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PART 1.3 - NARRATIVE OF EVENTS

Definition of Terms:

A. All times Local.
B. All heights are based on the altimeter reading zero on the threshold (QFE) taken from the

Accident Data Recorder (ADA) which measured height in 41 ft increments.
C. All speeds are Indicated Air Speed (knots); however, damage sustained to both pitot tubes

after the aircraft touched down may have degraded accuracy thereafter.
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Synopsis

1.3.1. At 1105 hrs on 8 Jan 13, a Tucano T Mk1 ZF349, callsign LOP19,
of Number 1 Flying Training School (1 FTS) departed RAF Linton-on-Ouse with
a crew of 2 o~ a routine Partial Test Flight (PTF). The Handling Pilot (HP) who
occupied the front cockpit was an experienced Qualified Flying Instructor (OFI)
and Unit Test Pilot (UTP); the Non-Handling Pilot (NHP), a Basic Fast Jet
Training (BFJT) course student acting as a 'scribe'l, sat in the rear cockpit. The
sortie was being flown following rectification work after an over-temperature of
the Exhaust Gas Temperature (EGT) on the previous flight. The sortie profile
tollowed that of the Tucano Flight Test Schedule (FTS), which included a check
of engine performance and control in both Engine Electronic Control (EEC)
Normal and EEC Manual modes. One element of the test was to confirm that,
once the EEC was isolated in Manual mode, the engine response and power
levels were satisfactory.

1.3.2. Whilst conducting power checks in EEC Manual in the RAF Linton
on-Ouse overhead, the HP observed torque abnormalities and elected to curtail
the sortie. After approximately 7 mins of flight and having completed various
stages of the EEC checks, the HP selected the EEC switch from Manual to
Normal in accordance with the FTS. The crew immediately experienced a loss
of thrust coupled with a large increase in drag, felt the aircraft pulse and
observed that the 'Igniter On' indicator on the Engine Start panel was lit;
additionally, the NHP noted that the torque gauge needle indicated zero.

1.3.3. Suspecting an engine failure, the HP selected the Emergency Shut
Down Lever (ESDL) to Off/Feather and manoeuvred the aircraft to position for
an Actual Forced Landing on Rwy 21. With the aircraft already in the descent
the HP transmitted a brief Mayday call and selected the landing gear down on
the normal system. Subsequently, she instructed the NHP to lower the landing
gear on the standby system and selected flaps to the fully down position. The
crew completed a controlled emergency landing onto the runway approximately
2300 ft beyond the threshold. The aircraft landed wheels up, travelling
approximately 3700 ft along the centreline before the HP steered it off the
runway onto the grass beyond the overrun where it came to rest.

1.3.4. The NHP opened the canopy and observed white/grey wispy smoke
coming from between the front and rear cockpits. The NHP conducted an
emergency ground egress without inserting the ejection seat pin and exited
onto the left wing to check that the HP was uninjured. The HP made 2 radio
transmissions to Linton Tower stating that the crew were uninjured, selected the
electrics off and exited the aircraft having made her seat safe. Both aircrew
moved away from the aircraft to await the emergency services. No injuries
resulted from the incident. Fig 1 shows the accident site.

1 Unofficiallerm desclibing the role of a crew-member who recOfds information for the pilot during a test flight.

Exhibit 1

Exhibit 2
Exhibit 3

Exhibit 4

Exhibit 5

Witness 8 A61
Witness 3 A52

Witness 3 A69

Witness 8 A5

Witness 3 A1

Exhibit 6
'Witness 8 A8

Exhibit 7
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Touchdown
point

Fig 1 - ZF349 Accident Site.

Aircraft Information

1.3.5. ZF349 is a Tucano T Mk1 basic fast jet training aircraft under the
Aircraft Operating Authority of No 1 FTS at RAF Linton-on-Ouse. At the time of
the accident the aircraft was based at RAF Linton-on-Ouse.

1.3.6. The last significant scheduled maintenance on ZF349 was an Exhibit 8
engine change completed on 21 Nov 12 by Babcock, the in-service engineering
contractor. Following this servicing, normal procedures were carried out to
return ZF349 to an airworthy condition, including engine ground runs and flight Exhibit 9
testing. At the start of the accident sortie the replacement Engine Change Unit
(ECU) had been run for 17 hours since installation and the aircraft had flown for
a total of 3705 hrs.

1.3.7. On the previous sortie on 7 Jan 13, the aircraft had been placed Exhibit 4
unserviceable due to an over-temperature of the EGT. In accordance with
extant procedures, adjustments were made to the maximum power and
temperature settings to ensure the engine would not exceed the temperature
limit at full power in EEC Normal. Static checks and engine ground runs were
conducted following these adjustments. The aircraft was cleared for
unrestricted flight subject to a satisfactory PTF conducted by a UTP.

Crew Composition

1.3.8. Handling Pilot. The 45-year old aircraft captain, an experienced
A2 OFI, occupied the front seat. She completed instructor training at the
Central Flying School (CFS), RAF Scampton, in Dec 93 and re-categorised to
A2 OFI in Oct 95 before conducting 2 tours on Jaguar aircraft at RAF
Lossiemouth and RAF Coltishall. On returning to the Tucano after a period of
absence, she was awarded a Certified to Instruct accreditation in Jul 07,

Exhibit 3
Exhibit 10
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achieved a UTP qualification in Nov 08 and re-confirmed her A2 OFI
qualification in Mar 09. At the time of the accident she was the CFS Tucano Witness 8 A1
Examiner. Following the Christmas stand-down, she flew a simulator and a
PTF on 3 Jan 13 and an Instrument Rating Test on 4 Jan. She had flown 2.35 Exhibit 11
hrs in the last 7 days and 30.50 hrs in the last 90 days. She had a total of 2762
hrs, of which 1680.55 hrs were on Tucano.

1.3.9. Non-Handling Pilot. The 26-year old student pilot occupied the
rear-seat and acted as a scribe for the purpose of the sortie; she had flown 2 Exhibit 12
other test flight sorties, including a PTF. Throughout the accident sortie she
was a NHP. She was on Christmas leave for 2 weeks prior to the accident.
She had flown 30.40 hrs in the last 90 days and 4.00 hrs in the last 7 days, one Exhibit 12
of which was a PTF sortie immediately prior to the accident with the same crew
composition. She had a total of 142.05 hrs, 31.10 hrs on type and was Exhibit 13
qualified 1st pilot day only.

Previous 24 Hours

1.3.10. On 7 Jan 13, the HP was on leave and the NHP flew a dual sortie
for currency which cleared her to fly a solo sortie on the day of the accident;
this dual instructional sortie included general handling and a practice engine
mechanical failure. Her instructor also demonstrated engine flameout
symptoms and relight drills. The crew were within prescribed crew rest periods
and neither reported any reason why fatigue might have been an issue leading
up to the accident sortie.

Sortie Details and Preparation

1.3.11. On 8 Jan 13, the HP arrived at work at around 0800 hrs and
attended the 0815 hrs Met Brief. Although not on the flying programme the HP
was aware that there were S test flights which needed to be flown. The NHP
was programmed to fly a solo sortie and also attended the 0815 hrs Met Brief.
The weather was briefed to be unfit for students at 'their stage in the course
and, with the weather deteriorating throughout the afternoon, the sortie was
cancelled.

1.3.12. With the day's flying programme being re-organised due to weather,
the HP went to the Squadron Ops room to place herself onto the flying
programme with the intent to fly 2 of the 5 test flights that morning. The HP met
another of the Squadron's UTPs at the Ops desk, discussed the 5 test flights
and then went to the Flight Line to examine the PTF requirements with the
engineers to see which sortie would best suit the weather and her currency
requirements. The NHP also went to the Squadron Ops room and, seeing that
the HP was planning to conduct 2 PTFs, volunteered to act as a scribe on both
sorties. The HP and NHP had previously flown together on a PTF the week
prior.

1.3.13. The HP decided on a short first sortie in aircraft ZF140, which
required spin checks at FL200 to complete the PTF flown the day before. At
approximately 0900 hrs the crew out-briefed with the Duty Authoriser (DA), the
HP self-authorising the flight, and departed for the PTF. This 35 min sortie was
uneventful.

1.3.14. The crew landed from this PTF at 1000 hrs and took refreshment
before reconvening in the Squadron Ops room at approximately 1030 hrs for
the second of the 2 planned sorties; the PTF for ZF349, which the HP would

Witness 8 A183
Exhibit 14

Witness 8A5

Witness 3Al

Exhibit 15

Witness BAS

Witness 3 Al

Exhibit 11
Exhibit 12

Witness 8 AS

Exhibit 2

Exhibit 2
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again self-authorise. The HP 'warned out' with Air Traffic and the crew were
then out-briefed by the DA using the standard Squadron format before walking
to Flight Line Control. Here, the HP briefed the NHP on the content of the PTF,
including the format of the EEC checks. The HP then telephoned the Met
Office to get the Outside Air Temperature required for the PTF schedule and
signed the F700.

Sortie Execution

1.3.15. At approximately 1045 hrs, the crew walked to the aircraft which
had been fuelled to 500 kgs. The HP then carried out the external walk round
of the aircraft whilst the NHP carried out the rear cockpit and ejection seat
checks, and strapped in. The HP carried out her checks, strapped into the front
cockpit and proceeded to start the aircraft. Nothing unusual was noted during
the crew-in, start up and taxi to Rwy 21. The HP gave the pre-take off
emergencies brief, which was an abridged version to that normally given as the
crew had briefed similarly an hour earlier.

1.3.16. The aircraft departed from Rwy 21 AH (right hand circuit pattern) at
1105 hrs into a busy circuit of mixed types with a planned climb to 1500 ft QFE
in the overhead to conduct the EEC checks as per the FTS. After take-off in
the upwind turn, the NHP informed the HP of a smell in the rear cockpit similar
to that experienced when conducting an engine start. She was in the process
of selecting 100% oxygen when the HP instructed her to do so. Both pilots
selected 100% oxygen on their demand regulators.

1.3.17. Once established downwind in the circuit the HP started recording
engine parameters in accordance with the FTS. The HP estimated that cloud
structure was as expected - FEW at 1300 ft in the circuit - but that the visibility
was 6 km rather than the forecast 12 km. The HP elected to adjust the flight
profile to remain below cloud and closer to the airfield. The HP completed the
maximum power check in EEC Normal downwind at approximately 1500 ft and
200 kts before descending to approximately 1200 ft, turning inside the Initial
Point ('Initials', 3 nm on the extended centreline) where she heard the NHP
select air/oxygen mixture on her demand regulator. At that point the crew
dismissed the earlier 'fumes' event as the smell had dissipated. Approaching
the dead side the HP set 20% torque, then selected EEC Manual and noted the
corresponding EEC caption on the CWP.

1.3.18. As the aircraft was flown dead side, the HP advanced the throttle to
achieve a steady state of 560"C EGT. Both crew observed that the torque
needle was 'wandering' between 80% and 100%, which the HP considered
abnormal. The HP attempted to achieve normal torque indications with the
EGT at 560"C on 2 further occasions and, having been unable to do so,
decided to curtail the sortie. She adjusted her plan, cancelling her IFA climb
and informed the Tower of her intent to land. However, in order to assist the
engineering personnel to fault-find, the HP advanced the throttle once more
and depressed the Pilot Initiated Event button to mark the Accident Data
Recorder (ADR).

1.3.1 g. At 1111 hrs, as the aircraft was positioned inside Initials for the
recovery, the HP decided to complete the last elements of Test Reference Point
(TRP) E8 of the PTF and retarded the throttle to flight idle as per the FTS. She
then selected 20% torque ready to select EEC from Manual to Normal. The
aircraft was 0.91 nm from the threshold of Rwy 21, heading approximately 210"
at 994 ft and 171 kts.

Witness 8 A5
Exhibit 16
Witness 3 A23
Witness 8 A5

Exhibit 17
Witness BA5
Witness 3 A31

Witness 8 A5

Witness 3 A120

Exhibit 1

Exhibit 1
Witness 8 A5

Witness 8 A5

Witness 8 A61
Witness 3 A1

Exhibit 18

Exhibit 1

Exhibit 1
Witness 8 A8
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Accident Events

1.3.20. The HP informed the NHP that she was about to move the EEC
switch from Manual to Normal. On re-selection of EEC Normal at 1111 :59 hrs,
32 sees prior to touchdown, the HP noted an immediate marked increase in
drag, observed the Negative Torque Sensing system operating and felt the
aircraft pulse. The NHP felt the aircraft lurch. which prompted her to look at the
torque gauge; it read zero.

1.3.21. The HP suspected an engine failure and lowered the nose to
counter the drag. Rwy 21 was ahead and slightly to the right of the aircraft and
the HP decided to make an approach to it. 23 sees before touchdown at a
height of 828 ft and 152 kts, the HP selected the ESDL to Off/Feather whilst
manoeuvring for an Actual Forced Landing on Rwy 21. At 1112: 11 hrs, 20 sees
prior to touchdown, with the aircraft at 704 ft and 158 kts, the HP transmitted a
brief Mayday call to Linton Tower then selected the normal landing gear down.
14 sees prior to touchdown, she instructed the NHP to lower the landing gear
using the standby system and then selected the flaps straight to the down
position.

1.3.22. The NHP recalled moving the landing gear Standby Selector Lever
(SSL) rearward as instructed and looked at it to confirm that she had the
correct lever. She observed that the gear position indicators showed 2 reds
(main wheels) and a black (nose wheel). The NHP stated that she held the
SSL aft for a count of 5 sees until just after touchdown.

1.3.23. The HP noted the same gear position indications as the NHP just
prior to the flare and recalled that the round·out seemed very normal. The
aircraft touched down on the runway centreline, wheels up, at 1112:31 hrs at a
speed of 146 kts, 2340 ft in from Rwy 21 threshold where it skidded along the
remaining length of the runway; the HP managed to maintain directional control
using rudder throughout.

1.3.24. The airfield boundary is marked by a wooden fence approximately
450 ft directly beyond the overrun. Immediately beyond this is a public road
that lies approximately 2 m below airfield level. Aware that the aircraft was still
travelling at speed, and to position for an area with a longer overrun, the HP
realised that she required a large input of right rudder. Not wanting to alarm the
NHP, and risk a double ejection, with a sudden application of yaw that might be
misconstrued as a loss of control, she informed the NHP of her decision to turn
the aircraft to the right and run off onto the grass. The aircraft skidded onto the
grass approximately 17 sees after touchdown at 65 kts and came to rest
approximately 6 sees later at 1112:53 hrs. The total elapsed time from
selecting EEC Normal to being at rest was 55 sees.

Post-Accident Events

Witness BAB
Exhibit 1
Witness BA133

Witness 3A1

I"{itness 8 A70

Exhibit 1

Witness BAB

Witness 3 A7B
Witness 3 RFI

Witness 8A8
Exhibit 1

Witness BAB

Exhibit 1

1.3.25. The NHP saw smoke coming from the left side between the front Witness 3 A1
and rear cockpits. She conducted an emergency ground egress without
inserting her seat pin into the ejection seat, opened the canopy as normal and
vacated the aircraft onto the left wing. Concerned for the welfare of the HP who Witness 3 A150
was still sitting in her seat, she moved forward to the front cockpit to make sure
that the HP was uninjured.

1.3.26. Once stationary, the HP replaced her seat pin into the ejection seat Witness S AS
and instructed the NHP to make her seat safe and vacate the aircraft. The HP
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contacted Unton Tower to inform them that they were vacating the aircraft. She
then shut down the aircraft, isolated the electrical system, and exited the
aircraft.

1.3.27. The NHP remained on the left wing until the HP started to egress
the aircraft. Both pilots then stepped off the left wing and moved approximately
100ft to the rear of the aircraft. A Rapid Intervention Vehicle (RIV), Crash 1,
was parked on the west comer of 1 Hangar (adjacent to the northern end of the
flight line) and observed the aircraft impact the runway. The RIV was en-route
to the aircraft before it came to rest and was first on the scene. They were
subsequently joined by the Major Foam Vehicle (MFV) and a station ambulance
crew who provided immediate medical care and transported the aircrew to the
Station Medical Centre.

Injuries to Persons

1.3.28. The crew were taken to the Station Medical Centre by ambulance
following the accident; neither of them reported any injury or discomfort to the
medical team. The Station Medical Officer conducted physical and
psychological health checks on the pilots and found them both to be physically
and mentally fit. Aware that there might be a requirement for Post Incident
Drug and Alcohol Testing (PIDAT) both aircrew gave a urine sample. However,
PIDAT was not conducted.

Damage to Aircraft

1.3.29. The aircraft's final resting position was approximately 30° off
runway heading, Fig 2 shows the final position post egress. The aircraft
sustained significant deformation and wear to the propellers (Fig 3) and
exhaust eductors as it skidded down the runway and, as the aircraft travelled
over the grass, the left·hand side main landing gear door and hydraulic pipe
work was torn from the aircraft. The left·hand main landing gear door was
found on the grass near to the overrun and the canopy was left open. The
aircraft was assessed as Cat 4 (works).

Fig 2 - Aircraft After Egress.

Witness 3 A93
Witness B AB
Witness 1

Exhibit 7
Witness B A84
Witness 3 A143

Witness 11 A24

Exhibit 19
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Fig 3 - Close-up of Damaged Propeller.

Other Damage

1.3.30. Public. There was no damage to public property. Exhibit 20

1.3.31. Environmental. A small amount of hydraulic fluid was lost as the
aircraft crossed the grass and the right-hand side fuel tanks vented some fuel
overnight.

Meteorological Information.

1.3.32. The crew attended the morning Met Brief at 0815 hrs and, following
their first flight of the day, the HP telephoned the RAF Linton-on-Ouse Met
Office at approximately 1040 hrs to prepare for fhe next PTF sortie.

Witness 8 A5
Witness 3 A1

1.3.33.

1.3.34.

The Met report at 1050 hrs was given as:

Surtace wind: 1700 T al 7 kls.
Prevailing visibility: 12 km.
Cloud: FEW at 1300 ft, OVERCAST al 2200 ft.
Temperalure: dry bulb PS 1Q°C, dew poinl PS 8°C.
Pressure: QNH 1020.7 hPa, QFE 1018.8 hPa.
Colour: WHITE.
Other information: Estimated 20000 wind was 260 0 T at 20 kts.

The Met report at 1124 hrs (post-accident) was given as:

Surface wind: 1600 T at 6 kts.
Prevailing Visibility: 12 km.
Cloud: FEW at 1400 ft, BROKEN at 2000 ft.
Temperature: dry bulb PS 10°C, dew poinl PS 8°C.
Pressure: QNH 1020.6 hPa, QFE 1018.6 hPa.
Colour: BLACKWHITE.
Other information: Estimated 2000 ft wind was 2600 T at 20 kts.

Exhibit 21

Exhibit 22

Communications

1.3.35. The aircraft was equipped with UHF and VHF transceivers, and a
standby UHF system. Radio exchanges with Linton Ground were successful Exhibil23

1.3 - 8
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on start up and taxi; communications with Linton Tower in the circuit, and post
accident, were all received with the exception of the brief Mayday Call made by
the HP. This transmission was unintelligible to the Tower. Witness 26

Airfield Information

1.3.36. AAF Linton-on-cuse has 2 runways available for fixed wing Exhibit 24
operations. The long runway (03/21) is approximately 6000 ft in length, whilst
the short (10/28) is approximately 4400 It. The airtield TACAN reads 0.4 nm at
the threshold of Rwy 21.

1.3.37. The aircraft landed on Rwy 21 (211 0 True), which is a 150 ft-wide Exhibit 24
asphalt runway with a Landing Distance Available of 6017 ft. It is flown as a
right hand circuit. The elevation at the threshold is 50 ft and is lit by high
intensity runway threshold lights. The runway has no slope and is lit by high
intensity runway edge lights. Angle of Approach lighting is given by Precision
Approach Path Indicators set at 3°. The Tucano is not cleared to take a barrier
and therefore there are no barrier arresting systems at RAF Linton-on-Ouse.

Flight Recorders

1.3.38. The aircraft was fitted with an ADR and associated Data Acquisition
and Processing Unit that together formed an integrated Flight Data Recorder
that collected data and audio tracks, as well as discrete events, onto a
continuous loop tape. The Military Air Accident Investigation Branch (MiIAAIB) Annex A
technical report provides particulars for each flight recorder and other recording
devices within Part 2'.

Wreckage and Impact Information

1.3.39. The accident took place within the airfield boundary of AAF Linton- Exhibit 24
on-Ouse and was contained therein. The MilAAIB conducted a sweep of the
accident site the following morning which identified small items of debris on the
grass near the edge of the runway adjacent to the touchdown point. Scratch Annex A
marks from the engine eductors and propeller blades were visible along the
runway centreline (see Fig 4) for the duration of the skid, as were some minor
marks where the wings touched the ground. The change in surface from
runway to grass resulted in the loss of a small length of hydraulic pipe and an
actuator from the undercarriage system, as well as the left·hand main landing
gear door. The MiIAAIB's search yielded small fragments of aircraft skin and
structure; no significant loss of material occurred.

Fig 4 - Scrape Marks on Runway.
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Post Crash Management

1.3.40. Immediate Actions. Linton ATC declared a 'State l' as the aircraft
touched down wheels up and the Station initiated their Contingency Plan (CP1).
The Station Fire Service initiated Post Crash Management (PCM) and
controlled access until the arrival of a military guard force. Two fire vehicles
attended the scene of the accident: a RIV (Crash 1) and a MFV containing the
Watch Leader who acted as the on-scene Incident Officer (10). Shortly after,
the Station ambulance arrived and took the crew to the medical centre. The fire
crews conducted their initial actions and checked for evidence of fire. Finding
none, they made the rear ejection seat safe and ensured that the battery
switches were off in the front cockpit. At approximately 1135 hrs, the MFV was
redeployed from the accident site in order to enable the reinstatement of a
Crash Category to facilitate the recovery of Linton-based aircraft. The 10 left
the RIV Crew Manager in temporary charge of the site.

1.3.41. Subsequent Actions. CP1 was initiated at 1116 hrs and the role of
Incident Coordinator (IC) was assumed by OC Ops Wg in Station Ops. The
ERT stood up, consisting ot the Stn Cdr, OC 72(R) Sqn, OC Ops Wg, OC Spt
Wg and the Babcock Contract Manager. Having heard the tannoy, the Post
Crash Management Incident Officer (PCMIO) arrived at Station Ops to be
briefed by the ERT and then moved to the accident site accompanied by the
Station Health, Safety and Environment Advisor (HSEA) and the Station
Photographer. They arrived on scene at approximately 1300 hrs whereupon
the PCMIO initiated formal PCM procedures and placed the aircraft under
guard; thereafter he controlled access to the site.

1.3.42. Recovery of Linton-based Aircraft. There were 5 Linton-based
aircraft that remained of concern to the command chain: 3 aircraft were
airborne in the local area and were due to recover shortly; and 2 aircraft had
landed at other RAF stations as part of the routine flying programme, one at
RAF Benson and one at RAF Cranwell:

a. The Duty Senior Supervisor (DSS) and the Air Traffic
Supervisor were able to contact the aircraft conducting Low Level
training. It, along with the 2 local aircraft, were held to the north-east
of the airfield once their fuel state was known whilst the status of the
airfield was ascertained. After a visual assessment of the short
runway by ATC personnel, the Ie acting within the E~T made the
decision to re-open Rwy 28 and recover these aircraft rather than
divert them to AAF Church Fenton, the nominated Crash Diversion.
At 1230 hrs the Stn Cdr instigated an 'operational pause' before the
2 land away aircraft were programmed to fly.

b. The aircraft at RAF Benson had pre-positioned in order to
conduct a flypast for a graduation at RAF Halton. When crewing-in
at 1230 hrs the crew were aware that an incident had taken place at
AAF Linton-on-Ouse but were unaware of the operational pause
being declared. They were notified that they may not be able to
recover back to AAF Linton-on-Ouse. At 1305 hrs when calling for
taxi, the crew were informed by Benson ATC that they had been
cleared to conduct the flypast. The crew continued with the sortie as
planned with an expectation that any messages to cancel their
sortie, to divert to AAF Church Fenton post flypast, or to recover
back to RAF Benson would be sent through AAF Benson ATC. On

Witness 16
Witness 1
Exhibit 25

Witness 11 A13

Exhibit 26

Exhibit 25

Exhibit 27
Exhibit 2

Witness 11 A22

Witness 19 A6

Witness 17
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completion of the flypast at 1330 hrs they were instructed to land at
RAF Benson and landed at approximately 1350 hrs.

c. The RAF Cranwell aircraft was not due to return until the late
afternoon. The DSS contacted the aircraft captain and instructed Witness 14
him to hold at RAF Cranwell until cleared to recover. The crew
subsequently returned to RAF Unton~on-Ouse by road. This aircraft
remained at RAF Cranwell until RAF Linton-on-Ouse recommenced
flying.

1.3.43. Other Actions. Relevant documents and publications were
impounded and the Station Flight Safety Officer arranged for witness Exhibit 26
statements to be taken in the immediate aftermath of the accident. On 9 Jan
13, a 9 Regt AAC Lynx helicopter from Dishforth provided assistance to enable
the Station Photographer to take aerial pictures of the accident site. On 10 Jan
13, screens were erected to prevent further public viewing of the accident site
and a FaD sweep was carried out under the supervision of the MilAAIB to
recover pieces of wreckage.

Aircraft Recovery and Salvage Operations

1.3.44. MilAAIB investigators deployed to RAF Linton-on-Ouse on the day
of the accident and were on site at first light the following day (9 Jan 13). They Annex A
recovered the ADR that morning and downloaded it using Babcock's specialist
equipment. The ADA was then despatched to MOD Bascombe Down for
further in-depth analysis.

1.3.45. A Joint Aircrafl Recovery and Transportation Squadron (JARTS)
team deployed from MOD Bascombe Down on 8 Jan 13, arriving at RAF
Linton-an-ause late that night. They recovered the aircraft on the morning of Annex A
11 Jan 13, once the Service Inquiry Panel had been convened and viewed the
accident site. The aircraft was moved to secure storage in 1 Hangar at RAF Exhibit 28
Linton-on-Cuse where it was screened off and left under the jurisdiction of the
MilAAIB investigators. The engine and propellers were removed from the
aircraft and sent for testing and further investigation.

1.3.46. Consultation between the Station HSEA, JARTS and the PCMIO Exhibit 20
ascertained that the site did not contain any significant hazards. The site was
handed back to the Station by JAATS on completion of the recovery process on
11 Jan 13, and the Aircraft Clearance Certificate was signed in the presence of
the Station HSEA.

Fire

1.3.47. Both pilots were aware of smoke emanating between the front and
rear cockpits as they egressed from the aircraft, although the Station Fire
Service saw no evidence of fire.

Witness 8A8
Witness 3A1
Witness 1 A28

Survival Aspects

1.3.48. Search and Rescue. No Search and Rescue resources were
required as the aircraft remained predominantly intact within the airfield
boundary and the crew exited the aircraft independently without aid.

1.3.49. Escape/Egress Systems. The crew were able to open the canopy Witness 8 A8
and vacate the aircraft unhindered. Witness 3 A1

---MAA
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1.3.50. Aircrew Equipment Assemblies. Aircrew survival equipment
assemblies were not activated during this accident.

Tests and Research

1.3.51. MilAAIB investigators removed the ADR for analysis by MOD
Boscombe Down, which provided a clear timeline of events throughout the
tlight.

1.3.52. Two specific areas of the aircraft were analysed in depth: the
engine ancillaries, particularly the Fuel Control Unit, which were removed for
testing at the Original Equipment Manufacturer's site; and the landing gear,
which was tested in situ.

1.3.53. The Panel conducted tlights in the Tucano Simulator at RAF Linton-
on-Duse and 2 airborne sorties with a Tucano OFI. This work provided
appropriate awareness of the circumstances of the accident from an
airmanship perspective.

Organisation and Management Information

1.3.54. RAF Unton-on-Ouse is commanded by a Gp Capt within which
1FTS is an element of No 22 (Training) Group. The Station consists of one
flying training squadron (72(R) Sqn), an Operations Wing and Support Wing
each commanded by a Wg Cdr, and other lodger units. Aircraft maintenance is
delivered on site under contract by Babcock. The Project Team (PT) for
Tucano, the Tucano Glider Support Authority (TGSA), is also on the Station, led
by a Wg Cdr (who is the deputy Type Airworthiness Authority) and is exclusive
of the RAF Linton-on-Ouse chain of command. For the purposes of PCM, as a
nominated subsidiary unit, RAF Unton-on-Ouse has 4 qualified PCMIOs.

1.3.55. Tucano aircraft are operated at RAF Unton-on·Ouse, RAF Cranwell
and MOD Bascombe Down. The Stn Cdr is the Delivery Duty Holder (DOH) for
Tucano aircraft operating from RAF Unton·on-Ouse and RAF Cranwell, and is
the Suitably Qualified Experienced Person (SQEP) legally responsible and
accountable for airworthiness, maintenance and safe use of the air systems at
RAF Unton-on-Ouse. The DOH at RAF Unton-on-Ouse is supported by a
SOEP Senior Operator to provide specialist support in delivering his air safety
responsibilities. This role is assigned to OC Ops Wg to provide internal
assurance of operating procedures, standards and flight safety, operating
advice on Risks to Ufe artd, where appropriate, advice on operating issues
associated with the acquisition of new air systems. Engineering support to the
DOH is provided by a newly formed Continuing Airworthiness Management
Organisation, which is co-located with the UK Military Flying Training System
PT (UK MFTS) based at MOD Abbeywood, Bristol. The DOH for the Tucano
operating from MOO Boscombe Down is the Chief Test Pilot of the Air Warfare
Centre.

1.3.56. Babcock is contracted to provide a wide variety of services at RAF
Unton·on·Ouse, including engineering support to 72(R) Sqn. The company
provides the following workforce:

a. Flight-line personnel.

b. A Forward Engineering Maintenance (FEM) team working an
early or late shift Monday to Friday, rotating on a weekly basis.

Annex A
Exhibit 1

Annex A

Exhibit 29

Exhibit 30

Exhibit 31

Witness 19 A1
Exhibit 32

Exhibit 30

Exhibit 33

Witness 4A3
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c. A Depth Engineering Maintenance (OEM) team working days
oniy.

Additional Information

1.3.57. Media. The aircraft came to rest a short distance from the public
road and a known infonnal public viewing point. Photographs appeared on
internet sites later that day through various local and national media
organisations. A statement was released by the Defence Media Centre,
through the Station Media Communications Officer, on 8 Jan 13.

Exhibit 34

---MAA
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PART 1.4 - ANALYSIS AND FINDINGS

INTRODUCTION

1.4.1. The ZF349 Service Inquiry was convened on 11 Jan 13 to
investigate the circumstances surrounding the accident of a RAF Linton-on
Ouse based Tucano T Mk1 aircraft and to make recommendations in order to
enhance Defence air safety. Whilst the main focus for the Panel centred on the
technical aspects of the accident, a wide range of related issues were
investigated to inform the Panel's findings.

1.4.2. This was a non-fatal accident in a tandem seat training aircraft
during a routine Partial Test Flight (PTF). The accident was triggered by a
Torque Motor (TM) failure within the Fuel Control Unit (FCU). The controlled
nature of the forced landing ensured that the Panel had a wealth of physical
evidence to examine and analysis of the Accident Data Recorder (ADA) fitted
to the aircraft was invaluable in determining some of the factors. The timeline
for the Inquiry was driven largely by the detailed technical investigation of the
aircraft engine undertaken by the MlIAAIB, working in conjunction with Industria
de Turbo Propulsores (ITP) in Spain. Honeywell in the USA, and 1710 Naval Air
Squadron (NAS) in the UK.

1.4.3. The Panel recognised that they were at risk of hindsight,
confirmation and/or fundamental attribution bias 1 and, where a decision or
course of action has been scrutinised, the Panel has sought to articulate the
risks or options leading to an alternative course of action that may not have
been evident at the time. Some of the lessons from this accident have an
enduring quality and, with this in mind, they are highlighted in order to prevent
recurrence. Fig 1 shows the aircraft post accident.

Fig 1 - ZF349 Post Accident.

Accident Factors

1.4.4. Once an accident factor had been determined it was assigned to one
of the following categories:

a. Cause. The event which led directly to the accident.

1 Fundamental attribution bias occurs wt"Iefe one underestimates how much another person's behaviour can be explained by situational
factors Le.failing to adequately consider the role of the circumstances that may affect a person's behaviour.

~-~
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b. Contributory. Factors that did not directly cause the accident
but made it more likely.

c. Aggravating. Factors that did not cause the accident but
made the final outcome worse,

d. Other. Factors that were none of the above, but were
noteworthy in that they may cause, contribute to, or aggravate future
accidents.

e. Observations. Factors that were not relevant to the accident
but were considered worthy to promote better working practices.

Available Evidence

1.4.5. The Panel had access to the following evidence:

a. Interviews with the crew of ZF349 and other witnesses.

b. Formal statements from witnesses.

c. Targeted requests for information from witnesses.

d. ADR data from the sortie.

e. Photography from various sources.

f. Relevant orders, Terms of Reference (TORs) and
documentation including flying logbooks, aircraft documentation,
sortie planning and briefing materials, and engineering
documentation.

g. ZF349 at the accident site and at 1 Hangar, RAF Linton-on-
Ouse.

h. Aircraft technical reports by the MiIAAIB.

i. Technical reports by 1710 NAS.

j. Reports provided by the RAF Centre for Aviation Medicine
(RAF CAM).

(1) HF.

(2) Aircrew Equipment.

k. Flying (simulated) assessment by the Air Member flown in the
Thales Tucano Flight Simulator at RAF Linton-on-Duse.

I. Flying (airborne) assessment by the President and Air Member
in a Tucano T Mk1.

m. Flight safety related material, including previous accident
reports (extracted from ASIMS) and Tucano Glider Support Authority

1.4-4
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(TGSA) reports.

n. A detailed review of ZF349's documentation conducted by RAF
Marham Engineering and Logistics Wing.

o. MAA Audit of the PT.

Services

1.4.6. The Panel was assisted by the following personnel and agencies:

a. 9 Regiment Amny Air Corps (9 Regt AAC).

b. 71 (IR) Squadron.

c. 1710 NAS.

d. Babcock International Pic.

e. Bombardier Inc.

t. Central Flying School (CFS).

g. Defence Equipment & Support - UK Military Flying Training
System Project Team (UK MFTS pn.
h. Headquarters 22 (Training) Group (HQ 22(Trg) Gp).

i. Honeywell Inc.

j. ITPSA.

k. Joint Aircraft Recovery and Transportation Squadron (JARTS).

I. Military Aviation Authority (MAA).

m. Military Air Accident Investigation Branch (MiIAAIB).

n. Proptech Ltd.

o. QinetiQ Pic.

p. RAF Centre of Aviation Medicine (RAF CAM).

q. RAF Handling Squadron (RAF HS).

r. RAF Linton·on·Ouse.

s. RAF Mamam.

t. Thales Tucano Simulator.

u. Woodward Inc.

---MAA
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Factors Considered by the Panel

1.4.7. The Panel conducted its Inquiry in line with a comprehensive set of
TORs (Part 1.2). The analysis and findings are grouped under the following
headings:

a. Determining the Cause.

b. Engine History and Sub·Component Management.

c. Crew Preparation.

d. Sortie Details and Planning.

e. Sortie Events Prior to the Emergency.

f. Execution of Test Reference Point Ea.

g. Accident Events.

h. Post-Accident.

i. Related Issues (pertinent to this Inquiry but that did not form
part of the sortie profile).

DETERMINING THE CAUSE

General

1.4.8. The crew were conducting a PTF, Test Reference Point (TRP) EB of
the Flight Test Schedule (FTS), moments before the accident sequence began.
During the EEC Manual power checks the Handling Pilot (HP) noticed
abnormal torque indications and decided to curtail the sortie. Having cancelled
a climb out for the upper air element of the PTF with Linton Tower, she began
to configure and position the aircraft for recovery onto the active runway, Rwy
21. She elected to re-select EEC Normal, at which point the emergency
sequence commenced. It became apparent during interviews with the crew
that they had experienced some form of engine failure. The Panel focussed its
initial part of the investigation in trying to determine what caused the symptoms
experienced by the crew and whether there was any potential for recovery.

Emergency Symptoms

1.4.9. The HP reselected EEC Normal at 994 ft and 171 kts at a distance of
0.91 nm from the threshold of Rwy 21 (see Fig 2), resulting in torque faliing
immediately to 0% and a noticeable reduction in RPM. The HP experienced a
massive increase in drag and felt the aircraft pulse; these pulses were
expressed as being similar to that experienced when the Negative Torque
Sensing (NTS) system operated. The Non-Handling Pilot (NHP) obselVed that
the 'igniter on' indicator light was illuminated and that the torque needle
indicated zero. Bombardier2 described the aircraft's NTS motion as a series of
longitudinal pulses that would occur about every 2 sees. Fig 3 shows a cockpit
view of the aircraft's position in relation to Rwy 21.

Exhibit 1
Witness B A133

Witness 3 A1
Exhibit 35

2 Bombardier is the Tucano Design Organisation (DO) having laken over Shorts Brothers, the Original Equipment Manufacturer (OEM)
for UK Tucano.
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Fig 2 - Aircraft Position at Point of Reselection of EEC Normal.

Fig 3 - Illustrative Cockpit View on Reselection of EEC Normal.

---MAA
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Fig 4 -ADR Data on Re-selection of EEC Normal Showing Drop in Torque and

RPM, with RPM Stagnating.

1.4.10. The Panel was able to identify, through the ADR data (Fig 4 above),
that the crew experienced reducing torque (to below 0%), reducing RPM that
stabilised at approximately 92% and a rapid loss of thrust. Whilst consistent
with an engine control malfunction, the actions to deal with this occurrence are
not annotated within the Flight Reference Card's (FRG). A rapid fall in torque
and a decaying RPM, which stabilised, without associated noise and vibration
were suggestive of a fuel system failure; the ADR data supported this view.
The MilAAIB conducted testing on the engine and its components to determine
what caused these symptoms.

a. Engine. The Tucano T Mk 1 is powered by a single shaft
turboprop engine that maintains a constant speed of 47,130 RPM.
The engine has 2 power limiters, turbine Exhaust Gas Temperature
(EGT) and torque. During normal operation, over-torque and over
temperature is managed by the Engine Electronic Control (EEC)
allowing the pilot 'carefree handling'. The EEC calculates EGT as a
function of engine inlet temperature, altitude, airspeed and engine
RPM, limiting cockpit-indicated EGT to 650°C, although it is
permitted to over-swing to a maximum of 660°C for 5 sees. In EEC
Manual (EEC inoperative), the pilot is responsible for adhering to the
engine limits, the cockpit gauges indicate raw data and the EGT
must be limited to 560°C by the pilot. The torque value shows the
amount of power, expressed as a percentage that is converted to
thrust by the propeller with a commensurate change in Indicated Air
Speed (lAS). Maximum permitted torque is 100% with a maximum
over-swing to 115%. Following the accident, the engine was
removed from the aircraft and visual assessment undertaken; no

Exhibit 1

Exhibit 36

Exhibit 37

Exhibit 38
Exhibit 39

Exhibit 40

Exhibit 39

---MAA
1.4-8

R~STRICT~g SiRVIC~ INQUIRY
© Crown Copyright 2013



 

-~
--

RESTRICTEg SER'/ICE I'IQUIRV

leaks or damage were evident. It was then sent to lTp3 for
disassembly.

b. Propeller Governor. In flight, the Propeller Governor meters
oil to the propeller as a function of engine speed, power
requirements and pilot demands and provides a constant engine
RPM to the propeller drive shaft. When operating in EEC Manual, or
if electrical power is lost, the Propeller Governor is mechanically set
to maintain 100.5% RPM. Following the accident, the Propeller
Governor was subject to standard tests and passed.

c. EEC. Control of the engine is via the throttle, which transmits
signals to the EEC. In EEC Normal the EEC manages, among other
parameters, fuel control, EGT and torque to meet the power
requirement. The Propeller Governor moves the blade angle of the
propellers to equal demand in power, maintaining a constant RPM.
In EEC Manual there is a direct mechanical link between the throttle
and the fuel control valve. Following the accident, the EEC was
tested by Honeywell4 and was confirmed as serviceable.

d. FCU. The Fuel Control Unit (FGU) contains the key
components to control fuel flow in both EEC Normal and EEC
Manual. A diagram of the FCU is at Fig 5 below.

Fig 5 - FeU Constituent Parts.

Fuel control, and therefore torque and EGT, is managed through a
feedback loop system using air from the engine. Air exiting the
second compressor (denoted P3) is fed in parallel within the FCU to
both a metering valve and the Torque Motor (TM). The TM controls
the P3 acting on the metering valve bellows, which responds to a
pressure differential. Increasing P3 forces the lever of the metering
valve open and changes fuel flow. Fig 6 shows the fuel control
system, the red box identifies the area of interest.

AnnexA

Exhibit 41

Exhibit 42
AnnexAApp 1

Exhibit 37

Exhibit 43

Exhibit 44
AnnexAApp2

Exhibit 45

3 The conlracted maintenance organiSation tor the engine and ancillaries.

.. The current OEM lor the &ngIne and ancillanes having taken over Garrell Engines. the OEM lor UK Tucano engines.
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Fig 6 - Fuel Control System.

Post accident the FCU in ZF349 was removed from the engine and
subjected to standard OEM test procedures by ITP. The unit failed,
leading to disassembly of the FCU to its constituent parts for further
testing. Exhibit 46

e. 1M. In EEC Normal a flapper valve within the TM moves in
response to an electrical current demanded by the EEC, effectively
increasing or decreasing the size of the metering orifice between the
flapper and the nozzle that measures pressure differential (denoted
Py). This Py pressure is fed to the main metering valve bellows in Exhibit 47
the FCU, which in turn controls the fuel flow. Selecting EEC Manual
activates the manual mode solenoid, allowing PJ air to route through
filtered orifices and bypass the TM. The manual fuel valve opens Exhibit 48
and closes in response to throttle demands to increase or decrease
fuel flow, and maximum fuel flow is reduced by approximately 20% to
lessen the likelihood of EGT over-temperature. Before reselecting Exhibit 38
EEC Normal, 20% torque is selected to ensure that the EGT limit is
not exceeded due to ram effectS, which causes a large rise in Py,
resulting in a rapid fuel demand and a subsequent high rate of
increase in EGT. The simplified structure of the TM is shown at Fig
7.

To,~,," MIM< BIIII_
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Fig 7 -Internal Section of the TM, identifying the TM Bellows and Flapper Valve.

5 The ram air principle is the effect where by air is encouraged to enter the engine at a far higher rate than would be expected through
the mechanical action of the machine alone, rather like the effect of forced induction btlt wlthoullhe need for a turbo- or super·charger.---MAA
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The TM in ZF349 was SUbjected to the standard OEM tests by ITP.
These tests confirmed that this component was unserviceable.
SUbsequent analysis was conducted to establish why:

(1) X-ray Analysis. X-ray analysis (Fig 8) identified that the
bellows within the TM were deformed and seated incorrectly.
This prevented flapper valve operation in response to throttle
demand; the SUbsequent loss of constant air flow resulted in
the power loss that initiated the accident sequence.

AnnexAApp 2

Housing

Ball bearing used to
retain bellows structure
in place

Bellows should be
seated squarely within
housing, but here it is
deformed and at an
angle

Fig 8 - X-ray of TM Showing Deformation of Bellows.

(2) Visual Inspection of the Bellows. The TM was
stripped to recover the bellows. The bellows and the housing
should normally be removed as a single unit as they are glued
together using epoxy resin during manufacture; ZF349's
bellows had come away from its housing. The separated
components are shown at Fig 9 below.

, I' "I

-.Jliii 1111111111111111111

'=
:

Fig 9 - Bellows and Housing Removed from TM.

(3) Chemical Analysis. Fig 10 identifies the fracture
surface of epoxy and this fracture was the reason that the
bellows were able to detach and unseat, blocking the flapper
valve. 1710 NAS confirmed that it was the epoxy resin that
failed, rather than the bellows or its housing. A split was also Annex C
found around the circumference of the bellows end, but it could
not be verified when or how this occurred. Chemical analysis
confirmed that the epoxy was consistent with a sample of
material used in the current manufactUring process. Analysis
of the adhesive showed both cohesive and adhesive failure

---MAA
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(i.e. material remaining on the surface and material absent,
leading to the partial coverage shown at Fig 10). 1710 NAS
noted that epoxy adhesive was subject to moisture absorption,
and that this was likely to have weakened the interface leading
to degradation and adhesive failure, which was then followed
by cohesive failure6

.

Fracture suriace
of epoxy resin

Fig 10- End View of Bellows. Epoxy Resin Clearly Visible on One Side
Only of Annulus.

(4) Age of the TM. The Panel noted that the TM was
manufactured in 1987 (see Fig 11). Woodward7 stated that the
epoxy separation was most likely caused by epoxy degradation
due to age in parallel with thermal and pressure cycling. 1710 Exhibit 49
NAS findings relating to the failure modes discussed above
concurred with this view; their supposition was that moisture
ingress over time was the most likely initiator of the failure. Annex C

r

VI"" .,.•~ •.' ~., .
• " I~·::i,n, :~ H

The TM serial
number, 87·

.------:r- 08265·1256,
.. can be seen

The tigure 87
indicates the
year of
manufacture

Fig 11 - TM Removed From ZF349.

Cause

1.4.11. Based on the evidence from the technical investigation into the
engine and its components, the Panel determined that the cause of the
accident was the failure of the epoxy resin in the TM. The de-bonding of epoxy

6 Assessing Adhesive Bond Fallures: MiKed Mode Bond Failures ExplaIned, M Oavies and A McGregor. Jun 10.

7 Woodward was the OEM for the TM.
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resin on the TM bellows within the FeU, resulted in the bellows becoming
lodged against the flapper, thereby stopping changes to Py air flow. This led to
a reduction in engine fuel flow and a corresponding decay in engine RPM. The
Panel concluded that age and environmental degradation appeared the most
likely reason that de-bonding of the epoxy resin occurred within the TM Annex C
bellows. The Panel noted that the failure of the TM could happen during any
flight at any time, not just on a PTF sortie, and the cause only manifested itself
in EEC Normal as the TM is bypassed when operating in EEC Manual. Whilst
it cannot be proven, it is probable that the ram recovery effect associated with
re-selection of EEC Normal. resulting in a rapid pressure change of air through Exhibit 50
the TM, acted as a trigger point and unseated the bellows.

Emergency Diagnosis and Potential for Recovery

1.4.12. Having established the cause of the accident, the Panel sought to
detennine the train of events and decisions which lead to the Actual Forced
Landing (AFL). The HP stated that she did not have time for diagnosis but
experienced a feeling of deceleration similar to using a brake chute; she
believed that it could not have been anything but a drop in APM. The Panel
examined the Aircraft Document Set (ADS) for an explanation to the symptoms
described. The Aircrew Manual indicated that there were 3 main gauges to
help diagnose engine problems - RPM, torque and EGT - but analysing these
takes time. Engine APM is an important tool in the diagnosis of engine
malfunctions and if there was any abnormal engine control or response, with or
without and EEC caption, crews are directed to check the APM. The FAC's
offer guidance for diagnosing engine malfunctions and if APM is decaying
crews are directed to the mechanical failure, flameout or bogdown drills.
Symptoms and actions for these eventualities include:

a. Engine Mechanical Failure. Symptoms include APM
reducing, torque reducing and possible noise and vibration. Crews
are instructed to carry out the emergency shutdown drill, which
includes selecting the Emergency Shut Down Lever (ESDL) to
Off/Feather and to perform forced landing checks.

b. Flameouts. Symptoms include APM reducing, torque reducing
and EGT reducing. Initial actions include selecting ESDL to
Off/Feather. Grews are only directed to select EEC Manual for
abnormal engine response if the RPM was normal.

c. Bogdown9
. Symptoms include a change in engine note, a

reduction in both torque and APM and a rise in EGT. The aircraft
was not below +0.59 and no rise in EGT was experienced; therefore
bogdown could be discounted.

1.4.13. Stagnating RPM, whereby the RPM falls below 100% and then
stabilises at a lesser value, is not considered within the FAG's; the only
immediate action available to the HP for the symptoms she experienced was to
shut the engine down. The Panel considered whether there was an opportunity
for the HP to restore engine power and noted the following:

a. Original Equipment Manufacturer (OEM) Confirmation of
Reversionary Mode. RAF Tucano and some marks of civilian light

Witness8A8
Witness 8 A71

Exhibit 51

Exhibit 52

Exhibit 53

Exhibit 54

II Flameout occurs when the ignition system in the combustion chamber fails. so that fuel is no( bu!T\lng to pow9f the turbine.

II Bogdown occurs when the aIrcraft is in flight at less than .o.5g, and propeller pitch OOl'llrOt is lost so that the propeller blades move
towards the feathered position. causIng a large increase in rolahooal dfag, reduction in RPM and rapid increase in EGT.

---MAA
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aircraft use the same engine and FCU. 80th components are
subject to certification to Federal Aviation Regulations. The
regulations require these components to respond within a specified
timeframe to recover from a loss of power to enable safe continued
flight. Selecting EEC to Manual provides a reversionary mode in the
Tucano and this mode must comply with the thrust recovery times as
detailed in the regulations. Exhibit 55

b. Engine Recovery in EEC Manual. HoneY""'ell stated that a
reducing RPM that stagnated in EEC Normal would recover back to
100% if EEC Manual was selected. Recovery time is dependent on
RPM at the time of selection: within 5 secs if the RPM is at 90%, 12
secs at 50% and 18 secs at 40%. However, it was the Panel's Exhibit 56
opinion that there may not be time to observe RPM stagnation,
particularly for a single-engine aircraft in the low level environment.

c. Airmanship. In accordance with the FRC's, immediate
response to a reducing RPM is to carry out the Emergency
Shutdown Drill although height, speed and aircraft location would Exhibit 57
have an impact on the time available to the HP for diagnosis.
Additionally, the HP had observed abnormal torque indications in
EEC.Manual, which may have influenced her perception of the
aircraft's serviceability in that mode. An Empire Test Pilot School Annex 8
(ETPS) Test Pilot concurred with the HP's actions not to 'e-select
EEC Manual. He explained that when faced with an engine failure
during TRP E8 in particular, there is only time to consider 4 actions
as a minimum to safely recover the aircraft once an assessment of
the aircraft's energy state and landing options had been considered:
select mid-flap to provide a tactile stall warning; select ESDL to
Off/Feather; lower the landing gear using the standby system; and
once the undercarriage was down and locked, select down flap. If Witness 15 A42
the aircraft did not have the required energy to make it to the
runway, then an ejection decision should be made by 300 ft.

d. Documented Advice to Aircrew. The ADS included a
description for engine recovery following an EEC failure by switching
to EEC Manual, but it was under a heading of 'RPM Normal'. Exhibit 58
However, ZF349 did not suffer an EEC failure. Recovering a drop in
RPM that stagnates had not been incorporated into the FRC's, even
though this potential symptom of a fuel flow fault was known to the
TGSA. RAF Handling Squadron (RAF HS) had yet to be tasked with Exhibit 59
establishing a suitable response to this failure mode and, therefore,
aircrew were not informed or trained to consider reverting to EEC
Manual under the circumstances experienced in ZF349.

1.4.14. The Panel concluded that, given the indications that the HP
received, her training and the limited time for diagnosis the moment the
emergency became apparent, she would not have been aware of the actions
that may have allowed her to recover the engine. This meant that she had no
option but to carry out an emergency shut down drill. The Panel concluded that
the decision to shut the engine down and commit to an AFL was not a factor.
However, the Panel considered that the lack of a documented recovery strategy
was an other factor.

-...,-~
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ENGINE HISTORY AND SUB·COMPONENT MANAGEMENT

General

1.4.15. During the technical investigation it became apparent to the Panel
that ZF349 had been placed unserviceable the preceding day following an EGT
over-temperature and that an engine change had occurred 2 months before the
accident in Nov 12. Furthermore, the Panel identified issues with the
management of the engine and its sub-components and became aware of a
potential trend in TM anomalies.

Engine Over-Temperature in Flight -7 Jan 13

1.4.16. On the day before the accident, ZF349 experienced an EGT over-
temperature in flight. After landing, the OFI informed the Flight Line Supervisor Witness 20
and recorded the fault in the F700 as, 'At full throttle EGT increased to 670oe,
then maintained 6600 e (> 5 seconds)'. The aircraft was returned to the hangar Exhibit 4
for diagnosis and repair by the on-shift propulsion trade supervisor and
technician. Rectification consisted of ground running and subsequent
adjustment to the EEC maximum power settings and work was completed prior Exhibit 60
to the handover to the afternoon shift on Monday 7 Jan 13. The Forward
Engineering Maintenance (FEM) team made the flight line aware of the PTF
requirement so that a 'Before Flight Service' could be undertaken. This
servicing was conducted, making the aircraft ready for the day's flying. The Exhibit 61
Panel found that the rectification work carried out by the FEM was in
accordance with extant procedures and concluded that this was not a factor.

Engine Change - 26 Nov 12

1.4.17. ZF349 failed a PTF following a Primaryl0 Service, necessitating an
engine change, which was undertaken on 26 Nov 12, 17 flying hrs prior to the
accident. The unserviceable engine11 was removed and returned to ITP fully Exhibit 8
dressed with the accessories filled including FeU, Propeller Governor and
Propeller Pitch Control unit. A replacement engine was issued from ITP along
with replacement accessories. It was fitted by the Babcock '2 Depth
Engineering Maintenance (OEM) team and the aircraft was prepared for ground
and flight testing. The Panel identified 3 issues associated with the Exhibit 62
replacement engine installed into the aircraft:

a. Bird-Strikes. In the 5 years prior to the accident the engine
had been fitted to 2 other aircraft. In 2008, whilst fitted to ZF448, the
aircraft suffered a bird-strike; the engine was removed and returned
to ITP where it was FOD-checked and the FeU was replaced. In
2009 the engine (and an FeU with 500.10 flying hrs) was fitted to
ZF210. The engine was again subjected to post bird-strike checks in
2010 after a further 52.30 hrs; the Propeller Governor was replaced Exhibit 63
and the engine (with the FeU) was returned to stores. On fitment to
ZF349 in Nov 12, the engine had accrued 3685.40 flying hrs, 686.55
flying hrs since overhaul. Following the accident, the engine was Exhibit 63
removed and there was no evidence of bird-strike damage. The
Panel concluded that the previous bird-strikes experienced by the
engine, and its components, were not a factor.

10 Large serviclng package undertaken al specified flying hrs and caleodar days.
11 Pari Number: 3103400-3.

12 The contracted airframe mainlenance organisatIOn lor Tuc:ano.---MAA
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b. Management of Critical Sub-Components. The enginel:l
within ZF349 at the time of the accident was delivered to the AAF in
1992. The Panel noted 2 differing statements applicable to engine Exhibit 64
life:

Exhibit 67

Exhibit 64

Exhibit 68

Exhibit 66
Exhibit 64
Exhibif 63

(1). Honeywell's Service Bulletin stated that it was to have an
overhaul every 3000 flying hrs; and Exhibit 65

(2) The Tucano engine and ancillaries lifing policy'· stated
that the complete engine was a critical item. The application of
this term indicates that the complete unit must be replaced.

It is likely that only a few of the sub-components are critical but these
are not clearly identified. In 2003, the engine completed 2998.45
flying hrs. It was overhauled and returned for use in 2004 having
changed from a -701A to a -703A mark and with the flying hrs
returned to zero. This overhaul routine was discussed in Nov 12 at
the Platlorm Safety Working Group (PSWG) and the activity
undertaken by ITP was clarified. However, the Panel could not
ascertain which parts of the engine had been replaced when the
engine was overhauled as their replac~ment was not annotated on
the log card. The Panel identified that at the time of the accident
some engine sub-components are likely to have had accrued
3702.40 flying hrs (flying hrs af overhaul plus flying hrs accrued at
the time of the accident). The log card annotations detailing control
of critical sub-components, assuring the engine's continuing
airworthiness, was not clear. Specifically, the Panel could not
determine which components initiated the change of mark, whether
components fitted at build and consuming life were still on the engine
and, if they were not, when they had been replaced. The FCU was
an ancillary component, subject to a separate log card, and therefore
was not affected by this specific example of poor record-keeping.
Whilst TGSA evidently considered hazards and incidents affecting
life and life extension, the Panel concluded that there was a lack of a
rigorous lifing policy for critical sub-components, specifically TMs,
and that this was a contributory factor. Additionally, the Panel
concluded that the lack of clear and correct identification and
management of engine critical sub-components was noteworthy, and
considered this to be an other factor.

c. FeU Management. In Nov 12 the FCU was issued from the
ITP sfores and fined to ZF349. The Babcock Posf Engine Change
Update Information card identified that this FCU had 0.0 flying hrs,
not 552.40 flying hrs, as might be expected. The Panel noted that
the documentation had not been updated correctly. At the time of
the accident the FCU had flown 569.40 hrs. As FCU life was
returned to 0.0 during maintenance at ITP, there was no way to
ascertain how many hrs that the TM, which was not lifed, had flown.

Exhibit 69

Exhibit 64

13 5enaI Number: P65739.
1. AP 100E.(I1B.---MAA
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Torque Motor On-condition Maintenance

1.4.18. With no Iifing policy, TMs are maintained on-condition and are
dependent on test procedures to identify a fault. ITP undertook all FCU
maintenance in accordance with Honeywell's procedures but individual Exhibit 70
components were not routinely checked unless the FCU failed some of its tests.
The Panel became aware that ITP had found routine FCU testing did not
always identify when TMs were unserviceable. The company had identified
instances where FCUs were received at their facility as faulty, but had
subsequently passed bench testing as 'no fault found'. The FCUs were
returned to the unit and, once fitted to an aircraft, the fault was still apparent.

1.4.19. The system of bench tests is designed to assure the FCU and its
sUb-components but does not enable identification of a latent fault in the TM.
This trend triggered ITP to test individual TMs using an existing procedure. The' Exhibit 71
TM on ZF349 was not individually tested prior to the FCU being fitted to the
aircraft. However, it had flown for 69 flying hrs without incident and therefore Exhibit 46
the Panel considered that a failure within the TM would not have been evident
at the time of testing. The Panel concluded that whilst this anomaly in the test
procedures did not contribute to the accident, the inability of the OEM's
standard test to identify a faulty TM allowed these components to be returned
into service without rectification. The Panel considered this to be an other
factor.

Management of Torque Motor Anomalies

1.4.20. There has been 1 similar failure within the TM on a Tucano aircraft,
ZF293 in 2009. ZF293 had an aborted take off at RAF Linton-an-Quse and the
cause was attributed to a failure of the epoxy between the TM bellows and its
housing (the detail of the incident is at para 1.4.85). Bearing in mind ITP's
concerns about the masking of TM unserviceabilities within the FCU test
procedure, the Panel examined the management of torque issues over time.
The Panel noted that the sources of torque anomalies had varied and instances
of TM failure had been erratic since 2001. It was evident from discussions in
the PSWG and PSIWG and entries made in eCassandra15 that this topic had
been under review by the TGSA for some time. The Panel also noted that
'trending' had been considered but as the cause of torque anomalies varied,
the conclusion in 2007 and 2008 was that the issue was ALARP. Interestingly,
there were no TM failures at all during this period. The 2009 incident involving
ZF293 was also considered but did not change this decision as this TM failure
was attributed to a cleaning error during manufacture. ITP subsequently
reported that there was no need for a replacement programme and there was
no documented discussion with Honeywell about the potential for a batch-wide
fault. It was decided that there was no evidence of the components reaching
their end of life and no further consideration was given to the potential for a
fleet·wide concern or the indicator of an ageing asset.

Exhibit 72

Annex D
Exhibit 73
Exhibit 74
Exhibit 75

Exhibit 76
Exhibit 77
Exhibit 78
Exhibit 79
Exhibit 75

Exhibit 80

1~ eCassandra is a software package designed to hold information of potential accidents, their possible causes and the associated
hazards. The package includes information relating to the mitigation and/or control of the hazards providing the basis for risk
assessmenl.---MAA
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1.4.21. Table 1 shows the number of TM fault occurrences against the
number of flying hrs since 2001. The table refers solely to TMs and the Panel
has conducted no formal analysis of other sub·components in the FeU. It can
be seen that TM Mean Time Between Failure (MTBF) has decreased markedly
since 2009 and that this is coincident with a reduction in flying hrs. The Panel
made the observation that the decrease in MTBF that has occurred since
2009 is indicative of the need to consider the TM as an ageing component,
which is supported by ITP's initiation of a revised test routine.

Year Flying hours No. ofTM MTBF Year 00 year trend
achieved failures Flying H04JS .. increaslng MTBF
(rounded) j-rOU'ldedl ... decreaslna MTBF

2001 19338 3 6446 ·
2002 20902.5 0 · •2003 22557 2 11278.5 •2004 18761.5 1 18761.5 •2005 13560 1 13560 •2006 12178 2 6089 •2007 13448.5 0 · •2008 12913 0 · ·
2009 12696 1 12696 •
2010 10893 2 5446.5 •
2011 7553 3 2517 •
2012 7247 5 1449.4 •

Table 1 - MTBF Rates for TMs in Tucano16
.

1.4.22. The Panel made a further observation that TMs were more
susceptible to moisture ingress when left in a warehouse or hangar without de-
humidification as is the case at RAF Unton-on-Ouse, and that this was Exhibit 81
potentially exacerbated by the slow rotation of components. For example, an
engine was fitted to an aircraft in November 2012 having been in storage since Exhibit 63
July 2010.

CREW PREPARATION

General

1.4.23. The HP and NHP had flown twice together on PTFs prior to the
accident sortie, including a PTF sortie that morning that was concluded without
incident. Whilst examining the crew composition, the Panel sought to
understand: the authorisation, regulation and supervision surrounding PTF
sorties; the training, currency and standardisation of UTPs; and whether there
were any implications associated with students occupying the rear cockpit.

Authorisation and Regulation

1.4.24. The HP was empowered to self-authorise this sortie and conducted
her outbrief with the Squadron (Sqn) Duty Authoriser (DA) which provided a
degree of assurance that the sortie was appropriately planned. The NHP,
acting as scribe, was qualified 1S1 pilot day only thus satisfying the requirements
of TGO 2220 regarding the Flight Testing of Aircraft, which stated:

'Wherever possible, PTFs should not be conducted solo. Only
aircrew qualified and current on type... may be carried to assist with
PTFs'.

16 Due to the small volume of data available this assessment is purely qualitative.

Exhibit 82
Exhibit 16
Witness 23 A10
Exhibit 13
Exhibit 83
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1.4.25. Due to the HP's reduced capacity for lookout, dual crew operation on
PTFs helps mitigate the risk of Mid·Air Collision. The Panel considered it
appropriate that the sortie was flown dual. However, the Panel also noted the
acceptable means of compliance for MAA RegUlatory Article (AA) 2101 for Exhibit 84
Appointments to Flying Duties for aircrew under training states:

'[To fly, or operate, a UK Military Aircraft}... a member of aircrew
should/ 7 be undergoing an approved training course and the duties
to be authorised form part of his course of training'.

1.4.26. The Panel noted that it was accepted practice for students to fly on
PTF sorties at 1FTS but that a PTF did not form part of the BFJT student
syllabus. Witnesses offered mixed opinion as to whether PTF sorties incurred
an increase in risk as the flight had been raised to confirm satisfactory output of
ground runs and tests conducted by the engineers. This contrasted with a
routine sortie whereby any switches or services selected would be considered
normal operating risk as the expected result of its movement had already been
proven on the PTF. The Panel viewed that if an activity to be undertaken
deviates from the Regulation, consideration must be given to the implications
and risk, thereby ensuring that the Delivery Duty Holder (DOH) assures
compliance through procedural or other mitigation strategies. The Panel made
the observation that had the process of applying for a waiver taken place then
the appropriate mitigation measures would have been in place to allow
students to fly in the rear cockpit during PTFs, realising the benefits this brings.

Supervision

1.4.27. Supervision of the CFS Tucano Examiner. The HP was detached
from Central Flying School (CFS) at RAF Cranwell and permanently based at
RAF Linton·on-Ouse. The HP operated under 2 Powers of Authorisation and 2
Chains of Command and, whilst this presented a reporting and daily
supervisory challenge, it was satisfactorily resolved. The Panel examined the
HP's supervisory chain and found that the division of responsibility between
CFS and 72(R) Sqn, although unusual, was sufficient and offered the best
available level of supervision. The Panel concluded that the supervisory chain
for the CFS Tucano Examiner was not a factor.

1.4.28. UTP Supervision. Whilst the Station (Stn) had a Senior UTP, this
did not appear to be a formally recognised duty, whether primary or secondary.
Although not a factor in this accident, the Panel made the observation that
there was no senior supervisor to oversee UTP actiVity and a formal regulatory
and supervisory process would assist the UTP cadre.

UTP Qualification, Training, Currency and Standardisation

1.4.29. Qualification. The UTP cadre is populated by some of the most
experienced Tucano pilots on Stn and are selected for training by their Flight
Commander. The Panel was of the view that by the nature of the task, UTPs
need to be appropriately experienced and capable as the aircraft could respond
abnormally to a usually benign demand. The HP was one of 6 nominated
UTPs at RAF Linton-on-Ouse, qualifying in Nov 08 after conducting a number
of work.·up sorties. The Panel found that the HP was suitably qualified and
experienced to undertake this duty and this was not a factor.

Exhibit 86
Exhibit 82 & 87
Witness 19 A 47
Witness 25
Witness 19 A50

Witness 23 A2

Exhibit 88

Exhibit 89
Exhibit 3
Witness 22
Witness 23 A4

17 Should is the permissive verb used in the Acceptable Means of Compliance to allow a Regulaled Entity the opportunity to consider
alternative approaches in meeting the regulation. noting that any alternative approach musl be approved by the MM.

---MAA
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1.4.30. Training. The policy adopted by AAF Linton-on-Ouse for selecting
UTPs exceeded the requirements laid down in Training Group Orders (TGOs).
Although a formalised training plan did not exist at the time the HP conducted
her qualification sorties, at the time of the accident the Stn did have a training
package in place, delivered by any of the UTPs. The Panel noted that TGOs
did not specify that a formalised training programme had to be completed to be
awarded the UTP qualification, nor did it give guidance as to the format any
training should follow. The Panel considered it creditable that AAF Linton-on
Ouse had put in place a comprehensive training package but made the
observation that, whilst TGOs gave specific guidance on the prerequisites to
be achieved prior to undertaking a PTF as an aircraft captain, the conduct of
the actual UTP training would benefit from higher level oversight.

1.4.31. Currency. Stn Instructions stated that the UTP qualification was a
standalone qualification and, as such, did not require any currency. Although
the UTP cadre self-policed their frequency of PTF sorties and there was ample
opportunity to remain competent, the Panel considered that there could be
instances where 'refresher' training was required after periods of absence. The
Panel made the observation that there was no formal process to remain
current or to regain the qualification on return to UTP flying.

1.4.32. Standardisation. During interview UTPs, both at AAF Linton-on-
Ouse and ETPS, explained that they conducted TAP E8 in subtly different
ways. Although both sets of pilots flew the same FTS, there was no forum for
sharing best practice between the 2 units. Historically, a pan-platform Post
Maintenance Test Flight (PMTF) course was run by OinetiQ, offering
prospective UTPs training and advice on the conduct of MTFs. The last course
was held in 2010 and the 2011 course was cancelled due to lack of numbers,
although discussions regarding the re-introduction of the PMTF course were
ongoing. The Panel made the observation that there would be utility in this
course to provide better qualified individuals, versed in the underlying principles
of test flying, able to supervise and deliver future UTP training at the local level,
and that consideration should be given to formal ising a process where best
practice could be shared.

Suitability of Students to Occupy the Rear Cockpit

1.4.33. Training. Students spent the majority of their time on the Basic Fast
Jet Training (BFJT) course in the front cockpit, not the rear. The layout of the 2
cockpits has some small variances, of note within the context of this accident
was the proximity of the landing gear Standby Selector Lever (SSL) to the
Emergency Shut Down Lever (ESDL) in the rear cockpit, discussed at para
1.4.66b(1). Students were introduced to the rear cockpit in ground school and
instructors demonstrated how to configure the rear cockpit prior to students
undertaking their first solo flight. Because they rarely occupied the rear cockpit,
students were also reminded to complete the rear cockpit checks from the
FRG's rather than from memory. However, the Panel made the observation
that although the NHP had received sufficient familiarisation to occupy the rear
cockpit, the training given was not standardised.

1.4.34. Tasks. The NHP acted as a scribe on the sortie and, whilst there
was no formal breakdown of scribe tasks, the Panel considered it likely that her
role consisted of recording data, cross checking indications with the HP and
checking the operation of avionic equipment in the rear cockpit. The Panel
noted that it would be preferable for a OFI to act as scribe and lookout as they

Exhibit 83

Witness 8 A302
Exhibit 90

Exhibit 88
Witness 23 A2

Witness 8 A 308
Witness 15 A 15
Witness 23 RFI

Witness 19 MO

Exhibit 91

Witness 3 A109
Witness 23 A26
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were already experienced in operating the aircraft from the rear cockpit; Witness 19 A118
however, the Panel accepted that it would be unlikely within the current
resource without impacting on the Stn task and considered that students would
benefit from the experience. The Panel made the observation that it was
unclear if the main role of the scribe was to enhance the situational awareness
of the aircraft captain mainly through lookout or to be an active member of the
test flight crew. The Panel further observed that the NHP did not carry a copy
of the FrS and, whilst it did not have an impact on the outcome of the accident,
this would not allow her to integrate fully as a member of the crew.

Crew Readiness

1.4.35. Both members of the crew were within crew rest periods as
regulated by TGO 2345. The HP was on leave on the day prior to the accident
but, following the Christmas stand-down period, she had undertaken a
simulator sortie and flown 3 times. In accordance with the regulations, her
currencies, competencies and medicals were in date. The NHP, following 2
weeks of Christmas leave, flew a dual sortie for currency the day prior which
cleared her to fly a solo sortie, programmed for the day of the accident. All of
her currencies, competencies and medicals were in date. There were no
reports of reduced levels of alertness for the crew; therefore, workload and
fatigue were considered not a factor.

Cockpit Gradient

1.4.36. The HP was an experienced OFI and the CFS Tucano Examiner,
whilst the NHP was a student who was only months into her course. The Panel
viewed that the cockpit gradient was marked although this is not unusual during
flying training. The Panel noted the RAF CAM findings that, in general, the
experience level of BFJT students could reduce team readiness and concurred
with their findings that the crew were at risk of:

a. Reduced task readiness for the NHP due to a low level of
experience.

b. Reduced team readiness due to the large difference in
experience levels between the HP and NHP, and the reported level
of [positive] trust that the NHP had in the HP.

1.4.37. However, in this instance the Panel concluded that the cockpit
gradient was not a factor.

SORTIE DETAILS AND PLANNING

General

1.4.38. At approximately 1035 hrs the crew came together following a break
after their first sortie of the day. They briefed the content of the PTF to be
flown, including the format of the EEC checks. Having flown earlier that
morning, the crew had already seen the actual met conditions and were in a
position to cross reference that experience with the forecast provided by the
Met Office. The crew were aware from the morning brief that the weather was
set to deteriorate in the afternoon. The met report at 1050 hrs stated, 'Cloud:
Few at 1300 ft, Overcast at 2200 ft', which satisfied the weather minima stated
in TGO 2220 for Tucano PTFs of 3/8 of cloud 1200 ft. The weather as briefed
during the planning phase was within the regulations to undertake the PTF.
The FrS requires the TAPa element of the PTF to be flown at 1500 ft. Analysis

Exhibit 92
Exhibit 93
Exhibit 94
Exhibit 95
Exhibit 15

Exhibit 93
Exhibit 94
Exhibit 96

Exhibit 3
Exhibit 13

Annex B

Witness a

Witness BAS

Exhibit 21
Exhibit 83
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of the ADR indicated that the crew executed the sortie, up to the point of the
emergency, outside the parameters stated in the FTS or its Guidance Notes.
The Panel sought to understand what factors may have influenced the HP's
decision to deviate from the parameters.

RegUlation 01 the Flight Test Schedule

1.4.39. A Maintenance Test Flight (MTF) is flown after major engineering
activity and follows the full FTS. The Panel noted the Acceptable Means of
Compliance in MAA RA 2220 states:

'Maintenance Test Flights shouldl8 be conducted in accordance with
the FJighJ Tesl Schedules '.

1.4.40. When minor maintenance is carried out that has an effect on an
aircraft's performance, a PTF is conducted. The Panel agreed that RA2220
would encompass PTFs as they comprise selected elements of the FTS.
However, the mandatory RegUlation in MAA RA 4051 states:

'Flight testing shall '9 be carried out in accordance with the FrS'.

1.4.41. The Panel made the observation that there were discrepancies
between the 2 RAs and, whilst it would be the norm to work to the more
stringent limit, the HP would not reasonably be expected to be aware of RA
4051 as it sat outside the 2000 series Flying RegUlations; it was a ContinUing
Airworthiness RegUlation and was not included in the list of orders/regulations
requiring signature as detailed in TG02401. The Panel concluded that RA
2220 could allow the HP to diverge from the parameters in the FTS, although
such action must be approved by the MAA in the form of a waiver.

Details of Test Reference Point E8

1.4.42. TRP E8 is used to check that the changeover characteristics
between operating in EEC Normal and Manual are correct. II confirms that
engine response and power available in EEC Manual is satisfactory.
Specifically, it is intended to establish whether maximum torque in EEC Manual
is within 25% of that in EEC Normal at full power, thus ensuring that there is
sufficient power available for take-off should the EEC fail and revert to EEC
Manual after VAotate • The flight configuration is stated in the FTS as 'height
1500 ft' in the overhead, whilst the required speed is stated as 140 kts in the
FTS Guidance Notes only:

a. Height. When the Tucano entered service, EEC Manual
checks did not form part of the FTS. Following a number of air
incidents involving engine function in EEC Manual, checks were
incorporated at the end of the FTS and conducted at 2000 ft,
although this was not expressed as height or altitude. These checks

Exhibit 1

Exhibit 97

Exhibit 98

Exhibit 99

Exhibit 100
Exhibit 5
Exhibit 100

Exhibit 101
Exhibit 102

18 Acceptable Means of Compliance (AMC) represent the means by which the MAA expects the intent of the Regulation to be met but
are written in Ihe permissive sense in order to ailow a Regulated Entity Ihe opportunity to consider alternative approaches; any
alternative approach must be approved by lhe MAA. As a COflsequence, AMC contain the permissive verb should (highlighted in bold
for visual impact). This is the only place where this particular permissive verb will be used. Regardless of whelher published AMC are
used or alternatives are proposed to the Regulator, the burden of proof that the Regulation is satisfied resls entirely with the Regulated
Entity. There can be no presumption of compliance ir a published AMC is followed inappropriately. (MAA01)
,g Regulation is defined as a "prescribed rule or aUlhoritative direction". Within Ihe context of Ihe MRP, the Regulations are defined as
overarching mandatory activities which have to be followed without ell.ception (unless a waiver has been formally iSSUed). They will
contain the ell.ecutive verb shall (highlighted in bold for visual impact) and this Is the only place where this particular ell.ecutive verb will
be used, Where a Regulation states that a person "shall- do something, he or she has no choice but to do it Whenever possible,
RegulatlOfls will be writlen in the positive sense. If this Is not feasible then where the provision states that a person "shall not- do
something. he or she is prohibited from doing a certain acl. (MAA01)
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were subsequently moved to the beginning of the FTS at 1500 ft
following concerns on the amount of torque available in EEC Manual
should the EEC fail after VAOI8te • This datum was again not specified
in terms of pressure altitude or height and the justification for this
datum was not incorporated into the FTS Guidance Notes. In Oct
11, clarification was sought by a UTP using a Form 765X (an aircrew
publications amendment request to amend the FTS), submitted
through the User Authenticator (UA)2O, seeking clarification of the
datum to be used for 1500 ft (Le. altitude, height, pressure or density
altitude). The UA's response stated that this was a sensible height at
which to conduct the EEC check in case of an abnormality in
function. The aircrew witnesses interviewed concurred that the
height stated in TRP E8 was for airmanship and energy
considerations; they did not consider it mandatory and the FTS
Guidance Notes did not provide explanatory information to the
contrary. The TGSA did not make comment on the form as they too
believed the reference to 1500 ft to be based on airmanship rather
than engineering considerations. AAF HS amended TAP E8 and the
FTS Guidance Notes to read 'EEC Checks at height 1500 ft
Overhead' based on the UA's recommendation. The F765X process
is detailed later in the report at para 1.4.87. The Panel ascertained
from Bombardier that 1500 ft was selected to provide comparable
fleet-wide results whilst allowing a margin of safety for airfield
elevation in the UK. As the test was not seeking a definitive torque
value in EEC Manual but a maximum permitted reduction from that
achieved in EEC Normal, then QFE could be used. This had an
added benefit, in that this height was also coincident with a glide
circuit and low key21 height. Altitude holding was stated as the most
critical parameter. The Panel noted that the reason behind the
specified height in the FTS had been edited out over time, resulting
in the Guidance Notes not explaining height requirements in terms of
engineering or airmanship considerations. This potentially allowed
UTPs to make an unfounded decision as to the height at which the
TRP could be flown prOViding the weather minima was satisfied.

b. Speed. The Panel ascertained that 140 kts was selected as a
compromise between circuit speed, in case the aircraft needed to
land in an emergency, and a speed close to take-off conditions. This
speed is also a value above VSta11 such that the aircraft is not
compromised when reducing to 20% torque in order to select EEC
Manual and ensures that the speed does not become excessive
when obtaining 560°C. It also allows the torque to be compared in
both EEC modes at the same approximate speed and reduces ram
recover;P effects on re-selection of EEC Normal. The Panel noted
that the reason behind the specified speed in the FTS had not been
articulated and therefore did not offer sufficient guidance to the UTP
cadre. The Panel also considered that the speed in the FrS
Guidance Notes suggested that this value would vary:

'... record the maximum torque value [in EEC Manual} when the

Exhibit 103

Exhibit 104
Witness 8 A 188
Witness 8 A 189
Witness 15 A7
Witness 21
Witness 23 RFI
Witness 23 A30

Exhibit 105

Exhibit 106

Exhibit 107

Exhibit 107

Exhibit 103

Exhibit 107

Exhibit 107

Exhibit 100

20 The HP.

21 Low Key comprises 2 elements: a geographical position abeam the runway threshold at 1500 ft on the downwind leg and aircraft
configured with landing gear deployed and flaps at mid-position.

22 Ram recovery effect occurs when the dynamic air pressure created by vehicle motion Increases the static air pressure inside of the
Intake manifold. allowing a greater mass flow through the engine and hence increasing engine power.---MAA
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EGT is at 560°C, noting that maximum torque value will creep
up slightly due to ram recovery as airspeed increases'; and

... '[when selecting EEC Norma/I .. engine torque should
increase rapidly to between 40% and 60% depending on
airspeed. '

1.4.43. The Panel concluded that the reasons for the height and speed
requirement in TRP E8 were neither specified, nor annotated as mandatory,
presenting an absence of clarity for UTPs. The Panel considered this lack of
clarity an aggravating factor. Height and speed had a direct bearing on the
outcome of the occurrence and are discussed later in para 1.4.53.

Weather Limitations

1.4.44. The Panel considered that the weather minima of 3/8 cloud at 1200
It as laid down in TGO 2220 does not seem to support low level TRPs within
the FTS. It appears to support medium level emergency recoveries where
experienced pilots are permitted to descend through cloud to 1000 ft in the
overhead using radar or TACAN forced landing procedures. The Panel viewed
that the weather minima of 1200 ft for MTFs and the 1500 ft height required for
TRP E8 were not compatible and, when viewed in conjunction with the
ambiguity of the FTS (para 1.4.43), could allow allowed UTPs to deviate from
the parameters stated. The Panel concluded this lack of compatibility between
TGO 2220 and the height parameter in the FTS had a bearing on the outcome
of the accident, in that the HP used the TGO to justify the height profile during
the sortie. The Panel considered this an aggravating factor.

SORTIE EVENTS PRIOR TO THE EMERGENCY

General

1.4.45. Two significant events occurred prior to the emergency that the
Panel analysed in order to determine whether the crew had any indication of an
impending failure to the TM. Following the start up, taxi and take-off sequence
the NHP reported a smell in the rear cockpit and during the EEC Manual
checks both crew observed abnormal torque indications.

Start Up, Taxi and Takeoff

1.4.46. At approximately 1045 hrs, the crew walked to ZF349, which had
been fuelled to 500 kg. Nothing unusual was noted by either the groundcrew or
aircrew during the crew-in, start up and taxi to Rwy 21 Right Hand. The Panel
noted TGO 2311 which described the in-cockpit briefing requirements that
should be covered should the crew be faced with an emergency during takeoff.
The HP gave the pre-take off emergencies brief, which was an abridged
version to that given during the first sortie as the crew had briefed similarly an
hour earlier. Although a shortened brief, it included all the essential
requirements, including that the Command Ejection System was to be set to 'up
and on' and that the NHP would operate the SSL in the event of an engine
failure after takeoff. The aircraft took off at 1105:30 into a 'busy' circuit of mixed
types. As the HP lined up for takeoff, the circuit comprised 4 airborne aircraft
with another Tucano following her on the runway for departure, which complied
with an order in the RAF Linton-on-Ouse Flying Order Book which stated that,
normally, the maximum number of aircraft in the circuit was to be 423

, although

23 A formation 01 up to 3 aircraft may be regarded as one aircraft provided close f()(TTlalion is maintained.

Exhibit 100

Exhibit 83
Witness 23 A37

Exhibit 108

Witness 8 A41

Exhibit 17
Witness 30

Exhibit 109

Witness 3 A31

Exhibit 1
Witness 8AS
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a fifth may be leaving or joining. All aircraft had either departed or landed
during the 2 circuits flown by ZF349; the circuit was clear at the time of the
accident. The Panel concluded that the conduct of the start-up, taxi and takeoff
was not a factor.

Smell in the Cockpit

1.4.47. During the climb out as the aircraft turned cross·wind, the NHP
informed the HP that there was a smell evident in the rear cockpit, similar to
that experienced on a standard start up. The NHP was in the process of
selecting 100% oxygen when she was instructed to do so by the HP. The HP
cannot recall selecting 100% oxygen; however, the front seat regulator was
found at 100% oxygen. The HP stated that the smell did not warrant the smoke
or fumes drill to be carried out and was content to see if the smell lingered.
The NHP re·seleeted air mixture approximately 1Y.! min later when the aircraft
approached 'Initials'2', as the smell no longer persisted. The HP heard the
rear-seat regUlator return to air mix and, as the NHP had not expressed further
concern, assumed that the smell had gone. The Panel identified several
potential causes of this reported smell in the cockpit:

a. Post-Maintenance Fluid Burn Off. Witnesses suggested
that, post maintenance, aircrew may experience smells in the
cockpit. However, adjustments were made to the EEC only and the
aircraft had flown since the last major engineering tasks without
incident; therefore, the Panel discounted this as the cause of the
smell.

b. Electrical Burning. There have been a few instances of
damage to pipe lagging scorching electrical cabling, which would
cause fumes that persisted until the contact ceased. However, the
MilAAIB conducted an electrical soak test with no smoke or fumes
evident and there was no physical evidence of burnt material when
the aircraft was examined. The Panel concluded that this was not
the cause of the smell.

c. RAM Air Valve Open. Opening the RAM Air valve could
introduce oil fumes from the combined drain port into the cockpit.
Examination of the lever position confirmed that the valve was shut.
This was not the cause of the smell.

d. Pre-Indicator of TM Failure. It was surmised that the smell
may have been an indicator of an impending failure of the TM.
However, since the failure of the material was so small, and there
was no evidence of burnt material either in the engine or in the
disassembled TM, the Panel agreed that this was not a pre-indicator
of the subsequent failure. The Panel found that this was not the
cause of the smell.

Exhibit 110
Exhibit 18

Witness 3 A120
Witness 3A1
Witness 8 A51
Exhibit 111
Witness 8 A204

Exhibit 1

Witness 23 A28
Witness 15 A3
Exhibit 60

Exhibit 112

AnnexA

Exhibit 113
Exhibit 114

e. Fuel Enrichment and Reduced Air Conditioning Flow. The
aircraft design was such that start·up produced the peak level of
contaminants and oil in the exhaust as fuel enrichment augmented
normal fuel flow. The position of the engine bay combined drain port Exhibit 115
near to the RAM air valve pre-disposed the air conditioning system to
re-ingest some of these exhaust gases if the valve was even slightly

~ 'Initials' Of ~mliaJ Point'ls a position 3 nautical miles from the runway threstlold in line with the runway heading.

----MAA
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open or if there was a leak. It was usual for there to be some fumes
present in the cockpit during the start-up sequence necessitating
aircrew to select 100% oxygen. These gases were usually expelled
through the air conditioning system quickly during the start sequence
as, once the ECU exceeded 60% RPM, fuel enrichment ceased and
the exhaust reduced to normal emissions. As part of PTF, the air
conditioning system was switched from its usual 'boost' setting to
'normal' which reduced air drawn from 4% to 1.2% bleed with a
commensurate reduction in airflow. It was possible that the gases
were slow to clear due to the lower air conditioning flow through the
system; however, this supposition cannot be tested until the aircraft
is serviceable again as the airflow rates vary across the fleet with
age and wear. The Panel concluded that this was the most likely
cause of the smell.

1.4.48. There was an increasing level of smoke and fumes incidents being
reported. Witness testimony highlights a variance in the perception of what
warrants a requirement to land as soon as possible in accordance with the
FAC's and what is considered to be unworthy of comment to the engineers on
landing. Whilst the abnormal smell dissipated and had no bearing to the
accident, the Panel made the observation that the HP's actions should not set
a precedent for future responses to abnormal smells in the cockpit. The Panel
found no evidence to suggest that the unusual smell was a pre-cursor to the
accident; it was considered not a factor.

Exhibit 113

Exhibit 116

Exhibit 115

Exhibit 100
Exhibit 117

Exhibit 118
Witness 23 A28
Exhibit 111

Abnormal Torque Indications During the PTF

1.4.49. The HP commenced TAP E8 by conducting a maximum power
check in EEC Normal at 1491 ft and 201 kts downwind after take-off. The HP
reported that the torque indications were as expected, achieving 96% torque at
650°C EGT. The HP selected EEC Manual during the first circuit at a height of Witness 8 A5
1201 ft and 163 kts, and recalled that the EEC caption on the Central Waming
Panel was lit as expected. The HP moved the throttle forward to achieve the Witness 8 AS
560°C EGT limit in order to note the maximum torque value in EEC Manual and
to assure a smooth engine response with no discernable lag. The expected
value of torque in EEC Manual should have been approximately 80% due to
the lower rate of fuel flow and corresponding EGT; however, the HP observed Exhibit 38
that torque response was not as expected as it had stabilised at 80% and then
moved to 95% with a large rate of change for a given small throttle demand. Witness 8 A150
Wanting to confirm that she had not inadvertently induced an error in torque by
accidental movement of the throttle when finessing to 560°C EGT, the HP tried Witness 8 A151
to achieve a steady-state torque at 560°C on 2 further occasions. At the start
of the second circuit at 1243 ft and 217 kts, having decided to curtail the sortie, Exhibit 1
the HP made one further attempt in order to mark the ADR by depressing the
Pilot Initiated Event (PIE) button to aide engineering analysis.

1.4.50. The Panel sought to understand what caused the abnormal torque
indications as it may have influenced the HP's decision to return to EEC
Normal rather than land in EEC Manual. The Panel, in conjunction with the
MiIAAIB, worked with Honeywell and ITP to establish what may have been the
cause of these indications. The Panel obtained comparative data from a flight
test flown on ZF511 in order to identify a characteristic response. A comparison Exhibit 119
of ADA data between ZF349 and ZF511 is shown at Fig 12, which shows sharp
spikes in torque for ZF349 and a gradual rise in torque in ZF511 demonstrating
the anomalous response experienced by the HP.

-..y-~
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Exhibit 120

Exhibit 119
Exhibit 120

Annex A

C Crown Copyright 2013

· -~ ~·· /' f

· f
,. I

I.
····, .. , . , .... " ........................--

Manual from ZF349 and from ZF511.

s follows:

here was no ADR measurement point
ttle operation has been discounted as
would have been more linear, similar to

lTP identified a minor fuel leak but it
was as a result of the accident.
ot have been sufficient to precipitate
ADR shown at Fig 13 below.

. Whilst the ADR did not indicate
hat torque, fuel flow and EGT all moved
esting by MilAAIB confirmed the engine

• .. .. • ~

,JI/\ ,--,"\.1
'"'-/~"'""-----I

~~"J"\...V

(V-'-,~~\~

ing Engine Parameters Moving in Sync
Manual.

ode (GIMM) Valve Selling. The GIMM
mes in EEC Manual. The Panel sought

1.4 - 27

RESTRICTI;g SERVICE INQlllRV

'"
• I I

"

,
,,-"

, ..

Fuel Flow

d. Ground Idle Manual M
valve managed fuel flow volu

'-

c. Torque Gauge Failure
throttle position, it did show t
in sympathy with demand. l
gauges were serviceable.

Turbine Speed

Torque (%) I------
lll
- ..- f --....',

-f----..c--

.t.,~_~.__~*__,_-_~,~,_~ -,~ -_"',I--
-v------

, -I---/I-f"--bf---+--...--++-II
! -I-;;f-¥---'--

Fig 12 . Sample of ADR Data in EEC

1.4.51. Possible explanations were a

a. Throttle Operation. T
on the throttle; however, thro
the rate of change of torque
that of ZF511.

b. FeU Leak. Testing by
could not be determined if it
Irrespective, the leak would n
the response identified in the

---MAA

_ :..:..:....:.---'--'-'-----1 "Press to Transmit

Fig 13 - Screen Shot of ADR Data Show
in EEC

I-E-G-T-- -------+. ,01---



 

RESTRIGTE[) SEA"ICE INQYIRY

to understand whether a faulty GIMM valve or an incorrect setting
caused a non-linear relationship between the throttle demand and
the FeU. The MilAAIB devised a specific bench test to analyse the Annex A
effect of fuel control sensitivity with the GIMM valve set to the values
of fuel flow experienced during the accident and at factory settings.

(1) The required fuel flow rate was reached short of full Annex A
travel of the Pilot's Lever Assembly (pLA), replicating the
throttle, which could not be easily arrested resulting in a
marked overswing. This increasing rate continued despite the
PLA being retarded and was only arrested when the PLA was
at mid-quadrant whereupon the rate dropped sharply. With the
GIMM valve set to factory settings, the overswing experienced
was less prominent and at mid-quadrant the drop off was
gradual. These tests provided the explanation for the spiked
response experienced by the HP. The results are presented
graphically below in Fig 14.

(2) When ZF349's GIMM valve was set on 26 Nov 12, the
atmospheric conditions prevented the torque limiting test in
EEC Normal from being achieved but this did not prevent Exhibit 121
satisfactory completion of the ground runs required for the
engine change.

ZF349 - Torque Anomaly GIMM Valve Test Results
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Fig 14 - Results from GIMM Valve Testing.

1.4.52. As already stated at Para 1.4.13c, the HP had observed abnormal
torque indications in EEC Manual, which may have influenced her perception of
the aircraft's serviceability in that mode. The Panel surmised that the abnormal
results were due to the GIMM valve setting but could not ascertain whether it
was faulty, set incorrectly or, despite being set correctly, the valve produced
these effects because of its design. The Panel concluded that the torque
anomalies that the crew experienced during the EEC Manual checks prior to
the emergency were not a pre-cursor to the accident; however the Panel made
the observation that incorrect GIMM valve settings could lead to torque
anomalies in flight.

MiIuty_ionA"~
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EXECUTION OF TRP E8

General

1.4.53. The accident sequence began when the HP reselected EEC Normal
as the final element of TRP E8, having already elected to curtail the sortie. The
crew had flown 2 circuits prior to the emergency and the Panel was able to
exploit data from the ADR to ascertain an accurate ground position with
associated flight profile in speed and height. This data was analysed by
QinetiQ to give a 3-dimensional assessment of the conduct of the sortie. The
Panel made use of other UTPs and ETPS to compare flight profiles and sought
to determine why the HP deviated from the parameters stated in the FTS and
its associated Guidance Notes.

Sortie Profile

1.4.54. The Panel was acutely aware of the potential for hindsight bias when
analysing height, speed and location to determine the sortie profile:

a. Height. Shortly after departure the HP realised that the
weather would not permit TRP E8 to be flown at 1500 ft but that the
sortie could still be conducted to the weather limits specified in
TGOs. The Panel noted that there was no pressure to complete the
sortie to produce more serviceable aircraft for the flying programme.
Although the HP made repeated efforts to climb to 1500 ft downwind,
she was hindered by lowering cloud in the vicinity of Initials and the
dead side. The HP elected to remain below the cloud whilst
ensuring that the aircraft always had sufficient energy to have
options in the event of an emergency. The HP flew a wide pattern
downwind, flying the majority of the sortie at approximately 1100 
1200 ft. The Panel assessed that the weather forced'the HP to fly at
a height lower than that required for the PTF but the HP accepted
this change in height as she remained within the TGO weather
limitations. The Panel concluded that flying at a height lower than
that stated because of the weather, on a sortie that assessed engine
performance, limited the tiJ'!le available in the event of an emergency.

b. Speed. The HP flew the majority of the sortie in excess of 140
kts and stated that this was for 3 reasons: first, she considered 140
kts to be the setup configuration, second, any variance in power in
level flight results in a change in airspeed; and third, as part of her
UTP workup she was taught to observe the maximum torque in EEC
Normal at 1500 ft once the torque had settled, requiring the throttle
to be left at full power. After completing further steps in the TRP and
finessing to 560°C, the EEC Manual check would be in the same
approximate bracket. The maximum torque reading in EEC Normal
was taken at 201 kts; the value of the torque in EEC Manual was not
recorded due to torque abnormalities, but the ADR was marked for
analysis by the HP using the Pilot Initiated Event (PIE) button at 217
kts. The Panel accepted that there could be discrepancies in
speeds between the EEC checks as a pilot finessed the 560°C limit,
but found no evidence to determine why a more approximate speed
to the 140 kts was not adhered to. The implication of the HP's speed
profile is analysed in the 'Accident Events' section later in this report
but the Panel considered that speed had a bearing on the outcome
of the accident. The Panel concluded that, whilst not mandated, by

Exhibit 1
Witness 8 A187
Exhibit 83
Witness 8 A 58
Witness 23 A14
Witness 8 A197

Witness 8 A187

Witness 8 A197
Exhibit 1
Witness 23 A38

Exhibit 1
Response 12
Response 13.a.i
Witness 8 A234

Exhibit 1
Witness 23 A33
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not conforming to the speed parameter detailed in the FTS Guidance
Notes the HP had less time available to manage the emergency.

c. Geographical Location. The HP stated that she had placed
the aircraft in a specific location, abeam Tollerton adjacent to the
Rwy 21 centreline, when moving the EEC switch in case she had an
emergency. On both occasions when the HP moved the EEC switch,
the aircraft was inside Initials at approximately 1 nm adjacent to a
'straight-in' approach to Rwy 21. The Panel viewed that the HP
could have no expectation of an engine failure on reselection of EEC
Normal; the EEC switch was routinely moved during training and on
UTP sorties. Crews practicing flight in EEC Manual will normally
land in that mode as a training requirement whereas a PTF required
the EEC to be reselected to Normal. Witnesses did not consider
selection of EEC Normal a critical event as the engine was being
returned to a known regime. Even though the aircraft had passed
numerous engineering checks on the ground, the selection of EEC
Manual was regarded as the critical phase of TRP E8 as the engine
was being selected away from a mode where it had been operating
correctly. Witnesses acknowledged that EEC Manual should be
selected when within gliding range25 of the airfield. The Panel noted
TGO 2220, which stated:

'Elements of PTFs should not be conducted in the visual
circuit, unless specifically and unavoidably part of the PTF (eg
Take-off performance)'

Some witnesses stated that they selected EEC Manual on
approaching low key_ The ETPS Test Pilot stated that flight at low
key was an energy statement predicated on having completed all the
emergency pre-landing checks. The selection of EEC Manual
approaching low key would allow for reaction time, recognition and
diagnosis of the emergency, the selection of ESDL to Off/Feather
and the interception of the known forced landing pattern. The Panel
made the observation that by restricting TRP E8 to be conducted
outside the visual circuit, it was not possible for the HP to fly through
a low key position in the event of an emergency, although other
UTPs did so. Whilst the Panel has been unable to conclusively
determine that the reselection of EEC Normal was the trigger,
operation in EEC Manual masked the cause of the accident (see
para 1.4.11), thereby potentially increasing the importance of the
aircraft's position when the switch is moved should an event be
initiated causing an AFL.

1.4.55. The Panel has already determined that there is a lack of clarity in the
FTS and the Guidance Notes with regard the height and speed parameters.
The Panel concluded that the combination of height and speed, taken together
with the location of the aircraft when EEC Normal was reselected, limited
options available to the HP when the emergency manifested itself, and that this
was an aggravating factor.

25 Gliding range is approximately 2nm per 1000 II depending on aircraft contiguralion.

Witness 8 A206

Exhibit 122
Witness 8 A265
Witness 15 A34
Witness 23 RFI
Witness 23 A43

Exhibit 83

Witness 15 A7
Witness 23 RFI

Witness 15 A24

Witness 23 RFI
Witness 15 A7
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Completion 01 TRP EB

1.4.56. Having decided to curtail the sortie, the HP chose to complete the
rest of TAP E8 to provide the engineers with further information. This involved
selecting flight idle prior to the reselection of EEC Normal. The Panel sought to
understand whether the HP could have abandoned the TAP as soon as the
abnormal torque indications became apparent and landed in EEC Manual.
Although not without limitations, landing in this mode is not unusual; it is
practised regularly by all Tucano aircrew, both airborne and in the simulator,
and forms part of a QFI's annual Flying Ability Test. When the EEC is operating
normally. selection of EEC Manual and its reversion to EEC Normal is permitted
as required. Given that the engine had operated correctly in EEC Normal
during the take off phase but had suffered abnormal engine indications when
operating in EEC Manual, the Panel deemed rt understandable and reasonable
for the HP to reselect EEC Normal in preparation for recovery to the airfield;
there would be no expectation of an impending engine failure. The Panel
concluded that the HP's decision to complete TAP E8 and reselect EEC
Normal was not a factor.

ACCIDENT EVENTS

General

1.4.57. Fig 15 below provides a precis of the accident sequence from the
moment EEC Normal was reselected to the point that the aircraft touched down
on the runway some 32 secs later. Having determined the Cause and
examined whether there was the potential for recovery, the Panel analysed the
accident sequence in detail using the ADA data from the moment the ESDL
was selected.

Exhibit 5

Exhibit 122

Exhibit 123
Wrtness BA72
Wrtness 15 A54

Witness 15 A56
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Fig 15 - Precis of the Accident Sequence - the Rate of Descent Depicted is
lIIustrative.
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Selection of ESDL

1.4.58. Suspecting an engine failure, the HP selected the ESDL to
Off/Feather 9 sees after the re-selection of EEC Normal and committed to a
forced landing on Rwy 21. This occurred at a height of 828 ft and 152 kts at
0.55 nm from the threshold (see Fig 16). Operation of the ESDL closes the Exhibit 1
mechanical fuel shut-off valve, disables the NTS system, initiates the fuel purge
system and operates the feathering valve to allow the propeller to feather, thus
reducing drag. Flaps were still available as they are electrically operated but
the landing gear could now only be lowered using the standby system. Fig 17
shows a cockpit view of the aircraft's position in relation to Rwy 21 when the
ESDL was operated.

Fig 16 - Aircraft Position when the ESDL was Operated.

Fig 17 - Illustrative Cockpit View on Selection of ESDL to Off/Feather.

1.4.59. The aircraft was inside gliding range of the airfield. Whilst a straight~

in approach is not specifically practised at 1FTS, the Panel sought to
understand, prior to analysing the HP's decision to conduct an AFL to Rwy 21,
what the recognised taught procedures were for forced landings. They are as

-.,._Al,ut""iIy
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follows:

a. Glide Circuits. Glide circuits are flown at 1500 ft with the
aircraft configured downwind and the pattern flown is coincident with
low key.

b. RadarfTACAN Practice Forced Landing (PFL). These
procedures bring the aircraft to the airfield overhead with sufficient
energy to intercept the visual forced landing pattern. Speed in the
descent from height is approximately 240 kts and the lowest
authorised Minimum Decision Height for a OFI is 1000 ft QFE. A
number of techniques exist to reduce excess energy including
extending upwind, flying S·tums, orbiting and side-slipping. It is
accepted that not all PFLs result in a successful landing. Exhibit 124

c. Visual Forced Landing Procedures. The rate of descent in a
glide at 115 kts with the engine shut down and the propeller
feathered, flaps and landing gear up and the airbrake in, is
approximately 900 fUmin. Both high key and low key occur abeam
the threshold at a height of 2500 ft and 1500 ft respectively.
Emergency pre·landing checks are completed between high and low
key where the speed is reduced to 110 kts. Flaps are selected down
when certain of reaching the desired touchdown point (apprOXimately
a third of the way down the runway) and 110 kts is maintained until
the flare is started; threshold speed of approximately 100 kts (fuel Exhibit 125
weight dependent) should be achieved during the flare. Fig 18
shows a typical PFL pattern.

I Ejec:tion dec:1Uan
by 300.

O~

Fig 18 - The PFL Panern.

Actual Forced Landing Decision

1.4.60. The HP elected to conduct a straight in approach AFL to Rwy 21.
Although the HP stated that she did not have time for diagnosis, she
appreciated that she had too much energy for Rwy 21 but not enough for
anything else. The Panel undertook a number of simulator trial sorties in order
to fUlly comprehend the HP's predicament. Airborne sorties were also flown to
observe a PFL from the position and energy state from which the HP selected
the ESDL to Off/Feather. This gave an appreciation of the straight in approach
to Rwy 21 as flown by the HP, and also enabled a comparison to see if the
aircraft had sufficient energy to intercept the forced landing pattern to Rwy 28.
The Panel recognised that these sorties were flown with the benefit of

Witness 8 A8
Witness 8 Al10
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hindsight, knowing when the emergency would occur:

a. Rwy 21. The straight in approaches to Rwy 21 yielded similar
results to those seen in the accident. They would have resulted in a
high-speed touchdown or an on-speed landing towards the over-run
end of the runway and approach speeds meant that down flap and
landing gear could not be selected within their limiting speeds.
Although aU approaches were flown to overshoot, the aircraft would
have touched down at a much higher speed than the threshold
speed of 100 kts and the aircraft would have landed in excess of the
110 kt tyre limiting speed. The Panel was aware of some techniques
that can assist in losing height and speed:

(1) Sideslip. Sideslip occurs when deliberately flying out of
balance using rudder and opposite bank to increase the drag
of the aircraft. In a glide, this increases the rate of descent;
speed is controlled with elevator and only a small amount of
adjustment is necessary to maintain speed as rudder and bank
are applied. As a OFI, the HP is permitted to sideslip down to
100 ft. The HP reported that time, speed and geometry and
the requirement to land accurately meant that sideslip would
not have been appropriate and may have compromised a
successful touchdown. Given the unexpected nature of the
failure and the limited time available to conduct limited pre
landing checks, cockpit workload would already have been
extremely high. The Panel considered that the required control
inputs to sideslip the aircraft may have prejudiced a controlled
approach to the runway.

(2) 360" Orbit. A 360 degree orbit at 60" angle of bank
loses approximately 60 kts depending on height. At the onset
of the emergency the aircraft was flying at 171 kts and when
ESDL was selected to Off/Feather the aircraft had decelerated
to 152 kts. This technique was, therefore, not a viable option
to reduce to a glide speed of 115 kts.

(3) S-Turns. S-turns are flown to extend the ground track by
flying through the centreline for a non-defined period of time
before reversing the turn. A number of S-turns can be made in
order to capture the correct approach path and ideally the
aircraft should be lined up on the centreline between 300 
500 ft. The Panel considered that the proximity to the runway,
whereby the requirement to complete the manoeuvre in the
short time available at a time of high workload, may have
rendered this a non-viable technique.

b. Rwy 28. Of the 3 PFL approaches flown to Rwy 28, 2 were
successful. Speed was converted to remaining at 1000 - 1100 ft
(simulating the maximum height achieved downwind on the day of
the accident) whilst the aircraft was turned belly-up to Rwy 28 in
order to achieve the down wind spacing to intercept the forced
landing pattern. This required a high degree of judgement and 1
approach would have resulted in an ejection decision, albeit as a
controlled event with time to position the aircraft in a clear area.
However, the Panel noted that in converting to the forced landing
pattern for Rwy 28, the sequence of events became a standard

Witness 23 Email
Witness 27

Exhibit 126

Exhibit 127

Exhibit 128
Witness 8 RFI
Witness 23 A51
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profile with time available to carry out the full emergency pre-landing
checks within the limiting speeds, consider ejection decisions and
approach the runway at the correct speed of 110 kts.

1.4.61. The Panel concluded that Rwy 21 was instinctively the runway of
choice~ it is the longer of the 2 runways at RAF Linton-an-Duse, the threshold
was directly in the HP's field of view; it was the duty runway at the time of the
accident and the aircraft was already on a heading to intercept the centreline.
In contrast to a landing on the alternate runway, there was no requirement to go
belly up to the intended landing point in order to intercept a forced landing
pattern with no guarantee of success. The Panel recognised that, with
hindsight, Rwy 28 was achievable but concluded that whilst the HP could not
conduct a forced landing from a known position using a recognised technique,
she successfully executed an AFL with a favourable outcome. The Panel
considered that the HP's decision to conduct an AFL onto Rwy 21 was not 8

factor.

MAYDAY Call

1.4.62. Fig 19 shows a map view of the aircraft's position when the Mayday
transmission was made. The HP made a brief Mayday transmission on the
Tower frequency al approximalely 700 ft. She Iransmitted, 'Mayday L19 PFL'
although this transmission was described as 'unintelligible' by the Tower
Controller. The post-accident transcription of the Tower frequency showed this
transmission to be clipped as 'Mayday L. .. '. The Panel noted that this would
not normally be an issue as 'Mayday' is the key descriptor to trigger an
emergency response but, given that her transmission was clipped and
unintelligible, the Panel wished to emphasise the standard practice of
transmitting 'Mayday' 3 times where time permits and without prejudicing the
safe flight of the aircraft. The Panel viewed that had the aircraft been away
from the circuit an incomplete Mayday call may have delayed an emergency
response. Therefore the Panel considered that an incomplete Mayday call was
an other factor but endorsed the teaching to fly the aircraft first.
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Fig 19 - Aircraft Position During the Mayday Transmission.
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Selection of Normal Landing Gear

1.4.63. Technical Description. The landing gear consists of 2 main wheel
units and a nose wheel unit. The main gear retracts inwards into the wings and
the nose wheel retracts rearwards into the fuselage directly below the engine.
The legs are mechanically locked when fully extended or retracted, and the
appropriate cockpit indication is initiated through uplock and downlock
microswitches. Normal operation is controlled by the Landing Gear Selector
Lever (LGSL) on the main instrument panel and the system requires both
hydraulic and electrical power to operate. Selecting the lever to down places a
demand on a hydraulic pump on the engine gearbox accessory drive and
connects electrical power through a downlock switch to the door control valve.
If the engine is shut down, hydraulic power is lost. The system contains a flow
restriction which ensures that hydraulic pressure is prioritised to the doors by
reducing flow to the legs so that it takes longer to initiate them. When they are
open, the legs are lowered and locked into place and, once the legs are locked,
the doors retract. The gear will lower within 9 sees and the documented speed
limit for lowering the landing gear is 145 kts due to a structural design limitation.
There are 3 lights on the main instrument panel, one for each leg. Whilst the
legs are locked up, they are not illuminated (black). Under normal
circumstances, operation of the normal LGSL actuates the doors and as each
door moves, it breaks a micro-switch which illuminates the red light on each of
the 3 position lights on the instrument panel. When the legs are down and
locked, the main doors retract and this closure makes the indication green,
informing the pilot that normal landing gear deployment has completed. The
lack of a green light or the presence of a red light shows a possible unsafe
position.

1.4.64. Operation. The LGSL was found in the down (operated) position
and was selected prior to the standby system which was not in the sequence
described in the FRG's. The Panel was unable to determine the exact time at
which the HP selected it down as the position of the lever was not recorded on
the ADA; the ADR only marked door actuation. However, static testing of the
undercarriage system on ZF349 showed 2 sees elapsed between the selection
of down on the main system and door actuation. The Panel was then able to
interpolate on the ADA when the LGSL was selected, confirming it was after
operation of the ESDL Having selected ESOL to Off/Feather the engine had
reduced to 0% APM approximately 0.5 secs before selection of down and
although there was enough residual pressure in the hydraulic circuit to actuate
the doors and the up·locks, the landing gear would not have travelled. The HP
was cognisant of that fact but she reported that she wanted some drag. The
doors were actuated at 414 ft and 167 kts, 22 kts in excess of the normal
landing gear limitation. Although the Panel understood the HP's reasoning for
wanting to induce drag by lowering the landing gear, the HP's selection of the
normal system ahead of the standby system was contrary to the FAC drill. The
Panel could not determine why the landing gear should be operated in this
order and whilst the FRG drill calls for the standby to be selected first, operating
the normal system out of sequence had no technical affect on the landing gear.
The Panel made the observation that it was counterintuitive to operate a
standby system prior to the normal system during an emergency. Fig 20 below
shows an illustrative view of the aircraft's position when the landing gear doors
were actuated.
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Fig 20 - Aircraft Position when the Landing Gear Doors Actuated.

Selection of Standby Landing Gear

1.4.65. Technical Description. The standby lowering system is operated
by levers, linked mechanically by a teleflex cable, below the pilots' left console.
There is a spring attached to the rod assembly in the front cockpit that opposes
longitudinal travel of the SSL and a second spring attached to the rod assembly
in the rear cockpit that applies a lateral force which pushes the SSL inboard
into a 'L' shaped gated position. Once gated, the SSL remains aft by spring
force without the requirement to be held. The rod assembly is connected via 2
banana slots (shown at Figs 21 and 22) which, when the SSL is selected to
down, mechanically opens the emergency shut-off valve and allows emergency
hydraulic accumulator pressure to operate the gear and the door actuators.
The landing gear then falls under gravity before being forced into the locks
hydraulically. With the engine shut down, the hydraulic pump is no longer
being driven; therefore, the landing gear must be lowered using the standby
lowering system using the emergency accumulator. The speed limit for
lowering the landing gear is 120 Ids using the standby system because of the
structural limitations when the main doors remain open. A micro-switch, fitted
2.5mm forward of the gated position on the front cockpit SSL, overrides the
indication sequence so that locking the 3 legs causes the green indication,
otherwise a red indication would remain because the doors have not retracted.
When lowering the undercarriage using the SSL, anomalous indications of
initial nose leg green and/or red and green lights on together may be seen
briefly. The only confirmation that the landing gear is down and locked is 3
greens. The accumulator is pressurised by the main hydraulic pump, and is de
pressurised either through operation of the SSL or by manually tuming a
pressure release valve situated on the side of the aircraft, which opens a return
to the hydraulic reservoir. Fig 23 shows the external valves for the emergency
accumulator.
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Fig 21 - Longitudinal View of the Rear Cockpit SSL Mechanism.
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Fig 22 - Lateral View 01 Ihe Rear Cockpit SSL Mechanism (Operated).
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1.4.66. Operation. Having operated the LGSL. the HP instructed the NHP
to lower the landing gear on the standby system 14 sees prior to touchdown.
Witnesses reported seeing the doors open but not seeing the landing gear,
which should have fallen under graVity on selection of the SSL, and the HP
reported there was 'nothing significant underneath us' during the flare. In the
14 secs prior to touchdown the speed decreased from 167 to 146 Ids, in excess
of the standby gear limitation of 120 Ids. The SSL was found in the forward
(unoperated) position but the emergency accumulator had discharged.
Operation of the SSL was not marked on the ADA and therefore it was not
possible to conclusively determine whether the SSL had been operated.
However, the NHP-stated that she moved the SSL aft and looked down to
confirm that she had operated the correct lever. She held the lever rearwards

Exhibit 1
Witness 1
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Witness 26
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for a count of 5 until she saw the aircraft had touched down on the runway. The
NHP mentioned 'gear' 3 sees prior to touchdown2fl but the full statement was
inaudible. It was possible that the gear indications caused by the HP operating
the normal system may have led the NHP to believe that the landing gear was
lowering. The Panel noted that there was abrasion damage on the nose leg
(Figs 24 and 25) but no visible damage on the main wheels; however, the main
doors displayed erosion damage along the forward edge consistent with the
doors encountering the ground at a shallow angle. The aircraft touched down
at 146 Ids, 36 kts above the lyre limiting speed and the Panel could not
determine what would have happened to the aircraft had it landed at this speed
with the gear down and locked, or unlocked. The Panel viewed that despite the
lack of landing gear the resultant wheels-up landing had a favourable outcome.
MilAAIB testing on ZF349 found that the undercarriage operated correctly using
the normal and standby systems from both cockpits and the Panel considered
that an explanation as to why the landing gear did not deploy was required.

Fig 24 - Comparison Between Nose Wheel Doors on ZF349 and ZF290.

Witness 3 RFI
Witness 3 A179

Witness 3 A137
AnnexA

Exhibit 1
Exhibit 126

AnnexA

Fig 25 - Nose Leg Abrasion Damage.

a. Discharged Emergency Accumulator. The ADA does not
record the Emergency Hydraulic caption27 or the emergency
accumulator pressure. Neither of the crew reported seeing the
'EMEA HYD' caption which could indicate a leak across the
emergency system. The accumulator pressure was not checked for
24 hrs after the accident but there was no damage found to the
accumulator during initial assessment. However, the spring-loaded
hydraulic pressure release valve used during before and after flight
servicing can fail to reseat correetly28; this would leave the return Exhibit 139

26 The ADA showed this COlTIIfl8ld was made at 0 fI, althougtl the ADA recorded heighl in 41 fI blocKs. The Panel concluded that this
commenl proba.bIy occtIrred In the flare.

21 AP101 6-490"'5 the Aircrew Manual Part 1 Chp 2 Table 1 states thai the emergency hydraulic caption illuminates when the syslem
is below 158.6 bar.
2lI The valve tailed 10 re-sea13 times out of 10 operations during static leshng.
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valve to the hydraulic reservoir slightly open and allow a low level of
return from the emergency system. As the hydraulic pump is
designed to respond to demand, in flight it would simply supply more
fluid into the accumulator, continually working to maintain the normal
operating pressure. Once ESDI.,. was selected to Off/Feather the
hydraulic pump no longer operates and this pressure could no longer
be maintained. This would have allowed a dissipation of pressure
over time as fluid returned to the reservoir and could account for a
slow discharge of the accumulator post accident without the EMER
HYD caption being triggered during flight. As the closed position of
the valve is not marked, it is not possible to establish if the valve was
incorrectly seated in this instance (See Fig 23), although nothing was
noted during the before flight servicing. The Panel could not
positively determine when the accumulator discharged but
considered it most likely to have been due to the hydraulic pressure
relief valve failing to return to its seated position. This would cause
hydraulic fluid to return into the main reservoir thereby reducing the
available emergency pressure.

b. Ergonomic Testing of Standby Landing Gear. The NHP
was convinced that she had operated the SSL correctly. The Panel
investigated the layout of the cockpits and whether human factors
(including stress and the unfamiliarity of the situation) could account
for the lever not being gated as expected. Under test it took
approximately 9 sees for the landing gear to lock down and FRG's
stated, 'Landing Gear Standby Lowering Lever...DOWN, hold until 3
greens obtained'. The Panel made the observation that this was a
significant amount of time during which a pilot could not usefully
utilise their left hand for other actions (such as taking flap). Correct
operation of the SSL would ensure that it gated negating the
requirement to hold the lever and would prevent the operator from
believing the lever was at full travel. Ergonomic testing was
conducted by RAF CAM using an anthropometric subject, similar to
the NHP, to assist the Panel and a number of hypotheses resulted:

(1) The SSL was Not Operated. Having been found in the
forward position it was possible that, despite the instruction
from the HP, the NHP did not operate the SSL. Ergonomic
evaluation of the front and rear cockpits established that the
SSL lever was situated in a similar position in each cockpit
(Figs 26 and 27). The Panel measured the distances between
the cent~es at the ESDL at Off/Feather and the SSL in ZF349,
in a second aircraft (ZF290) and in the simulator (see Table 2
below). Bombardier recognised that, ergonomically, selecting
the SSL in the rear cockpit was potentially more difficult.
However, during ergonomic testing the HF subject confirmed
that they could identify the correct lever both from feel and,
once they had their hand on the lever, by sight, corroborating
the NHP's statement. The variation in SSL position relative to
the ESDL and the ease with which the SSL could be operated
supported the NHP's statement that she had correctly
identified and operated the lever. Therefore this theory was
discounted.

AnnexA
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Witness 3 RFI
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Fig 26 - Front Cockpit SSL. Fig 27 - Rear Cockpit SSL.

•

Aircraft Front Cockph lmm) Rear Cockph (mm)

ZF349 1Z5 45
ZF290 135 55

Simulator 125 -

Table 2 - Distances Between Emergency Levers.

(2) The SSL was Moved Partially Rearwards. There were
2 potential outcomes identified in testing:

(a) During ergonomic testing in ZF290, the Panel
noted that the SSL could be moved aft without deploying
the landing gear despite the subject believing the SSL
was fUlly rearwards. On release, the SSL returned to the Annex B App 1
normal (forward) position. This phenomenon was also
the subject of a DASOR. Additionally, the increase in Exhibit 141
force required to operate the SSL in the aircraft
compared to the simulator was evident during testing.
This may have influenced the NHP's perception that she
had reached the limit of travel of the SSL during the
emergency. This phenomenon could have been caused
by increasing stiffness of the SSL due to lack of use,
further increasing the force required and amplifying the
difference between aircraft and simulator. In this case
the accumulator would not have operated and an
explanation for the discharge is as discussed above.

(b) MilAAIB testing of ZF349 identified that it was
possible to move and hold the SSL short of the fUlly rear
position, allowing the standby selector valve to be
partially operated. This allowed the accumulator
pressure to discharge with no corresponding initiation of
undercarriage deployment. The pressure discharged in
3 sees when the lever was held in this position and Annex A App 3
resulted in the lever returning forward. However, this
position was particularly difficult to finesse and could not
be easily replicated throughout the test period, therefore---MAA
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this theory was discounted.

(3) The SSL was Moved Fully Rearwards. During
ergonomic testing the Panel proved that it was possible for the
SSL to return to the forward (unoperated) position, rather than
gating rearwards:

(a) Not Gated. On 6 of the 12 repetitions where the
subject was seated in the rear cockpit and pushed the
SSL back and slightly away from the body for a count of
5 (replicating the NHP recollection of operation), the
movement allowed the SSL to be held against, and
overcome, the gating spring force. The landing gear Annex B App 1
deployed and the accumulator discharged with the lever
recovering to the normal forward position. However,
when the SSL returned to the forward (unoperated)
position, the microswitch on the front cockpit SSL was no
longer made, and '3 reds' were displayed owing to the
doors remaining deployed despite the landing gear
correctly cycling. The Panel concluded that this could
have been a possibility.

(b) Gated. Once gated, if a lateral torce was applied
to the lowest visible part of the rear SSL, it was possible
to force it out of the gate and for it to return to the forward
(unoperated) position. A review of the ADR data was
conducted to consider the vertical and longitudinal forces
involved during the landing sequence onto the runway
and grass. These were not considered to be sufficient to Annex A
cause the SSL to be released from the gated position
and this theory was therefore discounted.

c. Human Factors (HF) Affecting the NHP. The Panel
examined the HF surrounding the operation of the SSL:

(1) Immediate Response. The NHP had a small window (5
sees) in which to respond immediately to the direction to
operate the SSL, and this might have allowed enough time for
the landing gear to deploy unless a technical fault existed or
aerodynamic forces due to speed prevented blow-down.
Aerodynamic forces should not have been a factor as the
aircraft would still have been outside ground effect at the time,
and anecdotally the gear has been reported as having
operated at up to 180 kts. Operation of the SSL causes the Exhibit 137
gear to fall under gravity initially and there was no evidence of
collapse or technical fault. Neither of the crew reported seeing
an emergency hydraulic caption on the CWP that would
indicate a discharged accumulator and this theory was Annex A App 3
discounted.

(2) Delayed Response. Operation ot the SSL close to the
ground was likely as the NHP stated that she held the SSL
rearwards for a count of 5, only letting go once the aircraft was
on the runway. However, operation of the SSL on the ground Witness 3 RFI
was discounted due to the lack of any damage to the oleos
which would have resulted from actuation while they travelled

"'*MY_ A&>1horit)'
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along the runway. There were a number of error promoting
conditions that could have delayed the NHP from operating the
SSL: pressure, distraction caused by the steep descent,
novelty of the situation (particularly given her limited
experience), expectation and training. The first 3 factors can
be well understood, however, the Panel noted the following:

(a) Expectation. The NHP was briefed that she would
be responsible for the operation of the SSL during an
engine failure after take off. Thereafter, the Panel
believed that the NHP would not expect to operate the
SSL as it was usual for the pilot in control to action drills
when faced with an emergency after the take·off phase
was completed. In addition, solo students were not
permitted to attempt a forced landing following an engine
failure inside or outside the circuit; they were to eject.

(b) Training. The Panel found that there was limited
information on the time required for the landing gear to
operate using the standby system and an emphasis to
hold the SSL rearwards rather than relying on the gating
mechanism. Airborne instruction introduced counting as
part of emergency touch drills and training did not include
operation of the SSL in the aircraft. Practice in the
simulator was the main source for operator experience
where the force to operate the lever was significantly
lower.

1.4.67. The evidence as to why the landing gear did not travel was
inconclusive, but the Panel believed that the most likely explanation for the
wheels-up landing was that the NHP had operated the SSL during the flare
without sufficient force to complete full travel, and the accumulator was slowly
discharged through the incorrect seating of the hydraulic pressure release
valve. The Panel was of the opinion that a standby landing gear system should
be fail-safe with minimal possibility of error in its operation. Operation of this
simple system without guaranteed success may have implications for future
events and was, therefore I an other factor.

Landing Gear Indications

1.4.68. The HP and NHP were presented with 2 red main landing gear
indicators (unit unlocked, gear or doors in transit) and a black nose wheel
indicator (unit up and locked and doors closed). The Panel was unable to
reproduce these indications in the MilAAIB tests, which showed that the system
operated correctly in both main and standby modes. The nose wheel was
found out of the uplocks causing the holes in the doors and therefore the nose
indication should have been red. The HP continued the approach into the flare
and was faced with a mixture of indications which could not have offered her
conclusive evidence on the position of the landing gear, except that the main
gear was in transit. The Panel considered that the status of the landing gear
should have been part of the ejection considerations, which are discussed in
more detail at para 1.4.71. The Panel concluded that the abnormal landing
gear indications had significant implications because of the risk of landing with
partially retracted or lowered under carriage, which was deemed an other
factor.
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300 ft Ejection Decision Point

1.4.69. As the aircraft passed through 300 ft on its approach to Rwy 21 the
HP did not make a verbalised ejection decision to the NHP. 1FTS uses 'by 300
ft' as a decision height to consider ejection. This decision should be verbalised
on every PFL and glide circuit as a statement of intent, whereby the crew can
make a positive decision whether to commit to landing from the approach or
eject if that is the safer option. It is acknowledged that not all approaches will
be successful and that an ejection decision is a key part of the procedure with
the sole imperative to ensure that a timely decision is made.

1.4.70. The Tucano ejection seat is cleared for use throughout the flight
envelope except that at ground level the minimum airspeed for successful
operation is 70 kts. The preferred speed for premeditated ejection is 115 kts
which is coincident with a clean glide speed. The Command Ejection System
ejects the rear crew member first and, to ensure adequate crew separation
particularly at low airspeeds, there is a 1.4 second delay before the front crew
member is ejected. This ejection height is supported by ejection seat
performance data that shows 300 ft agl is the minimum height for safe ejection
given reasonable combinations of crew, dive angle, angle of bank, rate of
descent and type of emergency, noting that any delay in ejecting may put the
front seat ejectee out of seat limits.
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Fig 28 - Minimum Command Ejection Terrain Clearance vs lAS
and Dive Angle (Roll Attitude Level).

1.4.71. Fig 28 shows that, in this instance, the 300 ft ejection decision height
would be appropriate, although the last opportunity for successful ejection
using command eject would have been at approximately 240 ft assuming a
fixed dive angle of 10° and 165 kts approach speed. Once below this figure,
the geometry of ejection would have to be improved by arresting the rate of
descent, converting the excess speed to height before adjusting to level flight to

---MAA
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provide the optimum ejection conditions. The Panel considered 2 areas:

a. Decision Process. The HP stated that she did not make a
conscious decision not to eject. The Panel understood the cockpit
workload and the time·critical nature of the emergency may have
precluded this process but considered the implicit decision to

. continue the approach may not have taken account of the following
significant variables:

(1) Landing Gear. The HP stated that she was glad that the
landing gear had not travelled but was concerned about the
state of the landing gear during the flare. The HP recalled that
she felt for the gear and, finding that the aircraft appeared
symmetrical, completed a seemingly normal touchdown. The
position of the landing gear was not known until the flare; the
nose wheel indicated up and locked with the doors closed and
the crew had no way of knowing the main landing gear's true
position, except that they were not locked down.

(2) Speed. The actual touchdown speed was 146 kts. Glide
threshold speed for the aircraft fuel load was 100 kts with a
tyre limiting speed of 110 kts.

(3) Landing Roll. The crew could not know the length of
the landing roll when skidding down the runway, whether the
aircraft might enter the grass or whether directional stability
could be maintained.

Exhibit 150

Witness 8 Al13

Witness 8A8
Witness 8 A209

Witness 8 A78

Exhibit 151
Exhibit 126

(4) Seat Envelope. Erosion damage occurred to the pitot
tubes as the aircraft skidded along the runway. The crew
would therefore have no accurate indication of speed and,
once below 70 kts, whether on the runway or grass, the crew
would be operating outside the seat envelope to ensure a
successful ejection sequence. Additionally, the ejection
sequence using command eject delays ejection of the front
crew member, which has implications for aircraft near to, or on,
the ground.

b. Communication. The Panel noted that the HP did not
verbalise her decision but this was not of concern in this instance
because the NHP did not feel the need to eject. However, the Panel Witness 3 A134
highlighted that timely communication of the intent should have been
made to positively ensure that both crew members were content to
continue the chosen course of action before a height or speed was
reached below which ejection survival may be prejudiced.

1.4.72. Whilst it is not possible to cater for every combination of
circumstances that apply during an emergency, a conscious ejection decision
process should be undertaken and verbalised to maximise chances of a
successful outcome for the crew. Despite the injury-free outcome of this
accident, the Panel concluded that continuing through the ejection decision
height without verbalising the intent was an other factor.

---MAA
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Flaps Selected to Down

1.4.73. Fig 29 shows a map view of the aircraft's position when the flaps
were selected to down. The HP selected the electrically operated flaps straight
to the down position 0.09 nm from the threshold at a height of 166 ft and a
speed of 168 kts. The speed was 7 kts inside mid·flap limits but 23 kts outside
down·flap limits. On touchdown the flaps were still outside the down-flap air
speed limit but beyond the mid-flap position. Flap extension from up to down
should take 12 secs but the flaps did not achieve the down position until
approximately 4 secs after touchdown, some 15 secs after selection. The
Panel considered that the extra time to travel was due to the aerodynamic
loads which impeded travel until landing where downwards movement was
further hindered by the runway. The Panel concluded that although the flaps
were operated outside limits and did not have time to travel fUlly before
touchdown, as there were no reported handling issues, it was not a factor.
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Fig 29 - Aircraft Position when Flaps Selected to Down.

Touchdown

1.4.74. The aircraft touched down symmetrically on the exhaust eductors at
146 kts, 46 kts above the glide threshold speed, on the centreline
approximately one third of the way down the runway. The aircraft began
skidding but the HP was able to maintain directional stability, remaining on the
centreline using rudder. Shortly after landing, the NHP removed her hand from
the SSL in order to have a better posture in case of ejection. The HP was
aware that the aircraft was not noticeably slowing down but ruled out ejection
on the ground as she considered it too dangerous. Fig 30 shows a map view of
the aircraft's position during the landing phase.

Exhibit 1
Exhibit 152

Exhibit 153
Exhibit 1

Exhibit 151

Witness 8A8
Witness 3 AFI

Witness 8 A8
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Fig 30 - Landing Phase".

1.4.75. 10 secs after touchdown, at approXimately 100 ktsXl
, the HP became

concerned that the end of the runway was approaching. She was aware that
there was a public road just beyond the overrun, which lies approximately 1.5
metres below the airfield elevation, and made the decision to apply right rudder
to allow the aircraft to enter onto the grass where there was greater run off. Not
wanting to risk an ejection due to the sudden directional change that the NHP
might misconstrue as loss of control, the HP verbalised her intent. The aircraft
entered the grass at approximately 65 kts and came to rest about 6 sees later.
The Panel commended the HP for her forethought in warning the NHP of the
planned change of direction, preventing inadvertent ejection.

Emergency Egress

Witness 8 A8
Witness 1 A21

1.4.76. Once the aircraft had come to rest, the HP made her seat safe, Witness S AS
transmitted twice to linton Tower to confirm that the crew were uninjured, and
shut the aircraft down by turning off the electrical switches following a
hazardous landing in accordance with the ADS. The NHP saw smoke
emanating between the front and the rear cockpit on the left hand side of the
aircraft, and conducted an emergency egress having opened the canopy. The Witness 3 A93
HP gave the instruction to make her seat safe but it was evident through
interviews with the crew, and listening to the ADR, that the NHP did not hear
this instruction as she was in the process of vacating the aircraft. The fire crew
saw no signs of fire and the HP believed that there was sufficient time for the Witness 1 A28
aircraft to be made safe, although the Panel noted that this view was not
shared by the NHP. The NHP did not make the rear ejection seat safe but
acted in accordance with the ADS, which stated, 'Seat safety pin ... lnsert (if
time permits)'. The Panel noted MAA Regulatory Article 2350 regarding forced Exhibit 154

29 Ground track off-sst slightly to the NW due to hand-held GPS inaccuracies.
30 Although taken from the ADR, both pitot tubes wefS damaged.
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landings:

'When a forced landing incident occurs, the Aircraft Commander, or if Exhibit 155
he is injured, the next senior uninjured member of the crew, should
ensure that where it is safe to do 50:

All ejection seats and weapons are rendered 'safe'.

The engine, fuel and electrical supplies are shut off. '

1.4.77. The Panel agreed that once the HP had vacated the aircraft she
acted appropriately in not leaning over the rear cockpit seat to reach the pins in
the canopy frame to make the seat safe. The fire crew, having identified that
the rear seat did not have its pin fitted, used an ejection seat pin carried on the
rescue vehicle to make it safe, in accordance with their normal procedures. Witness 1 A28
Although not a factor, the Panel wished to highlight the following
considerations if egressing with the rear seat live:

a. Command Eject. This was set to 'up and on'. The absence of Exhibit 156
the rear seat firing handle safety pin renders the front seat live,
whether or not the front seat pin is inserted. Accidental firing of the
rear seat would have initiated ejection of the front seat occupant.

b, Seal Envelope, Static ejection of both aircrew would have Exhibit 157
been well outside the ejection seat envelope of 70 kts, prejudicing
survivaL

c. Canopy Position. The Panel could not find a reference that
prohibited ejection with the canopy open. However, Fig 31 below
shows that an open canopy may prejudice a clean ejection
sequence as only the canopy transparencies are cut or shattered by
the miniature detonating cord; the canopy frame remains.

Fig 31 - Aircraft at Rest with the Canopy Open.

Feathered Propellers

1.4.78. When the Panel arrived at the scene of the accident, they noted that
the propellers were not feathered, despite the ESDL being found in the
Off/Feather position. The HP thought that the propellers had not feathered in
flight. Witness reports indicated that the propellers were slowly rotating or had
stopped as the aircraft approached the runway but the Caravan Controller saw
that they were feathered. MilAAIB Investigators removed the propeller hub,

Witness 8 A74
Witness 3 ASS
Witness 26
Witness 28
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noted that the propellers were in the start locks and that the hub rotated freely;
no damage had been sustained to it. 2 propellers were eroded and all 4 were Annex A
bent. Proptech Ltd31 inspected the propellers and identified erosion marks on 2
blades which were consistent with damage sustained when in contact with the
runway. As the aircraft skidded across the grass, the other 2 blades were
damaged and the forces acting on the blades overcame the feathering spring
pushing them back into the start locks. Fig 32 shows the damaged unfeathered Annex A App 1
propellers on ZF349 and Fig 33 shows undamaged feathered propellers. The
Panel concluded that the propellers had feathered when the ESDL was
operated and this was therefore not a factor.

Fig 32 -ZF349 Damaged Propellers.

POST-ACCIDENT

Fig 33 - An Aircraft with Propellers
Feathered.

Personal Aircrew Equipment Assemblies (AEA)

1.4.79. The survival equipment and aircrew assemblies for both crew
members were tested by RAF CAM; their findings are at Annex B. Equipment
and assemblies were found to be in date for servicing and up to the correct
modification state. They were in a flight-worthy condition but showed signs of
wear consistent with normal use and neither crew member made use of the
survival equipment during the accident. The Panel made the observation that
the AEA for both crew members was satisfactorily maintained but there were a
number of recommendations highlighted in RAF CAM's report, 2 of which the
Panel found noteworthy. Annex B App 2

Cost of Damage to Aircraft and Civilian Property

1.4.80. The following costs were attributed to the accident as follows:

a. Aircraft. Cost of repair was not attributed at the time of
reporting. ZF349 has been provisionally assessed by 71 (IR) Sqn as
having suffered Cat 4 (works) damage. Design Organisation Exhibit 19
assessment is required to provide rough order of magnitude costing
for return to airworthy condition.

b. Site. Site remuneration was at nil cost. During the transit
across the grass, the hydraulic system was damaged, leaking a
small amount of hydraulic fluid. The right wing vented a small
amount of fuel at the aircraft's final resting position but there was no
evidence to suggest that the wing tank had been compromised. The
fuel leak ceased once the aircraft was levelled using dunnage under

" The contracted maintenance organisation for the propellers and Ihe hub.

---MAA
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the right wing. However, the Panel made the observation that the Annex A
Aircraft Recovery Site Clearance Certificate, Form 767F, did not
allow the Stn Heath, Safety and Environment Advisor to make formal
comment or acknowledgement of the site. There was no damage to Exhibit 20
civilian property.

c. Salvage Operations. No external salvage costs were
incurred as the aircraft was removed by the Joint Aircraft Recovery
and Transportation Squadron.

Other Personnel

1.4.81. There were no injuries to civilian or other Service personnel.

Post Crash Management (PCM)

1.4.82. PCM procedures were conducted in accordance with the RAF
Linton-on-Ouse Contingency Plan 1 (CP1)32. PCM was well managed and
effected in a timely manner. The Panel noted that the impounding of key Witness 19 A57
documents and taking of witness statements was particularly well handled. The
Stn had conducted a comprehensive L1VEX at RAF Church Fenton in Nov 12,
from which the lessons identified were incorporated into CP1. The Panel noted
the following:

a. Aircraft Recovery. During the subsequent PCM action an
aircraft forward based at RAF Benson got airborne even though the
Stn Cdr had declared an operational pause, and aircraft operating in
the local area recovered to RAF Linton-on-Ouse rather than use the
nominated diversion. The Panel's observations were as follows:

(1) Land-Away Aircraft. 2 Linton-based aircraft had
departed for other RAF Stations earlier that morning, one
aircraft landed at RAF Cranwell, and the other landed at RAF
Benson to pre·position for a flypast at RAF Halfon to be
conducted at 1330 hrs. The Stn Cdr declared an operational
pause based on his concerns for the airworthiness of the
Tucano fleet at approximately 1230 hrs. The crew at RAF
Cranwell were notified of the operational pause by the DSS
shortly after 1330 hrs and they subsequently recovered to RAF
Linton-on-Ouse by car. Prior to the declaration of the
operational pause the Captain of the aircraft at RAF Benson
had been made aware of the ongoing incident at RAF Linton
on-Ouse and briefed on a plan to recover to RAF Linton-on
Ouse Rwy 28 post flypasl. The crew at RAF Benson began
'crewing-in' at 1230 hrs and it became evident to the Panel that
the crew had received inconsistent information through a
number of different sources, exacerbated by the changeover of
a number of key duty personnel (Duty Senior Supervisor
(DSS), Duty Aircrew Officer (DAO), Duty Authoriser (DA)) on
what action they were to undertake. The aircraft departed at
1315 hrs to conduct the flypast, having been cleared through
Sqn Ops and the crew were re-briefed during the flight to
return to RAF Benson on completion. The Panel viewed that
the Stn Cdr's decision had not been promulgated effectively to

Witness 11 A59
Witness 12 All
Witness 19 A6

Witness 6
Witness 14
Witness 17
Exhibit 25

Witness 7
Witness 11 A61

32 The Dec 12 edition was published on the Station intranet but the Panel noted that the hard copy ot CP1 in use on 72(R) Sqn was the
previous edition.

MilItMy _Ian o\udmty

MAA
1.4·50

ReSTRICTeQ SeRVICe I~JQUIRY
© Crown Copyright 2013



 

R6STRICT6l> S6RVICE I~JQblIRV

the Stn and Sqn Ops rooms by the Emergency Response
Team (ERT), through the DSS and Sqn DA. The Panel made
the observation that the situational awareness of key
personnel in the supervisory chain had become degraded,
aggravated by the changeover of a number of personnel
during the initial phase of the PCM process. The Panel
concluded that, whilst the break down in communication did
not result in a further incident, the Stn Cdr's intent was not met.

(2) Local Area Aircraft. Following the accident 3 aircraft
(calisigns LOP 64, LOP 23, LOP 77) were instructed to hold in
the local area whilst a decision was made for them to recover
or divert. A visual assessment of the runway was conducted
by Air Traffic personnel at approximately 1130 hrs with Crash
Cat 2A33 being re-instated 5 min later. At approximately 1145
hrs the ERT i.n SIn Ops was informed by the DSS that the
airfield was fit to recover the 3 airborne aircraft using Rwy 28A.
The ERT issued direction to recover all 3 aircraft onto the short
runway rather than use the nominated crash diversion of RAF
Church Fenton and all aircraft landed safely by 1210 hrs. The
Panel made the observation that whilst recovering the aircraft
to the airfield had no subsequent impact on the investigation,
preservation of evidence should take primacy as a crash
diversion was available and ZF349 had skidded across the
intersection of Rwy 21/28. Additionally, when an engine failure
is suspected, a timely decision to land aircraft should be a
primary consideration in case of fuel contamination; the 3
aircraft did not land until approximately 1 hour after the
accident.

b. Postlncidenl Drug and Alcohol Testing (PIDAT). PIDAT
was not conducted in the aftermath of the accident. The Stn Cdr
initially ordered that PIDAT should be conducted but there appeared
to be confusion as to whether the policy and procedures detailed in
CP1 remained extant. With conflicting information, and believing
that drugs and alcohol were not a factor in this accident, the decision
was taken not to conduct PIDAT. The Panel noted that the contract
information held by the 5tn was out of date34

; however, this had no
bearing on the investigation and was not a factor.

c. Duty Personnel Change-Over. During the course of the day
3 key duty personnel changed over. The DSS changed over at 1200
hrs, some 50 min after the accident whilst the immediate response
was still being enacted and before the operational pause was
declared. The DAO handed over at 1230 hrs at the time the
operational pause was declared and during the period that the Stn
was attempting to articulate a course of action to the crew of ZF448
at RAF Benson. The oncoming Sqn DA took over at 1245 hrs at the
moment that Sqn Ops were being pressed by Linton ATC for a
decision on whether ZF448 was to get airborne. Despite handover
briefs having taken place the Panel made the observation that the
change over of key personnel during the incident degraded
situational awareness and hampered the promulgation of key

3.J Crash Category 2A allows singleton aircraft 10 land. with a single fire vehicle available 10 allend.
34 2012DINOH 17 was eldan\.

Witness 12 All
Witness 14
Witness 19 A58
Witness 19 A60

Exhibit 25

Witness 7
Exhibit 25

Witness 11 A73
Witness 12
Witness 19 AS
Exhibit 25

Exhibit 25

Witness 12 A8
Witness 19 A6

Witness 11 A24
Witness 12 Al0
Witness 19 A7

Witness 7
Witness 14
Witness 5
Witness 29
Exhibit 25

Witness 6
Witness 24
Exhibit 158
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information.

d. Duty Logs. During the investigation, the Panel reviewed a
number of duty logs, which ranged from formal logbooks to
notebooks. Log book entries lacked relevant detail such as dates
and times of the event, or action to be recorded. The Panel made
the observation that key information, such as the declaration of the
operational pause from the Stn Cdr, was not recorded.

e. PCMIO. In accordance with the MAA Manual of Post Crash
Management, RAF Linton-on-Cuse had its own dedicated group of
trained PCMIOs. On the day at the accident, the role of PCMIO was
assumed by a qualified individual on Stn who heard the crash alarm
and tannoy announcement at approximately 1116 hrs, informing Stn
personnel of the accident. The ERT was in the process of calling
him out but, believing that he was the only one of 4 available, he
acted on his own initiative and reported to the Incident Controller in
Stn Ops to get a brief prior to taking over the accident site. The
Panel made the observation that no formal PCMIO duty roster
existed and, whilst the duty did not require the incumbent to remain
on Stn, the Panel concluded that a formalised dUty roster would
assure the availability of such personnel.

f. Duty Holder Chain. Tucano is operated under 2 DoHs across
3 units: the Stn Cdr at RAF Linton·on·Ouse is the DOH for 22(Trg)
Gp and is also responsible for the Tucano aircraft at RAF Cranwell;
and the Chief Test Pilot of the Air Wartare Centre (AWC) at MOO
Bascombe Down is the OOH for 2 Gp. The AWC role is very
different to that of the training role and this supports a 2·pillared DH
chain concept. Following the accident, the DOH at Bascombe Down
issued a Flying Division Temporary Memorandum limiting the use of
the EEC, having considered that the risk to normal Tucano
operations at Bascombe Down were not affected by the incident. On
receiving a copy of the note the Stn Cdr at RAF Linton-on-Ouse
expressed his concerns; the note was duly rescinded, resulting in the
AWC DOH also adopting an operational pause. The Panel viewed
that it was not practical to have a sale DOH for a platform performing
2 (or more) discrete tasks requiring specialist knowledge; the critical
requirement was the sharing of essential information.

g. Rescue Vehicles. 2 fire vehicles, a Rapid Intervention Vehicle
(RIV) and a Main Foam Vehicle (MFV), attended the accident scene
promptly. The Watch Leader in the MFV became the on-scene
Incident Commander in the immediate aftermath whilst CP1 was
being implemented. The Panel noted that each fire vehicle held a
copy of Emer~ncy Rescue Procedures for aircraft equipped with
ejection seats ; however, one copy was missing the lucano pages.
In addition, this superficially useful document was out of date,
detailing procedures for only one other current aircraft type, the
Hawk T1. The Panel made the observation that the MAA website
hosts the RAF CAM-owned MOO Aircraft Crash Hazards Document
Set (ACHaz)36, which provides current hazard information, into which
it may be possible to amalgamate rescue procedures to provide a

35 AP 109B.()()1.lB.

3G hllp:llwww maa.mod.ukO·nkedfles(r9QulaliQnfachaz/l achaz Iron! page.pdf.

Exhibit 25
Exhibit 158
Exhibit159
Exhibit 160

Exhibit 31

Exhibit 26
Witness 11 A28

Witness 19 A51

Witness 19 Email

Exhibit 161
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single document for post-accident information.

h. Screens for PCM. The aircraft came to rest approximately
150m from a public road adjacent to the airfield perimeter fence.
Although there was little interest from the press and the public,
pictures of the crash scene appeared on the internet not long after
the accident occurred. The PCMIO erected screens around the
aircraft but this did not happen for some 48 hrs after the scene was
cordoned off. However, the Panel made the observation that the
use of screens was of benefit and did prevent further public viewing
from the adjacent road.

RELATED ISSUES

Previous Accidents

1.4.83. The Panel wished to establish whether any previous occurrences
impacted or provided learning outcomes that affected this accident. The Panel
identified 3 previous accidentslincidents that were pertinent to this Inquiry.

1.4.84. ZF135 on 5 Sep 07 at Rufforth. In a full power climb al 6000 ft,
torque reduced to 0% and EGT fell to approx 350°C whilst RPM remained at
100%. Selection of EEC Manual from both cockpits and the selection of fuel
ignilion 10 emergency failed 10 restore power. The ESDL was selected 10
Off/Feather and the aircraft conducted an AFL into Rufforth airfield. The FCU
was submitted for analysis by Honeywell who confirmed that the cause was
due to a failure of the weld in the main metering valve bellows assembly
(shown diagrammatically at Fig 6). These bellows, whilst also a component
within the FCU, were distinct from the bellows that failed in ZF349. In 2009,
Honeywell confirmed37 this mode of failure and provided mitigation in the form
of 2 service bulletins: firstly, all of the fuel metering bellows were to be
replaced; and secondly, these new bellows were to be replaced every 1500
flying hrs thereafter. The fuel metering bellows in ZF349 had been changed in
accordance with this requirement. The Panel noted that the actions of the
OEM addressed the fuel metering bellows failure; however, there was no
follow·up by the TGSA to consider the wider implications of other compo~ents
within the FCU. The Panel concluded that this accident provided an early
opportunity to address the lifing and management of FCU components.

1.4.85. ZF293 on 20 Apr 09 - Aborted Take Off RAF Linton-on-Ouse.
Full power was applied for the take off run by a student pilot. At approximately
30 kts the crew experienced a sudden RPM drop fo 60% and the torque
dropped to 15%; the takeoff was aborted. Prior to clearing the runway the EEC
was selected to Manual, whereupon RPM increased steadily to 80%. Following
ADR analysis, it was observed that fuel flow dropped off rapidly with a
commensurate loss of torque and EGT. Fuel pump pressures were found to be
satisfactory, as were the FCU output pressures. Ground runs in both EEC
Normal and Manual demonstrated similar behaviour to that experienced during
take off. The FeU was replaced following a suspected FCU metering fault.
The Panel noted that the crew's actions were commensurate with Honeywell's
recommendafion to select EEC Manual fo recover RPM. The FCU was sent to
ITP, then Honeywell, under F760 (unsatisfactory feature report) action. In Mar
10, Honeywell presented their findings and explained that the pcv valve within
the torque motor was out of limits. The cause was a failure of the epoxy

37 28 5ep 09.

Exhibit 26

Exhibil162

Exhibit 163
Exhibil164

Exhibit 72

Exhibil 165

Exhibill66
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between the TM bellows and its housing. This failure mode was exactly the Exhibit 78
same as the failure in ZF349. Figs 34 and 35 enable comparison of the epoxy
resin residue in ZF293 and ZF349, both of which show resin on only one side
of the bellows housing. As with the TM in ZF349, ZF293's TM was
manufactured in 1987. Honeywell attributed the cause to 'marginal cleaning
during original manufacture', which was deemed to be an isolated case. Exhibit 78
Woodward, who manufacture the component, reviewed their manufacturing

. process and the RAF did not procure replacement TMs. The Panel noted that Exhibit 167
no consideration had been documented by TGSA demonstrating that they had
reviewed the results of this study with respect to impact on the wider fleet. The
F760 showed that the FeU had passed the output test but that the TM had
failed. The TGSA had not identified this as being an issue. The Panel also
noted that there was no TGSA documentation in eCassandra which related to
the hazard posed by this failure mode or the inability of the FCU testing to
identify an unserviceable TM (see para 1.4.19).

Fig 34 - TM Bellows Housing from ZF293. Fig 35 - ZF349 TM Bellows End.

1.4.86. ZF295 on 9 JulIO - Failed Operation of SSL. A student pilot flying
a solo sortie had a landing gear green indicator light fail. Having confirmed that
the gear was down the DAO instructed the student to complete the landing
gear emergency drill, which included operating the SSL. However, the Exhibit 168
operation of the SSL did not result in the doors extending as would be
expected. The student attributed this failure to operate the lever correctly to
expectations following instruction in the simulator where less force is required.
He noted that he should have had an EMER HYD caption and ensured that the
lever was gated. The student also commented that as the normal landing gear
lever had been operated, he took the failure of the SSL to gate as normal in
that circumstance. The Panel noted 2 issues from this DASOR relevant to this Exhibit 169
incident: the student's lack of knowledge of the standby system gating
mechanism and his subsequent lack of realisation that the system had not
operated. In this case with the gear already locked down there was no impact.
The force required to complete the travel on the lever was greater than the pilot
expected, therefore the SSL had only partially travelled. This outcome mirrors
the results seen during HF testing where the subject thought he had operated
the lever correctly, but had not pushed it fully rearwards. Whilst the forces were
not substantial (HF testing identified a force of approXimately 15 N for the
Simulator and 48 - 63 N for the aircraft) there was a discernable difference, Annex B App 1
and the only time the SSL was exercised was during maintenance. Therefore,
the pre-conception of the force required to move the SSL was similar to that felt
in the simulator. The Panel concluded that this DASOR supports findings in the
Ergonomic testing discussed in para 1.4.66b(2)(a).

-......-""""""",
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The Form 765X Proce~s

1.4.87. Para 1.4.42(a) discussed a F765X that was submitted through the
HP, as the UA, in Jul 11 to substantiate the 1500 ft datum of TRP E8. The form
was forwarded to the TGSA and RAF HS, who acted as the SME and
Publishing Authority for the FTS to perfonn the independent quality assurance Exhibit 170
role. The TGSA signed Part 3 of the F765X but did not offer comment as they
believed it to be an ainnanship issue, therefore no action was required of the Exhibit 106
PT. This was contrary to good practice as expected by the Deputy Type
Airworthiness Authority (Dep TAA) although the regulations do not require it. Witness 18 ABO
The Panel noted that over a 16·month period38 RAF HS had received 18
F765X, of which 16 had no comments within Part 3, only a signature. The Exhibit 171
Panel found that this practice offered no engineering 'checks and balances' to
provide a hoilstic view for the required change. In this instance, the Panel
identified that there was an opportunity throughout the F765X process for the
Design Organisation's (DO) considerations to be taken into account. Although
RAF HS published the amendment the Panel made the observation that the
TGSA, as the sponsor, should have demonstrated engineering assurance by
engaging with the process in the form of making a comment.

Tucano Glider Support Authority (TGSA)

1.4.88. The TGSA, as the TAA and the Equipment Duty Haider, had a
central role in the oversight of the technical elements of this Inquiry. A number
of concerns were raised during a recent MAA Audit, with which the Panel
concurred. In addition the Panel examined resourcing and the support
construct.

1.4.89. Human Resource. The TGSA structure was under-resourced.
Critically, it did not have a Requirements Manager «RM) an integrated aviation
specialist), a dedicated Safety Manager or an Independent Safety Advisor. Key
technical knowledge came from embedded Babcock and ITP personnel and the
lack of specialist experience was being felt. The TGSA was also responsible
for glider management and this additional tasking strained their collective
capacity, affecting the timely production of routine safety documentation (e.g.
Propulsion Integrity Statement as required in RA5722). Lack of human
resource, particularly Suitably Qualified and Experienced Person (SOEP)
aviators had already been raised, and the lack of these SOEP individuals was
noted both formally in meetings and in informal information supplied to the MAA
during their audit. However, the Tucano fleet had been life·extended piecemeal
in line with the changing UKMFTS programme and, whilst these life extensions
have been relatively simple tasks and remained the subject of continuing
discussion, there had been no Safety Management Team or RM to provide a
whole-life perspective or to assure sufficient lifing exists within the aircraft to
support the changes. The Tucano fleet was still well within its specified flying
hrs life but was beyond its specified calendar life; therefore, there was a need
to assure the Life Extension Programme in accordance with the regulations; the
intent to assure this for the engine was already in hand. The Panel made the
observation that the establishment of Safety Manager and RM posts had been
requested but this had yet to be endorsed.

38 Data oblatned from Feb 12 to Jun 13.

Witness 18 A8
Witness 18 A41
Witness 18 A54

Witness 18 A22
Exhibit 172
Exhibit 173
Exhibit 174
Exhibi1175

Exhibit 174

Witness 18 A50
Exhibit 176
Exhibit 177
Exhibit 178
Exhibit 67
Witness 18 A22
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1.4.90. Support Construct. The MAA RegUlatory procedures describe how
the TGSA must organise support for design changes and maintenance
management and for contract competent organisations to conduct work relating
to airworthiness. RA1014 describes the need for, and the role of, a contracted
DO. A contract such as the DO ensures that design changes and modifications
to the platform are controlled and promulgated appropriately. RA1017 details
the role of a contractor operating as an approved Maintenance Organisation
(MO). Airframe and engine design and maintenance responsibilities are as
follows:

a. Bombardier has the necessary approvals for the Tucano
airframe and provides a service through a Post Design Services
(PDS) contract to support operations. This contract also includes
engine integration, covering flight test and other perf,ormance related
activities. Honeywell, as the OEM for the engine, would be expected
to fulfil the role as the DO, but did not have a contractual relationship
with the MOD for design support. RA1005 indicates that a platlorm
can do without a contracted DO providing that:

Exhibit 179
Exhibit 180

Exhibit 181

Witness 18 A18
Exhibil182

'For Post·Design SefYices contracts, where the proposed
design element of such contracts is limited to holding
engineering drawings of equipment or where changes to
legacy equipment configuration are not approved.

For equipment contracts involving manufacture and supply,
where there is no change to the original design produced by a
DADS approved organization. ' Exhibit 179

The Panel viewed that this was unusual for an engine that is still in
use. Honeywell promulgate service bulletins detailing changes to
design or procedures affecting the engine, accessories, Propeller
Pitch Control and Propeller Governor on an irregular basis and there
are occasions, such as the occurrence of a higher level of faults
being seen in a component, when a mechanism to communicate
with the company would be of value. The Panel noted that the
Safety Case documentation indicated that there was a PDS contract
with Garrett at some point, but that the Safety Case had not been
updated to reflect extant contracts. The Panel made the Exhibit 183
observation that not having a contractual relationship with a DO
makes communication regarding design changes, faults or legal
issues challenging.

b. Maintenance for the Tucano fleet is managed by Babcock, an
approved MO company that supports the airframes in accordance
with the DO and MOD requirements. The engine is supplied to
Babcock as one of a number of Government Furnished Assets and,
as such, they have minimal interaction aside from fitment and Exhibit 184
removal. The engine is maintained by ITP, which as a Spanish
company holds a European equivalent approval to the MOD Scheme
detailed in RA1005. Part of the contract with ITP is the provision of Exhibit 179
information pertaining to necessary design and maintenance
changes promulgated by Honeywell, and this is supported by a
technical agreement between ITP and Honeywell.

Exhibil182

.....,.--,.
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1.4.91. The MOD is dependent on a contractor to identify design and safety
changes promulgated by a separate OEM. The Panel found no evidence of
any issue with this relationship but noted the dependence on ITP for the
promulgation and recommendation of action regarding safety and design
change requirements for the engine. The Panel concluded that there is
potential for TGSA to be unsighted on design changes and that this was an
other factor.

1.4.92. Safety Management Documentation. In considering the TGSA
management of torque anomalies, the Panel reviewed the following safety and
airworthiness documentation:

a. Safety Case Issue 4. The Safety Case was supported by
node analysis held in Adelard software. Access to Adelard was
difficult due to licensing constraints and the software was not an all
encompassing source to refer back to supporting documents, which
were accessed via hyperlinks that require continual maintenance.
Some key safety· related documentation did not appear to be
available or linked into the safety analysis, particularly Failure Mode
Effects Analysis (FMEA). The Panel requested this information from
the respective OEMs and Honeywell confirmed that the failure
experienced in this accident was part of their fuel system FMEA,
though that infonmation does not appear to have been detailed in the
Safety Case. The Panel made the observation that the complexity
and variety of locations of safety data make collation and
assessment difficult.

b. eCassandra. This log is intended to be a tool to assist desk
officers to assure safety and demonstrate/document mitigation to
hazards by identifying trends and concerns, and to provide
assurance of controls. In looking for details of TM failure
management, the Panel found that there was no entry in the log for
engine failure caused by anything other than bogdown, though the
bogdown accident entry did include reference to the analysis of
torque fluctuations among other areas. Landing gear failing to
deploy was not in the log, although there was an entry for failure to
retract. The Panel noted that entries in the log were related to
incidents and accidents, rather than bas.ed on FMEA or other design
and safety analysis and the Dep TAA concurred that eCassandra
was being completed after the fact. Additionally, entries were mixed
together, controls were not clearly annotated and data-gathering
activities such as mandatory fault reporting were not identified,
although a form of this was in use to record torque fluctuations. The
group of entries within eCassandra was then transferred to the
Platlorm Unified Risk Register'" (PURR) as the supporting material
for an entry in that log. The Panel made the observation that the log
was of little value in analysing potential engine failures or the
mitigations to control that hazard.

1.4.93. Corporate Knowtedge. One of the key findings in the MAA audit,
with which the Panel concurred, was that corporate knowledge is lacking within
the TGSA. Specifically, the Panel found that service documentation had
insufficient detail and that key information relating to areas that the Inquiry

39 Version 5.0 (DraM) dated 7 Jan 13.
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examined was not evident (e.g. the reasons behind the parameters set for TAP
E8). The Panel highlighted the following:

a. PTF Matrix. The current Oep TAA was not aware of the PTF
matrix in use by the Sqn UTPs and Babcock engineers. This was a
ready-reckoner matrix which identified the tasks required for each
type of PTF in more detail to that specified in the FTS. The
maintenance and UTP cadres held different versions of the matrix
and both versions were out of date as they did not include all of the
TRPs within the current FTS. The Radley Review in 1999
recommended that the PTs should produce a matrix to support PTFs
and place it in the ADS. In 2001, the TGSA had designed a matrix
which they intended to be contained in the ADS; however, the Panel
could find no evidence of it in the current ADS. Whilst this issue did
not contribute to the accident, these uncontrolled matrices could
incorrectly inform the planning or conduct of a flight test, which the
Panel concluded was an other factor.

b. Internationat Trade in Arms Regulations (ITAR). ITAR
limitations on the components which were examined to determine
the cause of the accident affected the ability of the MilAAIB and the
Panel to observe testing of these assets. The TGSA was not aware
of these restrictions. The Panel made the observation that the
ITAR limitations precluded full access to design information.

Babcock Maintenance and Repair Team

1.4.94. Babcock employ qualified and experienced personnel in accordance
with their contractual requirements. Personnel received biennial updates on
changes to regulations and documentation but all other training appeared ad
hoc, taking the form of 'toolbox talks' and self-generated rotation around the
various maintenance tasks. Competency checks were conducted regularly and
the Quality Assurance Manager had created a document where personnel
annotate their experience as a mechanism to support their authorisations. The
Panel noted that there were minor errors in task execution primarily evidenced
through poorly completed maintenance documentation.

1.4.95. HF analysis identified some concern with respect t9 resource levels
within the team, predicated by: the transfer of depth work to the FEM; the small
number of propulsion trade specialists employed to complete the high level of
propulsion-related tasking; and the effects of ageing aircraft evidenced by the
lengthening of a 'primary' over time from 1 week to several weeks. Interviews
with the Babcock Executive established that this was a known issue, and a
long-term solution had been put in place by ensuring the workforce are multi
skilled, but this solution was not raised by the engineering personnel
interviewed. A further concern was the cascade of information as there were a
large number of formal meetings at management level that only filtered through
to the workforce through the informal 'toolbox talks'. However, when assessing
the core outputs of the engineering teams in relation to this accident the Panel
found that Babcock competency, resource and communication lines were not a
factor.

Exhibit 104
Witness 18 A24

Witness 4 A49
Witness 23 A14
Witness 18 A5S
Exhibit 5

Exhibit 189
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Risk Management

1.4.96. The Panel examined the PURR, which identified power·plant
failure4() as one of the top five risks for the DOH. This entry gave details of Exhibit 195
hazards raised in the eCassandra log for FCU and torque anomalies, and the
Panel noted that the hazards and the evidence within eCassandra had been Exhibit 72
initiated as a result of previous accidents (such as Para 1.4.85). The PURR
identified that these risks, post mitigation, had a low likelihood and major
severity, but that the risk was tolerable and as low as reasonably practicable
(ALARP). This level of risk had been agreed with the Continuing Airworthiness
Management representative who commented that there was no theme to
torque fluctuation reports, that EEC issues were at a high level and needed to
be monitored closely, and extending the Out of Service Date may signal the
need for engine improvements. The Panel identified that the eGassandra
information lifted into the PURR was a mixture of several hazards and their
mitigations, but did not clearly identify how they were demonstrably tolerable
and ALARP. The Panel concluded that although the PURR indicated to the
DOH that the risk was ALARP, the underpinning documented evidence did not
demonstrate this conclusively; however, the Panel accepted that the applied
military judgement of a SQEP panel is often used to inform the DOH of the
status of a particular risk. The Panel viewed that the presence of power-plant
failure as a top 5 risk was appropriate as there was a high incidence of
occurrences. This annotation as a top risk ensured regular DOH and
Equipment Duty Holder (Dep TM) engagement and therefore the mechanism
for managing the risk, noting the limitations of eCassandra discussed at Para
1.4.92b, was not a factor.

.eo Reference: Tuc:tSCFIOO4.--......
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SUMMARY OF FINDINGS

Cause

1.4.97. The cause of the accident was the failure of the epoxy resin in the TM. The de-bonding
of epoxy resin on the TM bellows within the FeU resulted in the bellows becoming lodged against
the flapper, thereby stopping changes to Py air flow. This led to a reduction in engine fuel flow and
a corresponding decay in engine RPM. The Panel concluded that age and environmental
degradation appeared the most likely reason that de-bonding of the epoxy resin occurred within the
TM bellows. The failure of the TM could happen during any flight at any time, not just on a PTF
sortie. The cause only manifested itself in EEC Normal as the TM is bypassed when operating in
EEC Manual. Whilst it cannot be proven, it is probable that the ram recovery effect associated with
re-selection of EEC Normal, resulting in a rapid pressure change of air through the TM, acted as a
trigger point and unseated the bellows. (1.4.11)

Contributory Factors

1.4.98. The Panel identified 1 contributory factor that made the accident more likely:

a. There was a lack of a rigorous Iifing policy for critical sub-components, and
specifically TMs, in the Feu. (1.4.17b).

Aggravating Factors

1.4.99. The Panel identified 3 aggravating factors that made the final outcome worse:

a. The reasons for the height and speed requirement in the FTS for TRP E8 were
neither specified, nor annotated as mandatory, presenting an absence of clarity for
UTPs. (1.4.42 & 43)

b. The lack of compatibility between TGO 2220 and the height parameters in the FTS
had a bearing on the outcome of the accident in that the HP used the TGO to justify the
height profile during the sortie. (1.4.44)

c. The combination of height and speed, taken together with the location of the
aircraft when EEC Normal was reselected, limited options available to the HP when the
emergency manifested itself. (1.4.54 &55)

Other Factors

1.4.100. The Panel identified 9 other factors that, whilst not causal or contributory in this accident,
may cause, contribute to, or aggravate future accidents:

a. The lack of a documented recovery strategy. (1.4.14)

b. The lack of clear and correct identification and management of engine critical sub-
components was noteworthy. (1.4.17b)

c. The inability of the OEM's standard test to identify a faulty TM allows these
components to be returned into service without rectification. (1.4.19)

d. Had the aircraft been away from the circuit an incomplete Mayday call may have
delayed an emergency response. (1.4.62)

e. A standby landing gear system should be a fail-safe system with minimal possibility
of error in its operation. One that requires this degree of interaction may have
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implications for future events. (1.4.67)

f. The abnormal landing gear indications had significant implications because of the
risk of landing with partially retracted or lowered under carriage. (1.4.68)

g. Continuing through the ejection decision height without verbalising the intent.
(1.4.72)

h. There is potential forTGSA to be unsighted on engine design changes. (1.4.91)

i. Maintenance personnel and aircrew had differing copies of an uncontrolled and
out-of-date matrix detailing PTF requirements, which should have been part of the ADS.
These could incorrectly inform the plann!ng and conduct of a flight test. (1.4.93a)

Observations

1.4.101. The Panel made 30 observations that were considered to promote better working
practices:

a. A decrease in Mean Time Between Failure (MTBF) is indicative of the need to
consider the TM as an ageing component. (1.4.21)

b. TMs were more susceptible to moisture ingress when left in a warehouse or
hangar without de-humidification as is the case at RAF Linton-on-Duse, and that this
was potentially exacerbated by a slow rotation of components and reduced flying hrs.
(1.4.22)

c. Had the process of applying for a waiver taken place then the appropriate
mitigation measures would have been in place to allow students to fly in the rear cockpit
during PTFs, realising the benefits this brings. (1.4.26)

d. A formal regulatory and supervisory process would assist the UTP cadre. (1.4.28)

e. 1 FTS's current comprehensive UTP training package would benefit from higher
level oversight. (1.4.30)

f. The UTP cadre self-policed their frequency of PTF sorties. However, there was no
.formal process to remain current or to regain the qualification on return to UTP flying.
(1.4.31)

g. There would be utility in re-instating the PMTF course to provide better qualified
individuals, versed in the underlying principles of test flying, able to supervise and
deliver future UTP training at the local level, and that consideration should be given to
formalising a process where best practice could be shared between Tucano operators.
(1.4.32)

h. The NHP had received sufficient familiarisation to occupy the rear cockpit but the
training given was not standardised. (1.4.33)

i. The NHP did not carry a copy of the FTS. It was unclear if the main role of the
scribe was to enhance the situational awareness of a handling pilot mainly through
lookout or to be an active member of the test flight crew. (1.4.34)

j. There were discrepancies between AA 2220 and 4051 (2) detailing the flight testing
of aircraft. (1.4.41)
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k. The HP's actions should not set a precedent for future responses to abnormal
smells in the cockpit. (1.4.48)

I. Incorrect GIMM valve settings could lead to torque anomalies in flight. (1.4.52)

m. By restricting TRP E8 to be conducted putside the visual circuit, it was not possible
for the HP to fly through a low key position in the event of an emergency. (1.4.54)

n. It is counterintuitive to operate a standby system prior to the normal system during
an emergency. (1.4.64)

O. The 9 sees for the landing gear to lock down using the standby system was a
significant amount of time during which a pilot could not usefully utilise their left hand for
other actions. (1.4.66b)

p. The AEA for both crew members was satisfactorily maintained but there were
recommendations in the RAF CAM report that were noteworthy. (1.4.79)

q. The Aircraft Recovery Site Clearance Certificate, Form 767F, did not allow the Stn
Heath, Safety and Environment Advisor to make formal comment or acknowledgement
of the site. (1.4.80b)

r. The situational awareness of key personnel in the supervisory chain had become
degraded, exacerbated by the changeover of a number of personnel during the initial
phase of fhe PCM process. (1.4.82a(1))

s. Preservation of evidence should take primacy over the decision to recover aircraft.
(1.4.82a(2»).

1. Change over of key personnel during the incident hampered the promulgation of
key information. (1.4.82c)

u. Key information, such as the declaration of the operational pause from the Stn Cdr,
was not recorded. (1.4.82d)

v. No formal PCMIO duty roster existed. (1.4.82e)

w. The MAA website hosts the RAF CAM-owned MOD Aircraft Crash Hazards
Document Set (ACHaz) which provides current hazard information, into which it may be
possible to amalgamate rescue procedures to provide a single document for post
accident information. (1.4.82g)

x. The use of screens was of benefit and did prevent further public viewing from the
adjacent road. (1.4.82h)

y. The TGSA, as the sponsor, could have demonstrated engineering assurance by
engaging with the process in the form of making a comment on the F765X. (1.4.87)

Z. The TGSA had requested the establishment of Safety Manager and ReqUirements
Manager posts but this had yet to be endorsed. (1.4.89)

aa. Not having a contractual relationship with a DO makes communication regarding
design changes, faults or legal issues challenging. (1.4.90a)
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abo The complexity and variety of locations of safety data make collation and
assessment difficult. (1.4.92a)

ac. The eCassandra log was of little value in analysing potential engine failures or the
mitigations to control that hazard. (1.4.92b)

ad. ITAR limitations precluded full access to design infonnation. (1.4.93b)
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PART 1.6· CONVENING AUTHORITY COMMENTS

1. The Service Inquiry (SI) Panel has conducted a thorough investigation into this accident

which involved a difficult technical element and I commend them for their diligent work. They found

the cause to be a failure of the epoxy resin in the Torque Motor bellows within the engine Fuel

Control Unit, which ultimately led to an engine failure. It should be noted that the failure was not

caused by the conduct of the air test or previous maintenance activity and could have occurred on

any sortie. I agree with the cause of the accident and the recommendations as detailed by the 51

Panel. Whilst the accident was caused by a technical failure, the 81 Panel was tasked to look at

the wider organizational factors which could prevent a similar or related occurrence. There are

some key issues to be drawn out of this accident; firstly, the shortage of Suitably Qualified and

Experienced Persons (SQEP) in the Tucano Glider Support Authority (TGSA) which likely

prevented the identification of the bellows as an ageing component; also, the fact that the known

(but not understood) failure had not previously been sentenced by operating or engineering

authorities. Secondly, the lack of compatibility between the Training Group Orders (TGOs) and the

Flight Test Schedule (FTS) for the conduct of Tucano air tests. Thirdly, the suitability of the

weather on the day which forced the aircraft down below cloud to a height below that stated in the

FTS. The evidence does show that the test flight was conducted within the overall rule set,

including weather minima, and the engine failed when the Engine Electronic Control (EEC) switch

was reasonably returned to Normal during the recovery phase of the sortie whilst conducting the

final part of the Partial Test Flight (PTF); of note the EEC switch system is simple and reliable and

the SI has found no reason to question Tucano operating procedures regarding it. Overall, whilst I

agree that the air test played no role in the Torque Motor failure, and accepting that the orders and

instructions provided a degree of ambigUity rather than clarity, I do question whether the air test

should have been continued in the weather conditions that day.

2. TGOs, allow PTFs to be conducted in the weather conditions that prevailed but forced the

aircraft to a height below that in the FTS. The Panel make a valid point in questioning whether the

TGO weather minima was more appropriate for the case of an emergency recovery to the airfield

from medium-level following an engine failure. The Handling Pilot did initially try to conduct the test

flight at 1500 ft, in accordance with the FTS, but was prevented from doing so by the cloud base

and elected to continue at a TGO compliant height within the 1200 ft weather minima. Whilst this

could be determined as compliant and well intentioned for organizational gain, I would question if

this risk was warranted in this case. The best chance of a successful forced landing from

overhead an airfield is from the known parameters of the 1500 ft low key (or high key) position;
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conducting the PTF (particularly the EEC to Manual selection) below this height significantly

reduces the chance of a successful forced landing should an engine failure occur. Other

experienced Tucano operators suggested that an appropriate place to make the PTF EEC switch

to Manual is whilst approaching the low key position for potential engine failure reasons. Using

parameters, including weather minima, to enable low key positioning would provide time to react,

diagnose the failure, complete checks and intercept the known forced landing pattern should an

engine failure occur. Therefore, whilst accepting that there is a lack of compatibility between the

Orders and instructions and that the air test was conducted within the overall rule set, I do not

believe the weather was suitable to provide reliable options should the engine fail, particularly

when making the selection to Manual. Accordingly, the 1500 ft described in the FTS is more

appropriate for this task for airmanship reasons. However, this does not suggest that the 1200 ft

(TGOs) is incorrect for a recovery from medium-level following an engine failure during an air test.

The bottom line is that we should ask why we would wish to place the aircraft at increased risk by

conducting this test (EEC Manual selection), just below cloud at 1200 ft in the airfield overhead,

whilst making significant post engine maintenance switch selections?

3. Back to the cause, once the Torque Motor failure occurred, there was little chance of a

successful diagnosis in the time available. Indeed, despite this being a known failure mode, there

was no training made available to crews to help them recognize the Torque Motor failure or help

them resolve it as the hazard had not been previously sentenced. The pilot correctly concentrated

on flying the aircraft and positioning for the difficult height, speed and position relationship that

presented itself (high, fast and close to the runway). In the daytime, overhead an airfield with four

runways available, there should be a reasonable expectation of conducting a successful forced

landillg, particularly if able to reach a low key position, which in this case was possibly in or above

cloud. The pilot was therefore poorly placed; it is possible that Runway 28 would have provided

another option, inclUding more time for checks and a controlled ejection decision. However, the

pilot elected to land straight ahead on Runway 21 which gave only 32 seconds from the engine

failure to touchdown. This resulted in the gear still travelling and being in an unknown

configuration at touchdown. Any further analysis of the decision making in relationship to runway

options would be subject to significant hindsight, so we should respect the pilot's decision to land

on Runway 21. Of note, once committed, a verbalized ejection decision was not made at the 300 ft

point which could have resulted in uncertainty between the crew or at-worst a command ejection

mishap. In any event, having elected to remain with the aircraft, the crew were now largely within

the realms 01 luck with the aircratt touching down al speed, well down the runway, with the gear in

an unknown travelling configuration and safe ejection options likely to have passed. In this
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instance, luck did playa part and a successful ground egress was conducted and no injuries

fortunately resulted. It is possible that the captain's sound jUdgement in using rudder to put the

aircraft on the grass. thus keeping it on the airlield, prevented loss of life.

4. The Tucano has been life-extended by the ever changing UK Military Flying Training System

Programme but there appears to have been no safety management oversight to provide a whole

life perspective of the aircraft's continued safety. The Torque Motor bellows was a known failure

mode from a previous incident in 2009 but it was believed at the time to be a one·off manufacturing

fault. Accordingly, the potential hazard had never been previously identified or sentenced by the

engineering or operating communities; admittedly, it is unreasonable to apply the high safety

standards of the post Haddon-Cave operating model to historic judgements made by our

predecessors. However, the lack of recognition of the hazard resulted in no mitigation (training)

being put in place to protect the pilot on the day of the accident. SQEP in some key safety related

posts did not exist in the TGSA at the time of the accident including: a requirements manager;

integrated aviation specialist; dedicated safety manager and independent safety advisor, the

absence of which potentially exacerbated the chance of missing age related issues. Indeed, the

bellows failure in the FCU was a result of the absence of a sub-component lifing policy 1. It is clear

from Tucano data that the mean-time between-failures for the Torque Motor has decreased

markedly since 2009 and this should have been a warning signal that there was an ageing sub

component within the aircraft which should have led to hazard sentencing as previously discussed.

Of course this needs the right SQEP to provide the capability to detect such an issue and it is likely

that this was not unreasonably outside the capacity of the TGSA at the time of the accident. The

actual Torque Motor which failed in ZF349 dated back to 1987, with the epoxy eventually de

bonding through age around the day of the accident; indeed, this small bellows had no control or

inspection regime over its 26 year lifespan yet was critical to the safety of the Tucano • its failure

coming close to causing the loss of 2 pilots.

5. In summary, the cause of this accident was a technical failure which occurred during an

engine PTF but could have occurred on any sortie. From a wider organizational point of view and

TGO perspective, the flight was conducted within the weather minima but the orders were not

compatible with the FTS which suggested a height of 1500 ft for airmanship reasons (not

specified), to cater for the eventuality of an engine failure. In this case, airworthiness SQEP

shortages within the DE&S have impacted the safety management of this ageing aircraft; not

, E, lQii eel it '9 procedural policy to apply a Iifa metnc to aBfaspaca components thai are assessed as having 8 fundamental blit 10
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having the capacity to detect the increasing possibility of sub-component failure is a missed

opportunity to identify this particular hazard. Since the accident the hazard has now been

sentenced appropriately. Once the engine failed. the crew were faced with a difficult scenario due

to their combination of height, speed and geographic location which gave them only one or two low

probability options for a successful forced landing. The crew handled the emergency to the best of

their abilities but once committed past their 300 h ejection decision point were largely in the realms

of luck, critically with regard to the unknown configuration of the travelling landing gear and

subsequent behaviour of the aircraft after touchdown. Had there been a better understanding of

sUb-component life within the Tucano engine unit, proper understanding and sentencing of a

potential hazard and aircrew training for such an eventuality this unfortunate accident may have

been avoided. In addition there are some useful lessons to come from the conduct and

documentation of Tucano PTFs. The bellows failure would eventually happen and when it did the

crew were faced with a very difficult scenario from which it was down to good fortune that they

were able to walk away.
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