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Air Accidents Investigation Branch
Aircraft Accident Report No:

1/2006

(EW/C2004/07/06)

Registered Owner and Operator:

Aurigny Air Services

Aircraft Type:

Fairey Britten Norman BN2A Mk III-2 ‘Trislander’

Nationality:

British

Registration:

G-BEVT

Place of Accident:

Guernsey Airport

Date and Time:

23 July 2004 at 0637 hrs
(All times in this report are UTC)

Synopsis
Guernsey Air Traffic Control notified the accident to the Air Accidents Investigation Branch
(AAIB) at 0715 hrs on 23 July 2004 and the investigation began that same day. The
following Inspectors participated in the investigation:

Mr J J Barnett (Investigator in Charge)
Mr K Conradi (Operations)
Mr A P Simmons (Engineering)

Shortly after takeoff from Guernsey Airport, a loud crack or bang was heard in the aircraft’s
cabin. The aircraft commander was told by a colleague in the cabin that one or more
passengers had been injured and that a cabin window was broken. He decided to return to
Guernsey Airport having been airborne for approximately four minutes. After the passengers
disembarked the pilot noticed that a de-icer boot had separated from the left hand propeller
and was now on the seat inside the cabin, adjacent to the broken window.
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The investigation identified the following causal factors:
(i) The accident was caused by the separation of a de-icer boot from the left
propeller during takeoff.
(ii) The de-icer boot separated due to peel stresses generated by forces on the
propeller. The peel stresses arose because of physical or contamination damage
to the adhesive bond which occurred because the required filler material was not
used at the root of the de-icer boot.
Two Safety Recommendations were made during the course of the investigation.
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1

Factual Information

1.1

History of the flight
The aircraft was operated by a single pilot who reported for duty at 0600 hrs.
During his external inspection of the aircraft he ran his hand across the propeller
blades but felt nothing abnormal. After a normal engine start, he taxied the
aircraft to a remote area and completed the engine run-up checks which included
running the propellers at 2,100 rpm for a short period. The aircraft was then
taxied to the Terminal and the engines shut down whilst the 11 passengers
embarked.
After another normal start, the aircraft taxied to the holding point for Runway 27
and was cleared to take off at 0637 hrs. Takeoff was achieved using 10º flap
and full power giving a propeller speed of approximately 2,650 rpm. Whilst
climbing through 500 ft agl at 95 KIAS a loud crack was heard from an
indeterminate source. There were no unusual indications from the airframe,
engines or instrumentation but there were signs of agitation from the passengers.
A positioning pilot from the same operator seated immediately behind the
commander indicated that injuries had been sustained to several passengers and
suggested returning to Guernsey Airport.
The commander transmitted to Guernsey Tower ‘WE’VE GOT A PROBLEM WE’D
LIKE TO DO IMMEDIATE LEFT TURN TO LAND AGAIN’ and positioned on the
downwind leg for Runway 27. The positioning pilot told him that a cabin
window had broken and the commander requested from ATC that the
emergency services meet the aircraft on landing. A normal landing was made at
0641 hrs and the aircraft taxied clear of the runway before the engines were shut
down. The Airfield Fire and Rescue Service met the aircraft and assisted the
passengers. Two minutes later an ambulance arrived and two passengers were
taken to hospital.

1.2

Injuries to persons
Injuries

Crew

Passengers

Others

Fatal

-

-

-

Serious

-

1

-

Minor/None

1

10

3

1.3

Damage to aircraft
The damage to the aircraft was confined to the detached de-icer boot from the
left-hand propeller and a broken window on the left-hand side of the cabin
immediately adjacent to the propeller. Two pieces, making up most of the
detached de-icer boot, were subsequently found inside the passenger cabin.

1.4

Other damage
There was no other damage.

1.5

Personnel Information

1.5.1

Commander:

Male, aged 34 years

Licence:

Commercial Pilot’s Licence

Instrument Rating:

Valid to 31 March 2005

Licence Proficiency Check:

Valid to 31 March 2005

Operators Line Check:

Valid to 31 August 2004

Medical certificate:

Class 1, valid to 31 May 2005 with no
limitations

Flying Experience:

Total all types:
Total on type:
Total last 28 days:
Total last 24 hours:

Previous rest period:

1.6

3,228 hours
642 hours
39 hours
1 hour

Off duty:

2000 hrs on 22 June

On duty:

0700 hrs on 23 July

Aircraft information
The aircraft was a Fairey Britten Norman BN2A Mk III-2 ‘Trislander’, built in
1977. It carried the manufacturer’s serial number 1057 and was operated by a
company registered in the Channel Islands. At the time of the accident, it had
accumulated 19,017 hours and 60,507 landings since new. The aircraft was
fitted with three Lycoming 0-500-E4C5 piston engines. When the new aircraft
was delivered the engines were equipped with two-bladed constant-speed
Hartzell propellers, designated HC-C2YK-2CUF. In 2002, the UK CAA issued
Additional Airworthiness Note No 24016, which allowed Hartzell
4

HC-C3YR-2CUF three-bladed propellers to be fitted to the wing-mounted
engines. The reason for this modification was to reduce noise levels. For
technical reasons, such a propeller could not be fitted to the centre engine, so
this was not included in the modification.
A further modification was introduced in 2003, when the UK CAA issued a
further Additional Airworthiness Note No 24665, which installed the de-icing
system, including the de-icer boots, on the three-bladed propellers.
The following engine and propeller hours and cycles were as recorded on
14 July 2004 immediately prior to a combined Check 1 and Check 2
maintenance input. Subsequently the aircraft accumulated a further 72 landings
and 11.55 hours before the accident flight. Both the daily inspections and the
Check 1 and Check 2 inspections include checks for security of the propeller
de-icer boots.
Engines
Position

Left

Centre

Right

Serial No

L24377-40A

L18739-40A

RL23501-40A

Hrs TSO1

2,708.19

5,638.43

2,854.44

Cycles

60,435

60,435

60,435

Left

Centre

Right

Propellers
Position
Type

HC-C3YR-2CUF HC-C2YK-2CUF HC-C3YR-2CUF

Serial No

CK3678A

AU9014B

CK3634A

Hrs TSO

460.32

1,753.41

1,557.27

The aircraft was first registered on 5 August 1983. On 16 November 2003, its
Certificate of Airworthiness, Certificate No 004093/008 was renewed by the UK
CAA, and this was valid until 15 November 2006. A Certificate of Maintenance
Review was issued by the operator’s JAR 145 approved Maintenance and
Repair Organisation (MRO), valid until 8 September 2004.
1

Time Since Overhaul

5

1.7

Meteorological information
A weak cold front moved eastwards through the Channel Islands several hours
prior to this accident with fine weather moving in behind it. At the time of the
accident the surface wind was reported as 350°/7 kt, the visibility was greater
than 10 km and there was no cloud below 5,000 ft. The air temperature was
15ºC and the dew point was 13ºC.

1.8

Aids to Navigation
The performance of navigational aids was not relevant to this accident.

1.9

Communications
There were no communication issues relevant to this accident.

1.10

Aerodrome information
Aerodrome information was not relevant to this accident.

1.11

Flight recorders
Flight recorders were not fitted or required to be fitted to this class of aircraft.

1.12

Engineering investigation

1.12.1

Certification
The aircraft was type certificated in accordance with British Civil Airworthiness
Requirements (BCAR) Section ‘K’, which is applicable to smaller public
transport aircraft with a maximum weight of less than 5,700 kg. Paragraph
K.4-8 2.2.2.(d) states:
‘The primary flight controls shall be so located with respect to the
propellers that no portion of the flight crew or the controls, excluding
cables and control rods, lies in the region between the plane of rotation
of any inboard propeller and the surfaces generated by a line passing
through the centre of the propeller hub and making an angle of
5 degrees forward and aft of the plane of rotation of the propeller.’
Historically, ice shed from propeller blades had resulted in cosmetic damage to
Trislander and the similar Islander types. A modification, NB-M-1237, had
been issued to introduce an ice protection panel for the right hand door but the
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incidence of ice impact was much lower on the left side for which no similar
modification existed. The ice protection panel was not intended to withstand
impact from aircraft parts shed from the propeller.
1.12.2

De-icing requirement
The operator’s fleet of Trislander aircraft were mainly, but not exclusively,
equipped with airframe and propeller de-icing systems. When the three-bladed
propellers were fitted to G-BEVT, they were not de-iced and in order to fit
de-icing equipment, a further approval was required. The propellers in question
were identical to those certificated by the FAA with BF Goodrich de-icing
equipment for use on the Piper Navajo Chieftain. On that basis, in 2003 the UK
CAA issued a further Additional Airworthiness Note, No 24665, which
approved installation of the BF Goodrich de-icing system, including the de-icer
boots, on the Trislander’s three-bladed propellers in accordance with
BF Goodrich technical report No 59-728.
Installation of the FAA approved de-icing equipment was based on the use of
the appropriate procedures contained in Hartzell Aluminium Blade Manual
133C. This required the use of BF Goodrich de-icer boots, materials and
procedures. An approved alternative was the use of De-Icers (MHG) Limited
de-icer boots, materials and procedures.

1.12.3

Materials and processes used by the propeller overhaul agency
The propeller overhaul agency was familiar with the Hartzell propeller and its
de-icing system, and with the use of the alternative De-Icers (MHG) Limited.
boots, materials and procedures. The agency entered into a commercial contract
with the operator, in which they offered the alternative boots. The work was
certified on the appropriate JAA Form One as being completed in accordance
with the appropriate Hartzell manuals, including Manual 133C.
Manual 133C requires the use of an approved filler material around the root end
of the de-icer boot (this is required on all de-icer boots with a long lead strap,
such as on this installation). The purpose of this filler is to help prevent the
de-icer boot from peeling. No such filler had been applied.

1.12.4

Technical log entries and maintenance on subject propeller
The propeller logbooks and other technical records showed that the propeller
had been received from the overhaul agency on 10 July 2003 with a recorded
usage of 2,118 hours. It was fitted to G-BEVT on 9 September 2003 with zero
time since overhaul. On 4 October it received a Check 1 inspection, and on
7

3 November it received a Check 2 inspection. On 26 November it received a
further Check 1 inspection. On 5 December 2003, with approximately
243 hours since overhaul, it was removed for rectification of a cracked harness
guard on one of the blades. This work was certified complete on the MRO shop
order on 18 December 2003; however, the propeller logbook shows that the
propeller was not then used until it was fitted again to G-BEVT on 11 May
2004. On 1 June 2004 another Check 2 was completed and on 24 June another
Check 1 was completed. The last check was a Check 2 carried out on 14 July
2004, nine days before the accident.
The work pack which covered the replacement of the defective harness guard
showed that at the same time, the restrainer strap (a plastic cable tie) at the root
of the boot was renewed. The reason for this is not recorded, and the work pack
gives only the propeller serial number. Blade serial numbers are not visible
with the propeller assembled; however, blade numbers are stamped on the
counterweights of each blade and these numbers could have been recorded
within the work pack. It is possible that some damage had occurred to the
adhesive bond of the de-icer boot at this time but because the blade number was
not recorded, it is not possible to confirm that this was the blade which
subsequently shed the de-icer boot.
1.12.5

Laboratory analysis of failure
The AAIB commissioned QinetiQ, a UK research agency (formerly the Defence
Research Agency) to carry out a series of tests on the failed parts and the
adhesive bond. Relevant extracts from their technical report are attached at
Appendix ‘A’. Briefly, the report concluded that the bond had evidence of both
adhesive (cement to boot or blade) and cohesive (separation of the cement itself)
failures. There was no evidence of incorrect or inadequate surface preparation,
or of incorrectly prepared materials. However, the specified filler at the root of
the boot had not been applied. The report suggests that there was probably a
small region of the lead strap, underneath the restrainer strap and extending a
few millimetres outboard, which did not have adhesive applied. This could, the
report stated, lead to the generation of peel stresses which would cause further
damage to the adhesive bond.
Although there was no evidence of any difference in the chemical or physical
properties of the adhesive on the three blades, the laboratory determined that the
adhesive of the failed boot was a darker colour than that of the other two boots,
and that this colouration was caused by exposure to the atmosphere. In
subsequent discussions with the laboratory, the possibility that the failed boot
may have had significant disbonding damage when the harness guard was
replaced was discussed, as was the possibility of deterioration of the bond due to
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contamination ingress. However, the adhesive discolouration is not progressive
with time, and it was not possible to determine relative time periods of exposure
because, although the adhesive was generally darker, it was not noticeably
different in the region of the lead strap.
The report shows that a brittle fracture of the de-icer lead strap occurred at the
root near the restrainer strap. Moreover, the fracture in the middle of the boot
was also brittle. Both of these fractures indicated a high strain rate, typical of
impact. A third fracture near the electrical termination was ductile indicating a
lower rate of strain onset. Also, a substantial section of the lead strap was
missing. These findings are consistent with the sudden release of the boot and
its impact with the window. They imply that the lead strap failed first and the
boot was then pulled through the restrainer strap and released. Evidence of
rubber on the restrainer strap itself supported this explanation.
1.12.6

Propeller manufacturer’s advice
The propeller manufacturer advised that the small unbonded area underneath
and adjacent to the tie-wrap would not be large enough to generate damaging
peel stresses, unless the bond failed further. However such a void would create
a natural chamber for moisture and other contaminants to enter and be trapped.
Without the environmentally protective properties of the filler, these
contaminants could progressively degrade the bond over an increasing area.
The manufacturer proposed a rectification process for affected propellers. Any
propellers which had been in service without the required filler were to be
inspected for disbonding. If no such disbonding existed, the filler material was
to be applied and the propeller could then continue in service. In the event that
disbonding was detected, the affected de-icer boot was to be removed and a new
one fitted. At the time of writing, it is not known how many blades will be
found to have defective adhesive bonds.

1.13

Medical and pathological information
Two passengers sustained injuries caused by flying debris within the cabin and
were treated in hospital. One was released shortly afterwards with minor
injuries and one was detained with a serious hand injury.

1.14

Fire
There was no fire.
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1.15

Tests and Research

1.15.1

Availability of materials
The AAIB attempted to determine the reasons why the filler material required
by Hartzell Manual 133C had not been used on the de-icer boot installation. UK
suppliers were contacted and the specified materials, or alternatives, were
available. However, it was noted that the filler was classified as hazardous
material for freight purposes and it appears that there was a period when the
filler material and suitable alternatives were unavailable. These materials
became available again in mid 2003 but because they have a short shelf-life,
difficulties may have been created in the meantime for maintenance and repair
organisations outside the USA.

1.15.2

CAA actions
The UK CAA identified approximately 100 propellers which had been
overhauled without using the required filler. The propellers had all been
overhauled by the same organisation within a six year period, which is the
calendar overhaul period for these propellers. The UK CAA has also been
working with the propeller manufacturer to establish an inspection and
rectification regime for the affected propellers.

1.16

Organisational and management information
The propeller overhaul company’s business was the maintenance of aircraft and
the overhaul of propellers. The UK CAA entered into discussions with the
organisation to establish the extent of the problem and to oversee the inspection
and rectification programme. Some months after this accident, the company
sold its propeller business to another organisation but the CAA has continued
working with the new organisation.

1.17

Additional information

1.17.1

Previous incidents
During this investigation, another propeller fitted to the operator’s fleet
exhibited evidence of de-icer boot disbonding. It was withdrawn from service.
It had been overhauled by the same agency in January 2003 and did not have the
required filler material at the root of the de-icer boot.
On 9 March 1997 another of the operator’s Trislander fleet, G-RBSI, shed a deicer boot. The propeller had been overhauled by a different agency. There was
10

no secondary damage or injury to persons but some vibration was felt. On
14 March 1997 the same aircraft shed another de-icer boot, again without
damage or injury. The propeller, which had been overhauled by a different
agency, had completed 50 hours since overhaul when the first boot was shed and
70 hours when the second boot detached.
On 15 March 1997, G-XTOR, another of the operator’s Trislander fleet shed a
de-icer boot from the left propeller during takeoff. This propeller had also been
overhauled by a different agency. The boot struck the fuselage and dislodged a
window which struck a passenger, albeit without injury.
The CAA investigation into these three events found that the de-icer boots had
all been bonded using the same defective batch of adhesive. The batch of
adhesive had already been withdrawn at the time of this last incident, and the
operators of other affected aircraft were alerted.
A further case of which AAIB became aware occurred to an Islander in
September 2001. A de-icer boot was shed from a left propeller during flight and
it struck the top of the fuselage. The operator raised a Mandatory Occurrence
Report but no further action or information concerning the cause has been
traced.
1.17.2

Subsequent incident
On 25 April 2005 G-BEVT suffered a further incident when, during takeoff
from Alderney, a de-icer boot separated from the right-hand propeller. The boot
was subsequently found on the runway, and there was no secondary damage or
personal injury as a result of the incident. The propeller had been overhauled
and the de-icer boots fitted after the accident which is the subject of this report.
It had accumulated a total of 175 flying hours since overhaul. Revised overhaul
procedures were already in place and applied to this propeller during the
overhaul process. They included use of the correct filler material and a change
of adhesive cement to an alternative recommended by the propeller
manufacturer. Initial investigation of this event by the AAIB indicated that the
cause of separation was not the same. This subsequent incident was due to
inadequate adhesion between the de-icer boot and the adhesive cement.
Accordingly, the AAIB will investigate this later event separately.

1.17.3

Frequency of de-icer boot separation
Industry wide, the frequency of de-icer boots becoming completely detached is
low. Partial disbonding is sometimes detected during inspections and there are
various reasons why the adhesive bond may become damaged or otherwise fail.
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A search of the UK CAA database for the previous 15 years found only six
cases of complete separation, four of which involved Trislanders or Islanders.
The Islander and Trislander fleets have accumulated approximately 10 million
flying hours, and during that period only a small number of cases of de-icer
boots being released have been recorded. However, it has not been possible to
gather conclusive data concerning this type of event. The CAA Mandatory
Occurrence Reporting scheme began in 1976, so events before that date were
not recorded by the CAA. Events occurring outside the UK are probably not
included, and may not have been subject to any form of reporting at all. When
events such as de-icer boot separations occur without causing injury or damage,
it is still commonplace around the world for such events to be unreported.
For the same reason, records held by the airframe manufacturer regarding deicer boot incidents are very limited. Also the hours flown by the fleet, with and
without de-icer boots, are not known. Therefore it is not possible to draw
conclusions about the acceptability of the rate of occurrence of such events,
albeit the frequency over certain short periods of time may seem higher than
desirable.
Release of ice from the propeller has been a sufficiently frequent occurrence to
warrant modification action, however this was mainly for cosmetic purposes, the
consequences of ice impact being minor and predominantly on the right hand
side of the cabin.
1.18

New investigation techniques
None.
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2

Analysis

2.1

Flight crew action
When a de-icer boot separated from the left-hand propeller and penetrated the
adjacent cabin window, injuring two passengers, the commander was confronted
by an incident that was awkward to diagnose at a critical stage of flight. He was
fortunate in having the assistance of a positioning company pilot sat behind him
but nevertheless, he took the prompt and correct decision to return to Guernsey
Airport. His aircraft handling, decision making and communication skills
allowed the injured passengers to receive medical attention with the minimum
of delay.

2.2

Separation of the de-icer boot
The laboratory report (Appendix ‘A’) attributed separation of the de-icer boot to
peel stresses generated outboard of the restrainer strap in an area where the
adhesive bond was damaged. The propeller manufacturer considered that the
initial, very small unbonded area was insufficient to generate damaging peel
stresses, but that the area had grown due to ingress of contaminants because the
required filler material had not been applied. Whatever the initial reason for the
disbond, once the disbonded area became large enough to generate a peel force
equal to the peel strength of the adhesive, the disbonded area would have started
to grow very rapidly. Most adhesives have poor strength in peel; therefore the
installation was designed such that the de-icer boot would be relieved of peel
stresses. This was partly achieved by the installation of the restrainer strap at
the root of the de-icer boot. It is likely that the location of the initiation close to
the hub and the outboard direction of propagation of the damage were the
reasons why this boot completely separated from its blade.
The way in which this damage progressed was, therefore, not typical of the
more usual disbonding of de-icer boots, where damage usually starts at an edge
some way outboard on the blade. In these cases, the forces acting on the
propeller do not tend to impose additional stresses on the lead strap of the boot
itself. In such cases the damage progresses relatively slowly and can be
detected during daily inspections.
There was no evidence to confirm or refute the suggestion that ingress of
moisture or other contaminants was the mechanism which caused the bond to
deteriorate. While it is entirely plausible that this was the case, work was
carried out on this propeller by the operator which involved fitting a new
harness guard and restrainer strap to one of the blades. When the restrainer
strap was removed, and whilst it was absent from the blade, it would have been
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very easy to damage the adhesive bond if any movement of the de-icer boot lead
strap had taken place. The risk of such damage would have been reduced if the
de-icer boot had been installed with the required fillet of filler material because
this would have relieved any peel stress on the adhesive. Unfortunately, it was
not recorded which of the three blades was reworked so it is not possible to say
whether this maintenance by the operator could have been a causal factor. Apart
from routine inspections no other maintenance was carried out by the operator.
From the above considerations it is likely that because of the rapidity with
which the damage progressed, the disbond was not detected either on the
maintenance checks or during the daily inspections.
The propeller overhaul agency had overhauled approximately 100 propellers
without using the required filler. This investigation has not determined the
reason why filler was not applied, other than that it was probably related to a
real or perceived supply difficulty. The importance of the filler may not have
been realised fully, since some de-icer boots with short lead straps are installed
without the filler. Whatever the reasons, the subsequent CAA involvement has
ensured that the non-compliant practice has been corrected and the affected
propellers identified.
2.3

Human Factors
Periodically the AAIB has cause to investigate cases of non-compliance with
maintenance procedures, and has observed that there is sometimes a lack of
awareness regarding the requirement for an approved organisation or a licensed
engineer to comply with the prescribed maintenance practices. These practices
are as much a part of the design approval as is the use of approved parts, and to
work around them is to usurp the role of the Design Authority. Since it is likely
that only the Design Authority has access to all the relevant data, any noncompliance is inherently risky and could be unsafe; it also invalidates the Form
One and/or the Certificate of Release to Service.
While recklessness or carelessness cannot be condoned, the AAIB has also
observed that often these unapproved practices are carried out by hard working,
competent and well-intended individuals who are attempting to resolve a
problem in the best interests of the organisation and the customer. Furthermore,
there is an increasing realisation that many so-called human errors in aircraft
maintenance are in fact deliberate violations carried out to circumvent problems.
Put differently, whilst it is the individual who carries out the unsafe action, in
most cases it is the regulatory, financial, commercial and managerial system
within which the individual works that provokes the non-compliant action.
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The AAIB considers that the solution to this problem lies primarily in awareness
and education, not in blame. The UK CAA has put considerable effort into the
area of human error in maintenance, as have some other regulators around the
world, and the culture of the industry in some regions is changing as a result.
However, these efforts need to be continued and enhanced within a panEuropean context, and this will require both effort and funding. Therefore the
AAIB made the following Safety Recommendation:
The UK Civil Aviation Authority and the European Aviation Safety
Agency should work closely together to develop further the valuable
progress already made in human factors in aircraft maintenance, focusing
on the underlying reasons for both errors and violations, with a view to
reducing the potential for system-induced errors and violations, and
therefore the risk of maintenance related accidents. (Safety
Recommendation 2005-078)
2.4

Penetration of the window
The aircraft was certificated to BCAR Section ‘K’, which was the appropriate
airworthiness code for this size and weight of aircraft. It therefore did not need
to meet the more demanding requirements for occupant protection which are
mandatory for large turbine powered aircraft, such as the then current BCAR
Section ‘D’ requirements or the more modern JAR /FAR Part 25 requirements.
This is because it is not practical in smaller, simpler aircraft to provide the same
level of passenger protection as is found in larger aircraft, nor is it necessary to
the same extent. As such, provision of protection for the passengers from debris
such as engine or propeller parts was not a requirement.
The lack of reports of de-icer boot separation is due either to this being an
infrequent event, or possibly due to it having a low probability of causing
damage or injury, which would make proper reporting less likely. In either case
there is no evidence that the overall frequency and severity of this type of event
is not acceptable.

2.5

Corrective actions
The UK CAA has acted to contain the problem and to address the issues of
non-compliance within the relevant organisation. The affected propellers have
been identified and subjected to an inspection and rectification programme.
Therefore the necessary actions to reduce the risk of recurrence, and to meet the
intended level of safety, have been taken.
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2.6

Inspection of de-icer boots
Disbonding of de-icer boots normally begins at the edges of the boot and can be
detected by the pilot during the daily inspection, or by the more detailed
inspection carried out periodically by the MRO. If, however, the disbond is not
apparent at the edge, it is very difficult to detect. During this investigation the
laboratory used various advanced ultrasonic techniques to try to determine the
condition of the adhesive bonds, but these were unsatisfactory for a variety of
reasons. One technique which the laboratory suggested was the use of a thermal
imaging camera once electrical power had been applied. This would identify
hot spots in poorly bonded regions. The laboratory report recommended that
this method should be investigated further (see Appendix ‘A’). Therefore the
AAIB made the following Safety Recommendation:
Hartzell Propeller Incorporated should investigate the feasibility and
potential benefits of using thermal imaging techniques to inspect de-icer
boots for disbonded areas. (Safety Recommendation 2005-079)
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3

Conclusions

(a)

Findings
1

During takeoff, while the engines were at high power, a de-icer boot from
a blade of the left hand propeller separated and struck an adjacent cabin
window, penetrating the window and injuring two passengers.

2

The left hand propeller was fitted with a BF Goodrich de-icing system
including the de-icer boots on the propellers, in accordance with
BF Goodrich technical report No 59-728.

3

The aircraft was type certificated in accordance with British Civil
Airworthiness Requirements (BCAR) Section ‘K’. This airworthiness
code contained no requirement to protect passengers from piston engine or
propeller parts.

4

Installation of the de-icer boots was certified on the appropriate JAA
Form One as having being completed in accordance with the appropriate
Hartzell Manual 133C. However, the filler material required by that
Manual had not been applied.

5

Work was carried out on the propeller to replace a defective harness guard
and restrainer strap. It is possible that some damage had occurred to the
adhesive bond of the de-icer boot at this time but because the blade
number was not recorded, it was not possible to confirm that this was the
blade which subsequently shed the de-icer boot.

6

The laboratory report concluded that there was probably a small region of
the lead strap of the de-icer boot, outboard of the restrainer strap, which
was unbonded.

7

The small unbonded area of the lead strap created a natural chamber for
moisture and other contaminants to enter and be trapped, further
degrading the adhesive bond

8

Growth of the disbonded area caused increasing peel stresses which led to
final failure of the remainder of the adhesive bond, and separation of the
de-icer boot.
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(b)

9

There was a period when the filler material and suitable alternatives were
commercially unavailable in the UK. These materials became available
again in mid 2003. However the short shelf life of the materials may have
created difficulties in the meantime for maintenance and repair
organisations outside the USA.

10

The UK CAA identified approximately 100 propellers which had been
overhauled without using the required filler.

11

The manufacturer and the UK CAA have proposed a rectification process
for affected propellers.

12

Industry wide, the incidence of de-icer boots becoming completely
detached is low, even though disbonding is sometimes detected during
inspections.

13

Efforts to control human factors in maintenance need to be continued and
enhanced within a pan- European context.

14

There is potential in the use of a thermal imaging to identify hot spots in
poorly bonded regions of electrical de-icer boots.

Causal factors
1

The accident was caused by the separation of a de-icer boot from the left
propeller during takeoff.

2

The de-icer boot separated due to peel stresses generated by forces on the
propeller. The peel stresses arose because of physical or contamination
damage to the adhesive bond which occurred because the required filler
material was not used at the root of the de-icer boot.

18

4

Safety Recommendations
The following safety recommendations have been made:

4.1

Safety Recommendation 2005-078: The UK Civil Aviation Authority and the
European Aviation Safety Agency should work closely together to develop
further the valuable progress already made in human factors in aircraft
maintenance, focusing on the underlying reasons for both errors and violations,
with a view to reducing the potential for system-induced errors and violations,
and therefore the risk of maintenance related accidents.

4.2

Safety Recommendation 2005-079: Hartzell Propeller Incorporated should
investigate the feasibility and potential benefits of using thermal imaging
techniques to inspect de-icer boots for disbonded areas.

J J Barnett
Deputy Chief Inspector of Air Accidents
Air Accidents Investigation Branch
Department for Transport
December 2005
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Appendix A

Extract from QinetiQ Report E3203
‘Examination of G-BEVT
Trislander De-icing Boot Failure’
This report was commissioned by the Air Accidents
Investigation Branch in support of the investigation into the
accident to Trislander G-BEVT, on 23 July 2004 at Guernsey.
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Unless otherwise indicated, recommendations in this
report are addressed to the regulatory authorities of the
State having responsibility for the matters with which
the recommendation is concerned. It is for those
authorities to decide what action is taken. In the United
Kingdom the responsible authority is the Civil Aviation
Authority, CAA House, 45-49 Kingsway, London
WC2B 6TE or the European Aviation Safety Agency,
Postfach 10 12 53, D-50452 Koeln, Germany.

