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INCIDENT

Aircraft Type and Registration:  BN2-A Mk III-2 Tr�slander, G-BEVT

No & Type of Engines: 3 Lycom�ng 0-500-E4C5 p�ston eng�nes

Year of Manufacture: �977

Date & Time (UTC): 24 Apr�l 2005 at �335 hrs

Location: Alderney, Channel Islands

Type of Flight: Publ�c Transport (Passenger)

Persons on Board: Crew - � Passengers - 9

Injuries: Crew - None Passengers - None

Nature of Damage: Propeller de-�cer boot separated from propeller

Commander’s Licence: A�rl�ne Transport P�lot’s L�cence

Commander’s Age: Not relevant

Commander’s Flying Experience: Not relevant

Information Source: Informat�on subm�tted by the operator and AAIB 
enqu�r�es as part of an earl�er �nvest�gat�on �nvolv�ng 
th�s a�rcraft

Synopsis

Follow�ng an acc�dent where a propeller de-�cer 
boot separated and penetrated a w�ndow, �njur�ng a 
passenger, the AAIB �nvest�gated a subsequent de-�cer 
boot separat�on on the same a�rcraft.  The �nvest�gat�on 
found that the qual�ty of the adhes�ve bond between 
the boot and the blade �s dependent upon met�culous 
adherence to correct procedures and pract�ces.  No 
safety recommendat�ons are made because, �ndustry 
w�de, sat�sfactory attachment of the boots �s rout�nely 
ach�eved us�ng publ�shed procedures and correct 
mater�als.  However, apparently qu�te m�nor dev�at�ons 
�n the process can cause a reduct�on �n bond strength 
wh�ch can lead to boot separat�on.

Background

On 23 July 2004 Tr�slander G-BEVT was �nvolved 
�n an acc�dent caused by the separat�on of a propeller 
de-�cer boot from the left propeller.  That acc�dent was 
the subject of AAIB report number �/2006 publ�shed on 
�� January 2006.  Br�ef deta�ls of th�s occurrence were 
as follows:

Shortly after takeoff from Guernsey A�rport, a loud 
crack or bang was heard �n the a�rcraft’s cab�n.  The 
a�rcraft commander was told by a colleague �n the cab�n 
that one or more passengers had been �njured and that 
a cab�n w�ndow was broken.  The a�rcraft returned to 
Guernsey A�rport and landed hav�ng been a�rborne for 
approx�mately four m�nutes.  After the passengers had 
d�sembarked, the p�lot not�ced that a de-�cer boot had 
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separated from the left propeller and was ly�ng on a seat 
�ns�de the cab�n, adjacent to the broken w�ndow.

The �nvest�gat�on found that the acc�dent was caused by 
the separat�on of a de-�cer boot from the left propeller 
dur�ng takeoff.  Laboratory work �nd�cated that the de-�cer 
boot had separated due to peel stresses generated by 
forces on the propeller.  The peel stresses arose because 
of phys�cal or contam�nat�on damage to the adhes�ve 
(often called ‘cement’) bond at the root of the blade.

The propeller manufacturer’s blade manual requ�red the 
de-icer boots to be bonded to the blade and then for a filler 
mater�al to be appl�ed at the root end of the boot.  F�nally 
the edges were to be coated w�th a sealer.  The funct�on of 
the filler material was to prevent environmental damage 
to the bond.  The filler material had not been applied and 
as a result, env�ronmental damage, or poss�bly phys�cal 
damage, to the adhes�ve at the root of the boot had 
occurred.  Th�s left a small d�sbonded area wh�ch grew 
under stress until the de-icer boot finally separated.

As a result of this event the UK CAA identified 
approx�mately �00 propellers wh�ch had been 
overhauled without using the required filler.  The 
propellers had all been overhauled by the same 
organ�sat�on w�th�n a s�x year per�od, wh�ch �s the calendar 
overhaul per�od for these propellers.  The UK CAA had 
also been work�ng w�th the propeller manufacturer to 
establish an inspection and rectification regime for the 
affected propellers.  Th�s �nvolved �nspect�ons and, �f 
the cond�t�on of the adhes�ve bond was sat�sfactory, the 
retrospective application of filler.

The second �nc�dent, the subject of th�s report, occurred 
to the propeller on the r�ght w�ng of the same a�rcraft.  
Normally, the AAIB would have regarded �t as a 
non-reportable occurrence.  However, the propeller 
�nvolved had been overhauled by the same organ�sat�on, 

us�ng correct procedures and mater�als, �nclud�ng the 
use of the correct filler material.  Initial examination 
�nd�cated that the cause of de-�cer boot separat�on was 
not the same as before.  Consequently, th�s second 
�nc�dent became the subject of th�s separate report.

History of the flight

The a�rcraft departed Alderney term�nal for Guernsey 
w�th n�ne passengers on board.  At about 60 kt dur�ng the 
take-off ground roll the pilot heard a muffled bang.  All 
�nd�cat�ons were normal so the takeoff was cont�nued but 
on arr�val at Guernsey, a de-�cer boot was m�ss�ng from 
the r�ght propeller.  There were no �njur�es susta�ned and 
no obv�ous damage to the a�rcraft.  The de-�cer boot was 
found on the runway at Alderney.

Technical investigation

The propeller, part number HCC3YR2UF ser�al 
CK3663A, was quarant�ned for �nvest�gat�on.  It had 
accumulated �75 hours usage s�nce �t was overhauled 
on 2 November 2004 when new de-�cer boots had been 
fitted.  The overhaul work pack showed that the de-icer 
boots had been fitted in accordance with Hartzell Blade 
Manual �33C, �nclud�ng the use of Hartzell approved 3M 
EC 1300L adhesive and the appropriate filler.  The boots 
fitted were not the specified BF Goodrich parts but were 
an acceptable alternat�ve wh�ch carr�ed the part number 
MHG2778/B.  The propeller and boot were returned to 
the AAIB for �nvest�gat�on, together w�th a number of 
s�m�lar boots from the same manufacturer, wh�ch the 
operator had removed from seven other propellers.

An �n�t�al exam�nat�on of the detached boot showed that 
fa�lure had occurred between the adhes�ve and the boot 
and that there was v�rtually no adhes�ve left on the boot. 
There was no ev�dence of any gross contam�nat�on of 
the boot or propeller surfaces that could have h�ndered 
adhes�on. 
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The only areas of the boot that retained significant 

amounts of adhes�ve were along the centre of the boot 

where �t �s bent around the lead�ng edge of the propeller 

blade. These areas were exam�ned and found to have 

smooth adhes�ve surfaces, �nd�cat�ng that no bond�ng 

to the blade had occurred. Exam�nat�on of the propeller 

blade showed that the adhes�ve rema�ned well bonded to 

this substrate and confirmed that bonding to the boot had 

not occurred �n a number of locat�ons along the lead�ng 

edge. These areas corresponded to areas on the boot 

where the adhes�ve had been reta�ned. 

All the boots exam�ned showed areas, of vary�ng s�zes 

along the blade lead�ng edge, that had not been bonded. 

It �s known that the lead�ng edge �s an area where �t can 

be difficult to achieve adhesion because of, the complex 

curvatures present, and the st�ffness of the boot due to 

the embedded heat�ng w�res. These poorly bonded areas 

prov�de a means for mo�sture to ‘fast-track’ to the centre 

of the jo�nt and, as a result, poss�bly accelerate the rate of 

degradat�on of the adhes�ve bond. 

The appearance of the boot that separated was �n 

contrast to the boot from the prev�ous fa�lure, wh�ch 

retained noticeably more adhesive, with significantly 

more �nterfac�al fa�lure between the adhes�ve and the 

propeller. Furthermore, the boot d�d not show any 

ev�dence of mo�sture �ngress at the root end, wh�ch had 

been identified as the probable cause of failure in the 

prev�ous case. There was also ev�dence of apparently 

br�ttle adhes�ve crack�ng on th�s boot, wh�ch was not seen 

on e�ther of the other boots removed from th�s propeller 

or on any of the other boots subm�tted for assessment. 

Exam�nat�on of the boots taken from the other propellers 

showed fa�lure mechan�sms s�m�lar to the prev�ous 

fa�lure, often w�th more �nterfac�al fa�lure between the 

adhes�ve and the propeller. Th�s m�ght be expected s�nce 

�t was bel�eved that these boots were all bonded w�th the 
same adhes�ve, �e Bost�k 2402.  Furthermore, ev�dence 
of mo�sture �ngress at both the root and the t�p was found 
on a number of the boots, wh�ch supported the conclus�on 
that the prev�ous fa�lure resulted from mo�sture �ngress 
and that fa�lure �n�t�ated at the root. 

A compar�son between all the boots bonded w�th 
Bost�k 2402 and the fa�led boot, wh�ch was bonded 
w�th 3M �300L, shows that w�th Bost�k 2402, w�th 
one exception, there was a significantly greater 
degree of �nterfac�al fa�lure between the adhes�ve 
and the propeller. Furthermore, all the boots bonded 
w�th Bost�k 2402 reta�ned not�ceably more adhes�ve. 
Therefore, �t can be concluded that, for boots bonded 
w�th Bost�k 2402, the weakest jo�nt �s between the 
adhes�ve and the propeller, part�cularly once mo�sture 
has penetrated �nto the jo�nt.  In contrast, for the three 
boots from the r�ght propeller of G-BEVT, wh�ch had 
all been bonded w�th 3M �300L, the weakest jo�nt was 
that between the adhes�ve and the boot.  

Accord�ng to the laboratory report, both adhes�ves are 
based on polychloroprene rubber but Bost�k 2402 �s 
crossl�nked us�ng a cur�ng agent (Bost�kure D). Th�s 
�mproves the res�stance of the adhes�ve to heat and 
fluids. The origin of the rubber material used in the 
de-�c�ng boots �s not known, and �t �s poss�ble that 
changes �n the formulat�ons of e�ther the adhes�ves or 
the boots may have occurred since qualification.  The 
compos�t�on of Bost�k 2402 w�ll change dur�ng 2006 �n 
order to el�m�nate the solvent Toluene.  S�nce the solvent 
w�ll affect dry�ng and appl�cat�on t�mes, th�s could 
require a modified application technique.  Furthermore, 
process�ng a�ds used dur�ng boot manufacture, to ease 
eject�on from the mould, w�ll reduce the bond strength 
unless they are removed us�ng an appropr�ate surface 
clean�ng techn�que.
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There are also appl�cat�on d�fferences between the two 
adhes�ves, and on occas�on, d�fferences between the 
relevant sets of �nstruct�ons for the same adhes�ve. The 
3M data sheet for �300L states that the adhes�ve should 
be appl�ed to both surfaces, allowed to dry for a max�mum 
of 4 m�nutes and be bonded w�th�n 8 m�nutes.  In contrast, 
the adv�ce for Bost�k 2402 �s that the adhes�ve should 
be allowed to dry for between 5 and �5 m�nutes before 
bond�ng.  The overhauler m�ght follow the �nstruct�ons 
conta�ned �n the propeller manufacturer’s blade manual, 
or the boot manufacturer’s �nstruct�ons, or the d�rect�ons 
�n the adhes�ve manufacturer’s product data sheet.  
However, Bost�k 2402 adhes�ve �s not ment�oned �n the 
Hartzell blade manual �33C but �t �s perm�tted �n the 
BF Goodr�ch Installat�on Manual. That manual states 
drying and application times of one hour for the first 
coat and �0 to 30 m�nutes for the second.  Th�s var�es 
from the Product Data sheet, wh�ch g�ves t�mes of 20 to 
30 minutes for the first coat and 5 to 15 minutes for the 
second coat.

Further AAIB enquiries

Dur�ng v�s�ts to several propeller overhaul and repa�r 
organ�sat�ons, the AAIB �nvest�gator was adv�sed of 
a number of �ssues wh�ch m�ght affect the adhes�ve 
bond strength and qual�ty.  These �ncluded temperature, 
humidity, cure time of the paint finish on the blade, the 
exact handl�ng techn�que wh�ch an �nstaller may use 
to apply the boot, the techn�que employed to brush the 
adhesive on to the boot, drying time between the first and 
second coats of the adhes�ve and compat�b�l�ty �ssues 
between the boots and adhesives.  The laboratory finding 
that Bost�k 2402 m�ght be stronger than 3M �300L 
was supported generally by anecdotal ev�dence, and �n 
part�cular by tests carr�ed out by the manufacturer of 
the part�cular boot �nvolved �n th�s �nc�dent.  There was 
some common exper�ence of adhes�on problems w�th 
th�s type of boot, although all makes of boot had been the 

subject of difficulties from time to time.  One respected 
organ�sat�on, w�th no recent h�story of boot fa�lures, 
descr�bed a per�od when the same �nd�v�dual on the same 
day would ach�eve results rang�ng from sat�sfactory 
to unserv�ceable.  The organ�sat�on also descr�bed a 
complex and ult�mately �nconclus�ve �nvest�gat�on �nto 
the causes.   One common exper�ence was that often, 
part�cularly w�th the subject type of boots, l�ttle adhes�ve 
was left on the boot itself even though the first coat is 
appl�ed d�rectly to �t.  Th�s led to d�scuss�on about the 
internal surface finish of the boot.  It was observed that 
the boots had a textured surface wh�ch m�ght requ�re 
the adhes�ve to be st�ppled �n rather than be�ng s�mply 
brushed on w�th long, stra�ght, brushstrokes.  However, 
little of this perceived difficulty could be validated.

During this investigation the AAIB identified the 
follow�ng good pract�ces wh�ch �ncreased the l�kel�hood 
of a sat�sfactory bond.

� Env�ronmental cond�t�ons 
 While bonding can be carried out in the field, 

�t �s �deally conducted �n a ded�cated, clean 
env�ronment, free of condens�ng hum�d�ty 
and w�th�n the recommended temperature 
range.  For example, Goodr�ch recommend 
65-75ºF and a Relat�ve Hum�d�ty (RH) below 
75%; outs�de th�s range best results may not 
be ach�eved.  H�gher RH requ�res add�t�onal 
dry�ng t�me and �nstallat�on �n cond�t�ons below 
50ºF or above 90% RH �s not recommended.  
Because the thermal mass of the propeller 
blades is significant, it is best practice to allow 
the blades to accl�mat�se to the temperature of 
the controlled env�ronment for a su�table per�od 
before undertak�ng the bond�ng process. 
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2 Select�on of mater�als
 There �s often a cho�ce of boots and adhes�ve 

systems ava�lable.  Although alternat�ves have 
been approved locally, the manufacturer’s 
documentation is more specific and will 
specify certain options for adhesives, fillers 
and cements.  Although the �ndustry �tself 
has v�ews on wh�ch are the most cons�stent 
performers, cons�stently good results are 
be�ng ach�eved through adherence to the 
manufacturer’s �nstruct�ons.  

3 Preparat�on
 Apart from general standards of cleanl�ness, 

degreas�ng and handl�ng, there are also �ssues 
concern�ng the use of correct pa�nts and 
pr�mers (or �n some cases the proh�b�t�on of 
pa�nts) wh�ch vary from system to system.  
Correctly prepared substrates are essent�al to 
rel�able bond�ng.

4 Use of mater�als
 The adhes�ves must have been correctly stored 

and be w�th�n the�r shelf l�fe. They must be free 
of contam�nat�on, and correctly m�xed.  When 
m�x�ng large volumes, the process of open�ng 
cans and m�x�ng correct amounts can �ntroduce 
contam�nat�on, age�ng and �ncorrect m�x�ng.  
The use of small cans, m�x�ng the complete 
contents and d�spos�ng of the unused adhes�ve, 
guarantees correct quant�t�es for m�x�ng; 
ult�mately �t may also avo�d waste and be more 
econom�c.  M�x�ng must be thorough and �n 
accordance w�th the adhes�ve manufacturer’s 
�nstruct�ons.  Th�s may take more t�me than 

expected.  

5  Appl�cat�on techn�ques
 Long, even, brush strokes are generally used, 

but �t may be that th�s causes the adhes�ve to 
‘br�dge’ the peaks of a textured surface rather 
than adhere un�formly.  The boots are pressed 
�nto place w�th a roller but �t �s necessary to 
pos�t�on them on the blade by hand.  Th�s can 
be a difficult task for one person and because 
a contact adhes�ve �s used, �t may become 
difficult to eliminate air bubbles and gaps.

6  Cur�ng t�mes
 D�fferent adhes�ves have d�fferent cur�ng t�mes 

and d�fferent t�mes must be compl�ed w�th 
between the first and second coats.  Also, the 
blades themselves may have been overhauled 
and repa�nted, �n wh�ch case �ncompletely 
cured pa�nts or solvents could affect the 
adhes�ve bond.

Conclusion

In the light of these findings, it appears that propeller 
de-�c�ng boots can rout�nely be sat�sfactor�ly bonded �f 
publ�shed procedures and good pract�ce are met�culously 
followed.  However, apparently qu�te m�nor dev�at�ons 
�n the process can cause a reduct�on �n bond strength, 
or allow the generally poor peel strength of adhes�ves to 
be explo�ted by mechan�cal or env�ronmental damage.   
Th�s can lead to boot separat�on.




