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Air Accident Investigation Sector

General Civil Aviation Authority
The United Arab Emirates

Incident Brief

GCAA AAI Report No: AIFN/0015/2012

Operator: Horizon International Flight Academy
Aircraft Type AB206-3B

Registration A6-FTB

Engine [s] One Rolls Royce M250

Location Al Ain Training Area Six

Category Air Transport

Persons on Board Two Crew

Injuries None

Investigation Objective

This Investigation is performed pursuant to the United Arab Emirates (UAE) Federal Act 20 of 1991,
promulgating the Civil Aviation Law, Chapter VII, Aircraft Accidents and Article 48.

It is in compliance with Part VI, Chapter 3 of the UAE Civil Aviation Regulations, in conformity with
Annex 13 to the Convention on International Civil Aviation and in adherence to the Air Accidents and
Incidents Investigation Manual.

The sole objective of this Investigation is to prevent aircraft accidents and incidents. It is not the
purpose of this activity to apportion blame or liability.

Investigation Process

The Accident was notified to the General Civil Aviation Authority (GCAA) Air Accident Duty Investigator
on the 4™ September 2012.

An Investigation Team was immediately dispatched to the accident site.

The team coordinated with all authorities on site by initiating the accident investigation process
according to prepared and previously exercised plans.

In accordance with ICAO Annex 13, the ANSV! (Agenzia Nazionale per la Sicurezza del Volo) were
notified and appointed an Accredited Representative [AR] to the investigation and nominated Technical
Advisors from the Original Equipment Manufacturer [OEM] of the airframe. Rolls Royce, the engine
manufacturer, appointed a Technical Advisor [TA] who travelled to the site.

The Air Accident Investigation Sector (AAIS) of the GCAA is llead the investigation, as the United Arab
Emirates (UAE) is the State of Occurrence.

1 The ANSV [Agenzia Nazionale per la Sicurezza del Volo ] is the Italian authority responsible for safety investigations into
accidents or incidents in civil aviation.
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ADREP Classification
Primary Abnormal Runway Contact [ARC]
Secondary Loss of Control - Ground [LOC-G]
Note:

The Accident/Incident Data Reporting (ADREP) system is operated and maintained by ICAO. The
ADREP reporting system is based on the use of a common reporting taxonomy, States use this
taxonomy in their national reporting to achieve international harmonisation and thereby enable the
exchange and aggregation of occurrence information.

Aircraft Data

The AB206-B3 is a single pilot, five place, light helicopter with a two-blade semi-rigid main rotor, and a
tail rotor that provides directional control.

The airframe is a semi-monocoque? fuselage with an aluminium alloy and fiber glass aerodynamic
fairings, an aluminium alloy monocoque tail boom supporting the vertical fin, fixed horizontal stabiliser,
tail rotor assembly and tail rotor drive train.

The primary load carrying structures are two built in cabin bulkheads, a vertical control tunnel from the
floor to the cabin roof and a pair of longitudinal beams in the cabin roof.

The landing gear is tubular aluminium skids mounted laterally.

Figure 1: Augusta Bell [AB] 206B [exemplar]

2 In design engineering, stressed skin is a type of rigid construction, intermediate between monocoque and a rigid frame with a
non-loaded covering. A stressed skin structure has its compression-taking elements localized and its tension-taking elements
distributed.
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Accident Synopsis

During a training flight from Al Ain International Airport [OMAL], an Agusta-Bell 206-3B helicopter
operating in the north western training area with an instructor and a student pilot were completing a
training flight involving practice autorotation onto the training area six heliport, northwest of Al Ain
International Airport.

During the second autorotation exercise, an unstable condition developed in close proximity to the
ground due to a loss of control. This resulted in the instructor taking control of the aircraft and
attempting to recover the situation and re-stabilise the aircraft to a level flight attitude and arrest the
sink rate.

The aircraft contacted the ground with a high rate of descent and minimal forward speed resulting in
significant deformation of the primary structure, a rotor strike on the aft of the tail boom, followed by the
separation of major primary structural components and the transmission/rotor assembly from the
aircraft.

There was no post-accident fire.
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1. Factual Information
1.1  History of the Flight

Google

Figure 2 - Google Earth Overview - Accident location/airport proximity

The Instructor briefed the student pilot for a revision exercise involving Engine-Out Landing [EOL]
autorotation exercises to a fixed point on the ground.

The student was the handling pilot for the departure from the fixed operating base at Al Ain
International Airport [OMAL] to the training area to the northwest of the airport designated as Training
Area 6 [TA6]; engine start was at 0715 UTC.

Upon arrival at TAG, the instructor demonstrated several procedures relating to the training flight and
the revision exercises.

Due to passing IFR traffic, the training flight was height restricted to 1500 ft for the majority of the
training session up until the time that a limited five minute window was available to operate to 2500 ft or
below; this time at approximately 0722 UTC when the clearance to operate up to 2500 ft was
acknowledged.

The student executed the first of two planned 360° autorotation exercises successfully.

During the second autorotation exercise, an unstable condition developed in close proximity to the
ground resulting in the instructor taking control of the aircraft and attempting to recover the situation
and return the aircraft to a stable, level flight attitude and arrest the sink rate.

The aircraft contacted the ground with a high rate of descent and minimal forward speed resulting in
significant deformation of the primary structure, a rotor strike on the aft tail boom, followed by the
separation of major primary structural components and the transmission/rotor assembly from the
aircraft.

There was no post-accident fire.
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1.2 Injuries to Persons

Both crewmembers were uninjured and the egress from the habitable occupied space was without
incident.

Further information on the type of injury, crew protection and the cabin survivability is detailed later in
this report.

Injuries Crew Passengers Others
Fatal 0 0 0

Serious 0 0 0
Minor 2 0 0

Table 1: Injuries to Persons

1.3 Damage to the Aircraft

The aircraft was substantially damaged due to the rapid descent and abnormal contact with the training
area followed by the uncontrolled rotation of the helicopter on the training area circumference.

Figure 3: Accident Site Overview

1.4  Other Damage

No additional damage was evidenced or recorded. The TA6 area is an unmonitored training site.
1.5 Personnel Information

The Instructor was licensed and current on type. GCAA CPL [H] #31529
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1.6 Aircraft Information
Aircraft Data

Type: Agusta-Bell AB206-3B
Registration: A6-FTB
Manufactured: 1983

Engine: 1 x Rolls Royce M250

The aircraft was airworthy at the time of the accident. GCAA Airworthiness certificate was revalidated
on 29 April 2012.

1.7 Meteorological Information
OMAL AD 2.2 AERODROME GEOGRAPHICAL AND ADMINISTRATIVE DATA

1 |ARP coordinates and site at AD  |241542N 0553633E, Mid - point of RWY, on CL

2 |Direction and distance from (city) |8 NM WNW of Al Ain

3 |Elevation/Reference temperature 866 FT /39° C

4 |Geoid undulation at AD ELEV PSN|-104 FT

Table 2: Aerodrome Data
Meteorological data for Al Ain International Airport [OMAL] 04 September 2012 was as follows:
In summary: light variable winds, no significant clouds, good visibility.

METAR/SPECI/Al Ain/OMAL/04th September 2012

201209040100 METAR OMAL 040100Z 32003KT 8000 NSC 31/23 Q1002 A2959=
201209040200 METAR OMAL 040200Z 03003KT 340V060 6000 NSC 30/24 Q1002 A2960=
201209040300 METAR OMAL 040300Z 05004KT 6000 NSC 30/24 Q1002 A2961=
201209040400 METAR OMAL 040400Z 15010KT 7000 NSC 32/21 Q1003 A2962=
201209040500 METAR OMAL 040500Z 16010KT 7000 NSC 34/20 Q1003 A2963=
201209040600 METAR OMAL 040600Z 16009KT 8000 NSC 36/19 Q1003 A2963=
201209040700 METAR OMAL 040700Z 17006KT 110V220 8000 NSC 38/19 Q1003 A2962=
201209040800 METAR OMAL 040800Z 12003KT 030V200 8000 NSC 40/16 Q1002 A2960=
201209040900 METAR OMAL 040900Z 21004KT 160V260 CAVOK 42/14 Q1001 A2957=
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OMAA LOW LEVEL WINDS for 0000UTC on 04" September 2012

Surface WIND: 27004KT TEMP: 33.0 C

0500FT WIND: 24503KT TEMP: 32.1 C

1000FT WIND: 30505KT TEMP: 30.6 C

2000FT WIND; 30506KT TEMP: 32.7 C

3000FT WIND: 25502KT TEMP: 31.6 C

4000FT WIND: 20002KT TEMP: 29.5 C

5000FT WIND: 14005KT TEMP: 28.4 C

6000FT WIND: 17504KT TEMP: 26.9 C

7000FT WIND: 17506KT TEMP: 24.7 C

8000FT WIND: 19508KT TEMP: 22.1 C

9000FT WIND: 17506KT TEMP: 19.5C

10000FT WIND: 13504KT TEMP: 16.6 C

TAF OMAL 032300Z 0400/0506 29006KT CAVOK/04th September 2012

BECMG 0402/0404 16010KT
BECMG 0409/0411 35011KT
PROB30 TEMPO 0412/0415 VRB18G30KT 3000 BLDU FEW045TCU
BECMG 0417/0419 05005KT
BECMG 0502/0504 16007KT

Table 3: Meteorological Information OMAL 04 September 2012

During the high temperature months the operator limits the flying during the peak temperature times
around mid-day and early afternoon to avoid the performance limitations imposed by the high ambient
temperatures.

The accident occurred at 07:59 UTC, or 11:59 Local time, so at the limit of the high ambient
temperature zone. The high ambient temperature and the reduced density altitude will affect the
helicopter power and aerodynamic performance.

Fixed Base Meteorological Station [FBMS]:

There is no portable or fixed meteorological station at the unmonitored training areas®, subsequently
the wind strength and direction is determined by the handling pilot for each operation.

There are no windsocks or other visual aids to indicate to the pilot the local areas conditions.

1.8 Aids to Navigation
Not required

3 There is no GCAA requirement for a fixed meteorological station

10
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1.9 Communications
VHF Communication

The radio communications were standard. All transmissions between the accident aircraft and OMAL
Approach were recorded.

The accident aircraft [HO] contacted OMAL Radar at 0721:58 requesting clearance to operate at 2500 ft
and below.

Another aircraft [H1] operating in the same training area contacted OMAL Radar at 07:59:22 to advise
the accident aircraft was damaged and that the crew of the accident aircraft had been collected from
the accident site.

Time .
[UTC] Freq Aircraft/Grnd Stn Text
79219 | 133.55 HO Alright ah no problem, two thousand five hundred and
below
7:45:53 | 133.55 H1l Approach ah H1

7:59:20 | 133.55 Al Ain Radar H1 go ahead

H1 completed [inaudible] and sir I'd like to inform you
7:59:22 | 133,55 H1 that HO aircraft alphg six foxtrot tango.bravo, ahh he
had emergency landing, eleven forty five local time,
area six, the cause sir aircraft damage.

7:59:22 | 133.55 Al Ain Radar H1, report X-ray, | understand HO on the ground

Table 4 - VHF Radio Communication — abridged transcript
1.10 Aerodrome Information
The training area is an unmonitored heliport, used for training purposes only.

The training area is defined by a circle of tyres and there are no fixed visual aids or fire fight/rescue
facilities available.

The accident location is in a defined training area 18.25nm north west of the aerodrome
The GPS location for the accident in OMAL Training Area 6 [TAB]:

LAT 24°23'52.2" N/ LONG 55° 19’ 20.3" E

TAG is 500 ft above sea level

o} Landing Site Density Altitude [DA]*

Elevation/Reference temperatures 866ft/39°C>, with the Geoid undulation at -104ft, at 1003 hPa, gives
a corrected value of 1062ft. Based on the observed actual temperatures at the time of the accident
[39°C], the DA for the T6 area elevation was approximately 4000ft.

O O OO

4 Density Altitude

Density altitude represents the combined effect of pressure altitude and temperature. It is defined as the height in the standard
atmosphere that has a density corresponding to the density at the particular location (on the ground or in the air) at which the
density altitude is being measured

5 AERODROME REFERENCE TEMPERATURE

An aerodrome reference temperature shall be determined for an aerodrome in degrees Celsius.

The aerodrome reference temperature should be the monthly mean of the daily maximum temperatures for the hottest month
of the year (the hottest month being that which has the highest monthly mean temperature). This temperature should be
averaged over a period of 2 years.

11
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The training area is an unmonitored training area, northwest of OMAL. The area is level, with firm
impacted sand, a circular arrangement of tyres indicate the landing area and there are no wind socks or
other obstacles present.

28688 -

OMAL
1580

1060
500
'TF?/\IPJIPJ(B AREA

Figure 4 - OMAL Aerodrome Elevation and High Ground
Training Area 6 Location and Elevation/Obstacle Clearance

Wind direction and speed judgement was at the discretion of the handling pilot.
1.11 Flight Recorders

For this category of transport aircraft flight data recorders and cockpit voice recorders are not
mandatory.

The requirement for cockpit cameras, under current international regulations also do not require video
recording of the crew area.

1.12 Wreckage and Impact Information
The location of the accident was in TAG6.
The accident site was 18.25 nm from OMAL on a radial of 295° from the operators fixed base.

The accident site surface is level compacted sand, with an estimated CBR® of 3-4, with a blown and
drift sand accumulations scattered locally.

The wreckage is localised to the immediate area of impact in an approximate 70x70 meter grid. Various
structural parts and components were found up to 70 meters from the accident site; the majority of the
wreckage is localised in one location.

There was pooling of leaking fuel from fuel tank with large areas of hydraulic fluid scattered or pooling
around the engine and detached transmission/rotor blade assembly.

The LH aft skid stay of the LH skid had failed under the high induced loads during the heavy landing
puncturing the fuel bladder tank.

6 California Bearing Ratio (CBR) is a test for evaluation of the compressive/mechanical properties of terrain substrata material.

12
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1.13 Medical and Pathological Information
Both crewmembers were conscious and mobile following the accident.
Both the instructor and the student pilot were transported to a hospital.

GCAA CAR Ops requires that all crew are to provide an alcohol and drug test following an accident or
incident. This was completed following the hospitalisation.

1.14 Fire

There was no fire.

1.15 Survival Aspects

Both crew survived the impact and deceleration loads with minor injuries.

The available living space in the cockpit remained intact with significant buckling of the support
structure immediately aft of the two crew seats.

There was limited deformation of the floor structure, seat retention fasteners, console, seat structure
and overhead panel.

The crew seats remained intact as did the crew restraints/harnesses and support fittings.

Neither crewmembers was wearing Aviation Life Support Equipment [ALSE] such as a combined
communications systems and cranial protective helmet.

The left hand (LH) landing skids deformed during the heavy landing.

The Skid puncturing the LH side of the fuel bladder resulting in fuel spillage.

The Emergency Locater Transmitter (ELT) did not trigger.

1.16 Test and Research

The engine was sent to the manufacturer's test and repair facility for detailed analysis’.

High temperature operational limitations have been analysed with the manufacturer to determine if
there is a requirement to add an addendum to the performance limitations criteria.

7 The engine function report is attached in the appendix to this report

13
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1.17 Organizational and Management Information
1.17.1 Horizon International Flight Academy

Horizon International Flight Academy [HIFA] is an approved Flying Training School [FTS] in accordance
with CAR Part IV/Section A — Approved Flying Schools.

The operator is based at OMAL in the United Arab Emirates. The academy provides both fixed wing
and rotary wing training utilizing a fixed wing fleet of Cessna 172SP, Diamond DA42, and a rotary Bell
206 and Bell 407 aircraft.

The training courses cover the scope of flight crew licensing® from Private Pilot to Airline Transport Pilot
License and Flight Instructor Ratings. The academy also provides training to the military and police
sectors. Since its establishment, the academy has trained more than 800 pilot and instructor graduates.

The training programs follow the European Aviation Safety Agency (EASA) syllabus. The training
courses for both fixed wing and rotary wing are approved by the UAE General Civil Aviation Authority
(GCAA), and the fixed wing training courses are also approved by EASA.

At the time of the accident, HIFA had a complex organizational structure involved in training both
civilian and military cadet pilots in rotary and fixed wing flying utilizing four different aircraft types.

1.17.2 HIFA Safety Management System
Safety Manual Review

The HIFA Safety Manual was accepted by the GCAA in 2011 and it formed the basis for the Safety
Management System. Based on the documentary evidence, a gap analysis was not undertaken by
HIFA’s accountable managers prior to producing the Safety Manual. The manual was not complete at
the time of its acceptance by the GCAA as the safety management procedures had not been included
in the initial version and these were to be developed and implemented gradually by the organization.

Emergency Response Plan Review

The HIFA Emergency Response Plan (ERP), sent to the GCAA in January 2013, but issued prior to its
approval, is a generic ERP designed to an Occupational Health and Safety instruction manual
standard, and not an integrated ERP plan as defined by ICAO.

1.17.3 GCAA Oversight of the Operator

Regulatory oversight by the GCAA is conducted by Safety Affairs.

As of December 315 2011, a UAE based flight training organisation which is certified under CAR PART
IV- Special Purpose operations, Section “A”, shall show a complete compliance with this regulation by
establishing a safety management system that is acceptable to the GCAA, maintaining it and
completing its implementation by establishing and complying with the requirements of this Part.

The operator is required under CAR Part X to have a functioning and proficient Safety Management
System. See below:

Safety Management Systems

CAR Part X- Safety Management System Requirements

8 Per CAR Part IV/SUB-SECTION 1.0 — GENERAL/1.4

14
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(d) An Air Operator/Private Operator that holds a certificate issued under CAR OPS 1 or CAR
OPS 3, or a flight training organisation certificate and at the same time holds a Maintenance
Organisation Approval issued under CAR 145 shall establish an integrated Safety Management
System.

The operator is required under CAR Part X/Section 8 to develop and maintain an ERP.

8. EMERGENCY RESPONSE PLAN: The Organisation shall develop and maintain, or
coordinate, as appropriate, an emergency response plan (ERP) that outlines what actions are to
be taken following an accident or an emergency situation. The overall objective of Emergency
response Plans is the safe continuation of operations or the return to normal operations as soon
as possible. Where it is not reasonably practical for an Organisation to establish an ERP, the
GCAA may accept removal of this requirement on a case by case basis.

1.18 Additional Information
Civil Aviation Advisory Publication — CAAP 70

CAAP 70 - Heliports: Air Service and Private Use/(Not Air Service): Standards, Guidance and
Information Regarding Heliports (Issued June 2014), was published as a result of the ICAO adoption of
Amendment 6 to Annex 14 Volume Il. This amendment was effective on 14™ July 2014 and will become
applicable as of 13" November 2014.

CAAP 70 makes reference to guidance and information regarding helicopter operations, in particular
reference should be made to Landing Area Acceptance [LAA] and the self-assessment risk matrix
referred to in the CAAP.

Accidents and Incidents

Over the period from October 2011 to January 2013 there was an increase in the accident and incident
rate with the operator.

The operator had an increasing number of incidents/accidents during the period from 2010 to 2013.

The figure below illustrates a summary of the incidents/accidents for this operator.

Incident, 2012,
7

Incident, 2010,

ncident, 2011,

O R N W A 1O N 00 ©

3 ident, 2013,
1
w /‘-m.v_‘ 1/R0tary
U
2010 2011 2012 2013

o Accident «=m=|ncident

Figure 5 - Accident Rate 2010 — 2013

15
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The time interval between the occurrence of this accident and the publication of the report was delayed
as the operator was in the process of implementing various organisational and safety initiatives.

The aircraft used by the training school are not equipped with GPS location devices.

The aircraft are not equipped with radar altimeters [RADALT]®. All height above ground calculations are
determined by the handling pilot based on the altimeter barometric setting and mentally deriving the
height through a process of subtracting the height above sea level from the indicated altimeter setting.

1.19 Useful or Effective Investigation Techniques
Standard investigative techniques where used.

The GCAA completed an organisational audit of the operator to determine the safety standards and
accepted best practice.

The investigation reviewed the Adoption of the International Helicopter Safety Team [IHST] and Gulf
Flight Safety Committee [GFSC] initiatives to reduce accidents, including the following: Manoeuvre
Initiation Envelope [MIE].

9 A radar altimeter, electronic altimeter, reflection altimeter, radio altimeter (RADALT), low range radio altimeter (LRRA) or
simply RA, used on aircraft, measures altitude above the terrain presently beneath an aircraft or spacecraft by timing how long
it takes a beam of radio waves to reflect from the ground and return to the plane. This type of altimeter provides the distance
between the antenna and the ground directly below it, in contrast to a barometric altimeter which provides the distance above
a defined datum, usually mean sea level.

16
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2. Analysis

Safety Manual

The Safety Manual had not been through an implementation and validation process from the initial
submission and acceptance by the GCAA.

The acceptance of a partially completed Safety Manual by the GCAA did not encourage the operator to
produce a manual that met the requirements of the regulator.

The review of the safety manual resulted in a finding resulting from the content clarity and the SMS
format and purpose.

It is recommended practice to undertake a gap analysis of the existing safety system versus the
documented SMS requirements before writing the SMS Manual prior to devising a plan to implement an
SMS. There is no documentary information available from the operator indicating a gap analysis was
performed.

The end result was a dysfunctional SMS that lacked coherence and direction and was incapable of
fostering a reasonable safety culture.

The operators SMS was not considered sufficient for the purpose of safety management and accident
prevention when reviewed against international best practice.

Change Management

The academy has grown significantly since its foundation in 2009. It has been subjected to the stresses
associated with a fast growing aviation business in ensuring its ability to offer services which meet the
needs of the training Industry and also comply with regulations and maintain the highest level of safety.

During this period, there have been a number of organizational changes which have added to the
constant state of change. This has led to inconsistency and uncertainty across the organization.

From 2009, there have been three Accountable Managers, two Heads of Training for the Fixed Wing
Division, two Chief Flight Instructors for the Fixed Wing Division, two Chief Operating Officers, and a
number of instructor level changes. With each change among the Post Holder and senior management
body there were operational, procedural and organizational cultural changes. Since the organization
has little or no change management processes in place this has led to corporate identity confusion. The
establishment of a safety culture in this environment was problematic.

Regulatory Audits

The GCAA audits from 2009 to 2013 indicate insufficient focus on Standardization and Change
Management. The audit findings indicated that the training manuals were to be updated to meet
regulatory requirements.

One manual was approved in a format acceptable to the GCAA. This was the Integrated Airline
Transport Pilot License (ATPL) Manual for the Fixed Wing Division, which was accomplished in 2011.
Up to the time of the accident, no further manuals have been submitted to the GCAA that meet the
regulators standard, either in content or format.

Regulatory audits findings highlighting non-compliance with the operators Standard Operating
Procedures [SOP’s] with reference to GCAA guidance. Failure to close audit findings by the operator
resulted with a warning being issued to the organization by the GCAA. A number of the findings, year-

17
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on-year, were repetitive in nature, and the corrective actions implemented by operator failed to prevent
repeated occurrences.

Emergency Response Plan

The operator's Emergency Response Plan (ERP), provided to the GCAA in January 2013, and issued
by the operator prior to GCAA approval was a generic corporate ERP designed to an Occupational
Health and Safety instruction manual standard, and not an integrated ERP plan as defined by ICAO
suitable for aviation regulatory approval.

No gap analysis was performed prior to the drafting and formulation of the ERP. The result of this
approach to drafting the ERP is a document that is not sufficiently detailed to effectively manage a
dynamic situation such as an aircraft accident or serious incident.

The operators ERP is not integrated into the aerodrome ERP plan. Although the plan contains some
references to the provision of ERP training for the operator’s personnel these functions are not
specified or allocated.

All aviation ERP’s include checklists and contact lists. The checklists are coordinated with each other
and are essential to allow correct execution of the plan. The operators ERP contains no checklists or
contact lists or any reference to these items.

The operators ERP states that a single integrated emergency response plan has been developed. This
plan is intended to be implemented for any emergency affecting the operator. The plan does not
specifically deal with the response to an aircraft accident or serious incident in sufficient detail. There is
no reference to ICAO Annex 13 nor is it included as an appendix.

The ERP contains no definition of aircraft accident. The operator has redefined an aircraft accident as
an incident in their ERP terminology. To avoid ambiguity standardized ICAO definitions shall be used
for all ERP documents.

The review indicated that the ERP does not have detailed policies, procedures or a coordinated
response action plan. In the event of an aircraft accident this could cause confusion regarding the initial
notification and vital actions required to coordinate, respond and execute a workable response to a
significant event.

Accident Sequence Analysis

A. AB206 designation ‘H Zero’' [HO] was cleared to climb then to vacate 2500 ft due to traffic.
B. HO completed two 360° turns then set up a 180° turn for the entry into the practice auto
rotation onto TAG..

The AB206 is in the descent to the TAG6 landing zone, the student is the handling pilot.

The SOP is to open the throttle at 500ft Above Ground Level (AGL).

Flare initiated at 250ft AGL. Pilot report states ‘Low RRPM and Warning Light on’.

Instructor assumes command and pushes the cyclic forward at 50ft.

Throttle opened to the Flight indent.

Aircraft attitude in nose high, the tail guard and skids contact the ground the same time as
the throttle is opened. The rotor blades deflected down due the hard landing and contact the
tail boom, the tail boom then separates.

Aircraft becomes airborne while yawing clockwise, sever vibration results from the damaged
rotor. The aircraft contacts the ground as the throttle is closed

J. The rotor assembly and gear box separate from the top of the fuselage.

ITOMMmMOO
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K. Aircraft is then at a full stop position, upright.
L. The crew evacuate the aircraft.

Started at 2500 FT (2000Ft AGL) 90Kts. Wind was 070/10 kts, Visibility 07 Km and
Temperature 37° C

—
~

-4

Figure 6 - Accident Event Sequence and Descent Profile
Safety Elements

The Manoeuvre Initiation Envelope [MIE] identifies seven safety elements pilots should consider prior to
initiating any performance based manoeuvre.

These safety elements address both internal and external factors effecting the safety of flight.
The seven elements are the following:

Aircraft Limitations.

Operational Limitations.

Weather.

Air Traffic Control (ATC) Goodwill.
Practical Test Standards (PTS).
Human Factors (HF).

Terrain.

NogosrwdhE

These safety elements are dynamic and constantly challenge pilots to maintain a keen sense of
situational awareness at all times. It is critical for pilots to always be aware of situations that can change
any of these safety elements, whereby breaching the safety confines of the MIE.
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Flight Planning

The tasking for the flight was straight forward, the session lasted up until the flying limitation period
restriction which is imposed due to the ambient heat conditions and aircraft performance limitations.

Due to the 2500ft altitude limitation and the necessity to complete the dual session, the time pressure
limitation may have been contributory.

The Instructor’'s monitoring of the aircraft performance and the student entry into the autorotation and
the subsequent corrective action, when the low RRPM audible signal was heard, was a contributing
factor to this event.

Performance Management — Engine Power Checks

The operator's current SOP does not require a power check prior to commencing operations or
periodically during the training operations on a daily basis.

Conditions at take-off/landing sites differ from what has been allowed for during Flight Manual [FM]
performance calculations.

In order to take this into account and to confirm the amount of excess power available, the pilot should
make an operational assessment by conducting a power check before committing to a take-off or a
landing at the training location, in particular if the ambient heat conditions are reaching the outer limits
of the performance tables.

All flights should be verified with an actual power check under the ambient conditions that exist at the
point of intended operation.

Accident prevention relies on thorough pre-flight preparation, of which the FM performance chart
calculations are an integral part.

Because the ambient conditions at the intended point of operation can be quite different from those
planned for, , calculated values must always be verified with an actual power check under the ambient
conditions that exist at the operating site.

The AB206 FM/Section 1V/4.1- Performance, provides the pilot with the power check procedures for
reference during operations and should be considered in the operators SOP prior to commencing
operations in high ambient temperatures where the high temperatures could affect the helicopters
aerodynamic and engine performance.
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3

3.1

Conclusions
Findings

The findings are statements of all significant conditions, events or circumstances in the [occurrence:
accident, serious incident or incident] sequence. The findings are significant steps in the accident
sequence, but they are not always causal or indicate deficiencies.

3.2

The flight crew were licensed, medically fit and qualified for the flight in accordance with existing
regulations.

The aircraft had a valid Certificate of Airworthiness [CofA] and had been maintained in
compliance with the regulations.

The aircraft was airworthy when dispatched for the flight.

There was no evidence of airframe failure, system or engine malfunction prior to the accident.
The flight planning was conducted in accordance with the procedures in the company
Operations Manual.

The flight exercise was not conducted in accordance with the SOP, i.e. the throttle was not
opened at the hard ceiling altitude limitation.

There is no requirement in the operators SOP for an engine power performance check.

Limited time at the required height [2500ft] to complete the required tasks/actions.

The performance limitation for hot weather operations was proximate given the time of the event
and the ambient weather conditions.

There was insufficient altitude available to effect a recovery from the mismanaged power off
approach.

The ELT did not transmit through the SAR Cospas-Sarsat System following the impact.

No Wind Direction Indicator [WDI] is installed at the training areas, in accordance with CAR Part
IX/Appendix 17/17.1- Wind Direction Indicator.

Student to Instructor ratios requires course planning that contributes to high instructor utilisation.
The instructor failed to intervene with sufficient time prior to the event sequence developing.
The operator's Emergency Response Plan [ERP] was inadequately planned and organised.

Causes

Are actions, omissions, events, conditions, or a combination thereof, which led to this (occurrence:
accident, serious incident or incident.

The air Accident Investigation Sector determines that the causes of the accident are:

Instructor monitoring of the developing flight condition was insufficient to plan an effective
recovery.

The throttle remained in the retarded position below the SOP requirement of 500ft AGL.

The instructor intervened at the point on the critical path where an effective recovery was not
possible from the intervention decision altitude.
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3.3  Contributing Factors

These are actions, omissions, events, conditions, or a combination thereof, which, if eliminated,
avoided or absent, would have reduced the probability of the accident occurring, or mitigated the
severity of the consequences of the accident. The identification of contributing factors does not imply
the assignment of fault or the determination of administrative, civil or criminal liability.

e The Standard Operating Procedure for opening the throttle at 500ft AGL was not followed.
e The student pilot allowed the rotor RPM to decay

¢ The Standard Operating Procedure for the non-handling pilot to monitor the progress of the
approach was not effective in preventing the pilot flying from descending below the
recommended approach profile.

e The Instructor's monitoring of the student and the delayed intervention beyond the point where a
recovery was possible.

¢ There was insufficient time and height above the ground to complete all of the tasked actions

e The positioning of the throttle in the ‘Flight’ indent position just prior to the uncontrolled landing
resulted in the aircraft entering an uncontrolled yawing motion following the separation of the tail
boom and the complete loss of tail rotor effectiveness.

o Possibility to confuse the decision height using barometric altimeters which are set to QNH
where the altimeter will read altitude above mean sea level, not above ground level. The
additional workload associated with cross referencing the QNH altimeter setting with the TA6
elevation altitude of 500ft ASL requires constant cognitive mental calculation.

3.4  Non Contributing Safety Factors

These are the actions, omissions, events, conditions, or a combination thereof, which had no direct
contribution to this accident, but are risks in their nature, that were identified during this Investigation.
List the findings, causes and contributing factors established in the investigation. The list of causes
should include both the immediate and the deeper systemic causes:

¢ Mixed Military and Civil Students and Instructors with differing operational requirements,
instruction methodology and institutional behaviour.

e An aging fleet of AB/BHT 206 helicopters (radar altimeter installation)

e No air-conditioning equipment in the helicopters.
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4.Safety Recommendations

4.1. General Information

The safety recommendations listed in this Report are proposed according to paragraph 6.8 of Annex 13
to the Convention on International Civil Aviation6, and are based on the conclusions listed in
section 3 of this Report; the General Civil Aviation Authority (GCAA) expects that all safety issues
identified by the Investigation are addressed by the receiving States and organizations.

4.2. Safety Actions Taken

Safety Actions Taken by the operator include the following. The following safety actions were
implemented by the operator following the accident that is the subject of this report:

a) The operator engaged consultants to evaluate the Safety Management System and provide
recommendations for safety management improvements.

b) An additional Safety Officer will be employed to assist the Safety Manager.

c) The operator's Safety Manual was re-written and re-issued in June 2013.

d) The Emergency Planning Manual was re-written and re-issued in June 2013.

e) A full emergency exercise was held in September 2013 to verify the new ERP.

f) Al management and staff have received SMS training. This program includes recurrent training.

g) Training manual updated on 15 February 2014 to include the following in the Autorotation
exercise and EOL exercise: Throttle Open by 1500 QNH; no Engine Off Landings [EOL].

h) Introduction to power checks has been implemented while doing the HASEL checks.

i) The operator has installed a form of Wind Direction Indictor [WDI] as per CAR Part IX, Appendix
17/ Appendix Indicators and Signalling Devices/17.1- Wind Direction Indicator.

i) Crew Resource Management (CRM) training has been implemented.

k) The ratio of instructors to students has been set at 1 < 3.

[) Improvements to safety briefings have been implemented.

m) The operator is installing air-conditioning in the rotary wing AB and BHT 206 training fleets.

n) Staffing level in the Safety Officers department has been reviewed. It is in the process to recruit
one employee to assist in the Safety office.

0) CRM courses provided for students. HIFA conducted four courses for students in 2013.
Although CRM training for pilots and students is not required for FTO according to the GCAA
regulation, HIFA planned to conduct the CRM course for pilots and students.
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4.3. Final Report Safety Recommendations

The Air Accident Investigation Sector recommends the following:

To The Operator
SR 04/2015

Install GPS or a Satellite Tracking System [STS] onto the aircraft with the ability to monitor and
record aircraft position in real time.

SR 05/2015

Assure that for practice autorotation the hard floor limitation in the SOP shall be 1500" QNH, this
action shall also require the throttle is set to ‘Flight’ indent position prior to continuation of the
descent and no EOL, with an exercise performance power check if required.

SR 06/2015

It is recommended in line with industry best practice, that the operator adopt the International
Helicopter Safety Team [IHST] Safety Management System Toolkit, and Gulf Flight Safety
Committee initiatives to reduce accidents, including the adoption of the IHST and Gulf Flight
Safety Committee initiatives to reduce accidents, to include the following:

e Manoeuvre Initiation Envelope (MIE) philosophy,

e Integrating current international best practice into a comprehensive SMS based training
environment.

The General Civil Aviation Authority of the United Arab Emirates
SR 07/2015

Examine its SMS acceptance process to ensure that appropriate standards are applied from the
inception of an operators SMS until final acceptance and that the GCAA should ensure that
audits of operator SMS are audited with sufficient frequency and in a robust manner.

SR 08/2015

Consider mandating that Flight Training Organisations [FTO] incorporate CRM training into the
core flight training syllabus for all pilots and students.

SR 09/2015

GCAA to confirm the Emergency Location Transmitter [ELT] satellite interface with the UAE
Mission Control Center (AEMCC Cospas-Sarsat Sytem] is functioning for civil ELT transmission
on the following frequencies 406.025 MHz +2 kHz, 121.5 MHz +6 kHz or 243.0 MHz +12 kHz.

5. Appendices
Rolls Royce Engine Test and Performance Evaluation

Engine Investigation Report — Rolls Royce
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Horizon International Training Academy, A6-FTB, M250-C20J, S/N CAE 270185 --- September 4, 2012

Background Information:

On September 4, 2012 an Agusta/ Bell 206BII helicopter, registration A6-FTB was involved in an
accident in Omal Area 6, United Arab Emirates. The helicopter was owned and operated by
Horizon International Training Academy and was on a local training flight. The helicopter was
occupied by a student pilot and a flight instructor. Day visual meteorological conditions prevailed.
The student pilot and instructor had been practicing auto rotations when on the accident approach
the helicopter landed hard resulting in the separation of the tail boom, separation of the main
transmission along with the main rotor head and main rotor blades from the airframe. Following
touchdown the pilot reported the engine was still running. No injuries were reported.

Airframe/Engine Observations at Recovery:

On September 18, 2012 an investigation was conducted at the helicopters maintenance hangar
located in Al Ain under the auspices of the GACC IIC. The helicopter was positioned upright on its
landing skids which were slightly spread. With the exception of both front wind screens being
broken, the fuselage exhibited little damage. The main transmission had been torn from its mounts
during the accident sequence resulting in damage to the left side transmission cowling and
transmission mounts. (rig 1) One main rotor blade had fractured approximately eighteen inches
inboard from the tip with the balance of the blade having been manually cut just outboard of the
doublers for transport purposes. The second blade fractured just outboard of the doublers. Both
blades exhibited chord wise scratches and striations across the leading edges and blades
surfaces.(rig 2) The tail boom had separated at the fuselage with a second separation just forward of
the tail rotor gearbox. The left side horizontal stabilizer sustained crush damage. Both tail rotor
blades remained in position and exhibited no damage. (rig 3)

The engine which was being operated with inlet barrier filters installed, remained in position and
securely attached to the airframe. No visible impact damage was noted to the engine. (rig 4) A visual
and tactile examination of all engine pneumatic, fuel and oil lines was conducted where all “B” nuts
and connectors were found to be at least finger tight. Oil and fuel line interface connections
between the engine and airframe were examined where all were found at least finger tight. The
engine was then removed from the airframe. Manual rotation the N1 drive train was free and
continuous from the starter generator pad to the compressor. Manual rotation of the N2 drive train
revealed it to be free and continuous from the power take off gear to the #4 power turbine wheel.
The 1IC requested the engine be sent to Rolls-Royce Indianapolis for run as received testing of the
engine.
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Engine Investigation at Rolls-Royce:

On November 27, 2012 “Run as Received” testing was conducted on the subject engine at Rolls-
Royce Indianapolis, Indiana to new engine specifications set forth in Rolls-Royce Production Test
Standards 788 Rev K. Testing was conducted under the auspices of the NTSB accredited
representative on behalf of the GCAA IIC.

The engine was removed from the container and placed onto an engine stand where preparation
and pre run examination of the engine was conducted during which nothing was discovered which
would preclude operational testing. (rig 5) The engine was then placed into the test cell where the
engine was started within specification time and temperature. Following engine warm up and with
vibration scans being within specification, the engine was accelerated to a flight idle power. The
engine was then taken through a series of timed accelerations; decelerations and a governor droop
check where the engine preformed within specification. A five point power calibration was
conducted where the engine met specification for Take Off Power, Cruise A and Cruise B power
settings. At Cruise C and Normal Cruise setting the engine was slightly low at -10.3% and -8.6%
respectively. Testing resulted in a total engine run time of 1 hour and twenty five minutes where at
completion of the testing the engine was shut down normally.

Engine Information:

An Allison M250-C20J gas turbine engine, S/N CAE 270185, powered the helicopter.
The engine was installed on the helicopter May 21, 2012 at 4015.4 ETT.

Manufacturer Allison
Engine Model 250-C20J
Rating: 420 Shaft Horsepower
Serial Number CAE 270185
Engine Total Hours 4157.7
Last 100-Hour Inspection 4141.8
Last 300-Hour inspection 4141.8
Component Serial Number | Part Number TSO Total Time
Engine | CAE 270185 6899400 New 4157.7
Gearbox CAG 27187 23001923 New 4167.5
Compressor CAC 24077 6890550 2785.5 4151.6
Turbine CAT 22773 23038241 142.3 3637.7
Fuel Control 322476 23070606 109.6 3889.2
Governor HR46774 23086749 New 975.7
Fuel Pump 7101422 6899253 335.2 Unknown
Fuel Nozzle 0463 6890917 1627.8 3229.0
Bleed Valve FF33005 23053176 499.7 Unknown

*All times taken from engine log records or daily status sheets.
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Summary of Findings:

Testing of the engine to Rolls-Royce new engine production test specification revealed the engine
to meet specification power for Maximum Take Off and all cruise settings with the exception of a
slightly low Cruise C and Normal Cruse power points where the engine produced -10.3% and -8.6%
respectively as compared to new engine performance specification. Nothing was discovered during
testing which would preclude the engine from normal operation.
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Appendix A,
Photographs at Recovery
Horizon, Al Ain UAE
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Fig 1

(Return)

Export Controlled



Horizon International Training Academy, A6-FTB, M250-C20J, S/N CAE 270185 --- September 4, 2012

Fig 2

(Return)
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Fig 4

Right side engine as recovered.
(Return)
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Appendix B,
Photographs at Rolls-Royce

Indianapolis, Indiana
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Fig 5

Engine as received - Rolls-Royce

(Return)
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Appendix C,
Engine Test Log

Engine Log Records

Export Controlled



9071531 INIDNS aL {662 1-es6e-1D

"ON HEW 0 INIA VIS 0D, Iﬁﬁm_mj WD T3N4 V0L NIVHO Q13IHS F41H HSINI
Lol Bed §ig7 =W ezh T3 WL —AC))  IAVA NIVHO HINENE NIVHO 00 HX3| MAISNOD | 3L 1HvLS
SLHVLS ON V] WS N3 | s NIVHO dVind 13nd WYHD ‘BNOD| IO WIOL | G35v@ | FWIL | WIOL FURLS)
! AHS D01 IDYNIVH NOLLJWSNOD 0

7.0
LSg ;1T T Oa |
T HEEWIN LHVIS |
uix FNIL T30 ¥ 1900V LHVIS

18 ] [ NOIVHoIA HOSS34am00 |

L St /] 2l | el 2/ [ AN | 8@ £ IEFTRELL NOILVEEIA SNIBHNL
} = T a2 78 B e NOILVHHIA XOBEVS |
=1 THETHENE 1z 4.2 | ' [=2' | st IEETREA RS BE] NOLLVEBIA INAQ |

85

32k

E

4§
A
04 HHOD

FLAR’ Q| |ha"

5 Th| w |

5oz -
Of =

A T vE-JI(E:

wan |

VLA 9L
THM

MO S

MO N0

(31 57 3L MO IO
FHNLVHISWIL LTINIID
FHNIVHIdWEL WO FDNIAVIS
3HNSS3dd LFNITI0
FHNSEIH 0 IDNIANIS
FHNSSZH 0 NIV

[ A

B 0D
FONVARIOIS (NVH ALINNT SUYLE - BATIY3IS

o

o/+ [ =NINT RO eus

h g~
o,

O HE

“BHNL

LEW "HHOD
LW aNI

ol

FHNSSIHA LNIA VIS dNCD
FHNSEIed ISVD XOSHYID
FUNSSId IDUVHISIO dNOD
‘dW3L IDHYHISIO dNOD
o VNN 1d
‘dW3L H3H IHNIMEA

"553Hd WLV IHNINA

d ¥ IHMLNSA

‘dW3L H3H T30 1530

dWEL LT TN NOD "DAY
SHNSS3Hd JLVLS "HXT
FHNSSI4d L3 NI 'dWCD "DAY
JHNLYHIdWEL 3NN 33LNY

D11 DV

HOSSIHAN0D

MO T30 HEOD
dA3L1TTNI T3NS
MO T3NS 03AE3SE0
SHNSSIE LITNI T3NS

J3nd

HIMOJISHOH LIVHS 'HHOD
HILINWINDHOL INIDNT
HILINIDHOL ‘NAD
HILINIDH0 ‘NAD

HIMOIISHOH

03345 3NAD
(IN) 0334S HIINA0k SV
ONILLIS HIMOd

ol: of|way HIOTD W FWIL
L |sunNn Q3HIND3H ¥ivD
VSN OTH0-5029% ALIGIWNH FAIIEH

L ] -2E dWIL 3TISLND
02k %09 '0'd 19°LT "HVE INHL
uOsY aokoy-sjoy -7 Le ELT

TWHINID

: ! : : : R ] d

[ v w2 | & [H 02 6 | 81 b
S3IH3S 0S¢

|bFWQu Ooqhmm._.mz_czm

oM 1531

Horizon International Training Academy, A6-FTB, M250-C20J, S/N CAE 270185 --- September 4, 2012

Export Controlled



Horizon International Training Academy, A6-FTB, M250-C20J, S/N CAE 270185 --- September 4, 2012

Export Controlled



Horizon International Training Academy, A6-FTB, M250-C20J, S/N CAE 270185 --- September 4, 2012

Export Controlled



Horizon International Training Academy, A6-FTB, M250-C20J, S/N CAE 270185 --- September 4, 2012

Export Controlled



Horizon International Training Academy, A6-FTB, M250-C20J, S/N CAE 270185 --- September 4, 2012

Export Controlled




Horizon International Training Academy, A6-FTB, M250-C20J, S/N CAE 270185 --- September 4, 2012

Export Controlled




Horizon International Training Academy, A6-FTB, M250-C20J, S/N CAE 270185 --- September 4, 2012

Export Controlled




Horizon International Training Academy, A6-FTB, M250-C20J, S/N CAE 270185 --- September 4, 2012

Export Controlled



Horizon International Training Academy, A6-FTB, M250-C20J, S/N CAE 270185 --- September 4, 2012

Export Controlled



Horizon International Training Academy, A6-FTB, M250-C20J, S/N CAE 270185 --- September 4, 2012

Export Controlled



Horizon International Training Academy, A6-FTB, M250-C20J, S/N CAE 270185 --- September 4, 2012

Export Controlled



Horizon International Training Academy, A6-FTB, M250-C20J, S/N CAE 270185 --- September 4, 2012

Export Controlled



Horizon International Training Academy, A6-FTB, M250-C20J, S/N CAE 270185 --- September 4, 2012

Export Controlled



Horizon International Training Academy, A6-FTB, M250-C20J, S/N CAE 270185 --- September 4, 2012

Export Controlled



Horizon International Training Academy, A6-FTB, M250-C20J, S/N CAE 270185 --- September 4, 2012

Export Controlled



Horizon International Training Academy, A6-FTB, M250-C20J, S/N CAE 270185 --- September 4, 2012

Export Controlled



Horizon International Training Academy, A6-FTB, M250-C20J, S/N CAE 270185 --- September 4, 2012

Export Controlled



Horizon International Training Academy, A6-FTB, M250-C20J, S/N CAE 270185 --- September 4, 2012

Export Controlled



Horizon International Training Academy, A6-FTB, M250-C20J, S/N CAE 270185 --- September 4, 2012

Export Controlled



Horizon International Training Academy, A6-FTB, M250-C20J, S/N CAE 270185 --- September 4, 2012

ik
e wa' W
e 17t

Export Controlled



Horizon International Training Academy, A6-FTB, M250-C20J, S/N CAE 270185 --- September 4, 2012

10

| et _ Engine Model
TR [Fees
: “.‘_,-‘“

Export Controlled



Horizon International Training Academy, A6-FTB, M250-C20J, S/N CAE 270185 --- September 4, 2012

Export Controlled



Horizon International Training Academy, A6-FTB, M250-C20J, S/N CAE 270185 --- September 4, 2012

Export Controlled



Horizon International Training Academy, A6-FTB, M250-C20J, S/N CAE 270185 --- September 4, 2012

Export Controlled



Horizon International Training Academy, A6-FTB, M250-C20J, S/N CAE 270185 --- September 4, 2012

Export Controlled



Horizon International Training Academy, A6-FTB, M250-C20J, S/N CAE 270185 --- September 4, 2012

Export Controlled



Horizon International Training Academy, A6-FTB, M250-C20J, S/N CAE 270185 --- September 4, 2012

Export Controlled



Horizon International Training Academy, A6-FTB, M250-C20J, S/N CAE 270185 --- September 4, 2012

Export Controlled



Horizon International Training Academy, A6-FTB, M250-C20J, S/N CAE 270185 --- September 4, 2012

Export Controlled



Horizon International Training Academy, A6-FTB, M250-C20J, S/N CAE 270185 --- September 4, 2012

Export Controlled



Horizon International Training Academy, A6-FTB, M250-C20J, S/N CAE 270185 --- September 4, 2012

Export Controlled



Horizon International Training Academy, A6-FTB, M250-C20J, S/N CAE 270185 --- September 4, 2012

Export Controlled



Horizon International Training Academy, A6-FTB, M250-C20J, S/N CAE 270185 --- September 4, 2012

Export Controlled



Horizon International Training Academy, A6-FTB, M250-C20J, S/N CAE 270185 --- September 4, 2012

Export Controlled



Horizon International Training Academy, A6-FTB, M250-C20J, S/N CAE 270185 --- September 4, 2012

Export Controlled



	Contents
	Incident Brief
	Investigation Objective
	Investigation Process
	ADREP Classification
	Aircraft Data
	Accident Synopsis
	1.  Factual Information
	1.1 History of the Flight
	1.2 Injuries to Persons
	1.4 Other Damage
	1.5 Personnel Information
	1.6 Aircraft Information
	1.7 Meteorological Information
	1.8 Aids to Navigation
	1.9 Communications
	1.10     Aerodrome Information
	1.11 Flight Recorders
	1.12 Wreckage and Impact Information
	1.13  Medical and Pathological Information
	1.14  Fire
	1.15  Survival Aspects
	1.16  Test and Research
	1.17  Organizational and Management Information
	1.18  Additional Information
	1.19  Useful or Effective Investigation Techniques

	2.  Analysis
	Safety Manual
	1
	Change Management
	Regulatory Audits
	Emergency Response Plan
	Accident Sequence Analysis
	Safety Elements
	Flight Planning
	Performance Management – Engine Power Checks

	3 Conclusions
	3.1 Findings
	3.2 Causes
	3.3 Contributing Factors
	3.4 Non Contributing Safety Factors

	4. Safety Recommendations
	4.1. General Information
	4.2. Safety Actions Taken
	4.3. Final Report Safety Recommendations
	To The Operator
	The General Civil Aviation Authority of the United Arab Emirates

	5. Appendices
	Rolls Royce Engine Test and Performance Evaluation




