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F o r e w o r d

This report is a technical document that reflects the point of view of the Civil 
Aviation Accident and Incident Investigation Commission (CIAIAC) regarding 
the circumstances of the accident object of the investigation, and its 
probable causes and consequences.

In accordance with the provisions in Article 5.4.1 of Annex 13 of the 
International Civil Aviation Convention; and with articles 5.5 of Regulation 
(UE) n.o 996/2010, of the European Parliament and the Council, of 20 
October 2010; Article 15 of Law 21/2003 on Air Safety and articles 1, 4 and 
21.2 of Regulation 389/1998, this investigation is exclusively of a technical 
nature, and its objective is the prevention of future civil aviation accidents 
and incidents by issuing, if necessary, safety recommendations to prevent 
from their reoccurrence. The investigation is not pointed to establish blame 
or liability whatsoever, and it’s not prejudging the possible decision taken by 
the judicial authorities. Therefore, and according to above norms and 
regulations, the investigation was carried out using procedures not 
necessarily subject to the guarantees and rights usually used for the 
evidences in a judicial process.

Consequently, any use of this report for purposes other than that of 
preventing future accidents may lead to erroneous conclusions or 
interpretations.

This report was originally issued in Spanish. This English translation is 
provided for information purposes only.
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1  All times in this report are in UTC. To obtain local time, add one hour to UTC.

S y n o p s i s

Owner and operator: INAER

Aircraft: Bell 407, S/N 53831

Date and time of accident: 19 March 2011; at 12:37 UTC1

Site of accident: Municipality of Villastar (Teruel, Spain)

Persons onboard: 7; 6 killed, 1 seriously injured

Type of flight:  Aerial work – Commercial – Firefighting

Date of approval: 27 March 2014

Summary of accident

On 19 March 2011, the Bell 407 helicopter took off from its base in Alcorisa (Teruel) at 
12:09 and proceeded to the burned area on Los Olmos Mountain, near the locality of 
Alcorisa. The purpose of the flight was to pick up a firefighting brigade and transport 
it to a fire that had broken out between the towns of Villel and Cascante. While en 
route to the fire, the crew reported its location once past the town of Cedrillas at 
around 12:30. The helicopter crashed into the ground a few minutes later in a large 
clearing without any obstacles.

Of the aircraft’s seven occupants, six died and one was seriously injured.





Report A-008/2011

1

1. FACTUAL INFORMATION

1.1. History of the flight

On Saturday, 19 March 2011, at 11:30, a fire was reported between the towns of Villel 
and Cascante in the province of Teruel. The first units mobilized by the Provincial 
Operations Center in Teruel, a division of the Government of Aragon’s Council of 
Agriculture, Livestock and the Environment, requested back-ups due to the advancing 
state of the fire. It was then decided to mobilize the heliborne forest firefighting brigade 

Figure 1. Flight path of the aircraft and close-up of final segment
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from Alcorisa (Teruel), which was doing maintenance work in a burned area on nearby 
Los Olmos Mountain. To transport the brigade, a Bell 407 helicopter, registration EC-
KTA and operated by INAER, took off from its base in Alcorisa at 12:09:34, on what 
was its first flight of the day. After picking up the members of the fire frigade at 12:12, 
the crew reported they were en route toward the fire.

At around 12:30, as per the Provincial Fire Coordinator, the brigade reported its location 
once past the town of Cedrillas and informed that it had the fire in sight.

Minutes later, the Provincial Operations Center asked the firefighting teams on the 
ground if the heliborne unit was onsite. In light of the negative response, the aircraft’s 
position was verified using the fleet tracking system installed in the Operations Centers, 
which showed that the last known location had not changed since 12:36.

Several attempts were then made to contact the brigade using both cell phones and the 
radio. When no reply was received, a helicopter based in Teruel for the 112 emergency 
service was requested at 13:00 to inspect the site of the last known coordinates.

At 13:24, the accident was confirmed by 112 emergency services.

Of the seven people onboard –the pilot, the five firefighters and a forest ranger–, six 
perished in the accident. One firefighter survived but was serioiusly injured. The aircraft 
was destroyed.

1.2. Injuries to persons

Injuries Crew Passengers Others

Fatal 1 5

Serious 1

Minor Not applicable

None Not applicable

TOTAL 1 6

1.3. Damage to aircraft

The aircraft was destroyed by the impact.

1.4. Other damage

There was no additional damage.
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1.5. Personnel information

The pilot in command, seated in the R/H seat, a 38-year old Spanish national, had valid 
and in force commercial pilot (CPL(H)) and private pilot (PPL(H)) licenses, along with the 
following ratings:

•  He had a valid and in force class 1 medical certificate as well Spanish proficiency (6) 
and English proficiency (4) certificates.

Based on the information provided by the company, his experience as a firefighting pilot 
was verified to have begun in 2008. He had a total of 1,664 h and 33 min of flight 
experience, of which 393 h and 33 min had been on the type. In the last year he had 
flown 132 h, 43 min; 25 h and 48 min in the last 90 days and 17 h and 48 min in the 
last 30 days. The accident flight was the first flight of the day.

1.6. Aircraft information

The aircraft, a Bell 407 model, registration EC-KTA and serial number 53831, was 
manufactured in 2008. It was equipped with a Rolls Royce 250 C47B engine, S/N CAE 
848099, and it had a skid landing gear (see figure 2).

In the cabin the seats were arranged such that the two front seats were for the pilot 
(R/H) and another occupant, with five additional seats in the rear, two immediately 
behind the two front seats and facing aft, with the last three facing in the direction of 
motion (see figure 3).

Figure 2. Accident helicopter
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Figure 3. Cabin configuration

The aircraft’s flight controls were operated hydraulically, requiring less force to move 
them, thus making it more comfortable and efficient to control the aircraft.

1.6.1. Aircraft maintenance information

The aircraft’s administrative documentation was in order. Its Spanish registration 
certificate was valid and had been issued on 23 September 2008. The airworthiness 
certificate had been issued on 27 June 2008 and renewed on 27 June 2010. It was valid 
until 26 June 2011.

The aircraft also had an aircraft station license that was valid until 26 June 2011.

The last entries in both the Aircraft and Engine Logbooks had been made on 13 March, 
with 363 h 50 min on the aircraft.

As for the maintenance condition of the aircraft, the detailed inspections in the 
Maintenance Program were confirmed to have been performed. There were no deferred 
maintenance items or any malfunctions pending resolution.

Inspection Hours Date

B 300 h/12 m, E annual 105:45 29-05-2009

B 300 h/12 m, E annual, C Standard 1200 h/24 m, F biannual 280:20 05-05-2010

As regards the hydraulic system, an inspection was carried out to verify the servos on 6 
September 2009, pursuant to Service Bulletin ASB 407-07-90, published by Bell Helicopter 
on 3 November 2009. This inspection revealed the need to replace the L/H servo, S/N 
HR2590 before 600 flight hours or 6 months. The part was replaced on 5 May 2010.

Up to that moment, aircraft and engine were in compliance with both FAA and EASA 
Airworthiness Directives, as well as with the manufacturers’ Service Bulletins.

The aircraft’s Continuing Airworthiness, thus, had been properly maintained until the 
date of the servo replacement.
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1.6.2. Description and operation of control surfaces

The Bell 407 helicopter has four servos and their associated mechanisms and linkages 
to the controls and control surfaces. The support of three of the four servos are 
located in the top front part of the cockpit. They are identical and have the following 
functions:

•  A servo near the main rotor shaft to control the collective pitch. Actuated using the 
collective control. Modifies the pitch of all the main rotor blades.

•  Two cyclic pitch servos located on either side of the collective actuator, the left having 
primary control over lateral motion and the right over longitudinal motion. Actuated 
using the cyclic control lever. Their combined movements determine the plane of 
rotation of the main rotor.

The fourth servo is at the rear of the tail boom and is actuated using the pedals in the 
pilot’s position. Their purpose is to adjust the pitch of the tail rotor blades so as to 
control the aircraft’s yaw. This servo is different from the rest, since the piston’s actuation 
area is smaller, and thus so is the amount of force it is capable of supplying.

Figure 4. Control surface diagram
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Considering more in-depth the workings of the servo-pivot hinges that command the 
movements of the cyclic and collective to the swash plate, when the pilot moves the 
collective control lever, in addition to moving the central servo, which conveys the force to 
the mast and changes the pitch of the blades, the two other servos must also respond to 
some extent so as not to alter the lateral or longitudinal attitude of the main rotor blades 
as a whole. A solely lateral input by the pilot to the cyclic does not mean that only the left 
servo will move, just as a solely longitudinal input to the cyclic does not imply that only the 
right servo will move; rather, the orientation that conforms the plane of the main rotor is 
determined by the combined motions of the two servos commanded by the cyclic control.

If one servo seizes, that is, if it keeps the piston from moving, the remaining components 
in the affected servo-pivot assembly will be unable to move.

1.6.3. Description and operation of the hydraulic system in the Bell 407

The hydraulic system on the aircraft has pressurized and return headers that include the 
following components: hydraulic fluid tank, pump, filters, solenoid valve and relief valve, 
manifold, pressurized and return hoses and servos.

The tank supplies hydraulic fluid through the pump, where it is pressurized to 1,000 ± 
25 psi. By the corresponding coupling, the fluid then passes through a filter that traps 
those particles that, due to their size, could be dangerous to the operation of the 
system. The fluid then goes through the relief valve, which opens at pressures in excess 
of 1,225 ± 150 psi, dumping the fluid back to the supply tank through the return 
header hoses after passing through another filter so as to prevent potential damage to 
both the solenoid valve and to the servos. If the pressure is good, the hydraulic fluid 
passes through the solenoid valve, which opens (or closes), allowing (or not) the hydraulic 
fluid to go to the servos.

The HYD SYS switch for the helicopter’s hydraulic system, located in the cockpit, is 
usually in the ON position, even in the event of a total electrical failure. The HYD SYS 
switch controls the solenoid valve such that when it is not energized, either because the 
switch is in ON or due to an electrical fault, the hydraulic fluid is allowed to flow 
through to the four servos. In contrast, when the HYD SYS switch is in OFF, the valve 
prevents the flow of fluid to the servos.

Before reaching the servos, the hydraulic fluid flows through the hydraulic distribution 
system, which regulates the flow of the fluid, either in the direction of the pump 
toward the servos in the pressure header, or from the servos back to the tank through 
the return header.

The support of three of the helicopter’s four servos, and their associated mechanisms, are 
located on the top forward part of the fuselage. The fourth servo is in the tail boom.
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Figure 5. Hydraulic system

1.6.3.1. Description and operation of the servos

A servo has a cylinder with a piston inside it that relies on hydraulic fluid pressure to 
create the force necessary to move a system on the aircraft or a control surface.

The pressurized hydraulic fluid and the servos move the connections that control the 
direction and attitude of the flight. The force the pilot exerts on the collective pitch and 
cyclic pitch control levers, or on the directional control pedals, only actuates the 
associated solenoid valve. This force is much lower than would be required to act directly 
on the controls.

Each servo is controlled and protected by several devices or valves that respond 
depending on different conditions. Of note are the hydraulic solenoid valve, the bypass 
solenoid valve and the relief valves, which are actuated based on pressure differential 
or on thermal conditions.

The hydraulic solenoid valve comprises the main control mechanism since it conveys the 
orders received from control system actuated by the pilot to the servo. The piston must 
move at the speed required by the pilot when acting on the controls. To do this, the 
solenoid valve has a spindle that moves inside the servo and sets the travel limit of the 
inputs the pilot can provide to the flight controls.
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Figure 6. Diagram of the servo

The solenoid valve has a closed three-way core that comprises the bypass valve. 
Depending on the inlet pressure applied, the valve will enter into operation or not, 
allowing, or not, the hydraulic fluid to flow to the ports on the servo.

There is also a relief valve that relies on differential pressure to protect the servo and 
the valve from the forces transmitted from the control surfaces.

1.7. Meteorological information

According to data provided by the National Weather Agency and considering the overall 
weather map, satellite images, the low-level significant weather chart for 12:00 UTC, 
the forecast for Teruel and data from automated stations, the most likely conditions for 
the Teruel area at the time of the accident were as follows:

•  Weak northerly winds (average speed up to 10 kt) gusting to 15 kt.
•  Good surface visibility.
•  Clear or mostly clear skies.
•  Surface temperature of about 15  ºC.
•  Relative humidity: 30 to 40%.
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•  No significant weather phenomena or storm activity.
•  No adverse phenomena warnings.

1.8. Communications

The firefighters on the helicopter were in contact with the Teruel Provincial Operations 
Center, and reported seeing the smoke from the fire and approaching the area. There 
were no subsequent communications from the helicopter.

1.9. Flight recorders

There were no flight recorders onboard nor were they required for this aircraft type.

The aircraft was equipped with a Bendix/King KLN-89B GPS navigation unit and a 
AVL-280 GPS-based positioning unit. Also found in the wreckage were two other 
portable GPS units, a Garmin GPS Map 96C and a GPS 12XL.

Of all these, information could only be extracted from the AVL280 GPS unit, which 
supplied position, altitude, speed and heading information, and from the portable 
Garmin GPS Map 96C, which provided position and altitude data. The remaining units 
did not have any information, since one was off and the other did not allow for the 
recording of data.

The flight paths obtained from the data on both recorders, though they did not match 
exactly, were very similar (see figure 7).

Based on the data taken from the AVL280 unit, by 12:28:48 the helicopter was past 
the town of Cedrillas and was some 19 nautical miles away from its destination.

The helicopter’s average altitude remained slightly above 1,500 m until 12:30:46, at 
which time the pilot started a descent at an approximate rate of 550 ft/min for about 
two minutes. The descent rate then dropped to about 190 ft/min for approximately two 
and a half minutes. On the last segment, lasting about a minute and a half, the altitude 
was initially constant, followed by a constant descent more pronounced than in the 
previous segment.

As for the speed data provided by the same unit, these indicate that the helicopter 
maintained an average cruise speed of nearly 140 kt until 12:31:48, when the speed 
started to drop gradually to values between 100 and 110 kt, which it maintained until 
12:36:27.
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Figure 7. Data from the AVL-280 GPS positioning system

At 12:36:58, the recorded speed was 10 kt. This was the last data point recorded on 
the Fleet Tracking System.

From then on, the portable Garmin 96C unit provides information for an additional 14 
seconds. During the first 8 seconds, the flight path was veering slightly to the right, 
after which it turned sharply to the left practically 90º.

Investigators were also able to extract information from a memory card found at the 
accident site and taken from a Panasonic DMC-FX10 camera found among the wreckage.
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Figure 8. Panoramic view from the cockpit of the flight path and location of the impact point

This card contained six photographs taken looking out the front of the helicopter. 
They were taken over the course of the final four minutes recorded on the AVL280 
positioning system. The photographs show different views of the ground to be flown 
over en route to the fire, visible as a plume of smoke rising in the background. The 
photographs reveal how the helicopter’s altitude above the ground decreased 
gradually.

1.10. Wreckage and impact information

The accident took place in the municipality of Villastar (Teruel) on a ploughed, level, 
dry-farmed field in a valley oriented from east to west. The area was clear, flat and free 
from obstacles.

The main debris field was very small and the helicopter was found lying on its left side 
a short distance away from the markings left by the skids on the ground. The nose was 
on a heading of approximately 290º.
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Figure 9. Main wreckage

On the ground just north of the main wreckage there were two parallel marks oriented 
along the same direction as the fuselage (around 270º). The left mark, as seen in the 
direction of motion, was about 15 cm deep. The right track was very shallow and a little 
shorter than the left (see figure 10).

The damage to the aircraft’s fuselage was limited to the nose compartment, windows, 
left side of the fuselage and the landing gear. The underside of the helicopter did not 
exhibit any significant damage.

The landing gear was only attached to the helicopter by the right rear bolts. The forward 
cross member on the left side near the skid was broken. Both cross members were bent 
inward on the left side and outward, and slightly backward, on the right. The left 
bracket was broken and detached from the landing gear.

There was some minor damage found inside the cabin, though the floor, overhead and 
sides were not significantly damaged. The floor around the rear left seat had been 
pushed up.

There was heavy damage to the main rotor head. Two of the four links used to adjust 
the pitch of the blades were broken.The swashplate scissors were broken at the 
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attachment point on the plate. Two of the four blades were in one piece, though their 
surfaces were heavily damaged. The other two were broken and their surfaces were also 
significantly damaged.

The tail cone was bent at the point where the registration letters were painted and 
broken just after the horizontal stabilizer. This fracture revealed that the linkages used 
to change the pitch on the tail rotor blades were slightly bent, though the continuity of 
the controls was confirmed.

In the engine compartment, the transmission assembly did not exhibit any significant 
damage. The metallic particle traps were clean, the helicopter’s transmission axle was 
twisted and its length had been cut short by the detachment of the aft coupling. The 
transmission axle could be rotated to confirm its continuity and the freewheel unit was 
verified to be working properly.

The aft center and right seats were detached from the floor. The right safety harness 
attachment on the center seat was broken and the harness detached from said 
attachment. The anchor point for the center seat was shifted forward and to the left.

Figure 10. Bent landing gear and marks on the ground
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The lug on the row of back seats that is screwed to the helicopter frame and used to 
attach two of the safety harnesses was broken as a result of the accident.

In the cockpit, the windshield was broken. The HYD SYS switch was in the OFF position, 
and the personnel who had entered the cockpit confirmed that it had not been 
manipulated after the impact and that the hydraulic system circuit breaker was in the 
on position.

The instrument panel had moved from its original position, falling back and to the left. 
The flight instruments were zeroed and the altimeter QNH setting was 1,019 mb. It 
indicated an altitude of 2,900 ft. The switch for the ELT beacon had been turned off by 
operator employees to keep it from emitting after the impact.

The top part of the instrument panel, where the warning and caution lights are, was 
detached from its support, as were several engine instruments.

The collective control was offset from its position. It was loose and only being held by 
its own cover. The cyclic control was also loose and being held by its cover.

The linkage connecting the pedals to the helicopter controls was twisted and almost 
broken near the pedals. It broke later when the continuity of the controls was being 
checked.

The air intake on the left side of the engine was blocked by the dirt it had ingested 
during the impact.

As for the hydraulic system, the tank was verified to contain hydraulic fluid and the 
controls were connected. No leaks were found and no significant damage was readily 
apparent. The piston in the left hydraulic servo (as seen from above) was found in the 
fully extended position.

1.11. Medical and pathological information

The results of the autopsies carried out on the victims indicate that they all died from 
multiple traumas suffered during the accident. In the case of the pilot, the results of the 
toxicological analysis were negative, meaning there is no reason to suspect his abilities 
were compromised or diminished in any way. All of the helicopter’s occupants had their 
safety harnesses fastened at the time of the accident.

The injuries described in the associated autopsy reports revealed the presence of mortal 
injuries to vital organs. These injuries were compatible with a heavy impact and the 
subsequent trauma as the occupants struck internal surfaces in the aircraft, which was 
subject to an significant inertial force after the impact with the ground.
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According to the studies published in the Pocket Reference to Aircraft Mishap Investigation, 
The Naval Safety Center, Aeromedical Division, the impact speed, trajectory and resulting 
injuries indicate that the g forces could have been as high as 50 g on impact. 

Although the cabin remained largely intact, there was a correlation between the position 
in which each of the occupants was seated and the injuries resulting from the various 
impacts inside the cabin. For example, the occupants seated facing aft had injuries 
mainly to their right sides, in contrast to the injuries of the remaining occupants, which 
were mainly to the left sides of their bodies.

1.12. Fire

There was no fire.

1.13. Survival aspects

All seven occupants were restrained with their corresponding three-point harnesses.

Two helicopters and one ambulance from 112 emergency services reported to the scene, 
along with firefighters and Civil Guard personnel.

Six of the occupants were dead and one was seriously injured. The injured occupant 
was removed from the cabin by emergency responders. He was given first aid on the 
scene and then transported to a hospital.

1.14. Tests and research

The aircraft wreckage was taken to a hangar for safeguarding until the necessary 
inspections could be carried out.

1.14.1. Investigation of the engine and fuel system

The analysis of a fuel sample recovered from the aircraft did not reveal any contamination 
and indicated that the sample of JET A-1 fuel taken complied with all applicable 
specifications.

The amount of fuel recovered from the helicopter (>300 lbs) also indicates that there 
was enough fuel to make the flight as initially planned.

An inspection of the fuel system did not reveal any abnormalities prior to the impact. 
Investigators checked the system’s various components –valves, pump, etc.– and 
determined that they were working properly.
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A detailed inspection of the engine was then performed by means of an operational 
test on a test bench. This test was carried out at the manufacturer’s own facilities in the 
United States under the supervision of CIAIAC personnel. The test revealed a slight drop 
in the maximum nominal power as well as slightly higher fuel consumption than new 
production test specifications though both findings were attributable to the amount of 
dirt ingested by the engine on impact.

This engine is equipped with Full Authority Digital Engine Control (FADEC) system, the 
central component of which is the Engine Control Unit (ECU). The ECU can monitor and 
record various engine parameters and, in the event of an abnormality in any of the 
parameters, it can store the associated parameters both during and in the instants 
before and after the abnormality so they can be checked later. In the accident at hand, 
the only abnormality stored by the system was recorded at the moment of impact.

Investigators thus determined that the engine was in proper working order until the 
moment of impact with the ground.

1.14.2. Investigation of the hydraulic system. Inspections and tests

As part of the inspection of the aircraft wreckage, the hydraulic system was subjected 
to a thorough analysis that revealed the following findings:

There was no apparent wear on the hydraulic pump. Both the pressure and return 
headers were clean and had no foreign particles. When the pump was energized, it 
rotated freely and it supplied sufficient hydraulic pressure. While conducting a subsequent 
operational test, which required connecting the system to a hydraulic test cart, it was 
noted that the servos did not respond to movements of the cockpit controls. The bent 
(and in some cases seized) transmission and control tubes were then disconnected to 
isolate the servos. When hydraulic pressure was directly applied to the servos through 
the sequencing valve to determine their response, the one on the right, associated with 
the cyclic control, and the one in the center, associated with the collective control, 
moved freely throughout their range of motion. The servo on the left, however, as seen 
from above, associated with the cyclic control, did not move.

In light of these results, a further test was deemed necessary and was conducted at the 
helicopter manufacturer’s facilities in the United States under the supervision of CIAIAC 
personnel. The most relevant findings of this inspection are detailed below:

Valves and piping assemblies

The system’s various control valves and connecting pipes were X-rayed. No type of 
obstruction or blockage was detected.
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Hydraulic system manifold and hoses

Both the manifold and the hoses were X-rayed. No type of obstruction or blockage was 
found. The manifold was connected to perform the hydraulic test, which revealed that 
the fluid was flowing normally.

Pump and tank

The pump, tank, filters and associated hoses were also X-rayed. Nothing out of the ordinary 
was found. The pump was functionally tested and found to be operating correctly.

Hydraulic fluid

An analysis of the sample of hydraulic fluid determined that it was within specifications.

Hydraulic test of the collective and cyclic pitch servos

The three collective and cyclic pitch servos, P/N 206-076-062-107, were also X-rayed. 
This test did not reveal any type of fractures or internal blockages. Their external 
appearance did not reveal any significant wear.

Figure 11. Servo
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The protective sheath was removed from the clevis assembly on the various servos in 
order to check the condition and position of the nuts, lock washers and shafts. The 
clevis lugs on both the right cyclic servo (S/N HR2588) and the collective servo (S/N 
HR2539) had four flats. The lock nut had four tabs bent against the corresponding flats 
on the clevis lug and three tabs bent against the nut. The torque lacquer was in place 
on the adjustment assembly on both servos, though it was somewhat worn. None of 
the parts (nut, lock washer of shaft) was loose.

Figure 12. Right cyclic servo HR2588

Figure 13. Collective servo HR2539
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The clevis lug on the left cyclic servo (S/N HR2036) had two flat surfaces. The lock 
washer had three tabs bent against the lug and four tabs bent against the nut. The 
locking tabs on the washer bent against the lug had been bent against a circular part 
of the lug instead of against the flat surfaces, as evidenced by the angle at which the 
tabs were bent and the gap present between the tabs and the flat surfaces on the lug.
The remains of the torque lacquer were found. The nut and the lock washer were found 
loose and not in the locking position.

The input lever travel total stroke was also measured on the solenoid valve for all three 
servos.

The total travel on servo S/N HR2036 was 0.015” (0.38 mm), while on servos S/N 
HR2588 and HR2539 it was 0.022” (0.56 mm) and 0.021” (0.53 mm), respectively.

All three servos were connected on a test bench so they could be operationally tested. 
The pistons on the right cyclic servo (S/N HR2588) and the collective servo (S/N HR2539) 
could be actuated and moved their full length of travel correctly. This was not the case 
with the piston on the left cyclic servo (S/N HR2036), which was in its extended position 
and could not be retracted. The input lever total stroke was measured again for the 
solenoid valve on this servo and found to be 0.011” (0.28 mm), which indicates that 
the nut and shaft moved while the servo was being connected to the test bench. After 
being adjusted once more to its initial position of 0.015” (0.38 mm), a second attempt 
was made to retract the piston, which it did, though very slowly. The extension process 
occurred at normal speed.

Figure 14. Left cyclic servo HR2036
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Figure 15. Operational test

The nut and shaft were then adjusted to the position associated with an input 
lever total stroke of 0.023” (0.58 mm), corresponding to a normal configuration, as 
found on the two other servos. This time when pressure was applied, the piston 
extended and retracted at a normal speed, similar to that recorded for the other two 
servos.

Several adjustments were made to the nut and shaft to obtain different input level 
stroke lengths for the servo S/N HR2036 in an effort to measure the piston’s corresponding 
extension and retraction speeds:

Input lever travel length Piston extension time Piston retraction time

0.022” (0.56 mm) 0.98 s  1.06 s

0.018” (0.46 mm) 1.03 s  2.68 s

0.016” (0.41 mm) 1.08 s 18.80 s

Additionally, the force required increased as the input level travel length was reduced.
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The three servos were checked using Bell Helicopter’s Laboratory Test Procedure n.o 794. 
This procedure did not reveal any abnormalities in the operation of the servos. (The nut 
and the shaft on servo S/N HR2036 were adjusted to the position associated with a total 
input level travel of 0.022” (0.56 mm), as indicated in LTP n.o 794).

At a later date, servo S/N HR2036 was completely disassembled at the facilities of 
AEM Ltd. (a center authorized by Woodward HR Textron, which manufactures the 
servo), in England, using HR Textron CMM 67-31-09, Revision 2, dated 15 March 
2006. No new findings were established that could account for a malfunction of the 
servo.

The left cyclic servo (S/N HR2036) was subject to Service Bulletin 407-05-70 (see 1.18.2 
for additional information on servo S/N HR2036), which specified that upon completion 
of said bulletin, the marking “67-01” was to be etched onto the modification plate. 
This mark could not be found on the modification plate for this servo.

1.14.3.  Analysis of fracture process for the lug used to attach the safety
harnesses

The process that led to the fracture of the lug that was screwed to the structure and 
that served to attach two of the safety harnesses from the rear row of seats was 
studied in detail. This analysis concluded that the fracture occurred as the result of 
a ductile process caused by heavy tension on the central portion of the lug through 
the hook in the center hole. This significant overload first led to plastic deformation 
that bent the central portion. The sections on either side of the hole to which the 
harness was hooked then fractured under the shear stress of the buckle on the 
harness.

Figure 16. Location of harness attachment and close-up of fracture
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1.15. Organizational and management information

The General Directorate for Forestry Management, an agency of the Department of 
Agriculture, Livestock and the Environment of the Government of Aragon, entered into 
a contract with INAER Helicópteros, SAU, to conduct missions that included direct 
fighting of forest fires, the coordination of air-ground actions, tranporting personnel and 
materiel to prevent and fight forest fires and any other missions associated with these 
activities.

On the date of the accident the contract was in an extended status, having been 
prolonged on 8 April 2010 for a period of two years concluding on 8 April 2012.

1.16. Additional information

1.16.1. Eyewitness statements

The survivor, who was seating on the right side of the aircraft facing aft, was available 
to make a comment. This was the only one of the five occupants seated in the passenger 
cabin who was in communication with the pilot and the forest ranger seated in the 
cockpit. His statement revealed the following:

All of the occupants were wearing their safety harnesses, which he himself verified as 
he was in charge of reporting this to the pilot before taking off.

The flight proceeded normally until they passed the town of Cedrillas, when he heard 
the forest ranger announce their passage over this spot. There then ensued a brief 
conversation about refueling, and he heard the pilot say “This is going to be hard! The 
controls are stiff!” “Relax, it’s ok”.

He did not recall the helicopter making any strange movements and stated that they 
seemed to trace out a gradual curve during the descent. He also did not recall feeling 
a sense of danger before the accident.

He further stated that in January, the same pilot had conducted a drill with the firefighters 
onboard shortly before landing at low altitude, simulating a failure of the hydraulic 
system. The drill lasted about 15 seconds.

1.16.2. Information on the left cyclic servo S/N HR2036

So as to comply with Service Bulletin ASB 407-09-90, published by Bell Helicopter on 
3 November 2009, the L/H servo S/M HR2590, then installed on the accident helicopter, 
had to be replaced by another servo with the same P/N and S/N HR2036, this one with 
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12 flight hours. The servo, along with its corresponding Authorized Release Certificate, 
was sent by the manufacturer Woodward HRT on 28 April 2010, through Bell Helicopter, 
and installed on the accident aircraft on 5 May 2010 by the operator’s (INAER) authorized 
maintenance personnel.

Previously, on 10 November 2005, Bell Helicopter had issued a Service Bulletin 
(ASB 407-05-70) that included the requirements of Bulletin no. 41011400-67-01, issued 
by the manufacturer of the servo, HR Textron, on 9 November 2005. This bulletin, 
which was not applicable to the serial numbers on the original servos, did affect the 
servo HR2036 that replaced the original. This SB warned of the possibility that the shaft 
on the clevis lug could be loose if the tabs on the lock washer were not properly bent 
against the nut or the clevis lug, and required a mandatory inspection of the system’s 
components: nut, washer and shaft. The completion of this inspection was to be 
signaled by etching the marking 67-01 on the modification plate, which would indicate 
compliance with said buletin. This inspection had to be completed before the next ten 
flight hours after the issuance of the bulletin or before 15 December 2005, whichever 
came first (see Appendix IV).

The checks made of the servo (S/N HR2036) after the accident revealed an improper 
adjustment of the lug and laboratory tests confirmed that the adjustment gradually 
shifted until it impeded the proper operation of the servo.

On 29 June 2011, after the inspection of the hydraulic system performed as part of this 
investigation, Bell Helicopter issued Service Bulletin n.o 407-11-96 to warn of the fact 
that some of the servos affected by the previous bulletin, ASB 407-05-70, had not yet 
been inspected. The operators were thus instructed to verify and ensure that the 
hydraulic servos subject to the original bulletin had been inspected.

In addition, the civil aviation authority of the State of design of the helicopter, Transport 
Canada, issued Airworthiness Directive n.o CF-2011-17 on 30 June 2011, which warned 
that, due to a quality escape in a product sent to Bell Helicopter by a supplier, it was 
necessary to check the control system in the servos for proper adjustment. The directive 
went into effect on its application date and had to be applied before the next flight 
(see Appendix III). 

The FAA reiterated these findings by issuing its own Airworthiness Directive AD 2011-15-
51 on 8 July 2011, which also required performing an inspection to check the condition 
of the servos (see Appendix II).

On 22 February 2012, Bell Helicopter informed the owners and operators of its 407 model 
helicopters of the expansion of the requirements applicable to the 12- and 24-month 
scheduled maintenance inspection. The 12-month check now requires an inspection of the 
clevis lug to ensure the integrity of the locking system, and the 24-month check requires 
measuring the input lever travel total stroke to ensure its proper operation.
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1.16.3. Process for issuing Airworthiness Directives (ADs)

According to information provided by Transport Canada (TC), an AD is issued when an 
unsafe condition is detected in an aeronautical product and said condition is likely to 
result in an undesired event.

To this end, Design Approval Holders (DAH) are required to report to TC any events that 
take place depending on the likelihood of a repeat occurrence and of the seriousness 
of its consequences.

Based on this information and once an unsafe condition is identified, the DAH is required 
to engage in a risk management process that identifies the level of risk and proposes a 
mitigation plan. This risk management process comprises the basis for the dialogue 
between TC and the DAH to reach an agreement on how to correct the condition. 
Once decided upon, the DAH is required to take specific actions, such as a design 
change, inspection procedures, revisions to manuals or additional compliance instructions, 
such as Service Bulletins (SB).

Every SB that is the object of an AD must be approved by TC to ensure that the 
corrective actions specified reduce the risk identified.

In those cases where the adoption of mandatory measures is not warranted, the TC 
may issue a Civil Aviation Safety Alert (CASA) or an information bulletin, or the DAH 
may issue a non-mandatory corrective action, such as messages to operators, Service 
Letters (SL), SBs, etc.

As for the method used by the American Authority, the FAA uses the process established 
by the Corrective Action Review Board (CARB) to determine whether the need exists to 
issue an AD or not. It does so by evaluating the risk and the benefit of issuing an AD 
based on information relevant to the situation, including any SBs that may have been 
published.

Whenever an unsafe condition is deemed to exist, the department in charge will design, 
coordinate and publish an Airworthiness Directive.

Manufacturers may use their own criteria to issue SBs. Compliance with SBs is required 
by operators licensed under FAA Part 135 (commuter and charter) with an approved 
maintenance program. Operators, however, who are licensed under FAA Part 91 are not 
required to comply with SBs. In any event, all operators are required to comply with a 
published AD that makes reference to their aircraft.

On rare occasions the FAA may, if deemed necessary, publish an AD without a SB 
having been published first.
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For products with a USA type certificate, the FAA approves the technical aspects of the 
manufacturer’s service bulletins. If an AD is lkely to follow, then the manufacturer and 
FAA will work together to incorporate the SB into the AD, which becomes law.

In the case of products for wich the USA is not the state of design, as in the case in 
question, the FAA relies on the foreign authority to ensure the continued airworthiness 
of its products and to coordinate as required in terms of the SBs. In this regard, the 
foreign authority may or may not inform the FAA of the imminent issuance of an SB. 
Likewise, if the authority is going to engage in any airworthiness actions, these may be 
reported to the FAA prior to their publication. In any event, the FAA ratifies any 
airworthiness action that is issued by a foreign authority.

1.16.4. Emergency operation

Section 3 of the flight manual, Emergencies/Malfunctions, considers two emergency 
situations involving the hydraulic system: loss of pressure and abnormal operation of 
one of the flight control servos. For both cases, the manual lists the indications of the 
situation and the procedure for dealing with it (see Appendix I).

For both situations there is a set of actions in common to be carried out: reduce speed 
to between 70 and 100 KIAS, place the hydraulic system switch (HYD SYS) in OFF and 
make a run-on landing at an effective translational speed of about 15 kt.

Depending on the emergency in question, a distinction is made between landing as 
soon as practical when faced with a loss of pressure and landing as soon as possible 
when faced with the abnormal operation of a servo. See Appendix I.

According to information provided by the operator, Bell 407 pilots are trained annually 
during ground and air competency checks on the normal and abnormal operation of 
the hydraulic system. A failure of the hydraulic system is also simulated during the 
operator’s competency check.
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2. ANALYSIS

2.1. Analysis of the wreckage

The accident took place on a ploughed and level field located on a valley in an east-
west orientation. The clearing was wide, flat and free from obstacles. These aspects 
made the area ideal for making an emergency landing, if not a run-on landing, given 
the loose and soft composition of the terrain.

Two parallel markings were found on the ground that were facing in a similar direction 
as the wreckage. The left marking, as seen from the direction of flight, was about 15 
cm deep and the right marking, which was a little shorter than the left, barely penetrated 
into the ground at all.

These markings indicate that the aircraft impacted the ground directly with its landing 
skids. The difference in depth between the two indicates that the left skid made contact 
first, absorbing most of the impact force, followed by the right skid, which impacted 
with less energy.

The landing gear broke at several points as a result of the impact. It was only attached 
to the fuselage by its right rear anchor point. The two cross members on the left were 
bent inward while the ones on the right side were bent outward and slightly aft.

The damage exhibited by the cross members was consistent with the markings found 
and point to the landing gear impacting the ground violently with the helicopter in a 
left bank angle with respect to its longitudinal axis and with a clear left lateral speed 
component.

The damage to the main rotor blades was consistent with a sudden stoppage as a result 
of the blades striking the ground while the main rotor was operating in a normal 
rotational regime.

No pre-impact anomalies were found. The controls remained connected and operational 
until the impact. The damage to the tail cone also occurred as a result of the impact 
and did not contribute to the accident.

There was minor damage inside the cabin, though the floor, roof and lateral panels 
were not significantly deformed. The only deformed part was where the reat left seat 
was located, which had been lifted up as a result of the landing gear bars pushing 
upward through the fuselage, affecting the fuel tank before eventually lifting the seat 
up.

There was a broken lug that was screwed to the fuselage structure and which was used 
to hook two of the safety harnesses from the back row of seats. So as to determine 
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what had caused this lug to fracture, it was sent to the Material Testing Laboratory of 
the Aeronautical Engineering Department at the Universidad Politécnica de Madrid, 
which found that the piece had been manufactured from stainless steel with good 
mechanical properties, and that its performance during the overload was adequate. The 
piece was subjected to a significant plastic deformation, resulting in ductile failure.

In the cockpit, the HYD SYS switch was in the OFF position. This switch was confirmed 
not to have been operated after the impact, meaning it was disengaged by the pilot. 
This is in keeping with the performance of an emergency maneuver following a failure 
of the hydraulic system.

2.2. Medical and pathological analysis

There is an acceptable correlation between the injuries caused, and considered fatal, 
and the deceleration vectors generated by the force of the impact with the ground, 
which inside the cabin was transformed into the motion of the occupants in the direction 
of the inertial forces to which they were subjected.

The position of the only survivor, who was seated in the right side facing aft, could have 
proven beneficial and given him an extra margin of safety in terms of the flight path 
taken by the helicopter. 

2.3. Analysis of the eyewitness’s statement

The information provided by the eyewitness revealed that the occupants were all wearing 
their safety harnesses and that the flight was proceeding normally to the extent that no 
one in the cabin felt endangered at any point. Once past the town of Cedrilla, the pilot 
noted how stiff the controls felt while at the same time conveying a sense of serenity 
in light of the situation. The eyewitness also stated that once before this same pilot had 
simulated a failure of the hydraulic system.

2.4. Analysis of the hydraulic system

The inspection of the hydraulic system revealed that there was fluid in the system and 
that its quality was acceptable. The system’s various controls and hoses were also 
correctly connected. No leaks were found and the system did not have any clearly visible 
damage. 

The inspection of the three servos located in the top front part of the cabin, one used 
to control the collective pitch and the other two the cyclic pitch, yielded the following 
findings:
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The clevis assembly on both the right cyclic servo (S/N HR2588) and the collective servo 
(S/N HR2539) was properly adjusted, there being no undesired twisting of any of their 
component parts: nut, washer and shaft. This was because in both, four of the seven 
tabs on the lock washer were properly bent against the four flat surfaces on the lug 
and the other three were bent against the surfaces of the nut. The torque lacquer 
certifying the torque on the adjustment assembly was also in place in both servos.

On the clevis assembly for the left cyclic servo (S/N HR2036), however, the nut and lock 
washer were found loose and not in a locking position. Four of the tabs on the lock 
washer were bent against the nut and the other three were improperly bent against a 
circular part of the lug instead of being bent against its flat segments, of which there 
were only two. This was evidenced by the angle at which the tabs were bent and the 
gap present between the tabs and the flat surfaces on the lug. Only parts of the torque 
lacquer were found in this assembly.

The tabs on the lock washer improperly bent against the lug and the lack of any 
markings on the modification plate indicate that the servo had not been inspected as 
required by Service Bulletin 407-05-70.

When the servo is installed on the helicopter, the range of motion of the flight controls 
and of the spindle on the solenoid valve must be consistent, at which time this range 
of motion is locked in place so as to ensure the operability of the servo. Any change in 
this adjustment, such as the one described earlier, could result in motions of the piston 
that do not match those commanded by the pilot since the relationship between the 
neutral mechanical and hydraulic positions has been altered.

The input lever travel total stroke on servos S/N HR2588 and HR2539 was 0.022” (0.56 
mm) and 0.021” (0.53 mm), respectively. These values were clearly different from that 
noted for servo S/N HR2036, which was 0.015” (0.38 mm).

The functional test of the three servos revealed that the piston on the right cyclic servo 
(S/N HR2588) and on the collective servo (S/N HR2539) could be actuated and that they 
extended and retracted correctly, while the piston on the left cyclic servo (S/N HR2036), 
which was extended, could not be retracted.

It was also noted that the washer and the shaft on the solenoid valve on servo S/N 
HR2036 moved freely while the servo was being prepared to be connected to the test 
bench when a new measurement was made of the input lever travel total stroke.

The investigation also determined that servo S/N HR2036 was working properly when 
the nut and shaft were adjusted to a position equivalent to an input lever travel total 
stroke of 0.022” (0.56 mm), which is the normal configuration, as evidenced by the 
two other servos. In this case when the piston was actuated, it extended and retracted 
at a speed that was similar to those recorded for the two other servos.
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Once various adjustments were made to the nut and shaft to set different input lever 
travel total strokes for servo S/N HR2036, it was discovered that small changes in the 
input lever strokes resulted in large differences in the piston response times as it retracted 
and extended. Also, greater force was required as the input lever stroke was reduced.

It may be stated, then, that a servo that is improperly adjusted can translate into stiffer 
controls for the pilot and a very sluggish response of the controls in one of the two 
directions that degraded as the misadjustment worsened, possibly reaching a point 
where the pilot felt no response at all.

2.5. Analysis of the flight path

An analysis of the data provided by the fleet positioning system indicates that by 
12:28:48, the helicopter had flown over the gown of Cedrilla, and that it maintained 
an average altitude slightly in excess of 1,500 m until 12:30:46.

From then on, despite being over ten miles away from its destination, the helicopter 
started to descend at an average sink rate of 550 ft/min over two minutes. The rate 
was then reduced to 190 ft/min for an additional two and a half minutes. These rates 
are consistent with a normal in-flight descent, with the rate decreasing in magnitude as 
the aircraft approaches the ground.

In the final recorded segment, lasting approximately a minute and a half, the helicopter 
initially maintained its altitude, followed by a constant descent that was more pronounced 
than in the previous segment. This rapid final descent was not consistent with the 
normal progression of the flight, since it should have been more gradual given the 
aircraft’s proximity to the ground. It could have resulted from the pilot’s haste to reach 
the ground in response to the difficulty he was having controlling the aircraft, as well 
as from the drop in the helicopter’s speed, as detailed below.

The eyewitness’s statement gives a rough timeline for the pilot’s comments regarding 
the stiff controls once they flew over the gown of Cedrillas, and indicates the pilot’s 
awareness of the problem with the hydraulic system and the need to start an emergency 
maneuver, as reflected in the flight path data.

The speed information provided by this same equipment indicates that the helicopter 
had an average cruise speed of almost 140 kt until 12:31:48, after which its speed 
dropped gradually to between 100 and 110 kt, which it maintained until 12:36:27. This 
drop in speed to values near 110 kt is consistent with the performance of an emergency 
maneuver due to a failure of the hydraulic system.

The Garmin 96C portable unit provides an additional 14 seconds of positional and 
altitude information. The heading remained steady during the first eight seconds, after 
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which the helicopter turned slightly right in response to the changing terrain. The flight 
path then suddenly deviated perpendicularly to the left for about 70 m.

The information taken from the files recovered from the memory card found among the 
wreckage indicate that six photographs had been taken from the front of the cockpit 
over the last four minutes recorded by the AVL280 positioning system.

These photographs showed different panoramic views of the ground over which the 
helicopter would have had to fly to reach the fire, indicated by a column of smoke in 
the background. A time lapse sequence of the photographs reveals that the helicopter 
was gradually losing altitude. The last photograph clearly shows the site where the 
helicopter eventually impacted the ground and reveals that the helicopter would have 
had to turn to the right to adapt to the layout of the valley, as reflected by the data 
from the portable GPS unit.

Over the last segment of about 70 m flown by the helicopter, there was a sudden, 
practically perpendicular change in direction to the left. This change was not in response 
to a coordinated course change, but was rather a lateral displacement of the helicopter 
to the west, as evidenced by the marks on the ground and by the wreckage, and 
brought about by an unexpected change in the flight conditions.

The emergency maneuver was being carried out in a controlled fashion by flying in a 
straight path without the need to make significant inputs to the controls.

It was in the final segment, when the pilot needed to make a gradual turn to the right 
to adapt to the features of the terrain, that he must have actuated the cyclic control, 
first to the right and then to the left to finish the turn and stabilize the aircraft. Given 
the proximity of the terrain, the input to the cyclic control could have been accompanied 
by another to the collective to raise the swashplate in preparation for landing.

These motions of the helicopter’s controls would explain the extended position of the 
left servo on the one hand, and the sudden deterioration in the ability to move said 
piston on the other.The inputs to the servos and the vibrations of the helicopter 
could have resulted in the worsening misadjustment of the control of the solenoid 
valve, which as was noted earlier, can cause significant delays in the servo’s response 
time. 

The piston on the right servo was found seized in an extended position, which resulted 
in the left inclination of the plane of the main rotor and the consequent motion of the 
helicopter to that side. This would explain the sudden motion experienced by the aircraft 
in the final segment of its flight path just prior to impact.

During the final six minutes of the flight, therefore, the helicopter seems to have been 
engaged in an emergency maneuver brought on by the failure of the hydraulic system. 
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This conclusion is supported by the constant decrease in speed to a range that was 
consistent with that specified in the Operations Manual for this maneuver.

2.6. Analysis of the publication of Airworthiness Directives

Based on the information provided by the revelant organizations, there are procedures 
for establishing channels of communication between manufacturers and authorities that 
ensure the latter are aware of potentially unsafe conditions and make it possible to take 
corrective actions, including the issuance of Airworthiness Directives.

On 10 November 2005, Bell Helicopter issued Service Bulletin 407-05-70, requiring the 
inspection and possible adjustment of the clevis assembly on certain servos. Had this 
bulletin been complied with, the unsafe condition that resulted in this accident would 
have been avoided. Transport Canada did not issue a related Airworthiness Directive.

After the accident, on 29 June 2011, Bell Helicopter issued a new Service Bulletin, 
407-11-96, which reiterated the measures presented in the previous bulletin. On this 
occasion Transport Canada did issue an Airworthiness Directive.
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3. CONCLUSIONS

3.1. Findings

•  The helicopter was transporting the members of a firefighting brigade to fight a 
forest fire.

•  The pilot was properly qualified to fly the helicopter and had a valid and in force 
license, ratings and medical certificate.

•  The helicopter had a valid and in force airworthiness certificate and had undergone 
all of the scheduled maintenance inspections. There were no malfunctions or defects 
pending resolution.

•  The weather conditions were good for the flight.
•  The damage to the helicopter and the markings on the ground indicate the impact 

took place with the helicopter moving quickly to its left.
•  The aircraft’s occupants were wearing their three-point safety harnesses.
•  The left servo was blocked in the extended position.
•  The helicopter was making an emergency maneuver due to a failure of the hydraulic 

system, in keeping with the instructions provided in the Operations Manual.
•  The hydraulic system had been disengaged by the pilot in preparation for the 

emergency maneuver.
•  The mechanism for adjusting the left servo was not locked as required by the 

instructions given in Service Bulletin no. 407-05-70.
•  Servo HR2036 had been supplied by the manufacturer, Bell Helicopter, with its 

associated Authorized Release Certificate, though it was not in compliance with 
Service Bulletin n.o 407-05-70.

•  The issuance of Service Bulletin no. 407-11-96 on 29 June 2011 led to the publication 
of Airworthiness Directives by both Transport Canada and the Federal Aviation 
Administration in the USA that required inspections and possible corrective actions be 
performed on the adjustment system for certain servos. These servos were already 
covered by Service Bulletin 407-05-70, issued on 10 November 2005 for the same 
purpose, though on that occasion no Airworthiness Directive had been issued.

3.2. Causes

The accident occurred when the pilot lost control of the aircraft due to the piston in 
the left hydraulic servo that controls the cyclic pitch being locked in the extended 
position. This malfunction was caused by the gradual misadjustment of the mechanism 
that controls the movement of the servo, itself resulting from its components not being 
properly locked in place due to a failure to comply with Service Bulletin ABS 407-05-70.
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4. SAFETY RECOMMENDATIONS

REC 12/14.  It is recommended that HR Textron review and enhance its production 
and control systems so as to ensure the quality of its products.

REC 13/14.  It is recommended that Bell Helicopter enhance its Quality System and 
adapt its control systems so as to ensure the quality of the products 
provided by its suppliers.

REC 14/14.  It is recommended that Transport Canada establish the measures needed 
to ensure that the procedures used by Bell Helicopter guarantee the total 
quality control of its products.

REC 15/14.  It is recommended that Transport Canada review its evaluation and 
assessment criteria for determining when to issue Airworthiness Directives.
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APPENDIX I
Flight Manual. BHT-407-FM-1. Section 3. 

Emergency maneuvers. 
Paragraph 3.6. Hydraulic System 
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APPENDIX II
Airworthiness Directive CF-2011-17 of 30 June 2011 

issued by Transport Canada 
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APPENDIX III
Emergency Airworthiness Directive 2011-15-51 
of 8 July 2011 issued by the Federal Aviation 

Administration (FAA) 
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APPENDIX IV
Alert Service Bulletin 407-05-70 

of 10 November 2005 issued 
by Bell Helicopter TEXTRON
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