of
an agricultural building, where it came to rest in a nose-down attitude. Both occupants were
fatally injured. There was no fire.

The Investigation determined that the probable cause of the accident was a loss of control
during a practice autorotation (with power recovery) manoeuvre; three contributory causes
were also identified.

Four Safety Recommendations are made as a result of this Safety Investigation.

4UTC: 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.
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NOTIFICATION AND RESPONSE

The AAIU Inspector-On-Call (I0C) 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.

The AAIU issued an accident notification to the state of Helicopter Design and Manufacture
(Canada), the state of Registration (United States), and the state of Engine Design and
Manufacture (France); each state appointed an Accredited Representative (ACCREP), each of
whom was assisted by advisors with relevant expertise.

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 is seated in
the right seat.

The Student commenced a course of initial helicopter flight training on 1 July 2022 at an
EU-Approved Training Organisation (ATO) based at Weston Aerodrome (EIWT); this training
was completed on 17 June 2024. Subsequently, the Student 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, was issued on 25 July 2024, five days prior
to the accident flight. During the time when he was completing this initial helicopter flight
training course, he acquired the subject Helicopter, which was delivered from Malta to Ireland
on 24 June 2023.

The Investigation established that the Student wished to complete a type rating on the subject
Helicopter, which was to be facilitated by the ATO. On 24 July 2024, the Helicopter was listed
on the ATO’s fleet of aircraft in a document that was submitted to the IAA, titled ‘LIST OF
AIRCRAFT/FSTDs [Flight Simulation Training Devices] DEPLOYED FOR FLIGHT INSTRUCTION —
as of date [27 July 2024]' . According to the ATO, once the type rating on the subject Helicopter
was complete, the Student intended to fly with one or other of three pilots, each of whom
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 sourced by the
ATO to conduct the 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
completed the ATO’s Flight Instructor induction process. Following the induction course, the
Instructor met with the cohort of trainees, including the Student.

During Monday, 29 July 2024, one of the other 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 on that day.
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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 IAA-approved Bell 505 training syllabus. This exercise
includes ‘autorotations’ (Section 1.18.1), 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 as the helicopter descends.
Autorotations which culminate in the re-engagement of engine power are referred to as
practice autorotations with power recovery, which is what was being carried out on the
accident flight. Exercise 3 required both ‘straight-in’ autorotations and ‘180 autorotations to
be performed.

FACTUAL INFORMATION
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 helicopter type.

The Helicopter proceeded generally westwards, and five manoeuvres, which appear to have
been practice autorotations, were carried out (Figure No. 1). 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, control of the Helicopter was lost at a low altitude, and it
impacted with the surface of an agricultural field. It then travelled forwards at a height
sufficient to clear a boundary fence (approximately 1.2 metres high) and impacted with a
gable wall and roof, 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.
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Figure No. 1: Flight path and locations of autorotation (AR) manoeuvres
Injuries to Persons

First responders entered the agricultural building and cut the front seat-belt harnesses to
release each occupant. The occupants were then evacuated to a nearby staging point. A
doctor, who attended the scene, declared that each occupant had been fatally injured. The
injuries information for this accident is set out in Table No. 1.

Injuries Passengers Others
Fatal 2 0 0
Serious 0 0 0
Minor /None 0 0

Table No. 1: Injuries to Persons
Damage to Aircraft
The Helicopter was destroyed. There was no fire.
Other Damage
There was minor damage to the surface of the agricultural field where the Helicopter first

impacted. There was significant damage to the wall and roof of the agricultural building where
the Helicopter came to rest.
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Personnel Information

Instructor

The Instructor held a European Union Part-FCL Commercial Pilot Licence issued by the Civil
Aviation Authority of the Czech Republic. The licence ‘Rating, certificate endorsement’ details
are set out in Table No. 2.

Rating, certificate endorsement Test date Valid until
Bell 206 26/06/2024 30/06/2025
Bell 505 26/06/2024 30/06/2025
Bell 407 26/06/2024 30/06/2025
R44 12/02/2024 31/03/2025
R22 15/08/2023 30/09/2024
R66 31/05/2024 31/05/2025
FI(H) 28/07/2022 31/08/2025

Table No. 2: Ratings and certificate endorsements from the Instructor’s licence

The CAA of the Czech Republic informed the Investigation that in the case of extension of the
registered qualifications for Bell 206, 407 and 505 helicopters (on 26 June 2024), the relevant
examiner proceeded in accordance with the provisions of FCL.740.H> (a)(4), which stated:

‘When applicants hold more than 1 type rating for single-engine turbine helicopters with

a maximum certificated take-off mass up to 3 175 kg, they may achieve revalidation of

all the relevant type ratings by completing the proficiency check in only 1 of the relevant

types held, provided that they have completed:

(i) 300 hours as PIC on helicopters;

(ii) 15 hours on each of the types held; and

(iii) at least 2 hours of PIC flight time on each of the other types during the validity
period.

The proficiency check shall be performed each time on a different type’.

Records provided to the Investigation by the CAA of the Czech Republic show that on
30 September 2022, the Instructor completed a proficiency check on a Bell 505 helicopter; on
25 June 2023, the Instructor completed a proficiency check on a Bell 407 helicopter; and, on
26 June 2024, the Instructor completed a proficiency check on a Bell 206 B Il helicopter.

The Instructor’s Flying Experience is outlined in Table No. 3.

5 The Investigation notes that the text of FCL.740.H was modified on 24 July 2024 by Commission Implementing
Regulation (EU) 2024/2076; however, the change is not material to this Investigation.
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Total all types: 5,253 hours 14 minutes

Total on type: 325 hours 56 minutes

Total on type P1: 300 hours 00 Minutes (approx.)

Last 90 days: 79 hours 12 minutes

Last 28 days: 18 hours 42 minutes (3:36 hours on type)
Last 24 hours: 5 Hours 08 minutes®

Table No. 3: 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 (Section 1.18.3).

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

The ATO informed the Investigation that its Chief Flight Instructor (CFl) Helicopter (H) was
introduced to the Instructor by a representative of the Helicopter Manufacturer who was
based in Europe. The ATO stated that the Instructor was an EASA’ Helicopter Flight Instructor,
an EASA Helicopter Flight Examiner, and was also the Managing Director of an aviation
company in the Czech Republic which was an EASA-approved ATO, with approval for the
provision of training on B206, B407, B505, R22, R44 and R66 helicopter types. The ATO stated
that it did not have a contract in place with either the Instructor or his company. The ATO said
that it ‘onboarded’ the Instructor. This onboarding involved the Instructor completing the
ATO'’s Flight Instructor induction process on the morning of the 29th of July 2024, before the
Instructor began instructing the trainees.

Student

By 17 June 2024, the Student had completed just over 100 hours of flying time as part of his
PPL (H) course; all of which were on a Robinson 44 piston-engine 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.

6 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.

7 Although European Flight Crew Licences (FCLs), and European Approved Training Organisations (ATOs) are
based on ‘EU’ certifications, colloquially these are often referred to as ‘EASA’ certifications; in this report, when
others used the term EASA instead of EU, the report has adopted that text for reading convenience.
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1.6.1

1.6.2

1.6.2.1

Aircraft 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 (a total of five occupants) and may be flown from either crew seat with
the approved dual control kit installed. It is equipped with a Safran Arrius 2R free-turbine
turboshaft engine, which produces 522 Shaft Horsepower (SHP) (389 kiloWatts (kW)) at take-
off power and 476 SHP (355 kW) at maximum continuous power. The engine is fitted with a
Dual Channel Full Authority Digital Engine Control (FADEC) with an Auxiliary Control Unit (ACU)
back-up system. The helicopter has a two-bladed main rotor, rotating counterclockwise
(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 a Caution and Warning System.
The Garmin G1000H also provides communication, GPS Navigation, and a Mode S
transponder.

The subject Helicopter, serial number 65319, was manufactured in September 2020 and was
fitted with dual controls.

According to the records available to the Investigation, the Helicopter was first registered in
Canada as C-GUEU on 21 September 2020. Subsequently, on 18 November 2020, the
Helicopter began flying under the Maltese registration 9H-HIN. On 20 July 2023, the Helicopter
was re-registered on the US register as N57NC.

Flight Controls

There are three main flight controls in a helicopter — they are the collective pitch control, the
cyclic pitch control, and the anti-torque pedals for tail rotor control. Effective manoeuvring of
a helicopter requires co-ordinated movement of these flight controls.

Collective Pitch Control

A collective pitch control/lever (or simply ‘collective’) is located on the left side of each of the
two front seats. As the collective pitch lever is raised, there is a simultaneous and equal
increase in pitch angle of all main rotor blades and provided that there is sufficient engine
power, the helicopter will climb/increase speed; as the lever 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. In order to maintain a constant main rotor speed, 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 is 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.
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1.6.2.2 Cyclic Pitch Control

A cyclic pitch control/stick (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 stick is moved.

1.6.2.3 Anti-torque 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 anti-torque pedals, located on the cabin floor in front of each seat, control
the pitch and therefore the thrust of the tail rotor blades.

1.6.3 Helicopter Engine Controls

On the subject Helicopter, each collective pitch lever is fitted with a two-position switch which
the Flight Manual terms the ‘THROTTLE’, and which is also often referred to as an ‘IDLE/FLY’
switch. The IDLE/FLY switch positions are designated ‘/DLE’ and ‘FLY’. During helicopter start-
up, both IDLE/FLY switches are set to the ‘IDLE’ position, and once started, the engine will idle
at 63 +1% NP (power turbine speed). When ‘FLY" is selected on either switch, the CSS increases
the NP to 104%, at which time the main rotor speed (NR) and power turbine speed (NP)
needles will be matching and indicating 104%.

In flight, the normal configuration is that the IDLE/FLY switch on the collective pitch lever for
the pilot flying is selected to ‘FLY’, while the other IDLE/FLY switch is selected to ‘IDLE’. For
control transfer, the pilot taking control of the helicopter will select their IDLE/FLY switch to
‘FLY’, and a caution will illuminate to remind the pilot who is relinquishing control to select
their IDLE/FLY switch to ‘/DLE’.

For practice autorotations, the flying pilot’s IDLE/FLY is switched to ‘/DLE’ (meaning that both
switches are then at ‘IDLE’). The effect of selecting the ‘IDLE’ mode for a practice autorotation
is to reduce the engine power available to drive the helicopter’s rotor system. A Freewheeling
Unit (FWU) is mounted between the engine and the main gearbox. Once ‘IDLE’ is selected, the
collective pitch lever is lowered to its lowest position, and the helicopter begins to descend
while the main rotor assembly is rotated by the up flow of air through it. The rotating main
rotor also drives the tail rotor drive system.

Following the autorotation manoeuvre, the IDLE/FLY switch is re-selected to ‘FLY’. The
Investigation was informed by a student who flew with the Instructor that for practice
autorotation drills, the Instructor would give the student a verbal countdown from five and
then lean across and move the student’s IDLE/FLY switch to ‘/DLE’ while announcing
‘Autorotation!’.
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1.6.5

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

Certification issued by the maintenance organisation (Section 1.17) 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 during the maintenance activity.

Technical Logbook

A technical logbook was one of a number of documents recovered at the accident site. These
recovered documents had been damaged in the impact sequence and soaked in firefighting
foam during the emergency response phase. The Investigation recovered and dried these
damaged documents.

One of the recovered documents (Photo No. 1) was a single A4 maintenance forecast page
which identified, inter alia, that the next maintenance due on the Helicopter was ‘FAA
AD2024-02-55" and ‘Bell 25 flight hours inspection’ at flight time ‘504.0’, with a ‘1000 landing
cycles inspection’ due when a total of 1,000 landings was reached. The Investigation was
informed that the maintenance forecast page had been prepared and placed in the Helicopter
by the ATO.
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Photo No. 1: Recovered maintenance forecast page

The maintenance forecast page contained a highlighted, centred notice which cautioned not
to ‘overfly’ (exceed) the scheduled maintenance times/dates and also contained a request to
‘Please Document Flights in Techlog’.

The first page of the technical logbook, as recovered, was page serial number 0303, and the
only entries on that page were the ‘Totals brought forward from Last SRP [Sector Record
Page]’, which included ‘Flight Time’ 479.4, and ‘Engine Cycles’ 683. Page 0303 did not contain
details of any flights. One certificate was attached to the page which was, signed by an FAA-
approved signatory, stated:

‘I have found that this rotorcraft, Bell Textron Canada Ltd, model 505, msn 65319, Reg
N57NC, meets the requirements for the certificates requested and have issued a
Standard Certificate of Airworthiness in Normal Category, dated 31 Jul 2023.

Next inspection due @ 20 Jul 2024 / 564,9 hrs.’
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1.6.7

The previous Technical logbook page, serial number 0302, was provided to the Investigation
in a folder titled ‘Bell 505, Maintenance Records, N57NC. The totals that appeared on page
0303 matched those to be carried forward from page 0302. The opening totals on page 0302
were ‘Flight Time' 464.9, and ‘Engine Cycles’ 676. Page 0302 was dated ‘20/07/2023 to
11/04/2024’ and did not contain details of any flights. Five certificates were attached to page
0302. Each certificate was signed and dated 22/04/2024 and each quoted the Helicopter’s
hours as 479.4. The certificates related to maintenance release, publications compliance,
Airworthiness Directive (AD) compliance (EASA, US and Canadian), and various ADs and
Service Bulletins (SBs).

Technical logbook page serial number 0301 was also provided to the investigation in the ‘Bell
505, Maintenance Records, N57NC folder. Page 0301 was dated ‘31/07/2023’. The opening
totals on the page were ‘Flight Time’ 464.9, and ‘Engine Cycles’ 676.

Other Maintenance Records

The ATO provided the Investigation with several folders containing technical documentation,
the majority of which referred to the Helicopter under its earlier Maltese registration, 9H-NIN.
Two of the folders contained helicopter log record sheets which itemised the details of each
flight of the Helicopter since it was registered in Malta in 2020. At the time of registration in
Malta, the Helicopter had amassed 4.6 hours of flight time under its earlier Canadian
registration, C-GUEU.

Flights in Ireland prior to ATO Operations

The Investigation contacted a pilot, hereafter referred to as the pilot/broker, who had
brokered the Student’s purchase of the Helicopter. This pilot/broker had accompanied a
Maltese-based pilot who had completed the Helicopter’s delivery flight from Malta to Ireland.
The pilot/broker provided the Investigation with details which he had kept in a spreadsheet
of flights that he had carried out on the Helicopter, in Ireland, between its arrival and the time
that the Helicopter was placed on the Operator’s ATO. This pilot/broker informed the
Investigation that the spreadsheet was for his own use only; he also informed the Investigation
that it was his understanding that the ATO oversaw the completion of the flight logs.

The information provided by the pilot/broker indicated that, in the period in question, the
Helicopter had completed 16 flights totalling 17.7 hours. The Student had accompanied this
pilot on three of those flights:

° On 27 October 2023 for 125 minutes, described as ‘Level Flight’, originating and
concluding at EIWT.

° On 11 December 2023 for 116 minutes, described as ‘Cross Country’, originating
and concluding at EIWT.

° On 29 March 2024 for 47 minutes, described as ‘West’, originating and concluding
at EIWT.

The Investigation notes that a publicly available flight tracking app records approximately
40 events for the Helicopter in the same period.



1.6.8 Potential for Collective Pitch Control Blockage

On 3 September 2024, the Investigation was contacted by one of the ATO’s instructors. This
instructor had received a message from one of the Helicopter Manufacturer’s pilots, based in
Europe, who was qualified on the Bell 505 type. The Manufacturer’s pilot wanted the ATO’s
instructor to inform the Investigation that he, and others, had, on occasion, experienced
mechanical interference with the correct movement of the collective pitch lever if a control
box fitted to the headset cable became trapped between the collective pitch lever and the
friction control knob.

The Investigation asked the Helicopter Manufacturer’s advisor to the Transportation Safety
Board of Canada (TSB) ACCREP to contact the pilot in question and ascertain exactly what his
concern was. On 4 September 2024, the Investigation was informed that the pilot in question
recalled that when he started to fly the Bell 505 helicopter, a pilot headset control box became
stuck between the collective lever and the collective lever friction control knob (while on the
ground), and that it was not possible to move the collective pitch lever upwards to lift-off. He
said that he had enquired within the Bell 505 pilot community and found that ‘quite a lot of
pilots’ had experienced the same blockage issue, although no one had officially reported it.

The Helicopter Manufacturer’s advisor to the TSB Canada ACCREP initially informed the
Investigation that the Helicopter Manufacturer’s Air Safety Investigators were not familiar
with the headset control box blockage issue. Subsequently, a 25 April 2019 ‘Information
Letter’ was identified which stated, inter alia, ‘It was brought to Bell’s attention that the
headset cord furnished with the [brand named] headset is unnecessarily too long to manage
from tangling or interfering with the flight controls’.

Searches of the TSB database did not not find any occurrences that identified the pilot headset
control box as an issue. Similarly, Transport Canada did not find any reports related to the
headset control box in its Service Difficulty Report database.

On 11 September 2024, the Investigation communicated with the Helicopter Manufacturer,
explaining that the Investigation was of the opinion that this potential safety issue should be
the subject of immediate safety action by both Bell Helicopters and Transport Canada, and
that urgent consideration needed to be given to issuing comprehensive information to the
aviation community.

On 13 December 2024, the Helicopter Manufacturer informed the Investigation that it was
assessing if the issue was a specific Bell 505 issue, or a broader one. The Helicopter
Manufacturer stated that cockpit management of potential Foreign Object Debris (FOD) is an
ongoing concern as addressed in its Information Letter of 25 April 2019. It stated that its
Training Academy emphasises cockpit management, including specifically cord management,
in every course, particularly on the Bell 505. The Helicopter Manufacturer said that it
continues to monitor the issue, but it does not have any documented reports of this issue
becoming a serious hazard and does not have any causal factors in any previous mishap
referring to it.

The Investigation sought to simulate the condition that had been reported, whereby the
headset control box could become trapped between the collective pitch lever and the friction
control knob. A simulation of such a condition, viewed from above, is shown in Photo No. 2.
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Photo No. 2: Simulated blockage of collective lever, viewed from above

The Investigation examined the control box from the headset that was likely being worn by
the Student (in the right hand seat) and noted that the control box, and a battery located in
the right side tail rotor pedal floor area, exhibited damage (Photo No. 3). White-coloured
traces were noted on the control box and on the damaged (compressed) battery.
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Photo No. 3: Damaged headset control box and battery (compressed)

The Investigation removed the protective boot from the collective pitch lever, and the friction
control knob. These items, along with the damaged control box and battery were packaged
individually and sent to a laboratory for examination using Scanning Electron Microscopy and
X-Ray Microanalysis. No evidence of battery chemicals was found on either the protective
boot or on the friction knob.

During this Investigation, some members of the Investigation team had occasion to examine
a helicopter manufactured by a different manufacturer which was equipped with the same
model of headset as the accident Helicopter. It was noted that the other helicopter had
headset control box controller mounts/cradles installed using Velcro strips on the sides of the
pilot seats and the rear wall of the passenger cabin. Such an arrangement meant that in flight,
the control boxes could be accessed for adjustment while the control box itself was secured
in a location to prevent it from migrating and potentially causing a blockage. The Investigation
contacted the person that supplied the headsets for use in the accident Helicopter. He
informed the Investigation that he had never seen these headset mounts/cradles and that he
was very surprised because although he had bought 24 such headsets, he had never been told
about the headset mounts/cradles nor had he seen them on the headset manufacturer’s
website.

1.7 Meteorological Information
Met Eireann, the Irish meteorological service, was asked to provide an aftercast 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. 4.
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Meteorological Situation: High pressure gives a light and variable airflow
over Ireland.

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

Visibility: 40 kilometres (km)

Weather: Dry and sunny

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

Surface Temperature: 19 degrees Celsius
Dew Point: 11 degrees Celsius

W EERREER RVER O ARSI B 1019 Hectopascals (hPa)

Freezing Level: 12,000 ft

Table No. 4: Estimated conditions in the Killucan area at the time of the occurrence
Aids to Navigation
Not applicable
Communications

The Helicopter was in contact with the control tower at EIWT to obtain clearances to start up
and to depart from EIWT. No emergency or distress calls from the Helicopter were recorded
on any of the operating frequencies.

Aerodrome Information

Weston Airport (EIWT) is located eight nautical miles (hnm) west of Dublin at an elevation of
155 ft. The airport has one runway which is 924 m long, 23 m wide, and is designated as 07/25.
EIWT is in Class ‘C" airspace, known as the ‘Weston Area of Responsibility’ or AOR. During
opening hours, Weston Airport’s control tower provides an Air Traffic Control Service for the
Weston AOR.

Flight Recorders

Neither a Flight Data Recorder nor a Cockpit Voice Recorder was fitted, nor was either
required to be. Each of the Garmin screens incorporated two slots for Secure Data (SD) cards,
and the screen installed on the left had two such cards installed. These cards recorded a range
of parameters at one second intervals (one Hertz (Hz)). 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 are quoted in UTC.



The Helicopter Manufacturer informed the Investigation that a 5 Hz maintenance log which
would have significantly more parameters than the 1 Hz log, was available within the non-
volatile memory of the screen installed on the left of the cockpit. Given the level of disruption
of the Helicopter wreckage it was decided to send the screen to the Manufacturer’s Mirabel
facility for download by the Manufacturer under the supervision of a TSB Canada
representative, on behalf of the Investigation. The 5 Hz data files were successfully recovered.

In addition, the Helicopter engine’s FADEC memory was also downloaded, under the
supervision of a Bureau d'Enquétes et d'Analyses pour la sécurité de |'aviation civile, France
(BEA) representative, on behalf of the Investigation. It contained a smaller parameter set
relating solely to the engine performance.

1.11.1 Review of the 5 Hz Data
1.11.1.1  Introduction
The Investigation reviewed the 5 Hz data that was recovered from the cockpit screen.

Position transducers are not fitted to the tail rotor pedals or the cyclic pitch lever and
consequently, the available flight data did not contain data on the positions of the cyclic pitch
control, or the tail rotor pedals, nor was it possible to determine from which side of the cockpit
control inputs originated.

The full set of recorded parameters had a final recorded altitude data value of 237 ft Above
Sea Level (ASL). During the Investigation’s site survey, an altitude value of 287.5 ft ASL was
recorded at the initial ground impact marking. Accordingly, the recorded altitude information
appeared to be generally reliable.

The Investigation compared the execution of all six autorotation manoeuvres; Appendix A
contains plots, centred (approximately) on the nadir of each autorotation manoeuvre, of 40
seconds of data (200 data points at 5 Hz sample rate), for six selected parameters. The first
two manoeuvres appear to have been terminated at heights (above ground) of several
hundred feet and there was no significant increase in the Helicopter’s pitch angle as it climbed
after those manoeuvres.

During the final (sixth) autorotation manoeuvre, a number of differences were noted between
the values of recorded parameters for that manoeuvre, compared with the values for the
same recorded parameters for the other five such manoeuvres. The differences included, inter
alia, a right roll of 120°, a nose-down pitch of (-) 26°, a higher rate of descent (> 4,000 feet per
minute (fpm)), and main rotor speed (NR) decay down to 73% of nominal main rotor speed.
The highest rate of descent on any of the earlier autorotations had occurred on the second
autorotation and was 2,250 fpm.

For analysis purposes, the data for the sixth autorotation manoeuvre was extracted; this data
extract, comprising the last 54.4 seconds of recorded data, was subjected to detailed review.
For ease of reference, in this Report, timings within this recorded data extract are referred to
as ‘time X seconds’ (0 < X <£54.4). A plot of the relevant parameters is shown in Figure No. 2.
The data for rates of roll, pitch and yaw was derived from the data for roll, pitch and heading,
using basic numerical differentiation.



The Investigation requested that the Helicopter Manufacturer have the data reviewed by a
company test pilot and provide a report to the Investigation. The Manufacturer’s report
contained two graphics that are reproduced at Appendix B and Appendix C, and reference to
these graphics is included hereunder to assist with interpretation. The appendices refer to a
‘G-split’ event; in the text of this Report that event is termed a ‘g-divergence’.

A plot of a selected set of flight parameters for the final autorotation manoeuvre (54.4
seconds) is shown at Figure No. 2.
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Figure No. 2: Plot of a selected set of flight parameters
for the final autorotation manoeuvre



1.11.1.2 Between Time 0 seconds and Time 6.0 Seconds

The Helicopter was in level flight, with no acceleration, a collective pitch lever position of
45 %, rotor and engine speeds were stable, the Helicopter was climbing at 500 fpm, and the
airspeed was increasing from 87 kt to 92 kt.

1.11.1.3 Between Time 6.0 Seconds and Time 10.0 Seconds

At an altitude of 1,800 ft, the engine went to idle power (65%), consistent with selection of
the ‘IDLE’ mode for a practice autorotation. The collective pitch dropped to its lowest position
(approximately 9%) within two seconds. The Manufacturer opined that two seconds was a
‘little slow’ and noted that the NR ‘drooped’ from 104% to 96% before it started to recover (if
the collective lever is not lowered quickly, the main rotor rpm will decay or ‘droop’). At the
same time, there was an uncoordinated® heading change (10° yaw to the left, 0.14 g° lateral
acceleration to the left) and a rolling motion that took the Helicopter from an initial bank angle
of (-) 2° (left bank) to (+) 6° (right bank) before settling at a right roll of one degree. By the
time the collective reached its bottom position, the yaw had ceased, and the Helicopter’s
heading had returned to its original value. The Manufacturer noted that such an out of trim
condition as was observed from the data is not uncommon when a student is unfamiliar with
a helicopter type.

1.11.1.4 Between Time 10.0 Seconds and Time 27.0 Seconds

With the engine at idle, the Helicopter’s altitude!® decreased from 1,800 ft to 1,350 ft, with
the rate of descent reaching 1,800 fpm. The Helicopter’s pitch angle reduced from 10° to 0°
and it descended in coordinated flight with a level attitude and an indicated airspeed that
varied between 60 kt and 70 kt.

1.11.1.5 Between Time 27.0 Seconds and Time 45.4 Seconds

With the collective lever at the lowest position, the Helicopter executed two coordinated
turns.

The first turn was to the left (16° bank angle to the left and 28° heading change, with no lateral
acceleration). The Helicopter’s pitch angle was increased to 3°, the airspeed reduced from 60
to 52 KIAS, and the rate of descent decreased to 1,600 fpm. The nose was lowered to (-) 7°
nose-down, the airspeed increased to 65 KIAS, and the rate of descent increased to 1,800 fpm.

8 Uncoordinated Flight: A flight condition where the aircraft is either slipping or skidding. The converse condition,
coordinated flight, occurs when movements of the collective pitch lever, cyclic control stick and the tail rotor
pedal are coordinated to ensure that a helicopter neither slips nor skids, particularly when entering and exiting
turns.

9 g: a unit of acceleration know as ‘standard g’; by definition, it equates to 9.81 m/s>.

10 Altitude figures in the flight data are annotated as referenced to ‘sea level’ (ASL) although it is not clear what
datum value was being used. Regardless of the specific datum, the Investigation notes that it is possible to discern
the climbing and descending behaviour and rates from the available figures, and towards the end-of-data,
heights above ground level (AGL) are calculated by subtracting the final ASL figure of 237 ft, from the other
altitude figures recorded.



1.11.1.6

The second turn was to the right (28° bank angle, 57° heading change from the left turn’s
heading, with no lateral acceleration). The Helicopter’s pitch angle varied from (-) 7° nose-
down to (-) 3° nose-down, the airspeed increased to 70 KIAS, and the rate of descent increased
to 2,400 fpm.

As the Helicopter exited this second turn, the collective remained in the full down position,
NR was 102%, airspeed 70 KIAS, rate of descent 2,400 fpm, pitch angle (-) 3° nose-down, bank
angle 7° left with no appreciable acceleration in any of the three axes, and the altitude was
750 ft.

The Manufacturer noted that because the Helicopter’s flight remained coordinated during this
sequence of two turns, they may constitute what would be described as ‘S-turns’, a
manoeuvre that is used during autorotation to reduce altitude without increasing airspeed.
S-turns are used when a helicopter is autorotating and is considered to be too high with
respect to the intended landing point; the S-turns are a method that can be used to reduce a
helicopter’s altitude to ‘make the spot [the intended landing point]’. While it is not possible to
be certain if these turns were S-Turns, the Manufacturer’s opinion was that given the data
from other autorotations which were executed prior to this final one, and with the Helicopter
in a stable autorotation prior to initiating these turns, the use of S-turns appeared to be a likely
explanation for these two turns.

Between Time 45.4 Seconds and Time 46.4 Seconds

At an altitude of approximately 700 ft ASL, the Helicopter began yawing rapidly to the left,
with the yaw rate reaching 20° per second to the left. The NR remained stable at 102%, the
airspeed was stable at 70 KIAS, the collective pitch lever was fully down, the pitch angle was
stable at approximately (-) 3° nose-down, and the roll angle was stable at approximately 8° to
the left. The rate of descent increased to 2,500 fpm. For comparison, the Investigation notes
that the highest rate of descent on any of the earlier autorotations had occurred on the second
autorotation and was 2,250 fpm. A visualisation!! of the helicopter’s orientation as the left
yaw manoeuvre commenced is shown in Figure No. 3. A frame-by-frame visualisation based
on the last 9.4 seconds of 5-Hz recorded data is provided at Appendix D.

Figure No. 3: Visualisation of helicopter orientation at 45.4 and 46.4 seconds

11 These visualisations images, and others in the report, were produced using an open source generic helicopter
model (https://free3d.com/3d-model/low-poly-helicopter-91325.html) and are only provided as an aid to the
reader in understanding the helicopter orientations being discussed in the report; the data used is timestamped
to the nearest recording interval for the orientation under discussion.



https://free3d.com/3d-model/low-poly-helicopter-91325.html
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1.11.1.7 Between Time 46.4 Seconds and Time 48.4 Seconds

The left yaw continued with an increased rate, peaking at 30° per second at time 47 seconds.
It was noted that between time 45.4 seconds and time 48.4 seconds, a three second period,
the recorded data indicated that the Helicopter’s heading had changed by approximately 58°
(Appendix B, image 1 and 2).

The Helicopter then rolled to the right, with the bank angle increasing from 8° to the left to
16° to the right at a peak roll rate of 20° per second (with an increasing trend). In the same
time period, there was an increasing lateral acceleration to the left (peaking at 0.5 g), and a
low-g (- 0.3 g) vertical acceleration condition.

During this period, the collective was fully down, and NR was stable at 102%. The indicated
airspeed began to drop, but the groundspeed remained stable at 60 Kt. The Manufacturer
opined that the reduction in indicated airspeed was likely due to the airflow around the
Helicopter’s pitot tube being disrupted by the lateral movement (sideslip) of the Helicopter
(Appendix B, image 2). The rate of descent increased to 3,200 fpm and the altitude reduced
to 600 ft.

At the end of this period (time 48.4 seconds — Appendix B, image 2), the Helicopter was
sideslipping to the right, its nose was pointing approximately 58° to the left of the previous
flight path, and the aircraft had a 16° bank angle to the right. The Manufacturer noted that at
this time, the Helicopter was subject to a left lateral force, meaning that an observer in the
Helicopter would feel as if they were being pushed to the right. A visualisation of the
Helicopter’s orientation as the left yaw manoeuvre proceeded, while the Helicopter was
sideslipping, is shown in Figure No. 4.

Figure No. 4: Visualisation of Helicopter orientation at 46.4 and 48.4 seconds
1.11.1.8 Between Time 48.4 Seconds and Time 52.0 Seconds

The Helicopter was in a significant sideslip as indicated by the 0.5 g lateral acceleration), and
by the discrepancy between the indicated airspeed (which dropped towards O kt due to
disturbed airflow around the pitot tube as the Helicopter sideslipped), and groundspeed
(which remained relatively stable). During this period, the Helicopter continued to roll rapidly
(65° per second at peak) to the right. At time 51.0 seconds, the Helicopter reached a maximum
bank angle of 122° to the right, before rolling back to 65° right bank angle at the end of the
period.



The Helicopter’s Pitch angle increased (at a rate of 8° per second) to 10° nose-up attitude,
before it reduced rapidly (30° per second), reaching (-) 26° nose-down at the end of the period.
The Helicopter’s heading was rapidly changing eastward (30° to 70° per second), and the rate
of descent decreased from 3,200 fpm to 2,400 fpm, before increasing again to 3,900 fpm.

Two columns in the recorded data set provided data on the readings for acceleration in the
vertical axis. These columns were titled ‘Normal Accel (G) Value’ and ‘Vertical Accel (G) Value’.
The Manufacturer obtained information from Garmin, the screen manufacturer, which stated
that Normal Body acceleration only uses the Z accelerometer that is in the Air Data, Attitude
and Heading Reference System (ADAHRS) located under the Helicopter’s crew seats. However,
vertical acceleration uses the 3-axis acceleration from the ADAHRS and the pitch, roll, yaw
data coming from the Garmin Magnetometer Unit (GMU) located in the Helicopter’s tailboom.

The recorded data indicates that the Helicopter’s vertical acceleration exhibited a trend
towards a low-g condition (Appendix B, image 3). Prior to time 48.5 seconds, the two vertical
acceleration signals were closely correlated in both phase and amplitude. From time
48.4 seconds to time 50.4 seconds, both signals were still in phase, but had different amplitude
reading; this indicates that both accelerometers were experiencing vertical accelerations at
the same time, but at different intensities. A visualisation of the helicopter’s orientation as it
rolled rapidly to the right is shown in Figure No. 5.

Figure No. 5: Visualisation of Helicopter orientation at 48.4, 49.4 and 50.4 seconds

From time 50.6 seconds until time 52.0 seconds, the two signals became out-of-phase: the
‘Vertical Accel (G) Value’ signal kept its downward trend, peaking at -1.6 g at time
51.2 seconds, while the ‘Normal Accel (G) Value’ signal reversed its trend to peak at +1.4 g at
time 51.6 seconds (i.e. 0.4s later). This g-divergence indicates that the two vertical/normal
acceleration sensors were sensing opposite acceleration directions (phase) from each other
within approximately half a second. The g-divergence coincided with the air data computer
starting to register airspeed again, i.e. the pitot probe on the front of the aircraft measuring
forward airflow (see Appendix B, transition between images 3 and 4 — and Appendix C, image
2). The data indicates that the peak ‘Vertical Accel (G) Value’ coincided with the peak bank
angle, while peak ‘Normal Accel (G) Value’ coincided with the peak lateral (0.53 g), longitudinal
acceleration (- 0.56 g), and a peak roll rate (-) 80° per second. A visualisation of the Helicopter’s
orientation during the g-divergence while the Helicopter’s nose began to drop is shown in
Figure No. 6.



1.11.1.9

1.11.1.9.1

Figure No. 6: Visualisation of Helicopter orientation at 50.4, 51.0 and 52.0 seconds

The data also indicates that at time 48.4 seconds, the collective pitch lever was moved upward
(from 9% to 19%), lowered again (to 9%) over a period of 1.4 seconds. NR decayed during the
1.4 seconds collective pitch lever movement, and it continued to decay after the collective
pitch lever was re-lowered.

At time 50.4 seconds, NR was 96%, the altitude was approximately 500 ft, the bank angle was
approximately 95° to the right, and the g-divergence event was occurring. Also at time
50.4 seconds, the collective pitch lever position started to increase from 9% (i.e. the lever was
being raised). At time 51.0 seconds, the ‘FLY’ position was selected on an IDLE/FLY switch?'?
while raising of the collective pitch lever continued until 77% was reached (32% above the
45% ‘cruise’ position recorded prior to entering autorotation) at 51.6 seconds, after which it
was lowered again. The NR decayed further, reaching 78% at time 52.0 seconds.

At time 52 seconds, an IDLE/FLY switch was in the ‘FLY’ position, the collective pitch lever
position was at 65%, the NR was 78%, the NG was 76% and rising, the airspeed was 72 KIAS,
the rate of descent was 3,900 ft/min, and the altitude was 395 ft ASL (158 ft AGL3). The
Helicopter pitch angle was (-)26° nose-down, the Helicopter bank angle was 65° to the right,
the ‘Normal Accel (G) Value’ was 1.02 g, the ‘Vertical Accel (G) Value’ was 0.25 g, the lateral
acceleration was (-) 0.42 g to the left, and the longitudinal acceleration was (-) 0.31 g rearward.

The Manufacturer informed the Investigation that manoeuvring ‘of this amplitude and rate
are very unusual, especially considering the low altitude at which they occurred.’

Manufacturer’s Observations from Data Analysis
Roll into Inverted Fight

The Manufacturer opined that a 58° left yaw in three seconds (Appendix B, image 1 to 2) could
not have been caused by wind shear (or turbulence) alone and was likely caused by a
substantial increase in tail rotor thrust (left pedal application), which created a significant right
sideslip (0.5 g lateral acceleration). The Manufacturer pointed out that any sideslip of the
Helicopter will create a rolling moment.

12 The recorded data does not identify which switch was moved to the ‘FLY’ position (see Section 1.12.1).
13 AGL figures for the Helicopter that are quoted in this report are calculated by subtracting the final recorded
ASL pressure altitude of 237 ft (when the Helicopter’s recorded data ended), from the recorded ASL values.



1.11.1.9.2

1.11.1.9.3

1.11.1.9.4

The Manufacturer explained that the 505 helicopter has negative dihedral stability, which
means that it will naturally ‘roll into the sideslip’. Furthermore, the stronger the sideslip, the
larger the cyclic input required to prevent banking. Thus, if a right sideslip is initiated (with an
input on the left pedal), left cyclic control lever inputs will be required to counteract the
natural right-rolling tendency of the Helicopter, with the amount of left cyclic input required
being proportional to the amount left pedal input. If the left pedal is pushed aggressively, a
large amount of left cyclic will be required to prevent the Helicopter from overbanking to the
right. The system is described as ‘unstable’ because once maximum left cyclic deflection is
reached, the cyclic alone can no longer prevent the roll, and additional left pedal input will
result in more right bank angle — the only way to stop the banking tendency is to relax the
pressure on the pedal. The low-g condition experienced by the Helicopter would also have
reduced the cyclic pitch control authority, further increasing the required cyclic lever control
input to prevent further roll to the right.

The Manufacturer observed that a significant bank angle (approximately 120°) and a high roll
rate (approximately 63° per second) — Appendix B, image 2 to 3), at low altitude
(approximately 450 ft ASL), suggests that what happened was an unplanned, sideslip-induced
roll, where lateral cyclic authority was insufficient to stop the roll.

Low-g Condition

The Manufacturer noted that having yawed 58° to the left (Appendix B, image 1 to 2), and
rolled right to 120° in 3 seconds (Appendix B, image 2 to 3), the airframe and main rotor were
then facing the relative airflow (Appendix B, image 3) and the Helicopter’s airframe was
effectively being ‘pushed into the main rotor’ by its inertia, resulting in a low-g condition.

Heading change (Appendix B, image 3 to 4 and Appendix C)

While the Helicopter was rolled (+) 90° to the right, a rapid (approximately 40° per second)
heading change occurred—a heading change in this ‘rolled’ attitude is actually associated with
a rotation around the lateral axis, which for the rolled (leaned on its side) attitude means a
‘pitch-up’. Rotation about the lateral axis is accomplished by fore and aft movement of the
cyclic control lever. The Manufacturer considered that, with the Helicopter in a low-g
condition, and with low main rotor RPM (NR), cyclic control authority would have been
reduced. Hence, it is considered likely that the aerodynamic reaction between the relative
wind and the horizontal stabiliser (Appendix C, image 1) was the main contributor to the
‘pitch-up’ movement — and associated heading change.

g-divergence Event (Appendix C)

The Helicopter was rotating around its lateral axis, while leaning on its side, and ‘skidding
forward’ (Appendix C, image 1 to 2), with both sensors initially detecting negative g. As the
rotation around the lateral axis progressed (Appendix C, image 2 to 3), eventually the relative
wind through the rotor system went from downward flow (negative g) to upward flow. The
Manufacturer noted that such a sudden upward flow through a rotor system would generate
a sudden thrust impulse, perpendicular to the rotor disk.



Because the thrust vector is forward of the Centre of Gravity (C.G.) (Appendix C, image 3), this
would create a sudden rotational impulse (a sudden torque) around the lateral axis, which is
what was sensed in this case. A g-sensor located in the ADHRS forward of the C.G. would
detect rising positive g associated with that sudden rotational impulse, which again is what
was sensed in this case. Conversely, a g-sensor located in the tailboom aft of the C.G. would
detect rising negative g associated with that same rotational impulse — as occurred in this
event.

1.11.1.9.5 NR Decay (Time 48.4 Seconds to Time 50.4 Seconds)

The Manufacturer noted that between time 48.4 seconds and 50.4 seconds, the NR decayed
rapidly. This decay was associated with the appearance of a low-g condition, and a small
upwards movement of the collective (from 9% to 19%) that was re-lowered within 1.2
seconds. During the following 0.6 seconds, the collective was fully down but the NR continued
to decay. The Manufacturer noted that this indicates that while the small collective movement
may have contributed to the NR decay (by causing a short-duration rotor drag increase), the
main factor contributing to the NR decay was the low-g condition.

1.11.1.9.6 NR Decay (Time 50.4 Seconds to Time 52.0 Seconds — During the g-divergence)

During the short-duration g-divergence, the ‘FLY’ position was selected on an IDLE/FLY switch,
while a large and rapid collective pitch lever input was recorded (9% to 77% in 1.4 seconds).
After the g-divergence Event, the Helicopter orientation would have been such that the rotor
was experiencing upwards flow (i.e. normal airflow direction for an autorotation), favouring
(somewhat) NR recovery. The Manufacturer noted that a collective input of this rate and
magnitude would have increased rotor drag beyond the limits of the aerodynamic force that
it could generate (without the benefit of engine power). While the engine had been set in
‘FLY’, it was very early in its acceleration phase (from 65% back to 104%) as the collective pitch
lever was being raised and the engine would not have been producing enough power to
counteract the rotor drag. The data shows that while the gas turbine was accelerating, the
main rotor slowed down sufficiently to also ‘drag down’ the rotation speed, NP, of the power
turbine (which drives the main rotor).

1.11.1.9.7 Collective Pitch Lever and IDLE/FLY Switch

The Manufacturer explained that during an autorotation, the collective is normally lowered to
its lowest position to minimize rotor drag and only raised minimally to maintain NR in the
Power-OFF green zone (90-111%), if required. During power recovery from a practice
autorotation, the normal procedure is to first select ‘FLY’ on an IDLE/FLY switch, wait for the
engine to accelerate from idle and synchronize with the rotor and, (only) then, slowly raise
the collective. The Manufacturer noted that during the final autorotation, the collective was
raised and lowered twice. In the first instance, between times 48.4 seconds and 49.8 seconds,
the collective was raised by approximately 10 % (from 9% to 19%) and brought back down,
while at the same time there was an increase in negative g. During this time, both IDLE/FLY
switches were at ‘Idle’.

The Manufacturer observed that during negative g, crew members will move upward in their
seats unless being held in place by a snug shoulder harness. The Manufacturer posited that
given the small size and duration of this first collective pitch lever input, it could have been
caused by a crew member suddenly experiencing negative g and momentarily lifting from their
seated position (thereby pulling on the collective pitch lever) before quickly re-lowering it.



1.11.1.9.8

1.11.1.10

During the second raising and lowering of the collective pitch lever, between times 50.2
seconds and 51.6 seconds, the collective was raised rapidly (9% to 77% in 1.4 seconds); at 50.8
seconds ‘FLY’ was selected on an IDLE/FLY switch and raising of the collective pitch lever
continued, although the engine had not accelerated from IDLE. At that time, the Helicopter
was banked approximately 90° to the right and rolling right at approximately 60° per second;
it was pitching down at approximately 30° per second, subject to significant lateral
acceleration (sideslip), and subject to negative vertical (low-G) acceleration. At that time, the
Helicopter’s altitude was 550 ft. Assuming the ground level at 237 ft ASL, this would place the
Helicopter at approximately 300 ft above the ground, with a high rate-of-descent of
2,500 fpm.

After the collective pitch lever was raised to 77%, it was reduced to 29% (over 0.8 seconds)
and then increased again up to 62% over 1.6 seconds.

The Manufacturer noted that in the absence of any identified pre-existing anomalies with the
Helicopter, it appears that after the IDLE/FLY was selected to ‘FLY’, the collective pitch lever
was instinctively pulled in an attempt to reduce the rate-of-descent. The Manufacturer opined
that at that time, the crew likely experienced a sense of ‘ground rush’, due to the Helicopter
having a high rate of descent close to the ground. The Manufacturer also noted that the crew
would also have been subject to an unfamiliar force environment due to the combination of
the high rates of pitch, roll and yaw.

High Rate-of-Descent

The Manufacturer also observed that when airspeed, NR and Helicopter attitude are kept
within normal parameters, the rate of descent will be less than 4,000 fpm, and within a range
that will keep rotor speeds within design limits. To prevent NR exceedance, pilots are trained
to raise the collective pitch lever, increasing rotor drag while also increasing rotor thrust, thus
reducing the rate of descent. Excessive rates of descent can be attained by exceeding
autorotation VNE4, by stalling the rotor (excessively low NR), by excessive bank attitude, or a
combination of these conditions. The Manufacturer opined that in the subject occurrence,
VNE exceedance was not a factor. However, the manufacturer observed that the NR value (as
low as 73%) was considerably below the minimum NR-Power-OFF (90%). The roll angle
(varying between 70° and 120°) was such that any rotor thrust produced during that period
was inclined sideways. Thus, at that time the only force opposing gravity, and acting to slow
the rate of descent, was the fuselage drag.

Between Time 52 Seconds and End-of-Data

The Helicopter continued to roll rapidly to the left (90° per second from its right-rolled
attitude), reaching a 17° bank angle to the right at the end-of-data'>. The Helicopter pitched
up rapidly (25° per second) from (-)26° nose-down to approximately 0° at the end-of-data. The
vertical/normal accelerations during this time were positive, varying between 0.1 gto 1.25 g
until the end-of-data.

14 VNE: Velocity not to exceed. In this particular case, it refers to the maximum power-off speed for safe descent
in autorotation.

15 end-of-data: the term used in this report to refer to the time at which the last complete frame of parameters
was recorded, which in the subject detailed data extract was 54.4 seconds.



The lateral acceleration decreased from 0.5 g to the left, to zero, and then rose againto 0.1 g
to the left at the end-of-data. The longitudinal acceleration was approximately (-) 0.2 g
(deceleration) decreasing to (-) 0.09 g before the end-of-data.

The collective pitch lever was lowered to 29% and the NP/NR started to recover, at which
point, the collective pitch lever was raised quickly (to 62% at the end-of-data). The lowest
NP/NR value attained was 73% (at time 52.4 seconds), and it had recovered to 93% at the end-
of-data.

The rate of descent reduced from 4,000 fpm to 2,700 fpm in one second, then increased again
to more than 4,000 fpm in the next 1.6 seconds. The altitude above sea level was 237 ft at the
end-of-data.

The Manufacturer noted that with the collective pitch lever pulled to 77%, and the engine
speed not recovering, the collective lever was likely lowered until the engine/rotor were heard
recovering. But at that time, the Helicopter was at a height above ground of approximately
100 ft with a rate of descent of 4,000 fpm — the Manufacturer believed that in these
circumstances the urge to pull the collective to attempt to reduce the rate of descent would
have been overwhelming.

1.11.2 Review of the FADEC Memory Download

A review of the data from the FADEC memory download found that the FADEC data correlated
with the 5 Hz data from the Helicopter and did not identify any anomalies with the operation
of the engine.

1.12 Wreckage and Impact Information
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 (Photo No. 4).



Wire Fences

Photo No. 4: 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.

Examination of the impact markings in the agricultural field suggested that the tail fin and tail
rotor likely impacted the surface first, after which the fuselage, slightly right skid down,
impacted. The right landing gear skid was deformed, and the cross tubes between the two
skids were splayed and fractured, with the right skid remaining at the initial impact point
(Photo No. 5).
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Photo No. 5: Initial fuselage impact marking and separated right skid

The Helicopter then travelled forwards at a height sufficient to clear a boundary fence that
was approximately 1.2 metres (m) in height and impacted with a gable wall and roof of an
agricultural building. The Helicopter came to rest in a nose-down orientation, in the wall and
the roof of the building. .

The Investigation noted that a wooden purlin (longitudinal structural member in a roof
structure) had penetrated the left side of the Helicopter fuselage, entering it near the
transmission/engine platform and exiting it in the region of the fuel filler cap. Such was the
strength of the purlin that it securely supported and restrained the Helicopter wreckage, and
had to be cut (with a chain saw) to allow the wreckage to be lifted from the building using a
crane; the cut section of the roof purlin, penetrating the Helicopter’s structure (following
recovery of the wreckage), can be seen in Photo No. 6.



1.12.1

1.12.1.1

1.12.1.2

1.12.1.3

Photo No. 6: Section of roof purlin penetrating Helicopter structure (following recovery)

The Investigation arranged for the Helicopter and Engine Manufacturers to attend the AAIU
wreckage examination facility to examine the recovered wreckage under the supervision of
the Investigation.

Helicopter examination

Fuel System

No evidence of fuel leakage was noted by the Investigation at the accident site. During the
wreckage examination, when the fuel cell door was opened after the embedded purlin section
was removed, a pronounced smell of jet fuel was noted.

Hydraulic System

Some hydraulic lines were fractured, and hydraulic fluid was evident on surfaces within the
wreckage. All hydraulic servos were present, attached to controls and supporting structure,
and presented a normal appearance.

Landing Gear

The landing gear was observed deformed, splayed and fractured. The left skid remained
attached and the cross tubes linking the two skids had been driven upwards into the fuselage.



R —
1.12.1.4 Doors and Windows

The cockpit cast acrylic glazing was completely shattered. The cockpit door hinge points
remained intact while the supporting structure to which the hinges attached had fractured
above the upper hinge point and below the lower hinge point.

At the accident site, it was noted that the left front door (Photo No. 7) was located between
the initial impact site and the building where the helicopter came to rest, while the right front
door lodged beneath the main wreckage in the building.

Photo No. 7: Left front door with fractured attachment structure ringed in yellow
1.12.1.5 Fuselage

The cockpit and cabin were deformed. Each of the crew seats was fitted with a dual strap
shoulder harness with a single inertia reel, and dual strap lap restraint; the four straps clipped
into a single buckle located in the vicinity of the waist area of the seat occupant. The
Investigation noted that for each crew seat, both lap straps, and one shoulder strap had been
cut by first responders to facilitate extrication of the occupants. Each of the crew seats, and
the right (rear) passenger seat (unoccupied), had ‘stroked’*®. Pieces of fuselage and aft doors
were scattered in the direction of flight from the initial ground impact to the building where
the Helicopter came to rest. The welded steel truss assembly that forms part of the aft
Helicopter fuselage remained attached to the fuselage, although several fractures were noted.
The avionics bay located behind the cabin rear bulkhead exhibited crushing damage in an
upwards direction.

16 Stroking Seat: A crashworthy seat desighed to absorb impact energy during a crash by allowing the seat to
move downward, relative to the cabin floor thereby reducing the force of impact on the seat’s occupant.



1.12.1.6

Main Rotor Blades and Drive System

The main rotor mast was fractured at the transmission top case. The swashplates and controls
remained attached, but the left cyclic control rod was fractured. As a result of the mast
fracture, it was not possible to fully rotate the main rotor; however, limited rotation of the
input drive showed corresponding movement in the rotor mechanism. One main rotor blade
(and associated pitch change horn) was axially rotated through approximately 145°, i.e. the
leading edge was effectively facing opposite to the normal direction of rotation. Both blades
remained intact lengthwise, while each exhibited severe impact damage, assessed as being
due to contact with the building while rotating. No main rotor blade ground impact marks
were observed by the Investigation. For recovery purposes, each main rotor blade was cut.

The main rotor transmission mounts and pylon installation were observed to be undamaged,
and evidence of transmission fluid was observed. A flexible driveshaft and coupling system
known as a KAflex driveshaft is used on the Bell 505 to transmit power from the engine to the
main transmission and main rotor; the Helicopter’s KAflex driveshaft exhibited rotational
scoring (Photo No. 8) consistent with engine power being present at the time of impact, and
with main rotor rotation at time of impact. The KAFlex driveshaft was entirely disconnected
with corresponding fractures at both the drive and engine ends.

Photo No. 8: KAFlex shaft exhibiting rotational scoring (ringed in yellow)

Damage to the freewheeling unit (Photo No. 9) was consistent with failure under rotational
load.



1.12.1.7

Photo No. 9: Damaged freewheeling unit

Examination of the chip detectors in the transmission assembly, freewheeling unit, and tail
rotor gearbox revealed no evidence of debris.

Tail Rotor Drive System

At the accident site, the Investigation observed that the tailboom was attached at two
mounting points with the other two mounting points displaying shearing damage. The
tailboom was photographed and documented as found and then separated from the fuselage
for transport. It was noted that the horizontal stabiliser remained attached. The tail rotor
driveshaft covers were intact and when removed, all tail rotor driveshaft segments were
present, remained attached, and rotated freely.

The tail rotor gearbox was observed to have separated from the drive shaft and fractured (in
overload) away from its mounts. Both tail rotor blades were severely damaged, with tail rotor
ground scarring and blade fragments observed by the Investigation at the initial impact site.
When the still-attached remnants of the blades were rotated, the input quill to tail rotor
gearbox was observed to rotate also. The tail rotor blade pitch was found to be adjustable by
hand. The tail rotor gearbox chip detector was examined and found to be free of
contamination. The tail rotor gearbox’s vibration absorber was intact and observed
undamaged (Photo No. 10). The lower half of the tail fin structure was noted to have fractured
in overload and was recovered at the initial impact site.



1.12.1.8

1.12.1.9

Photo No. 10: Tail rotor gearbox with intact vibration absorber (upper orange ring)
and fractured mount (lower orange ring)

Flight Controls

Dual flight controls were installed. The left collective pitch lever’s IDLE/FLY switch was
observed to be in the ‘FLY’ position and right collective pitch lever’s IDLE/FLY switch was
observed to be in the ‘IDLE’ position. When actuated, the switches displayed normal
behaviour and clicked into/out of position with no abnormal breakout force noted. During
wreckage examination, the cockpit controls (cyclic, collective, and pedals) were found to be
operational and continuity to the bottom of the vertical control run was confirmed. All
controls rods were found to be fractured. The tail rotor (anti-torque) pedals were actuated
and moved the control cables; the control cables were continuous to fractures at the aft
fuselage.

Instruments and Electrical

The instrument panel was damaged and canted to the right, but the glass on the Garmin
displays was intact. The left display had two SD cards installed, and these were removed by
the Investigation for subsequent download (Section 1.11). The engine switch!’ was observed
to be in the ‘Start/Run’ position, and the hydraulics, battery, generator and anti-collision light
switches were observed to be in their ‘on’ positions.

17 Engine Switch: The Helicopter was equipped with a three-position switch for engine operation. The three
positions were designated ‘crank’, ‘off and ‘Start/Run’. Normal engine start procedures require the engine
switch to be moved to the ‘Start/Run’ position where it remains until the end of the flight.



1.12.1.10 Summary of Helicopter Examination

During examination of the Helicopter wreckage, all components were accounted for. No pre-
impact anomalies were observed in any airframe components, and all observed fractures were
consistent with overload forces occurring at impact.

1.12.2 Engine Examination
The engine was found in a generally good condition.

The power turbine blades were all found to have ruptured (shed); the Engine Manufacturer
advised that this has been observed in other engines that have been involved in accidents,
and it is a design feature to prevent turbine disk rupture. The blade shedding occurs when the
freewheeling unit housing separates from the engine, and the unloaded engine goes into an
overspeed condition. The Engine Manufacturer advised that the power turbine blade
shedding is consistent with the engine delivering power at the time that the freewheeling unit
housing fractured in the impact sequence.

There was no evidence of oil staining in the engine compartment, and the oil tank was noted
to be full.

The power turbine oil scavenge pipe nut was found in an unscrewed disposition, which the
Engine Manufacturer opined was probably due to the vibration generated during the power
turbine blade shedding.

The fuel valves assembly box drain-pipe was found to be disconnected.

All observed damage appeared to be as a consequence of the accident sequence, and no
evidence was identified to indicate any pre-existing engine anomaly that may have
contributed to the accident sequence.

1.13 Medical and Pathological Information
1.13.1 The Instructor

A postmortem examination of the Instructor concluded that the Instructor’s death was due to
asphyxia, and chest compression and brain injuries sustained in the accident. Testing of a
femoral blood sample found that the carbon monoxide level was less than 10 % saturation.
No alcohol or drugs were detected in samples of blood or urine. Amongst the injuries
identified was seat belt bruising of the chest and abdomen, and multiple rib fractures.

1.13.2 The Student

A postmortem examination of the Student concluded that the Student’s death was due to
asphyxia and chest compression injuries sustained in the accident. Testing of a femoral blood
sample determined that the carbon monoxide level was less than 10 % saturation. No alcohol
or drugs were detected in samples of blood or urine. Amongst the injuries identified was seat
belt bruising of the chest and abdomen; left clavicle, sternum and bilateral rib fractures;
bilateral knee abrasions; right ankle misplace; left ankle four vertical lacerations.



1.14

1.15

1.16

1.17

Fire

There was no fire.
Survival Aspects

The damage to the Helicopter was such that ostensibly there was adequate liveable space
remaining following the accident. However, there was significant destruction of the forward
cockpit structure, which was mostly composed of frame members and Plexiglas that would
have provided little protection from impact with objects during an accident sequence.

Tests and Research
Not applicable.
Organisational and Management Information

The Helicopter was obtained by the Student from an aircraft registration service Limited
Liability Company (LLC) which provided Non-Citizen Trust (NCT) services for US aircraft
registration purposes. The LLC's website explains that although the FAA requires that N-
registered aircraft ownership be held by a US citizen, ‘the beneficiary [the Student] owns the
beneficial interest in the trust and the owner trustee holds legal title to the aircraft on behalf
of the beneficiary’. The Student was the beneficial owner of the Helicopter.

Two legal agreements were in place between the Student and the Trust LLC. One agreement,
called the Trust Agreement, set out the ownership arrangements, while a second agreement,
called the Operating Agreement, set out the respective responsibilities of the Owner (the Trust
LLC) and the operator (the Student). The Operating Agreement required, inter alia, that the
operator:

e shall maintain, or cause to be maintained in effect, at all times during the term of the
Agreement, comprehensive aircraft liability insurance specifying the geographic limits,
if any, which shall include at minimum all territories over which the Aircraft will be
operated.

e will cause the Aircraft to be operated in accordance with any applicable vendor's or
manufacturer's manuals or instructions by competent and duly qualified personnel only
and in accordance with all applicable governmental rules and regulations, including,
without limitation, the rules and regulations of the United States Federal Aviation
Administration (the "FAA").

e will provide the Owner and the (i) FAA, (ii) any other duly authorized air authority
representatives of the United States, (iii) the government where the Aircraft is
habitually based or operated, or (iv) any other governmental entity of the United States
or any state of the United States (the "Regulatory Authority") with the information
required by the FAA Trust Policy.



e provide the following specific information within five (5) business days or immediately
in an emergency identified by the FAA: (A) information about the operator, crew
(names and pilot certificate numbers) and aircraft operations on specific dates,
including information about where the Aircraft will be on a specific date in the future;
(B) copies of maintenance, operating logs and other aircraft records; and (C) the current
airworthiness status of the Aircraft.

The Investigation was provided with copies of a number of electronic messages between the
Student and the pilot/broker on dates between 7 March 2023 and 25 June 2024 (inclusive).
These messages deal variously with warranty matters, Service Bulletin completions prior to
aircraft delivery, arrangements for the broker/pilot to run/fly the Helicopter in Ireland, and
arrangements for the Helicopter’s Annual Inspection that was carried out in April 2024.

The ATO assisted the Student (the beneficial owner of the Helicopter) with registering the
aircraft on the US register. As part of that registration process, the ATO developed a
spreadsheet to record and track the maintenance due on the Helicopter and its components.
That spreadsheet was subsequently updated with operating times taken from the Helicopter’s
avionics systems. A separate Maintenance Organisation was requested (by email) to carry out
and certify maintenance tasks (including Instructions for Continued Airworthiness), and the
ATO paid the Maintenance Organisation for the work carried out. Records for the
maintenance carried out on the Helicopter were incorporated into the Technical Logbook by
the ATO.

The ATO informed the Investigation that it did not have any written agreements with the
Student regarding the Helicopter.

The ATO provided the Student with one of its Technical Logbooks (which it used for its AOC
aircraft) for him to record flights on the Helicopter. No flights had been recorded in the
Technical Logbook, before or after 27 July 2024 (when the Helicopter was placed on the ATO’s
aircraft list).

The ATO stated that it understood that the Instructor would have recorded flight times in a
notebook and that he intended to update ‘FlightLogger (the ATO’s pilot training tracking
system) when he had finished all flying; the ATO also believed that the Instructor intended to
update the Helicopter technical logbook. A water-damaged notebook recovered at the
accident site was dried by the Investigation and appeared to contain entries related to flight
times for some of the training flights in Ireland.

The ATO stated that the only time it had operated the Helicopter was for the training event
over the two days (July 29 and 30, 2024) ‘to train [the Student] and a couple of other people’.
The ATO stated that its ‘B505 type rating’ had been approved by the IAA during the week prior
to the accident and that it had not used the Helicopter between the handover date and the
day (29 July 2024) before the accident.

The Airfield Operator at EIWT informed the Investigation that records on its information
system indicated that the Helicopter was operated by the ATO since 18 August 2023, under
the ATO’s basing agreement.



1.18

1.18.1

1.18.1.1

The ATO held a European Union-Approved Training Organisation Certificate issued by the IAA.
The extant certificate was at Revision No. 10, dated 26 July 2024, and certified the ATO as [...]
a Part-ORA certified training organisation with the privilege to provide Part-FCL training
courses [...] Type Rating [...] Bell 505’. Continued validity of the ATO’s certification depended,
inter alia, on remaining compliant with Part-ORA.

Additional Information
Autorotation

General

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’ (FAA Rotorcraft Flying Handbook, FAA-H-8083-21).

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. 7). In other words, the engine is no longer supplying power
to the main rotor.

Figure No. 7: 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 rom throughout the descent. Since the tail rotor is driven by the main rotor transmission
during autorotation, heading control is maintained with the anti-torque pedals as in normal
flight.

The rate of descent in an autorotation is controlled with airspeed and rotor rpm. Higher or
lower airspeed is obtained with the cyclic pitch control just as in normal powered flight. Rotor
rpm is controlled using the collective pitch lever; a shallow pitch increases the rpm, 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, the rotor blades 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 a practice autorotation in the subject helicopter type, engine power is removed and
restored using the IDLE/FLY switches.

1.18.1.2 Helicopter Specific

The Helicopter Manufacturer provided the Investigation with the following instructions for
conducting an autorotation exercise in the helicopter type:

e Entry Airspeed: As directed +/- 5 knots

e Entry Altitude: As directed +/- 100 feet

e Power: Reduce throttle to flight idle (See Caution associated with C.118.)

e [ower collective to full down

e Descent Speed: As directed +/- 5 knots, normal 60 knots

e Rotor RPM: Within normal power off limits [90-111%)]

e Deceleration Entry Altitude: 50 — 70 feet

e Deceleration Entry Airspeed: (206B/L: 52 — 69 knots, 505: 50 — 70 knots)

e Initial Collective Pitch Pull: 10 — 15 feet

e Touchdown heading: As directed +/- 10 degrees

e Touchdown Point: As directed +/- 50 feet longitudinally

e Touchdown Attitude: Skids level

e Touchdown Speed: Speed to allow % to 1% helicopter length ground slide depending on
conditions

Supplementary guidance included a note that ‘For the 505, ensure that the right seat throttle
switch is in the “IDLE” position so that the IP [Instructor Pilot] can control the RPM switch
during autorotations’.

The guidance stated that during the manoeuvre,

‘Adjust cyclic for the required attitude for the desired airspeed. (60 knots nominal).
Coordinate cyclic and pedals to maintain the desired ground track. Check rotor RPM
within limits. Before passing 70 feet the helicopter must be at [...] 50— 70 knots with RPM
within limits and in a position to safely land.’

18 C.1: CAUTION: Unless required by training purposes and specifically briefed, the instructor should reduce the
throttle to idle.



Risks Associated with Autorotation Training

The FAA published a document titled ‘Planning Autorotations’®. The document stated, inter

‘I...]

statistics for helicopter accidents/ incidents indicate the greatest exposure for an
accident or incident occurs during practice autorotations

[...]

Autorotation training is used to instill habit patterns in a student/pilot, which will,
in an actual emergency, become an automatic response. The autorotation
maneuver continues to cause problems for helicopter training providers
throughout the country. The problem stems from the high number of accidents
associated with the practice autorotation with a power recovery.

[..].
Training Site Selection

At an airport, use a runway or smooth surface next to a runway when conducting
practice autorotations should the intended recovery result in a full touchdown.
Avoid going to an out-of-the-way place away from an airport to practice
autorotations. Airports have more available resources and people to come to your
aid in the event the planned autorotation does not go well.

[...]

Common Errors Encountered in Practice Autorotations
For a straight-in autorotation:

° Failing to use sufficient antitorque pedal when reducing power.

° Lowering the nose too abruptly when power is reduced placing the helicopter
in a dive.

° Failing to maintain proper rotor RPM during descent.

° Application of up-collective pitch at an excessive altitude resulting in a hard
landing, loss of heading control, and possible damage to the tail rotor and to
the main rotor blade stops.

° Failing to have the helicopter in the proper landing attitude before
touchdown.

If the autorotation terminates in a POWER RECOVERY, there are several additional
errors to consider:

° Initiating recovery too late, requiring rapid application of controls and
usually resulting in over-controlling or possible over-speeding of the engine
and rotor system.

. Failing to maintain a level attitude near the surface.

° Failing to coordinate antitorque pedals with the increase of power.

19 Planning Autorotations, FAA-P-8740-71 ¢ AFS-8 (2008) HQ 101134



Number One Error in Practice Autorotations

The number one error [emphasis as per original] in practice autorotations is the
failure of the Flight Instructor to take control of the aircraft and terminate the
maneuver before it progresses to a point where the Flight Instructor is not capable
of recovering the aircraft in time to prevent damage to the aircraft or injury to
personnel.

REMEMBER: As a Flight Instructor, you are the most knowledgeable and
experienced person in that helicopter. Do not let your student fly the helicopter
into some corner of its performance envelope where it is not recoverable.’
[emphasis as per original]

The European Helicopter Safety Team (EHEST) produced a Training Leaflet titled ‘Training and
Testing of Emergency and Abnormal Procedures in Helicopters’. This leaflet contains similar
advice for autorotation practice as that provided in the FAA leaflet. In particular, the EHEST
leaflet states:

‘Flight (in autorotation)

By at least 300ft agl at the latest the following should be considered and if not
appropriate a go-around should be initiated:

J No slip!

J No drift!

J Rate of Descent within pre-defined limits!

. Rotor speed within limits!

. Airspeed within the recommended speed range!

. Going to make the landing area!

In 2003, a different helicopter manufacturer published a safety notice titled ‘PRACTICE
AUTOROTATIONS CAUSE MANY TRAINING ACCIDENTS'. The Safety Notice stated, inter alia:

‘A high percentage of training accidents occur after many consecutive autorotations. To
maintain instructor focus and minimize student fatigue, limit practice to no more than 3
or 4 consecutive autorotations.’

1.18.3 Licensing
1.18.3.1 ICAO Requirements

The Investigation notes that ICAO Annex 1, Personnel Licencing, states:

‘1.2 General rules concerning licences

[..]

1.2.1 Authority to act as a flight crew member or a remote flight crew member



1.2.1.1 A person shall not act as a flight crew member of an aircraft or as a remote
flight crew member of a RPAS unless a valid licence is held showing compliance with
the specifications of this Annex and appropriate to the duties to be performed by that
person.

1.2.1.2 The flight crew member licence shall have been issued by the State of Registry
of that aircraft or by any other Contracting State and rendered valid by the State of
Registry of that aircraft.” [Emphasis added]

1.18.3.2 FAA Requirements

Section 61.3(a) of Title 14 of the US Code of Federal Regulations states:

(a) Required pilot certificate for operating a civil aircraft of the United States. No
person may serve as a required pilot flight crewmember of a civil aircraft of the United
States, unless that person:

(1) Has in the person's physical possession or readily accessible in the aircraft when
exercising the privileges of that pilot certificate or authorization—

(i) A pilot certificate issued under this part and in accordance with § 61.19;
(ii) A special purpose pilot authorization issued under § 61.77;
(iii) A temporary certificate issued under § 61.17;

(iv) A document conveying temporary authority to exercise certificate
privileges issued by the Airmen Certification Branch under § 61.29(e);

(v) When engaged in a flight operation within the United States for a part
119 certificate holder authorized to conduct operations under part 121 or
135 of this chapter, a temporary document provided by that certificate
holder under an approved certificate verification plan;

(vi) When engaged in a flight operation within the United States for a
fractional ownership program manager authorized to conduct operations
under part 91, subpart K, of this chapter, a temporary document provided by
that program manager under an approved certificate verification plan; or

(vii) When operating an aircraft within a foreign country, a pilot license
issued by that country may be used.

1.18.3.3 Previous FAA Clarifications

The Investigation notes that the FAA’s Office of the Chief Counsel had previously provided
clarifications regarding licensing requirements in a 9 February 2015 letter which stated, inter
alia:

‘I...]

Prior to 1966, FAA regulations stated that, within the United States, no person was
permitted to act as pilot in command of a U.S.-registered aircraft unless the pilot held a
current pilot certificate with the appropriate ratings issued under 14 C.F.R. part 61. In a



1966 final rule, the FAA removed the words "within the United States," thereby
requiring a pilot to hold a U.S. pilot certificate when operating a U.S.-registered aircraft
outside the United States. 31 FR 8354 (June 15, 1966). The FAA explained that the rule
change was to assure that operations of U.S.-registered aircraft outside the United
States conformed to U.S. obligations under the 1944 Chicago Convention on
International Civil

Aviation (the "Chicago Convention"). Specifically, Article 32 of the Chicago Convention
requires that the flight crew members of every aircraft engaged in international
navigation must hold a certificate of competency and licenses issued or rendered valid
by the State in which the aircraft is registered. In addition to requiring a U.S. pilot
certificate when operating a U.S. registered aircraft outside the United States, the 1966
final rule introduced the current provision that permits a person to use a pilot license
issued by a foreign country when operating a U.S.-registered aircraft within that
country.

You have asked whether "within a foreign country" refers to the legal borders of a
country (i.e. landmass and territorial waters) or the Flight Information Region that would
include the sea outside the territorial waters.

The FAA is required to act consistently with U.S. obligations under international
agreements. 49 U.S.C. § 40105 (b). The Chicago Convention uses the term "State" rather
than "country" when addressing a contracting State's responsibilities. Under Article 2 of
the Chicago Convention, a State's territory is "deemed to be the land areas and territorial
waters adjacent thereto under the sovereignty, suzerainty, protection, or mandate of
such State." As such, the FAA considers operation "within a foreign country" to be
operation within the territory of a State. Although a country may be responsible for
providing navigation services outside its territory, the FAA would not consider operations
of a U.S-registered airplane in those areas to be an operation "within that country" for
the purpose of§ 61.3. Thus, the operation described in your request would require the
pilot to hold a pilot certificate issued by the FAA.

[...]
The Investigation also notes a 14 November 2004 FAA letter which stated, inter alia:

‘Section 61.3(a) (1) of the Federal regulations states "when [an] aircraft is operated
within a foreign country, a current pilot license issued by the country in which the aircraft
is operated may be used." A strict reading of the rule requires that the country of issuance
of the pilot's license match the country in which the aircraft is operated. The FAA,
through an interpretation, cannot extend the meaning of "country" under § 61.3 to
include JAA member States. Additionally, Article 32a of The Chicago Convention requires
that a pilot license match the state of registration of the aircraft, unless a validation is
made.’

1.18.3.4 FAA Records

The FAA informed the Investigation that the Instructor was not properly certified for the
accident flight because he did not hold a valid FAA Airman’s Certificate, or a licence issued by
Ireland, the ‘foreign country’ in which the aircraft was being operated.



1.18.3.5

1.18.3.6

Recognition of the EU FCL

On 23 November 2018, EASA issued a document titled ‘/ICAO attachment to automatically
validate licences (Issue 2)'. The document stated that it was ‘issued in accordance with
Commission Regulation (EU) No 1178/2011’. The document went on to state that the EU FCL
‘is automatically validated by all the ICAO States listed in point (2) under an agreement
registered with ICAO’. Thirty-one ICAO states were listed, the majority of which were members
of the EU. The US was not one of the states listed.

EASA informed the Investigation that the State of Registry retains authority over licensing and
operational requirements for its registered aircraft, even when operated outside its territory.
EASA further stated that it is the responsibility of the Approved Training Organisation (ATO)
and the instructor to ensure that any flight instruction conducted on a third-country registered
aircraft complies with the licensing requirements of that State.

EASA said that from its perspective, there are no restrictions on the use of third-country
registered aircraft for training purposes, provided that:

° The ATO and instructor have verified compliance with the State of Registry’s
requirements.

° The training is conducted in accordance with applicable EU and national
regulations.

EASA informed the Investigation that in light of the subject occurrence and the licensing
concerns raised, it has ‘noted down this issue for raising awareness on the subject matter with
the Member States during a future EASA Advisory Body meeting [Aircrew Technical Body
(TeB)T'.

ATO’s Website

The ATQO’s website, which the ATO informed the Investigation was not maintained by its
training department, contained a page dated 13 February 2022, titled ‘June 20, 2022
Important Changes to FAA / EASA LICENSES AND RATINGS’, which stated:

‘As of June 20, 2022, flying an N-aircraft will always require an EU license in addition to
the FAA certificate if you are an EU resident. This is regardless of whether or not
commercial activities are performed.

As of May 18, 2021, the new agreement between the United States and the European
Union comes into force, which regulates the conversion of each other's (PPL) licenses
(PPL/SEP/MEP, IR and night rating).

Currently, it already applies that performing commercial activities on an N-aircraft in
Europe by an FAA certified commercial pilot (FAA-CPL), who is resident in Europe and/or
flies for a business based in Europe, is only possible if this pilot also holds a commercial
EU license (PART FCL CPL).



For non-commercial operations, until now, an exception is made by most European
countries (not all!), ie. flying an N-plane in Europe is allowed on only an FAA certificate,
provided it is not a commercial operation.

As of June 20, 2022, the above exception for non-commercial flights on an N-plane will
expire. As of that date, anyone residing/based in Europe must hold both an FAA
certificate and an EU license to fly on a U.S. registered aircraft in Europe.’

1.18.4 Training Programme

The ATO provided the Investigation with a copy of its Training Manual for the Bell 505
Helicopter Type Rating Training Course which had an issue date of 27 July 2024, the Saturday
preceding the accident. The ATO informed the Investigation that it held initial verbal
discussions with its IAA Flight Operations Inspector (FOI) in December 2023 and provided the
FOI with an initial draft of the 505 Training Manual on 8 January 2024.

The ATO informed the Investigation that further correspondence ensued between the ATO
and the FOI during the first half of 2024, in anticipation of the ATO delivering a type rating
course on the Bell 505. The ATO stated that the final version of its Bell 505 manual was sent
to the IAA FOI on 26 July 2024, and that on the same date, the |AA issued an amended ATO
certificate which included the Bell 505 training course. The ATO stated that following a
discussion with the (accident flight) Instructor, Training Areas of Special Interest (TASE) were
added to the manual, and discussed with the FOI, with the updated manual, dated 27 July
2024, sent to the FOI on 29 July 2024.

The IAA approved Training Manual required, inter alia, that trainees on the course complete
14 hours of ground school tuition and undertake an associated examination which had a pass
mark of 75%; the ATO informed the Investigation that the exam would have been taken at the
end of the course.

The ATO said that there were classroom sessions for three hours tuition on 29 July 2024, and
a further two hours on 30 July 2024, and that the Student was also given some ground school
at the Helicopter. The ATO also informed the Investigation that the Student had completed
the ground training for the flight lessons taken; no documentation was provided to the
Investigation for this training.

The Investigation noted that the ATO’s IAA-Approved B505 Training Manual required that
students must reach a minimum of Grade 3 for each exercise before commencing the next
exercise, and that a form (with a passing grade) was to be completed for each exercise before
the next exercise could commence. The Investigation asked the ATO to confirm if the
Instructor had completed the appropriate forms in the Student's training file
(paper/electronic), or in the training files of any of the other students who were undertaking
Bell 505 training at that time. The ATO stated that the Instructor had not updated the forms,
but that the ATO understood that the Instructor was keeping notes of the lessons and
intended to update these as the course progressed.

FAA-H-8083-9, Aviation Instructor's Handbook, Chapter 9, Techniques of Flight Instruction,
includes, inter alia, the following:



2.1

2.2

‘Ground instruction can be highly effective if it follows an overall plan designed to
prepare the learner for flight [...] ground training objectives should be related to flight
training objectives whenever possible. When elements are taught on the ground (as
theory), their practice and application is also experienced in the air. The instructor should
point out the connection between the theory and practice to maximize the benefit from
integrated ground and flight instruction

[...]

Ground instruction is a key element that sets the foundation and is critical to learner
pilots becoming well educated and successfully transitioning into the flight environment.
It should be deliberative, supportive of the learner’s interwoven flight education, and
highly rewarding to both the learner and instructor(s) alike.’

ANALYSIS
Introduction

The accident flight was 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 helicopter type. The accident flight required
autorotation training manoeuvres to be carried out, and research has identified that such
training involves higher risk than other training exercises. The accident occurred during what
appears to have been a sixth practice autorotation. Examination of the Helicopter wreckage,
and of the available recorded data, did not identify any pre-existing anomalies that affected
the conduct of the flight.

Flight Dynamics

The available flight data did not contain information on the positions of the cyclic pitch control
or the tail rotor pedals. The data from all six autorotations was reviewed (Appendix A). Data
for the sixth autorotation manoeuvre (the final manoeuvre), comprising the last 54.4 seconds
of recorded data, was subjected to detailed review. For ease of reference, in this Report,
timings within this recorded data extract are referred to as ‘time X seconds’ (0 < X < 54.4).

From the available parameters, it appears that the Helicopter was engaged in an autorotation
practice, probably involving coordinated ‘S-turns’ and the initial phases of the exercise
appeared to proceed as would be expected.

However, during the final autorotation manoeuvre at time 45.4 seconds, the Helicopter was
at approximately 700 ft ASL (approximately 450 ft AGL) and it had started to yaw rapidly to
the left (58° in three seconds), with an increasing lateral acceleration trend to the left. The
Helicopter Manufacturer opined that a 58° left yaw in three seconds could not have been
caused by wind shear (or turbulence) alone and was likely caused by a substantial increase in
tail rotor thrust, which created a significant right sideslip (0.5 g lateral acceleration). As the
training exercise required ‘180” autorotations to be performed, it is possible that the yaw was
initiated as part of such a manoeuvre.



At time 48.4 seconds, the Helicopter was sideslipping to the right, its nose was pointing 58° to
the left of the previous flight path, and it had a 16° bank angle to the right; at time 50.8
seconds, the Helicopter was at an altitude of 496 ft ASL (259 ft AGL) and an IDLE/FLY switch
was moved to the ‘FLY’ position. Due to disturbed airflow around the pitot tube as the
Helicopter sideslipped, the indicated airspeed dropped towards 0 kt, although groundspeed
remained relatively stable at 60 Kt. The Helicopter continued rolling rapidly (65° per second at
peak) to the right, reaching a maximum bank angle of 122° to the right, before rolling back to
65° right bank angle at time 52 seconds.

Regarding this significant rolling motion while the Helicopter was sideslipping, the Helicopter
Manufacturer explained that the 505 helicopter has negative dihedral stability and therefore
it will naturally ‘roll into the sideslip’. Furthermore, the stronger the sideslip, the larger the
cyclic input required to prevent banking. Thus, if a right sideslip is initiated (with an input on
the left pedal), left cyclic control lever inputs will be required to counteract the natural right-
rolling tendency of the helicopter, with the amount of left cyclic input required being
proportional to the amount left pedal input. If the left pedal is pushed aggressively, a large
amount of left cyclic will be required to prevent the helicopter from overbanking to the right.
The system is described as ‘unstable’ because once maximum left cyclic deflection is reached,
the cyclic alone can no longer prevent the roll, and additional left pedal input will result in
more right bank angle. The only way to stop the banking tendency is to relax the pressure on
the pedal. The Manufacturer also noted that a low-g condition being experienced by the
Helicopter at the same time would have reduced the cyclic pitch control authority, further
increasing the cyclic lever control input required to prevent further roll to the right.

When the Helicopter was rotating around its lateral axis, while leaning on its side, and
‘skidding forward’ (Appendix C, image 1 to 2), the rotor was subject to a downward airflow
(as opposed to the normal upward flow) and both g sensors initially detected negative g. As
the rotation around the lateral axis progressed (Appendix C, image 2 to 3), eventually the
relative wind through the rotor system reversed direction and went from downward flow
(negative g) to upward flow (the normal direction of flow associated with flight during
autorotation).

This sudden upward flow through the rotor system generated a sudden thrust impulse,
perpendicular to the rotor disk and forward of the C.G., which created a sudden rotational
impulse (a sudden torque) around the lateral axis. This sudden rotational torque caused the
g-divergence with the g-sensor located in the ADHRS forward of the C.G. detecting rising
positive g, while the g-sensor located in the tailboom aft of the C.G. detected rising
negative g.

Between time 48.4 seconds, when NR was 101%, and 50.4 seconds, the NR decayed rapidly.
This decay was associated with the appearance of a low-g condition, and a small up/down
movement of the collective (between 48.4 seconds and 49.8 seconds, from 9% up to 19%, and
back down) within 1.4 seconds. The Manufacturer observed that during negative g,
crewmembers will move upward in their seats unless being held in place by a snug shoulder
harness, and the Manufacturer posited that the 10% collective pitch increase from 9% to 19%
in 1.4 secondst could have been caused by a crew member suddenly experiencing negative g
and momentarily lifting from their seated position (thereby pulling on the collective pitch
lever) before quickly lowering it.



Furthermore, as explained in the FAA Rotorcraft Flying Handbook (Section 1.18.1.1), during
autorotation, main rotor rpm is controlled using the collective pitch lever, and an increase in
collective pitch causes a reduction in main rotor rpm, due to increased drag on the main rotor
blades. However, as there was no tendence towards high NR at this point in the flight, there
would have been no reason to voluntarily raise the collective pitch lever.

During the following 0.6 seconds, the collective was fully down but the NR continued to decay.
This indicates that while the small collective movement may have contributed to the NR decay
(by causing a short-duration main rotor drag increase), the main factor contributing to the NR
decay was the low-g condition.

Between time 48.4 Seconds and time 52.0 seconds, the Helicopter’s rate of descent decreased
from 3,200 fpm to 2,400 fpm, before increasing again to 3,900 fpm.

From time 50.4 seconds until time 52 seconds, the ‘Normal Accel (G) Value’ and ‘Vertical Accel
(G) Value’ signals became out-of-phase. This g-divergence indicates that the sensor for normal
acceleration (mounted forward of the Helicopter’'s CG), and the sensor for vertical
acceleration (mounted aft of the Helicopter’s CG), were sensing opposite acceleration
directions (phase) from each other within half a second, due to the Helicopter being heavily
banked to the right and rotating about its lateral axis, with an associated change in Helicopter
heading (heading increasing eastwards). The g-divergence coincided with the air data
computer starting to register airspeed again.

At time 52.0 seconds, the collective pitch lever position was at 65%, the NR was 78%, the NG
was 76% and rising, the airspeed was 72 KIAS, the rate of descent was 3,900 ft/min, and the
altitude was 395 ft ASL (158 ft AGL, calculated using the final recorded pressure altitude of
237 ft when the Helicopter’s recorded data ended). The Helicopter pitch angle was (-) 26°
nose-down, the Helicopter bank angle was 65° to the right, the ‘Normal Accel (G) Value’ was
1.02 g, ‘Vertical Accel (G) Value’ was 0.25 g, the lateral acceleration was (-) 0.419 g to the left,
and the longitudinal acceleration was (-) 0.309 g rearward.

The Manufacturer informed the Investigation that manoeuvring ‘of this amplitude and rate
are very unusual, especially considering the low altitude at which they occurred.’

The elapsed time from the start of the Helicopter upset, at time 45.4 seconds, to the
Helicopter reaching the maximum bank angle of 122° at time 51.0 seconds, was just 5.6
seconds; and from the start of the upset to the end-of-data at 54.4 seconds, was just nine
seconds.

Accordingly, it appears to the Investigation that when the Helicopter encountered this unusual
attitude, at a low altitude (and low height above ground), despite the Instructor assuming
control (see Section 2.3), there was insufficient time/space to regain control of the Helicopter
and recover from the unusual attitude.



2.3 Risks Associated with Autorotation Training

The FAA’s document ‘Planning Autorotations’?® states, inter alia, ‘statistics for helicopter
accidents/ incidents indicate the greatest exposure for an accident or incident occurs during
practice autorotations’.

The document goes on to explain ‘The problem stems from the high number of accidents
associated with the practice autorotation with a power recovery.” The autorotations on the
accident flight were practice autorotations with a power recovery.

While the FAA advised that practice autorotations should be conducted at an airport where
resources and people to provide aid are readily available, the accident flight practice
autorotations were conducted away from an airport.

The FAA document stated that a Flight Instructor must terminate a manoeuvre before it
progresses to a point where the Flight Instructor is not capable of recovering the aircraft in
time to prevent damage to the aircraft or injury to personnel. It specifically cautions:

‘REMEMBER: As a Flight Instructor, you are the most knowledgeable and experienced
person in that helicopter. Do not let your student fly the helicopter into some corner of
its performance envelope where it is not recoverable.’ [emphasis as per original]

The European Helicopter Safety Team (EHEST) produced a Training Leaflet titled ‘Training and
Testing of Emergency and Abnormal Procedures in Helicopters’ which states, inter alia, that
during autorotation, before descending below 300 ft AGL, crews should ensure that there is
no slip or drift, that the rate of descent and the rotor speed are within limits, that airspeed is
within the recommended range, and that the helicopter flight path will result in arrival at the
selected landing area.

In the subject accident, the data indicates that at time 45.4 seconds, following approximately
30 seconds of coordinated flight in autorotation, while the Helicopter was descending through
approximately 700 ft ASL (approximately 450 ft AGL), a rapid yaw to the left commenced. The
Manufacturer opined that a 58° left yaw in three seconds could not have been caused by wind
shear (or turbulence) alone and was likely caused by a substantial increase in tail rotor thrust,
which created a significant right sideslip (0.5 g lateral acceleration).

At time 50.8 seconds, the Helicopter was at an altitude of 496 ft ASL (259 ft AGL) when an
IDLE/FLY switch was moved to the ‘FLY’ position. While the recorded data does not identify
which collective lever switch was moved to ‘FLY’, examination of the wreckage revealed that
the left collective lever’s IDLE/FLY switch was in the ‘FLY’ position, while the right collective
lever’s switch was in the idle position. Accordingly, the Investigation believes that it was at
this time (50.8 seconds) that the Instructor (seated in the left seat) assumed control of the
Helicopter.

20 planning Autorotations, FAA-P-8740-71 ¢ AFS-8 (2008) HQ 101134
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However, at that stage the Helicopter was in an unusual attitude with a sideslip which induced
an extreme bank angle (peaked at 122°); it was also in a low-g condition, and the Manufacturer
stated that left cyclic control lever inputs alone would not have been sufficient to overcome
the right rolling motion. A further complication was that the indicated airspeed trended
towards zero which had the potential to cause confusion for the flight crew.

Accordingly, as stated above, it appears to the Investigation that when the Helicopter
encountered the unusual attitude, at a low altitude (and a low height above ground), despite
the Instructor assuming control, there was insufficient time/space to regain control of the
Helicopter.

The Investigation notes that the autorotation manoeuvre during which the accident occurred
was the sixth consecutive autorotation. A different helicopter manufacturer published a safety
notice which warned that ‘A high percentage of training accidents occur after many
consecutive autorotations. To maintain instructor focus and minimize student fatigue, limit
practice to no more than 3 or 4 consecutive autorotations.” Accordingly, it is possible that
completing six consecutive autorotations adversely affected the Instructor’s focus, and/or
caused the Student to become fatigued, which may have contributed to the accident
sequence.

Survivability

Both the Instructor (seated in the left front seat), and the Student (seated in the right front
seat), were fatally injured in the accident.

Ostensibly, there was adequate liveable space remaining in the Helicopter cockpit area
following the accident. However, impact forces were undoubtedly large and there was
significant destruction of the forward cockpit structure, which was mostly composed of frame
members and Plexiglas that would have provided little protection from impact with objects
during an accident sequence.

Each occupant was restrained in their seat by a seat belt harness, and each had sustained
chest compression injuries, seat belt bruising of the chest and abdomen, and multiple rib
fractures. In addition, the Instructor had sustained brain injuries

The extent of the injuries sustained meant that the accident was not survivable.
Potential Blockage of Collective Pitch Lever Movement

The Investigation was informed by a pilot qualified on the Bell 505 helicopter type that when
he started to fly the Bell 505 helicopter, a pilot headset control box became stuck between
the collective lever and the collective friction control knob (while on the ground), and that it
was not possible to move the collective pitch lever up to take-off. He said that he had enquired
within the Bell 505 pilot community and found that ‘quite a lot of pilots’ had experienced the
same blockage issue, although no one had officially reported it.



The Investigation sought to determine if such a blockage could have been a factor in the
subject accident. A review of the recorded data identified that in the final seconds of the
accident flight, the collective pitch lever was moved up and down on two occasions. Initially
there was a small up/down movement of the collective (between 48.4 seconds and 49.8
seconds, from 9% up to 19%, and back down). The NR at 48.4 seconds was 101%, which would
not have warranted an increase in collective pitch. The NR decayed rapidly after 48.4 seconds
when the collective pitch lever was briefly raised; however, the decay continued (after the
lever was lowered again), leading to the conclusion that the decay was influenced by the
prevailing low-g condition. Subsequently, between times 50.2 seconds and 51.6 seconds, the
collective was raised rapidly (from 9% to 77% in 1.4 seconds). Collective pitch was then
reduced to 29% over 0.8 seconds and subsequently increased again up to 62% over 1.6
seconds. Therefore, the data does not indicate that blockage of the collective pitch lever was
a factor in this accident.

Noting that a damaged headset control box and crushed battery had been found in the
wreckage, the Investigation arranged for laboratory testing of the damaged headset control
box and battery, along with the collective pitch lever boot and the friction control knob. The
laboratory testing conducted involved Scanning Electron Microscopy and X-Ray Microanalysis.
No evidence of battery chemicals was found on either the protective boot or on the friction
control knob. Accordingly, the Investigation found no physical evidence to support a
hypothesis that a headset control box had blocked movement of the collective pitch lever.

Having reviewed the recorded data and the results of the laboratory testing, the Investigation
is of the opinion that blockage of the movement of the collective pitch lever was not a factor
in this accident. Notwithstanding this, the Investigation must consider the matter further.

The Investigation notes the Manufacturer’s 25 April 2019 ‘Information Letter’ which stated,
inter alia, ‘It was brought to Bell’s attention that the headset cord furnished with the [brand
named] headset is unnecessarily too long to manage from tangling or interfering with the
flight controls’. The Information letter in question does not mention the potential for
collective pitch lever blockage by a headset control box. The Manufacturer informed the
Investigation that it did not have documented reports of a control box blockage becoming a
serious safety hazard. The Investigation also notes that when initial enquiries were made, the
Manufacturer’s air safety investigators were unaware of the information letter in question.

Searches of the TSB and Transport Canada databases did not identify any reports of potential
blockage of collective pitch lever movement; this is not surprising as the pilot who originally
brought it to the Investigation’s attention stated that no one had officially reported it.
However, Bell’s statement in its Information Letter that ‘It was brought to Bell’s attention [...]’
may suggest that the flow of information from the Manufacturer to the TSB was sub-optimal.

For completeness, the Investigation notes that headset control box controller mounts/cradles
are available which appear to obviate the risk of a headset control box migrating during flight
and causing a blockage. However, the person who supplied the headsets for use in the subject
Helicopter informed the Investigation that he had never seen such headset mounts/cradles.
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2.6.1

2.6.2

The Investigation considers that flight crew should be made aware of the dangers posed by
headset control boxes and accordingly makes the following Safety Recommendation:

Safety Recommendation No. 1

Bell Helicopters should ensure that information is promulgated to aircrew
regarding the risk of headset control boxes blocking the movement of the collective
pitch lever on the Bell 505 helicopter type (IRLD2026002).

Organisation and Management
Introduction

ICAO Doc 9756, ‘Manual of Aircraft Accident and Incident Investigation Part IV — Reporting’
(Third Edition, 2020) recommends that investigation reports should ‘discuss and analyse any
issue that came to light during the investigation which was identified as a safety deficiency,
although such issue may not have contributed to the accident.’

General

Electronic messages between the Student and the pilot/broker on dates between 7 March
2023 and 25 June 2024 (inclusive) referred, inter alia, to maintenance matters related to the
Helicopter, including Service Bulletin completions prior to aircraft delivery, and arrangements
for the Helicopter’s Annual Inspection that was carried out in April 2024. The broker/pilot
informed the Investigation that it was his understanding that the ATO oversaw the completion
of the flight logs.

The ATO informed the Investigation that it did not have any written agreements with the
Student regarding the Helicopter and therefore it is not possible to be definitive about what
the Student understood was the situation relating to record keeping and management of the
Helicopter. However, emails show that since the time of its arrival at Weston in 2023, the ATO
was, de facto, managing the maintenance and continuing airworthiness of N57NC, using a
contractor to carry out and certify the maintenance tasks that the ATO called up.

The ATO provided the Student with one of its Technical Logbooks (which it used for its AOC
aircraft) for him to record flights on the Helicopter. A maintenance forecast page located in
the Helicopter, prepared by the ATO, contained a request to ‘Please Document Flights in
Techlog’. The Investigation notes that the Helicopter had completed a number of flights since
its arrival in Ireland. However, the Investigation was not provided with any technical or flight
logs for these flights.

The ATO informed the Investigation that it placed records received for maintenance carried
out in Ireland in the Technical Logbook that the ATO had provided to the Student.



The Airfield Operator at EIWT informed the Investigation that records on its information
system indicated that the Helicopter was operated by the ATO since 18 August 2023, under
the ATO’s basing agreement. The ATO stated that the only time it had operated the Helicopter
was for the training event over the two days (July 29 and 30, 2024) ‘to train [the Student] and
a couple of other people’. Furthermore, the ATO listed the Helicopter (by registration) on a
document dated 24 July 2024, that it sent to the IAA, titled ‘LIST OF AIRCRAFT/FSTDs [Flight
Simulation Training Devices] DEPLOYED FOR FLIGHT INSTRUCTION — as of date [27 July 2024] .

The ATO stated that its ‘B505 type rating’ had been approved by the IAA during the week prior
to the accident. There were no Technical Logbook entries for the training flights that were
completed while the Helicopter was listed on the Operator’s ATO. The ATO stated that it
understood that the Instructor would have recorded the flight times in a notebook and that
he intended to update FlightLogger (the ATO’s pilot training tracking system) when he had
finished all flying; the ATO also believed that the Instructor intended to update the
Helicopter’s technical logbook. A water-damaged notebook recovered at the accident site was
dried and appeared to contain entries related to flight times for training flights. The
Investigation notes that the lack of contemporaneously updated FlightLogger details denied
the Operator the information it required to actively monitor potential fatigue hazards for the
Instructor and students. The Investigation is of the opinion that, as requested on the
Maintenance Forecast page that the ATO placed in the Helicopter, all of the Helicopter’s
flights, before and after placing the Helicopter on the ATO, should have been recorded
contemporaneously in the ATO’s Technical Logbook, or an equivalent document, and that the
FlightLogger system should also have been updated contemporaneously during flight training
activity.

While the Investigation did not identify any pre-existing anomalies with the Helicopter, in light
of the lack of clarity regarding where responsibility for operation and maintenance of the
Helicopter lay, and given that the Helicopter was listed on the ATO’s ‘LIST OF AIRCRAFT/FSTDs
[Flight Simulation Training Devices] DEPLOYED FOR FLIGHT INSTRUCTION — as of date [27 July
2024]’, and also that the Helicopter was being operated (since 18 August 2023) under the
ATO’s basing agreement with the airfield operator, the Investigation makes the following
Safety Recommendation:

Safety Recommendation No. 2

The National Flight Centre should review the arrangements for all aspects of the
operation and management of aircraft on its ATO list, and those operating under
its airfield basing agreement, and ensure that unambiguous written agreements
are in place that specify the scope and limitations of each party involved with each
such aircraft (IRLD2026003).

2.6.3 Helicopter Records

FAA AFS-751 Information Bulletin 13-01 states that the FAA expects that that an owner trustee
of aircraft on the U.S. registry normally should be able to respond within five (5) business days
(or more quickly in an emergency situation) to a request by the FAA for more detailed
information about the aircraft and its operations, including:
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e Information about the operator, crew, and aircraft operations on specific dates;

e Maintenance and other aircraft records; and

e The current airworthiness status of the aircraft.

The Operating Agreement that was part of the trust arrangement for the ownership of the
Helicopter required that ‘operating logs’ be provided to the FAA within five days of a request.
The technical logbook as presented to the Investigation did not contain information about the
crew and Helicopter operations on specific dates and no evidence of an equivalent
document/mechanism or ‘operating logs’ was provided to the Investigation. The Investigation
is of the opinion that a contemporaneously maintained Technical Logbook, or equivalent
document/mechanism, would be essential to ensuring the ability to comply with the FAA’s
requirements

Licensing

The Instructor held an EU FCL with an Instructor’s rating. The FAA informed the Investigation
that the Instructor was not properly certified for the accident flight because he did not hold a
valid FAA Airman’s Certificate, or a licence issued by Ireland, the ‘foreign country’ in which the
aircraft was being operated.

The ATO’s website, which the ATO said was not maintained by its Training Department,
contained a page dated 13 February 2022, titled ‘June 20, 2022 Important Changes to FAA /
EASA LICENSES AND RATINGS’, which stated, inter alia, ‘As of June 20, 2022, [...] anyone
residing/based in Europe must hold both an FAA certificate and an EU license to fly on a U.S.
registered aircraft in Europe.” While the Investigation acknowledges that FAA regulations
would accept as valid (for operating within Ireland) an IAA-Issued EU FCL, the ATO’s
monitoring for compliance with its own notice could have detected that the Instructor did not
have the FAA certificate that the notice said was required.

The ATO, which was EU-approved, informed the Investigation that its Chief Flying Instructor
Helicopter (H) was introduced to the Instructor by a representative of the Helicopter
Manufacturer in Europe. The ATO stated that the Instructor was an EASA Helicopter Flight
Instructor, an EASA Helicopter Flight Examiner, and was also the Managing Director of an
aviation company in the Czech Republic which was an EASA- approved ATO with approval for
the provision of training on B206, B407, B505, R22, R44 and R66 helicopter types. The ATO
stated that the Instructor completed the ATO’s Flight Instructor induction process on the
morning of the 29th of July 2024 before commencement of the Bell 505 type rating training
course. It appears that during this induction process the fact that the Instructor did not
possess an FAA certificate was not identified.

Section 61.3(a) of Title 14 of the Code of Federal Regulations ‘renders valid’ pilot licences
issued by a foreign country but only when the N-reg aircraft is operating in that foreign
country. In this case, the Instructor held an EU FCL issued by the Czech Republic and therefore,
according to Section 61.3(a) of Title 14, it was not a valid licence for operating an N-reg aircraft
in Ireland.



EASA informed the Investigation that it is the responsibility of the Approved Training
Organisation (ATO) and the instructor to ensure that any flight instruction conducted on a
third-country registered aircraft complies with the licensing requirements of that state. In this
case, the Investigation believes that it is unlikely that the Instructor, an EASA Helicopter Flight
Instructor and Flight Examiner who was the managing director of an approved ATO in the
Czech Republic, was aware that his EU FCL and EU Instructor rating did not qualify him to fly
an N-reg helicopter in Ireland.

EASA informed the Investigation that in light of the subject occurrence and the licensing
concerns raised, it has ‘noted down this issue for raising awareness on the subject matter with
the Member States during a future EASA Advisory Body meeting [Aircrew Technical Body
(TeB)]’. While the Investigation acknowledges and welcomes EASA’s intention to raise
awareness of this issue, the Investigation believes that it would be prudent for EASA to remind
each EU FCL licence holder of the limits of their right to exercise their licence and rating
privileges when operating a third-country registered aircraft. Furthermore, as the licensing
issue had not been detected by either the ATO or the Instructor (who was also the managing
director of an ATO), it would be prudent for EASA to clarify the exact position, and licensing
requirements, for the use of N-registered aircraft for pilot training in Europe. Accordingly, the
Investigation makes the following Safety Recommendation:

Safety Recommendation No. 3

EASA should ensure that each member state that is authorised to issue EU Flight
Crew Licences, reminds each licence holder of the need to ensure the validity of
their licence, and ratings, including instructor ratings, for any flights or instruction
conducted on a third-country registered aircraft, and EASA should clarify the exact
position, and licensing requirements, for the use of N-registered aircraft for pilot
training in Europe (IRLD2026004).

2.6.5 Training Programme

The ATO’s Training Manual for the Bell 505 Helicopter Type Rating Training Course was sent
to the IAA FOI on 26 July 2024, and on the same date the IAA issued an amended ATO
certificate which included the Bell 505 training course.

The ATO’s approved Training Manual required, inter alia, that trainees on the course complete
14 hours of ground school tuition and undertake an associated examination which had a pass
mark of 75%; the ATO informed the Investigation that the exam would have been taken at the
end of the course. The ATO said that there were classroom sessions for three hours tuition on
29July, and a further two hours on 30th July, and that the Student was also given some ground
school at the Helicopter. The ATO also informed the Investigation that the Student had
completed the ground training for the flight lessons taken; however, no documentation was
provided to the Investigation for this training.
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The Investigation notes the importance that the FAA places on ground training which it says
‘is a key element that sets the foundation and is critical to learner pilots becoming well
educated and successfully transitioning into the flight environment’, ‘can be highly effective if
it follows an overall plan designed to prepare the learner for flight’, and ‘should be related to
flight training objectives whenever possible’. Realisation of these ground training benefits
relies on a well-constructed syllabus that is delivered in an integrated, managed and
monitored manner.

The ATO’s IAA-approved B505 Training Manual required that students must reach a minimum
of Grade 3 for each exercise before commencing the next exercise, and that a form (with a
passing grade) was to be completed for each exercise before the next exercise could
commence; the ATO stated that the Instructor, who had completed the ATO’s Flight Instructor
induction process on the morning of the 29th of July 2024, had not updated the forms, but
that the ATO understood that the Instructor was keeping notes of the lessons and intended
to update these as the course progressed.

The Investigation is of the opinion that the identified gaps in record keeping should be
addressed and makes the following Safety Recommendation in this regard:

Safety Recommendation No. 4

The National Flight Centre should review its record keeping and supervision
practices to ensure that all required records and related course administration is
completed as and when required, and that advancement milestones are accurately
monitored and recorded (IRLD2026005).

CONCLUSIONS
Findings
1.  The Helicopter was delivered from Malta to Ireland on 24 June 2023 and was re-

registered on the United States register as N57NC on 20 July 2023.

2.  The Helicopter was engaged on a training flight which involved practice autorotations
with power recovery.

3.  The FAA and EHEST had identified that practice autorotations with power recovery were
a particular safety risk, and suggested mitigations included practicing autorotations at
airports, and early interventions by instructors.

4, During the accident flight, the Helicopter had completed five autorotation exercises
prior to the accident autorotation.

5.  All autorotation exercises were completed away from an airport.
6. Each occupant sustained fatal injuries, and the accident was not survivable.

7. Examination of the wreckage and recorded data did not identify any pre-existing
anomaly with the Helicopter.



8. Potential blockage of collective pitch lever movement was identified to the Investigation
as a concern to be considered.

9. No evidence was found that blockage of a collective pitch lever was a factor in this
accident, although the Investigation does make a Safety Recommendation regarding the
promulgation of related safety information.

10. The accident autorotation manoeuvre seemed to be progressing in an acceptable
manner until just after time 45 seconds, approximately 9 seconds prior to the end-of-
data.

11. A rapid heading change to the left, just after time 45 seconds, was likely due to a tail
rotor pedal input and it caused the Helicopter to sideslip to the right; as the training
exercise required ‘180 autorotations to be performed, it is possible that this yaw was
initiated as part of such a manoeuvre.

12. Due to the Helicopter’s negative dihedral stability, the side slip to the right caused the
Helicopter to roll to the right.

13. The continued sideslipping of the then rolled Helicopter caused a reversal of the airflow
through the main rotor which in turn caused a low g condition.

14. A brief, transient (one second) collective pitch lever input from 9% to 19% was noted
which may have had some effect in decaying NR, but it appears that negative and low g
associated with side slipping while in a rolled configuration were the major contributors
to NR decay.

15. Inlight of the low g environment and decaying NR, cyclic pitch lever control effectiveness
would have been compromised, and accordingly, lateral cyclic authority was insufficient
to stop the Helicopter’s rolling motion.

16. At time 50.8 seconds, during the final autorotation manoeuvre, the ‘FLY’ position was
selected on an IDLE/FLY switch on the left (Instructor’s) collective pitch lever.

17. Thereis no evidence to suggest that weather was a factor in the accident sequence.

18. It is possible that completing six consecutive autorotations adversely affected the
Instructor’s focus, and/or caused the Student to become fatigued, either or both of
which may have contributed to the accident sequence.

19. When the Helicopter arrived in Ireland, the ATO provided the Student with one of its
Technical Logbooks (which it used for its AOC aircraft) for him to record flights on the
helicopter and the ATO placed a maintenance forecast page in the Helicopter which
contained a request to ‘Please Document Flights in Techlog’.

20. No flights were recorded in the Helicopter’'s Technical Logbook, but details of
maintenance certificates and the issuance of a Standard Certificate of Airworthiness in
Normal Category, were attached to the first two pages of the Technical Logbook by the
ATO.

21. Under a trust agreement with a US-based company, the Student on the accident flight
was the beneficial owner of the US-registered Helicopter.

22. The ATO listed the Helicopter (by registration) on a document dated 24 July 2024, that
it sent to the IAA, titled ‘LIST OF AIRCRAFT/FSTDs [Flight Simulation Training Devices]
DEPLOYED FOR FLIGHT INSTRUCTION — as of date [27 July 2024]
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The ATO’s Bell 505 training manual was sent to the IAA FOIl on 26 July 2024, and on the
same date the IAA issued an amended ATO certificate which included the Bell 505
training course.

The approved B505 training manual included requirements for ground training, and for
progress signoff after each flight, although the ATO did not provide the Investigation
with progress documentation for any of the trainees on the B505 course.

The ATO stated that the only time it had operated the Helicopter was for the training
event over the two days (July 29 and 30, 2024).

The ATO informed the Investigation that it did not have any written agreements with
the Student regarding the Helicopter.

Emails show that since the time of its arrival at Weston in 2023, the ATO was de facto
managing the maintenance and continuing airworthiness of N57NC, using a contractor
to carry out and certify the maintenance tasks that the ATO called up.

The Airfield Operator at EIWT informed the Investigation that records on its information
system indicated that the Helicopter was operated by the ATO since 18 August 2023,
under the ATO’s basing agreement.

The ATO’s website, which the ATO said was not maintained by its Training Department,
contained a notice stating that as of June 20, 2022, anyone residing/based in Europe
must hold both an FAA certificate and an EU license to fly a U.S. registered aircraft in
Europe.

The Instructor was an EASA Helicopter Flight Instructor, a Flight Examiner, and the
Managing Director of an aviation company in the Czech Republic which was an EASA
approved ATO with approval for the provision of training on B206, B407, B505, R22, R44
and R66 helicopter types.

The Instructor held an EU FCL, issued by the Czech Republic, and therefore, according to
US CFR Section 61.3(a) of Title 14, it was not a valid licence for operating an N-reg aircraft
in Ireland.

The ATO did not have a contract with either the Instructor or his company.

The Instructor completed the ATO’s Flight Instructor induction process on the morning
of the 29th of July 2024, but it seems that the fact that the Instructor did not possess an
FAA certificate was not identified during this induction process.

The Investigation believes that it is unlikely that the Instructor was aware that his EU FCL
and EU Instructor rating did not qualify him to deliver training in Ireland on an N-reg
helicopter.

EASA intends to raise awareness of the licensing issues associated with third country
aircraft being used for pilot training during a meeting of the Aircrew Technical Body.
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Probable Cause
Loss of control during a practice autorotation (with power recovery) manoeuvre.

Contributory Causes

1. The unusual attitude entered during the final phase of the manoeuvre.

2. Insufficient height to regain control of the Helicopter and effect a recovery.

3. Possible adverse effects of completing a series of six consecutive autorotation
manoeuvres.

SAFETY RECOMMENDATIONS

It is Recommended that: Recommendation

Ref.
sf Bell Helicopters should ensure that information is IRLD2026002
promulgated to aircrew regarding the risk of headset
control boxes blocking the movement of the collective
pitch lever on the Bell 505 helicopter type.

yM The National Flight Centre should review the IRLD2026003
arrangements for all aspects of the operation and
management of aircraft on its ATO list, and those
operating under its airfield basing agreement, and
ensure that unambiguous written agreements are in
place that specify the scope and limitations of each
party involved with each such aircraft.

M EASA should ensure that each member state that is IRLD2026004

authorised to issue EU Flight Crew Licences, reminds
each licence holder of the need to ensure the validity
of their licence, and ratings, including instructor
ratings, for any flights or instruction conducted on a
third-country registered aircraft, and EASA should
clarify the exact position, and licensing requirements,
for the use of N-registered aircraft for pilot training in
Europe.

/Ml National Flight Centre should review its record keeping  IRLD2026005
and supervision practices to ensure that all required
records and related course administration s
completed as and when required, and that
advancement milestones are accurately monitored
and recorded.

View Safety Recommendations for Report 2026-007



https://aaiu.ie/safetyrecommendation/report-2026-007-safety-recommendations

Appendix A: Comparison of a selection of parameters for each autorotation manoeuvre
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Appendix C: Manufacturer’s Graphic ‘Figure 2’
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Appendix D: Visualisation of the orientation of the Helicopter using the last 9.4 seconds of data
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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: @AAIU _Ireland
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