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ACCIDENT

Aircraft Type and Registration: AS355F�, G-XCEL

No & Type of Engines: 2 Rolls-Royce (All�son) 250-C20F turboshaft eng�nes

Year of Manufacture: �985

Date & Time (UTC): 2 December 2003 at �438 hrs

Location: Hurstbourne Tarrant, near Andover, Hampshire

Type of Flight: Pr�vate

Persons on Board: Crew - � Passengers - 2

Injuries: Crew - � (Fatal) Passengers - 2 (Fatal)

Nature of Damage: Helicopter destroyed

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

Commander’s Age: 5� years

Commander’s Flying Experience: 7,800 hours (of wh�ch �,322 were on type)
 Last 90 days - 8� hours
 Last 28 days - �8 hours

Information Source: AAIB F�eld Invest�gat�on

Synopsis

The hel�copter was engaged on a post-ma�ntenance 

test-flight following the fitment of a newly-overhauled 

main rotor gearbox and combining gearbox.  

Eyew�tnesses heard unusual no�ses com�ng from the 

hel�copter before the ta�l boom apparently folded 

forward around the cabin.  The helicopter then fell to 

the ground, catching fire on impact.  All three occupants 

received fatal injuries.  Examination showed that the 

two gearboxes and the ma�n rotor had detached before 

impact. Subsequent investigation showed that the left 

freewheel showed clear ev�dence of sl�ppage under load; 

the r�ght freewheel also showed s�gns of sl�ppage but not 

to the same extent.

It �s concluded that a ser�es of freewheel sl�ppages 
followed by aggress�ve re-engagements led to the 
structural failure.  The reasons for the slippage 
however, cannot be proven conclusively.  Although it 
was found that the rollers form�ng part of the freewheel 
mechan�sm had come from a manufactured batch 
that had been coated us�ng an �ncorrect process, no 
laboratory test�ng could reproduce any greater tendency 
for such a coating to cause slippage.  The helicopter 
manufacturer recorded five incidents of slippage under 
load, co�nc�d�ng w�th the �ntroduct�on of rollers from 
this batch.  Satisfactory performance of the freewheels 
resumed follow�ng the removal from serv�ce of the 
incorrectly coated batch of rollers.
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History of the flight

Ma�ntenance work had been conducted on the 
hel�copter requ�r�ng the p�lot to spend two days 
complet�ng eng�ne ground run tests w�th the two 
engineers who had carried out the work.  On the 
morn�ng of the acc�dent the p�lot carr�ed out a short 
flight to check that the helicopter’s handling was 
sat�sfactory and to exam�ne the extent of a torque 
difference between the engines that had been identified 
during the previous ground runs.  The two engineers 
were on board for the uneventful 17 minute flight.

Adjustments were made to the hel�copter, by one of the 
engineers, to rectify the difference in torque.  About an 
hour after land�ng the hel�copter, w�th the same p�lot and 
engineers on board, departed for a further airtest.  The 
purpose of the flight was to confirm that the adjustments 
to balance the engine torques had been successful.

The air traffic controller’s log recorded that the helicopter 
departed Runway 07 at Thruxton at 1430 hrs.  At the 
t�me there was a l�ght easterly w�nd, w�th good v�s�b�l�ty 
and a cloudbase about 1,200 ft above the airfield.  The 
helicopter was seen to take off and appeared to be flying 
normally as it departed to the north-east.

Recorded radar data, between �43� hrs and �433 hrs, 
�nd�cated that the hel�copter ma�nta�ned a steady track 
to the north-east flying at an altitude of approximately 
2,000 ft amsl and at a speed of approximately 120 kt.  
Witnesses, 8 nm from the airfield, saw the helicopter fly 
overhead and heard �t mak�ng a loud, and unusual no�se, 
descr�bed by one as “a loud screech�ng mechan�cal 
noise”.  Another witness described seeing the whole 
helicopter shake.  Witnesses then described seeing the 
ta�l of the hel�copter fold forward aga�nst the s�de of 
the cab�n, w�thout fully separat�ng, and the hel�copter 
fall to the ground.  There were variations in the witness 

accounts; some descr�b�ng the ta�l fold�ng to the r�ght 
and others describing it folding to the left. One witness 
described seeing one of the main rotors “flip upwards” 
just before the tail folded. 

The hel�copter fell to the ground on the r�dge of a small 
hill and caught fire.  The emergency services were 
qu�ckly on the scene; however, all three occupants had 
been fatally injured in the impact.

Helicopter description

The Eurocopter (Aerospat�ale) AS355 ser�es of 
hel�copters were der�ved from the AS350 Ecurre�l 
(Squirrel) helicopter but were fitted with two turboshaft 
engines in place of the single engine fitted to the latter.  
Known in the UK as the ‘Twin Squirrel’, the first models 
were equ�pped w�th Rolls-Royce (All�son) Model 
250-C20 eng�nes wh�lst later vers�ons (AS355N) were 
fitted with Turbomeca Arrius engines. G-XCEL was 
fitted with Rolls-Royce engines.  Of particular relevance 
to th�s acc�dent �s that fuel control �n the Arr�us eng�ne 
�s ach�eved by a full author�ty d�g�tal eng�ne control 
un�t (FADEC), wh�lst the Rolls-Royce eng�ne uses a 
conventional hydro-mechanical system.  Apart from the 
necessary changes to accommodate the d�fferent eng�ne 
�nstallat�ons, the two hel�copter models are essent�ally 
the same, part�cularly w�th respect to the ma�n rotor 
transmission.  The engines are mounted on the left and 
r�ght s�des of the ma�n transm�ss�on deck and are referred 
to as left and right or No 1 and No 2 respectively.

The power output from each eng�ne, �n both hel�copter 
var�ants, can be tr�mmed so that the total torque requ�red 
for flight can be shared equally between the engines.  
Th�s �s commonly known as ‘beep tr�m’ and �s adjusted 
by the pilot using a rocker switch on the collective lever.  
On the AS355N models (fitted with Arrius engines) this 
�s purely an electr�cal s�gnal work�ng through the two 
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FADEC’s.  However, the Rolls-Royce Allison engines 
use an electromechanical trim actuator to mechanically 
move the fuel control settings.  In both variants this is 
co-ordinated so that, for example, if the pilot increases 
torque on the right engine by moving the switch to 
the right it not only increases the power output of that 
engine, but decreases power from the left engine.  Under 
certain circumstances it is necessary to perform a ‘Power 
Assurance Check’ on each engine.  In this case one engine 
is trimmed to its maximum (or until a limiting parameter 
is reached) and the other simultaneously trimmed down 
to deliberately induce a large torque imbalance between 
the engines.  Aircraft and engine performance figures 
are noted and checked against manufacturer’s data in the 
Flight Manual.  This is then repeated for the other engine.  
The Flight Manual includes graphs for performing 
the check either in-flight or on the ground, although it 
appears that the in-flight figures are more accurate.

Engine overspeed

Turbine engines can be subjected to an overspeed 
condition for various reasons, particularly in the free 
turbine application (see below).  This can cause damage 
to the power turbine or even rupture of the turbine disc 
and consequent non-containment.  In the case of the 
Arrius engine, the FADEC is programmed to completely 
shut down the engine at 115% Nf (power turbine rpm).  
However, in a twin-engine installation, if one engine 
has shut-down for any reason, overspeed protection is 
removed from the other engine and it is possible to burst 
the power turbine if a serious overspeed condition is also 
experienced on that engine.

The Rolls-Royce Allison engine has no specific 
overspeed protection device, but the manufacturer stated 
that the normal governing function of the Power Turbine 
Governor is sufficient to prevent an overspeed burst of the 
turbine.  Data was presented from a test on a Model 250 

engine in which the load was abruptly removed whilst the 

power turbine was delivering 100% torque.  The turbine 

accelerated rapidly to 142% Np before settling back to 

a steady state ‘no-load’ condition of 114%.  Since the 

overspeed peak was some 22% below the turbine’s burst 

limit, it was considered that no additional overspeed 

protection was necessary.

Transmission description

Both types of engine use the ‘free turbine’ principle to 

extract power from the gas-generating module of the 

engine. The power turbine shaft, spinning at high speed, 

is connected to the engine’s own reduction gearbox 

reducing the output speed to 6,016 rpm.  A steel shaft 

then delivers the power to the helicopter’s transmission 

via a flexible coupling sometimes called a ‘Thomas’ or 

‘Flector’ coupling.  Each Thomas coupling is connected 

to the input shafts of the Combining Gearbox, which 

is a separate module forming part of the Main Rotor 

Gearbox (MRGB).  The Combining Gearbox combines 

the power output from both engines and delivers this to 

a single pinion gear, which mates with a bevel gear in 

the MRGB module.  The tail rotor drive is also taken 

from this pinion (see Figure 1).  An epicyclic gear within 

the MRGB, further reduces the rpm to a nominal 394, 

equating to 100% Nr (main rotor speed).

As is usual with helicopter transmissions, a freewheel 

mechanism is fitted at the input to the transmission (in this 

case the Combining Gearbox) for each engine in order 

to prevent the drag of a failed (or even seized) engine 

affecting the main rotor speed during single-engine 

operation or autorotation.  In twin-engined installations, 

it also off-loads the first engine to be started, that would 

otherwise try to turn the second engine as well if a 

freewheel was not present.  
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In the case of the AS355, the freewheels are effect�vely 
part of the �nput shafts to the Comb�n�ng Gearbox and 
are of a type known as ‘ramp and roller’.  Referring to 
F�gure 2, �t can be seen that the dr�ven shaft (coloured 
green) rotat�ng clockw�se, has a ser�es of angled steps, 
called ‘ramps’, machined into it.  Fourteen steel rollers 
(coloured red) engage �n the ramps, enclosed by an outer 
race (coloured blue) wh�ch d�rectly transm�ts torque to 
the transmission.  A spring arrangement keeps the rollers 
pressed l�ghtly aga�nst the outer race, when torque �s 
not be�ng transm�tted, to ensure smooth engagement 
of the freewheel, particularly during start-up.  During 
engagement, the rollers r�de up the ramps and bear 
upon the outer race, allow�ng torque to be transm�tted 
from each engine to the transmission.  In cases where 
the transm�ss�on attempts to back-dr�ve the eng�nes, 
the rollers r�de down the ramps and, sp�nn�ng under the 
l�ght spr�ng pressure, no torque should be transm�tted 
from the transmission to the engines.  It should be noted 
that, �n normal operat�on, dr�ve from the eng�nes to 
the transm�ss�on rel�es on a m�n�mum level of fr�ct�on 
between the rollers, the ramps and the outer race.

The MRGB/Comb�n�ng Gearbox 
assembly �s mounted on the 
hel�copter structure by four r�g�d 
struts which react lift loads.  All 
other loads and moments are 
reacted by a flexible mounting 
plate attached to the bottom of 
the MRGB.

Main rotor head description

The AS350/AS355 ser�es of 
hel�copters employ a 3-bladed 
ma�n rotor constructed ent�rely 
of glass-re�nforced compos�te 
materials.  Similar material is also 

used �n the ma�n structural members of the ma�n rotor 
hub wh�ch are referred to as the blade sleeves and the 
‘Starflex’.  The ‘Starflex’ (see Figure 3) is the main hub 
component, since all loads pass through it.  In addition 
to react�ng the centr�fugal and l�ft loads, �t also transm�ts 
torque to the blades and acts as a spr�ng �n the blade 

Figure 1

Schemat�c of AS355 eng�ne/transm�ss�on layout

COMBINING GEARBOX

1 - OUTER RACE
2 - ROLLERS
3 - INPUT SHAFT (RAMPS)

Figure 2

Pr�nc�ple of operat�on of ‘Ramp and Roller’ freewheel 
mechan�sm
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flapping sense.  Thus it is rigid in all 
axes except flapping, when it acts as a 
flexible beam outboard of the laminated 
spherical bearing.

Maintenance history

G-XCEL had flown a total of 
3,296 hours at the t�me of the 
accident.  On 17 September 2003 
�t was presented for ma�ntenance 
at a JAR-�45 organ�sat�on based at 
Thruxton Aerodrome.  The organisation 
was tasked w�th carry�ng-out a rout�ne 
�00-hour check but, �n add�t�on, there 
was a requ�rement to change the Ma�n 
and Comb�n�ng gearboxes, wh�ch had 
reached their statutory overhaul life.  
The MRGB was overhauled by the UK 
agent for Eurocopter but the Comb�n�ng 
gearbox had to be exchanged for an 
overhauled un�t suppl�ed by Eurocopter, 
Marignane.  The two units were mated 
and fitted to G-XCEL.

The day before the acc�dent, the work was effect�vely 
complete and the hel�copter eng�nes were ground run; 
there was then a short test flight.  This resulted in the 
follow�ng entry on the worksheet:

‘Insufficient TQ (torque) crossover on ground 
governor beep test (Number one set too low’)

The rectification action, entered by the same engineer, 
was:

‘3 Turns shortened on outer Ng (gas generator 
speed) cable at ball joint (below rotor brake) 
locked and torque sealed orange’

Although both eng�neers �nvolved �n the ma�ntenance 
of G-XCEL and the p�lot sadly per�shed �n the acc�dent 
and so could not confirm it, one of the purposes of the 
accident flight was almost certainly to check that this 
adjustment had achieved the required effect.  It was also 
poss�ble that the p�lot may have taken the opportun�ty to 
perform an in-flight power assurance check, which his 
company specified on a regular basis.

Examination of the accident site

The ma�n wreckage was �n a copse at the edge of a 
grass field near the village of Hurstbourne Tarrant, near 
Andover, Hampshire.  The fuselage had landed inverted 
and there had been considerable burning on the ground.  
The ent�re pr�mary structure was present at th�s locat�on, 
exclud�ng the MRGB, the Comb�n�ng Gearbox and the 

‘STARFLEX’

MAIN ROTOR BLADE SLEEVE

Figure 3

AS355 ma�n rotor head
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main rotor. These were found, in an unburnt condition, 
20 m south-west of the fuselage.  All three rotor blades 
were attached to the hub, although the blade sleeves had 
become delaminated.  None bore evidence of significant 
lead�ng edge damage �nd�cat�ng very l�ttle or no rotat�on 
at impact with the trees and ground.  It was clear that the 
MRGB had detached shortly before the fuselage h�t the 
ground due to failure of the four support struts.  Both the 
fuselage and MRGB appeared to have cut vert�cal paths 
through the trees indicating little, if any, forward speed.  
The outboard, flexible, parts of two of the ‘Starflex’ 
arms were m�ss�ng from the ma�n rotor, wh�lst the th�rd, 
although present, had also fractured.

The two missing portions of ‘Starflex’ were found in a 
relatively compact debris field which lay immediately 
before the main wreckage.  Approximately 100 items 
were found to have detached from the hel�copter 
pr�or to �mpact; these were recovered from an area 
measuring some 100 m long by 140 m wide.  In 
addition to the ‘Starflex’ pieces, the debris generally 
compr�sed p�eces of eng�ne and transm�ss�on fa�r�ngs, 
contents of the cab�n, �nclud�ng a seat cush�on, and a 
‘chin’ window transparency.  The largest piece was 
the complete under-fuselage fa�r�ng �mmed�ately aft of 
the transparency.

Site examination conclusions

The hel�copter had clearly suffered a structural break-up 
in the air.  There was no doubt that the main rotor 
transm�ss�on had detached, probably fa�rly late �n the 
break-up sequence.  Surprisingly, the distribution of 
wreckage was unable to confirm eyewitness reports 
that the ta�l boom had folded, s�nce components such 
as the empennage and the ta�l rotor were found w�th 
the main fuselage in roughly their correct orientation.  
It was concluded that the ta�l boom had not completely 
detached and had followed the fuselage down, perhaps 

even resum�ng �ts normal pos�t�on as the two components 
fell to earth.  Certainly, the manufacturing joint of the 
ta�l boom was found separated from the fuselage, w�th 
compress�ve buckl�ng on the left s�de and shear fa�lure 
of the r�vets on the r�ght s�de, suggest�ng that the ta�l 
boom had failed by bending to the left.

Informat�on from Eurocopter suggested that the release 
of the under-fuselage fa�r�ngs, w�ndow and cab�n 
contents were cons�stent w�th very h�gh v�brat�on 
levels.  The remaining debris comprised what would 
have been expected as a consequence of ‘tear�ng-out’ 
of the main transmission.  At the time, no explanation 
was forthcoming for the in-flight failure of the ‘Starflex’ 
arms, s�nce �t was reported that, even w�th extreme ma�n 
rotor coning due to low rotor rpm, the ‘Starflex’ had 
never been found to fail.

Detailed examination of the wreckage

The wreckage was transported to the AAIB fac�l�ty 
at Farnborough.  In order to determine the reason 
for the MRGB detachment, attent�on focussed on 
th�s component and �t, together w�th the comb�n�ng 
gearbox, were sh�pped to Eurocopter �n France for str�p 
exam�nat�on under str�ct superv�s�on by the AAIB and 
BEA (the French equivalent of the AAIB).  In addition, 
the rema�ns of the MRGB mount�ng structure were 
removed from the fuselage deck and also despatched.  
Metallurg�cal exam�nat�on qu�ckly d�scounted any 
anomal�es w�th these latter components, such as m�ss�ng 
fasteners or mater�al defects, as hav�ng contr�buted to 
the detachment.

The ‘beep tr�m’ actuator was recovered and �t was found 
that the left eng�ne had been tr�mmed fully back and the 
right consequently trimmed fully to maximum.

The first component to be stripped was the combining 
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gearbox.  After the casing was split, it could be seen 
that it was in good condition internally.  However, 
when the two freewheels were extracted, �t was obv�ous 
that the ramps assoc�ated w�th the left un�t were �n a 
h�ghly d�stressed state, cons�stent w�th sl�ppage under 
load (see Figure 4).  There was evidence of wear, 
overheating and material build-up on the ramps.  The 
rollers too, whilst not showing significant wear, were 
discoloured due to overheating.  The outer race, under 
moderate magnification, appeared to be normal.  The 
r�ght freewheel bore none of these s�gns and was, at 
first, thought to be completely normal.  Subsequent 
compar�son w�th �n-serv�ce un�ts however, later 
suggested that the sl�ght pol�shed band on the ramps 
was not normal for an almost new assembly and 
that th�s had probably also sl�pped, but not to the 
same extent as the left freewheel.  Subsequent strip 
exam�nat�on of the MRGB revealed no anomal�es 
with the rest of the transmission.

The broken ‘Starflex’ was also examined.  Eurocopter 
adv�sed that the fracture faces, wh�ch ran roughly at 
45º to the ax�s of the arm across half the sect�on and at 
90º across the other half, were �nd�cat�ve of a m�xture 
of torque and vert�cal bend�ng be�ng �nvolved �n the�r 
failure.  No further explanation of the reason for failure 
could be offered at that stage.

Metallurgical examination of the freewheels

The AAIB employed the serv�ces of a consultant �n 
tr�bology (the study of fr�ct�on, wear and lubr�cat�on of 
bear�ngs) to ass�st �n the laboratory exam�nat�on of the 
freewheels.  There was no doubt that the left unit distress 
had been caused by slippage under load.  Indeed, it was 
poss�ble to d�scern �mpact marks from rollers on adjacent 
ramps caused by the rollers be�ng v�olently ‘spat out’ of 
engagement and striking the face of the ramp behind them.  
The depth of the wear on each ramp was �n the order of 

40-50 microns.  Although an attempt was made, it was 
not poss�ble to determ�ne categor�cally the sever�ty of 
any re-engagement by examination of the indentations.  
However, the remains of the ‘Thomas coupling’ bolts, 
wh�ch were st�ll reta�ned �n the comb�n�ng gearbox 
input flange, bore signs of deformation suggesting that 
at least a 250% over-torque had occurred on both sides.  
This figure was arrived at through tests and calculations 
carr�ed out by Eurocopter, early �n the hel�copter’s 
serv�ce l�fe, and �s normally used for assess�ng damage 
caused by events such as main or tail rotor strikes.

Further cons�derat�on of the marks on the r�ght freewheel 
also concluded that th�s had sl�pped, but to a much lesser 
degree than the left.

The consultant tr�bolog�st calculated that, g�ven the 
profile of the ramps and other dimensions, a minimum 
friction coefficient of 0.062 is required to prevent 
slippage.  In his opinion, a minimum coefficient of 
0.1 would therefore be desirable to allow for a reasonable 
margin of safety.  At any value less than 0.062, slippage 
will occur.  Such slippage could be inherently unstable 
�nasmuch as lubr�cat�on could actually be �mproved for 

Figure 4

Left �nput shaft show�ng wear and overheat damage to 
ramps of the freewheel
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perhaps a few seconds due to oil entrainment velocity.  

Th�s reduct�on �n fr�ct�on would allow the power turb�ne 

to accelerate.  However, after this, friction could build 

aga�n to the cr�t�cal value due to heat�ng and scor�ng 

of the surfaces, caus�ng re-engagement wh�ch could 

potentially be quite aggressive.

Some concern was ra�sed that graph�te grease was used 

when assembl�ng the gearbox, ma�nly to lubr�cate bolt 

threads, and that this could alter the friction coefficient 

of the freewheel components �f the grease were to 

contaminate them.  Analysis of the oil samples taken 

dur�ng the str�p exam�nat�on subsequently revealed no 

evidence of grease contamination of the oil.

Metallurg�cal exam�nat�on d�d not, at th�s stage, reveal 

any mater�al or d�mens�onal abnormal�t�es w�th the 

freewheel components.

Previous instances of freewheel slippage and 
remedial actions

Follow�ng the d�scovery of the d�stressed left freewheel, 

Eurocopter prov�ded the �nvest�gat�on w�th deta�ls 

of five instances of freewheel slippage, all occurring 

w�th�n a per�od of about �8 months pr�or to the acc�dent 

to G-XCEL.  All these incidents had occurred to the 

AS355N model fitted with Arrius engines.  Four of the 

helicopters were new whilst the other had been fitted 

w�th a new MRGB and comb�n�ng gearbox two operat�ng 

hours prior to the incident.  It is apparent that Eurocopter 

had l�nked these w�th freewheel sl�ppage only after the 

fourth incident (on 10 November 2003).  The first three 

�nc�dents, commenc�ng �n Apr�l 2002, had s�mply been 

recorded as overspeed shutdowns. With no physical 

signs of distress of the freewheels, and having verified 

that there were no d�mens�onal anomal�es, problems 

w�th the FADEC or w�r�ng were suspected and therefore 

it was these that became the focus for investigation.  

However, after the fourth incident, in which an 
overspeed shutdown of one eng�ne was followed by 
an overspeed burst of the other, result�ng �n a heavy 
land�ng, a problem w�th freewheel sl�ppage under load 
was suspected.  Even then, no physical evidence was 
noted on the freewheels themselves. 

Eurocopter exam�ned the�r records to see whether any 
changes had been made �n the prev�ous �8 months to 
any of the processes affect�ng the fr�ct�on env�ronment 
of the freewheels.  They found that, in November 2001, 
they had changed the supplier of the preservative fluid 
used when del�ver�ng new or overhauled gearboxes 
from their factory in Marignane.  Although the fluid 
was to the same specification as before, and no chemical 
differences were identified, it was considered that it could 
have affected, �n some unexpla�ned way, the fr�ct�on 
coefficient between the rollers and the ramps or outer 
race.  In normal use some preservative fluid remains 
�n the MRGB and Comb�n�ng Gearboxes, becom�ng 
progressively diluted with the normal running lubricant.  
It was therefore reasoned that only gearboxes w�th very 
low runn�ng t�mes were vulnerable, expla�n�ng why 
gearboxes w�th h�gher serv�ce t�mes, although del�vered 
with the same preservative fluid, had not experienced 
problems.  The fifth incident (on 19 November 2003) 
was a tethered ground test to evaluate a newly-developed 
flushing procedure for the gearboxes to hasten dilution of 
the preservative oil into the lubricant.  It also apparently 
demonstrated that the procedure was not effect�ve, s�nce 
an engine still suffered an overspeed shutdown.

Accord�ngly, Eurocopter prepared an ‘Alert Telex’ 
No 63-00-2� for d�str�but�on to all operators of the 
AS355E/F/F1/F2 and N as well as military variants.  
Th�s commun�cat�on wh�ch, accord�ng to Eurocopter, 
had first been drafted on 19 November 2003, eventually 
grounded any MRGB or Comb�n�ng Gearboxes wh�ch 
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were new or newly-overhauled ex-Mar�gnane and 
which had run less than 10 hours.  Again, according to 
Eurocopter, �dent�fy�ng the affected un�ts and rout�ne 
delays w�th DGAC (the French equ�valent of the C�v�l 
Av�at�on Author�ty) approval, translat�on etc meant that 
th�s was not �ssued unt�l 8 December 2003, s�x days after 
the acc�dent to G-XCEL but some three days pr�or to 
the d�scovery of the damage to the freewheel descr�bed 
above.  The combining gearbox fitted to G-XCEL 
would have been grounded under the �nstruct�ons �n 
the Alert Telex.  On 11 December 2003 the DGAC, 
on behalf of the European Av�at�on Safety Agency 
(EASA), �ssued Emergency A�rworth�ness D�rect�ve 
(AD) UF-2003-464, mak�ng the requ�rements of the 
Eurocopter Alert Telex mandatory.

The Alert Telex was soon rev�sed to Rev�s�on � on 
�9 December 2003 to �nclude clean�ng �nstruct�ons 
for the bevel gear module of the MRGB (after wh�ch 
they could be returned to service). It is therefore 
clear that Eurocopter were st�ll conv�nced at that 
t�me that the root cause of the sl�ppage problem lay 
with the change of preservative fluid.   They still felt 
however, unable to develop a flushing procedure for 
the combining gearbox.  This followed a further test 
on 3 December 2003, on the comb�n�ng gearbox from 
the �9 November 2003 sl�ppage event wh�ch had been 
str�pped-down and cleaned before be�ng re-assembled 
without preservative fluid.  When this experienced a 
freewheel sl�ppage, yet another test was performed on 
the same gearbox, th�s t�me w�th grease contam�nat�on 
of the freewheel deliberately introduced.  When this 
test, wh�ch took place on �8 December 2003, d�d 
not result �n a sl�ppage event, Eurocopter concluded 
that lubr�cant contam�nat�on was not respons�ble 
and started further �nvest�gat�on of the freewheel 
components themselves.

At a meet�ng w�th the AAIB and BEA (and later 
promulgated to operators by Rev�s�on 2 to the Alert 
Telex dated 4 February 2004) Eurocopter adv�sed 
that they had d�scovered another change to the 
manufactur�ng process that had occurred before the 
first recorded overspeed incident.  This concerned the 
freewheel rollers themselves wh�ch had h�stor�cally 
been manufactured by a large German company 
specialising in bearings and precision machining.  
Between approx�mately �980-�983 they had suppl�ed 
a large number of rollers to Eurocopter and these 
were used for subsequent production and overhaul.  
The rollers were suppl�ed �n an uncoated, ‘as-ground’ 
surface finish.

In �995, Eurocopter’s stock of the rollers became 
depleted and they entered �nto d�alogue w�th the�r 
German supplier to manufacture a new batch.  It is 
apparent that Eurocopter asked that these rollers should 
be suppl�ed w�th a th�n surface coat�ng of z�nc phosphate 
(also known as the ‘Bonderite’ process).  The purpose 
of th�s was to �mpart an �ncreased surface roughness 
to the rollers during the early hours of operation.  The 
high quality surface finish, as delivered, had been found 
to be prone to occas�onal sl�ppage under low torque 
conditions, apparently during first engine start using a 
new freewheel in cold conditions.  They also requested 
a quotat�on from the German company to rework the 
rema�n�ng rollers from the or�g�nal batch w�th th�s 
process.  Later, the German company also requested a 
very m�nor change to the angle of the chamfer at the 
ends of each roller for ease of product�on and th�s was 
agreed by Eurocopter.

The subsequent quotat�on acknowledged that the purpose 
of the process was to �ncrease the surface roughness of 
the rollers.  However it appears that, whilst the order for 
new rollers was accepted by Eurocopter, the quotat�on 
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to rework the ex�st�ng stock was not s�nce, �n �997, 
Eurocopter sent the rema�n�ng rollers from the �n�t�al 
batch to a local metal finishing company to have the 
Bonderite process applied.  The change was introduced 
by Eurocopter modification 077159 and all subsequent 
new and overhauled freewheels used rollers to th�s 
standard unt�l 200�, when rollers from the new batch, 
del�vered w�th a phosphate coat�ng already appl�ed were 
used instead.  An initial consignment of 5,000 of the new 
rollers was del�vered to Eurocopter �n July 2000 followed 
by a second, �n two batches, del�vered �n November and 
December 2003.

Roller coating anomaly

In January 2004, as part of the �nvest�gat�ve work 
descr�bed earl�er, �t was found that, w�th the new 
batches, the roller draw�ng �nstruct�ons had not been 
followed and that a coat�ng of manganese phosphate 
had been applied.  Under its proprietary name of ‘Parco 
Lubr�te’, and others, th�s process cla�ms to reduce wear 
dur�ng runn�ng-�n of mach�nery, part�cularly s�nce �ts 
large gra�n s�ze (compared w�th z�nc phosphate) and 
relat�ve softness can trap o�l, wh�ch can be squeezed 
out under h�gh contact pressures – somet�mes called 
the ‘sponge theory’.  No such properties are claimed 
for z�nc phosphate, wh�ch �s ma�nly used as a surface 
preparation prior to painting but can also bring benefits 
when form�ng sheet metal components under h�gh 
pressures.  The unauthorised change in process would 
not have been detectable by s�mple v�sual compar�son 
between correct and incorrect applications.

Eurocopter have also adv�sed the AAIB that, �n add�t�on 
to the coat�ng be�ng of an �ncorrect chem�cal compos�t�on, 
it was also thicker than the dimension specified on the 
drawing (2-5 microns) by a factor of 3 or 4.  The German 
company d�spute th�s, say�ng that the term ‘th�ckness’ 
is ambiguous and open to interpretation. They define 

‘th�ckness’ as the �ncrease �n overall roller d�ameter after 
coating divided by 2 whereas Eurocopter define it by 
sect�on�ng the spec�men and m�croscop�cally exam�n�ng 
the surface coat�ng as well as the parent mater�al 
which has been chemically altered.  Because either 
phosphat�ng process etches mater�al into the surface as 
well as depos�t�ng �t on the surface, the latter approach 
w�ll g�ve a coat�ng th�ckness read�ng greater for two 
otherwise dimensionally identical items.  The German 
company assert that the�r coat�ng met draw�ng th�ckness 
requ�rements and furthermore that rollers coated by 
Eurocopter’s process suppliers did not.  Tests on bare 
rollers manufactured by them and subjected to z�nc 
phosphat�ng, by the same suppl�ers used by Eurocopter, 
have suggested that the process was ach�ev�ng almost 
no depos�t�on of z�nc phosphate on the surface; only a 
sl�ght etch�ng, effect�vely roughen�ng the parent steel, 
was achieved.

S�nce Eurocopter are the sole suppl�er of rollers to 
overhaul and repa�r shops, l�m�t�ng affected gearboxes 
to those overhauled at Mar�gnane was no longer 
val�d, as defect�ve rollers would have been suppl�ed 
to agencies worldwide. Accordingly, Revision 2 of 
the Alert Telex grounded any overhauled, repa�red 
or newly-manufactured Comb�n�ng Gearboxes from 
any source, which had run less than 10 hours.  It also 
mentioned a modification number (077212) which 
�ntroduced rollers subsequently produced correctly to the 
drawing requirements.  Gearboxes with this modification 
embod�ed were perm�tted to return to serv�ce and th�s 
was the only act�on deemed necessary by Eurocopter 
to ‘unground’ comb�n�ng gearboxes affected by Alert 
Telex 63-00-21.

Testing of freewheel rollers

The reason for reta�n�ng the �0 hours threshold, even 
though its original technical justification had been 
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based on a rat�onale �nvolv�ng d�lut�on of preservat�ve 
fluid, was questioned.  To this end, Eurocopter 
embarked on a ser�es of tests �n wh�ch a MRGB and 
comb�n�ng gearbox were connected to a r�g capable 
of dr�v�ng both �nput shafts �n a manner s�m�lar 
to the two engines.  The purpose of the tests was to 
exam�ne the d�fferent behav�our of z�nc and manganese 
phosphate coat�ngs w�th t�me of operat�on �n freewheel 
mode.  One freewheel was equipped with manganese-
phosphated rollers and the other w�th z�nc-phosphated 
rollers.  The assembly was then subjected to a typical 
eng�ne start sequence (one freewheel engaged and the 
other d�sengaged) followed by the second ‘eng�ne start’ 
with both engaged.  This was followed by a simulated 
shutdown sequence.  The selection of which ‘engine’ 
was started and shutdown first was alternated between 
the two.  After a period of time the test was interrupted 
and the freewheels d�sassembled to measure the surface 
roughness and percentage of coat�ng/�ron v�s�ble on the 
surface.  The freewheels were then re-assembled and 
the test resumed, followed by another examination.  
Accompl�sh�ng th�s many t�mes 
enabled a graph to be produced 
show�ng how the rat�o of the surface 
coat�ng to the amount of base metal 
(Iron) on each type of roller var�ed 
w�th a number of typ�cal duty cycles, 
translated �nto t�me for wh�ch the 
freewheels had rotated.  This graph 
is reproduced in Figure 5.  From this 
�t can be seen that the z�nc phosphate 
coat�ng wears away very rap�dly, 
reaching a figure of 35% visible iron 
after about 3 m�nutes of rotat�on 
time.  The manganese phosphate 
coat�ng wears much more slowly, 
reach�ng the same rat�o after about 
19 minutes.  

It is Eurocopter’s considered view that this figure 
of about 35% of base metal v�s�ble, for either type, 
is critical; above that figure, slippage under load is 
unlikely whilst below that figure it is possible.  This 
percentage was reached after about 3.5 minutes of 
rotat�on t�me for the z�nc-phosphated rollers but the 
manganese-phosphated rollers d�d not reach the ‘cr�t�cal 
percentage’ until about 19 minutes. They also related 
these figures to the known history of slippage events, 
for wh�ch the prec�se operat�ng t�mes and sequences 
were recorded s�nce the major�ty took place under the�r 
own flight test operations.  This comparison enabled 
a chart to be plotted, relat�ng sl�ppage occurrences to 
time of freewheel operation since new.  From this it 
was determ�ned that the sl�ppage events all took place 
w�th�n the range of about �00-700 seconds of freewheel 
rotation time once fitted in the helicopter.

A new set of rollers us�ng both types of coat�ng was 
then subjected to the normal bench runn�ng reg�me that 
all gearboxes are subjected to pr�or to release from the 

Figure 5

Graph of results from rollers w�th Manganese and Z�nc Phosphate coat�ngs 
show�ng percentage of base metal (Iron) v�s�ble on the surface plotted 

aga�nst freewheel rotat�on t�me
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Eurocopter factory.  This was found to equate to four 
m�nutes of freewheel rotat�on t�me, at wh�ch t�me the 
percentage of Iron v�s�ble on the z�nc-phosphated roller 
surface was measured to be about 40%; only some 
4% was visible on manganese-phosphated items.  From 
th�s �t was concluded that, when the bench runn�ng t�me 
�s added to the normal post-�nstallat�on ground runn�ng 
before flight torques are applied, the surface iron/
z�nc phosphate rat�o �s comfortably above 35% and 
slippage will not occur.  With manganese phosphate, 
however, sl�ppage under load �s poss�ble for another 
10 minutes or so of freewheel rotation time.  Eurocopter 
calculat�ons showed that th�s equated to about 3 hours 
of hel�copter operat�on and that, after apply�ng a safety 
factor of roughly 3, manganese-phosphated rollers, 
which had run for more than 10 flight hours, could 
remain in service.

The tests run contrary to the observat�ons made by 
the German company descr�bed earl�er, �n wh�ch they 
assert that rollers processed by Eurocopter’s suppl�er 
had almost zero percentage of z�nc phosphate v�s�ble 
on the surface before any wear process took place.  As 
d�scussed later, �t rema�ns Eurocopter’s pos�t�on that 
the percentage of z�nc on the surface �s not relevant, 
and that rollers coated to their specification had been 
proven, by experience, to perform satisfactorily.

Roller manufacture

The German company wh�ch manufactured the rollers 
�s a long-establ�shed spec�al�st �n bear�ng des�gn 
and manufacture.  Indeed, they are regarded as a 
‘supplier’ to Eurocopter, s�nce the roller product�on 
draw�ng belonged to them (they would techn�cally be 
a ‘subcontractor’ �f they were work�ng to a Eurocopter 
drawing).  The drawing clearly stated the requirement 
for ‘Bonder�te 880 phosphat�ng us�ng the Eurocopter 
process’.  The company was not, however, involved in 

any of the des�gn processes of other components of the 
freewheel.  As an experienced and capable manufacturer 
of freewheels for other appl�cat�ons (�nclud�ng 
automot�ve), they have expressed the op�n�on that they 
would normally prefer to at least be fully consulted on 
the overall des�gn of the assembly and at best be g�ven 
responsibility for the design.

After the final grinding process, the rollers, 
accompanied by a routing card which specified the 
process, were sh�pped to the company’s process shop 
for phosphating.  The person preparing the card had 
annotated it with the letters PHS, indicating that the 
parts requ�red phosphat�ng and �ncluded the word 
‘Bonder�te’ �n a remarks sect�on to �nd�cate that �t 
was to be zinc phosphate.  Unfortunately, the operator 
respons�ble for apply�ng the coat�ng, who was fam�l�ar 
w�th the manganese phosphate process, s�nce h�s 
company produced many components finished in this 
manner, did not recognise the significance of the word 
‘Bonder�te’ and appl�ed the process w�th wh�ch he was 
familiar.  Indeed, it would appear that the company had 
seldom, �f ever, used z�nc phosphate before and that 
the�r phosphat�ng bath would have requ�red dra�n�ng 
of the manganese and re-filling with zinc phosphate 
solution to fulfil the requirement.  This however, did 
not happen.

The German company suppl�ed a full and frank 
descr�pt�on of the c�rcumstances wh�ch led to the error 
however, they strongly refute that the �ncorrect coat�ng 
could have been responsible for freewheel slippage.  In 
support of th�s assert�on, they prov�ded the AAIB w�th 
the results of a series of friction coefficient tests they 
had conducted (post d�scovery of the error) �n wh�ch 
uncoated spec�mens, manganese, and z�nc phosphate 
coated specimens were compared. The tests, which 
measured conventional dynamic friction coefficients of 



52

 AAIB Bulletin: 7/2006 G-XCEL EW/C2003/12/01 

the spec�mens �n lubr�cated and un-lubr�cated cond�t�ons, 
were comb�ned w�th a spec�al stat�c test �n wh�ch rollers 
finished in the different ways were loaded between two 
metal blocks.  This attempted to simulate the contact 
cond�t�ons between the freewheel ramps and the outer 
race.  Neither type of test revealed any large differences 
between the various finishes and the dynamic friction 
coefficient remained comfortably above the minimum 
0.1 value in each case.  The company also disputed the 
theoret�cal cla�ms made for manganese phosphate �n 
reference works and advert�sements for the process, 
including the ‘sponge theory’ described above.

In support of the�r assert�on, that some factor other 
than the �ncorrect chem�cal compos�t�on of the coat�ng 
was �nvolved �n the freewheel malfunct�on, they 
comm�ss�oned a w�de-rang�ng report from two German 
tribological engineering consultants.  This report 
looked at both the theoret�cal mer�ts and demer�ts of 
the ‘ramp-and-roller’ type of freewheel �n hel�copter 
appl�cat�ons as well as a cr�t�que of the AS355 des�gn 
based on ‘reverse-eng�neer�ng’ a part�cular spec�men 
they had acquired.  The report had several conclusions, 
but �n part�cular, the observat�on was made that the 
�4-roller des�gn resulted �n close-pack�ng of the rollers 
such that, �f one were to be trans�ently ‘spat-out’ of 
engagement (an event acknowledged to be poss�ble 
or even probable), it could collide with its neighbour.  
It could then cause th�s to d�sengage and so forth 
around the group, result�ng �n complete d�sengagement 
of the freewheel.  In addition, the report concluded 
that, because of the h�gh contact pressures when the 
freewheel �s engaged, any coat�ng could �ncrease the 
tendency to slip under load.

It is clear, however, that Eurocopter are satisfied that 
the erroneous coat�ng was respons�ble for the onset of 
freewheel sl�ppage under load problems wh�ch started 

in April 2002.  This equates to no serious cases of 
freewheel sl�ppage exper�enced over a per�od of some 
22 years w�th some 690 hel�copters del�vered plus 
at least 800 overhauled comb�n�ng gearboxes us�ng 
replacement rollers.  The only problems, according to 
Eurocopter, were the isolated cases of slippage on first 
start-up �n cold cond�t�ons wh�ch led to the �ntroduct�on 
of Bonderite coating of rollers in 1997.  During the 
next 5 years, no problems were reported.  Furthermore, 
s�nce the �ssue of Rev�s�on 2 of Alert Telex 63-00-2�, 
�n February 2004, wh�ch allowed operators to return to 
serv�ce gearboxes wh�ch had been prev�ously grounded 
on the prov�so that they replace rollers w�th less than 
10 hours flying time with correctly coated items, the 
AAIB are not aware of any more in-flight cases of 
freewheel slippage.  This equates to some 28 new 
hel�copters del�vered and ��2 overhauled comb�n�ng 
gearboxes.  Thus it would appear that, over a period of 
approximately 18 months, five cases of single engine 
overspeed shutdowns, an unconta�ned eng�ne fa�lure 
lead�ng to an acc�dent, a further non-fatal acc�dent 
(see below) and, finally, the accident to G-XCEL all 
occurred. This coincided with the introduction of rollers 
coated with manganese phosphate.

Quality Assurance issues

The German company has an excellent reputat�on and 
Eurocopter had exper�enced a long and sat�sfactory 
work�ng relat�onsh�p w�th them �n deal�ng w�th many 
other components as well as freewheel rollers.  This 
clearly influenced the Eurocopter’s approach to 
quality assurance.

There were m�n�mal phys�cal checks carr�ed out on the 
del�vered rollers because �t seemed �nconce�vable to 
Eurocopter that such a relat�vely s�mple component could 
have been defective.  Quality assurance procedures and 
requ�rements, conta�ned �n var�ous documents, are used 
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when obta�n�ng relevant approvals, both for av�at�on and 

non-aviation-specific tasks.  However, these tend to be 

written in general terms.

For example, EASA regulat�on �702/2003 Part 2� 

para 2�A requ�res that:

 ‘an approved organisation, its partners, suppliers 
and subcontractors must demonstrate that it has, 
and is able to maintain, a quality system which 
ensures that each product or part conforms to the 
applicable design data and is in a condition for 
safe operation’.

It does not prescr�be �n deta�l how the organ�sat�on should 

construct such a system. Organisations may chose to 

aud�t suppl�ers (who themselves should also conduct 

�nternal aud�ts) or phys�cally �nspect a sample or �00% 

of the components supplied.  The latter, theoretically, 

should guarantee that defect�ve components do not 

enter service and is known as ‘quality control’.

Manufactur�ng �ndustry however, has generally been 

mov�ng away from ‘qual�ty control’ �n favour of 

auditing their own, or a supplier’s, production process.  

Such an approach would thus be termed a ‘total qual�ty 

assurance’ philosophy.  The problem is that, under a 

‘total qual�ty assurance’ system, �solated human error, 

such as occurred �n th�s occas�on, may not be p�cked up 

until a component malfunctions in service.  In aviation 

this can have catastrophic results.

A further contr�butory factor could have been the 

time that elapsed between the first discussions about 

the poss�b�l�ty of produc�ng the new batch of rollers 

(�nclud�ng the z�nc phosphate coat�ng requ�rement) 

and the actual delivery.  As stated earlier, documentary 

ev�dence has been suppl�ed show�ng that, �n �995, 

the purpose of z�nc-phosphat�ng was understood 
by the German company to be ‘to �nduce surface 
roughening of their roller finish’.  Verbal evidence 
has also been g�ven suggest�ng that, at that t�me, the 
German company quer�ed the requ�rement because the 
capab�l�ty to apply z�nc phosphate was not ava�lable 
at their premises.  They were assured by Eurocopter 
however, that �t was necessary.  Had manufacturing 
commenced shortly after th�s d�alogue, the ‘unusual’ 
nature of the process may have alerted the German 
company to the poss�bly that they needed to acqu�re 
new equ�pment and certa�nly a d�fferent phosphat�ng 
solut�on from the�r usual manganese process and the 
error would not have been made.  However, it appears 
that a further five years elapsed before production 
actually commenced.  During that time personnel 
aware of earl�er d�scuss�ons may have left the company 
or been moved elsewhere, and the significance of the 
coating was overlooked.  By the time the rollers were 
manufactured the German company had not acqu�red 
the capability for zinc-phosphating.

Eurocopter were ev�dently operat�ng under a ‘total 
quality assurance’ philosophy regarding the rollers. 
There seems to have been little verification that the 
product they were receiving conformed to drawing.  
Add�t�onally, no aud�t�ng of the actual roller product�on 
process was carr�ed out as they had an expectat�on 
that the�r suppl�er, by v�rtue of the�r reputat�on, would 
produce a quality product.

AAIB has rece�ved comments from both part�es as to 
where, �n the�r op�n�on, the other has fa�led to follow 
quality assurance procedures. It is felt that to explore 
these �n greater depth �n th�s report however, could be 
judged as �nappropr�ate and not �mmed�ately relevant 
to flight safety.



54

 AAIB Bulletin: 7/2006 G-XCEL EW/C2003/12/01 

However, the observation is made that, given the very 
long per�od of t�me and the changes made between the 
two product�on runs of the rollers, both part�es would 
have been well adv�sed to have phys�cally checked 
samples �n greater depth before releas�ng and accept�ng 
the �tems, regardless of whether such �nspect�on was 
strictly required or not.  To have completely verified 
all aspects of the manufactur�ng process (eg mater�al 
specification, hardness, dimensions, coating thickness 
and compos�t�on) would have requ�red destruct�ve 
laboratory work on a sample.  Tests on such a 
low-cost �tem would almost certa�nly have revealed 
the incorrect coating.

Additional case of freewheel slippage

Another acc�dent had occurred to an Austr�an-reg�stered 
AS355F� hel�copter, wh�ch was damaged beyond 
econom�c repa�r on 3 December 2002, follow�ng an 
autorotative landing.  An investigator from Eurocopter 
ass�sted the Austr�an �nvest�gat�on, on wh�ch no report 
has subsequently been published.  The Austrian pilot 
reported that, wh�lst perform�ng a rout�ne power 
assurance check, the crew heard a ‘metall�c bang’ 
followed by a hammer�ng no�se and v�brat�on was 
felt through the flight controls.  Thinking that the 
no�se appeared to have come from the rear of the 
hel�copter, he rap�dly closed both power levers and 
entered autorotation.  Because of the nature of the 
terra�n however, the hel�copter rolled to the r�ght on 
touchdown and the ma�n rotor blades h�t the ground; 
nobody was injured.

Exam�nat�on of the hel�copter revealed that an eng�ne o�l 
cooler heat exchanger was loose; all e�ght nuts mount�ng 
it to the airframe were loose and one was missing.  
Rock�ng the assembly by hand produced a hammer�ng 
no�se and �t was bel�eved, at the t�me, that th�s had been 
responsible for the noise.  It was therefore concluded 

that fa�lure to t�ghten the nuts dur�ng the �,000-hour 
check, wh�ch the hel�copter had just undergone, was the 
cause of the accident.  Although the transmission was 
not str�p-�nspected as part of the �nvest�gat�on, both 
freewheels were turned by hand and found to operate 
smoothly.  After being pronounced an economic total 
loss, the hel�copter was presented to a museum �n V�enna 
and prepared for display.

After the acc�dent to G-XCEL, the Eurocopter A�r Safety 
Invest�gator, be�ng aware of the eyew�tness reports of 
loud unusual no�ses, and also recall�ng that the Austr�an 
hel�copter had had a recent replacement of the comb�n�ng 
gearbox, endeavoured to re-v�s�t the hel�copter �n the 
museum and enqu�red about runn�ng t�me of the gearbox 
since overhaul.  After some delay, he was advised that it 
had run less than one hour and he was allowed to remove 
the combining gearbox for examination.  Although not 
as severe as the damage found on the left freewheel 
of G-XCEL, sufficient evidence was found on one 
freewheel to show that sl�ppage had occurred and the 
rollers were coated w�th manganese phosphate from the 
batch supplied by the German company.

Discussion and Conclusions

Structural break-up of the helicopter

Although the prec�se forces and moments �nvolved 
�n fa�l�ng the hel�copter structure have not been 
quantified, calculation has shown that, if the engine 
affected �s ne�ther automat�cally nor (rap�dly) manually 
shutdown, rap�d re-engagement of a sl�pp�ng freewheel 
has the potent�al to cause structural fa�lure of the ta�l 
boom.  Defining such forces is difficult because the 
exact t�meframe over wh�ch the re-engagement occurs 
has a significant effect on the torque felt through the 
transm�ss�on and by the a�rframe; an �nstantaneous 
re-engagement would theoretically generate an infinite 
load.  Physical examination of the components could 
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not refine the time parameter, but calculations suggested 
that a re-engagement occurr�ng over a fract�on of 
a second could cause structural airframe damage.  
Moreover, �f there were mult�ple re-engagements, at a 
frequency approach�ng the natural frequency of the ta�l 
boom, then the t�me per�od could be even longer than 
that needed for a single event.

No s�gns of roller �mpr�nts were found on the freewheel 
outer race.  Additionally, other components such as the 
engine drive shafts, had not failed.  It was therefore 
concluded that over-torque values generated by the shock 
of re-engagement could not have approached the very 
high figure necessary to fail the tail boom in a purely static 
manner.  The deformation of the Thomas coupling input 
flange bolts, however, did suggest that the over-torque was 
at least 250% for both engines.  It is therefore considered 
that the �nteract�on of the two freewheels, alternately 
engag�ng and d�sengag�ng, may have created a dynam�c 
s�tuat�on of alternat�ng appl�cat�ons of h�gh torques 
(effect�vely a severe v�brat�on) wh�ch comprom�sed the 
structure of the tail boom.

Another poss�b�l�ty, suggested by Eurocopter, �s that the 
over-torque, caused by re-engagement of the freewheels, 
could interact with a transient loading of the ‘Starflex’, 
caused by rap�d lower�ng of the collect�ve lever by the 
pilot attempting to enter autorotation.  Calculations 
suggest that the ‘Starflex’, normally carries a safety 
factor of 7 (�e would requ�re 7 t�mes the torque output 
available from the engines to fail it).  For a very brief 
moment dur�ng rap�d lower�ng of the collect�ve lever, 
this is reduced to a factor of 2.7 - fairly close to the 
over-torque value witnessed by the flange bolts.  In 
other words, the combination of over-torque and flight 
stresses �nteracted for an �nstant and caused fa�lure of the 
‘Starflex’.  The severe vibration could then have failed 
the tail boom.

Although �t has not proved poss�ble to establ�sh 
the prec�se sequence of break-up, th�s could be 
regarded as largely academ�c, s�nce �t appears that, 
on Rolls-Royce-eng�ned AS355 hel�copters, at least, 
in-flight slippage of freewheels must be avoided 
because of the potent�al to result �n catastroph�c fa�lure 
of the helicopter’s structure, howsoever that occurs.

There �s l�ttle doubt that structural damage due 
d�rectly to freewheel re-engagement was avo�ded, 
�n the f�ve cases of freewheel sl�ppage under load 
known by Eurocopter that occurred pr�or to the 
G-XCEL acc�dent, by the fact that the hel�copters 
involved were all powered by Arrius engines.  This 
eng�ne reacts to overspeed of the power turb�ne 
(result�ng from freewheel sl�ppage) by �mmed�ately 
shutting-down the engine.  The Rolls-Royce (Allison) 
eng�nes of G-XCEL cont�nued to run, albe�t w�th the 
gas generator effect�vely at an �dle cond�t�on, but w�th 
the power turb�ne sp�nn�ng at the ��4% wh�le the 
off-load condition persisted.  The kinetic energy in the 
system was therefore h�gh when the re-engagements 
occurred.  This is also probably the reason why the 
acc�dent to the Austr�an hel�copter, although powered 
by the same eng�nes as G-XCEL, d�d not have the 
same tragic outcome.  It appears that the Austrian 
p�lot, alarmed by the no�se of what was probably 
a malfunct�on�ng freewheel, rap�dly closed both 
throttles and entered autorotation.  There may also 
have been an element of good fortune, as such events 
probably have a random element �n relat�on to the 
severity and timing of the re-engagement.  There is 
l�ttle �nformat�on concern�ng prec�sely how the p�lot 
of G-XCEL reacted to what may have been s�m�lar 
cues to those presented to the Austr�an p�lot, although 
the radar trace suggests he �n�t�ated a descent, poss�bly 
with a view to performing a forced landing.  There 
�s no p�lot dr�ll for such an eventual�ty and, bear�ng 
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�n m�nd how qu�ckly the s�tuat�on can develop from 
onset to catastroph�c fa�lure, there appears to be l�ttle 
scope for devising one.

It was noted that �n both the Austr�an acc�dent, and at 
least some of the five previous incidents of freewheel 
slippage, the pilots were flying with deliberate torque 
difference between the two engines.  It is also evident 
that the p�lot of G-XCEL was do�ng the same, probably 
as a power assurance check.  Perhaps, contrary to 
expectat�ons, �t was the eng�ne freewheel carry�ng the 
least torque wh�ch bore most ev�dence of sl�ppage and 
re-engagement.  However, tribological opinion suggests 
that th�s �s l�kely - the lower engagement forces of the 
freewheel transm�tt�ng the lower torque could be more 
prone to the st�mul�, such as v�brat�on and trans�ent 
rpm var�at�ons, wh�ch tend to momentar�ly unload the 
freewheel and could trigger slippage.  Alternatively, 
Eurocopter bel�eve that the r�ght freewheel, carry�ng 
the majority of the flight torque, was the first to slip and 
transferred the load to the left freewheel wh�ch �n turn 
also slipped.  As stated previously, it is then possible 
that both freewheels entered a cycle of sl�ppage/
re-engagement creat�ng an osc�llat�on �n yaw at a 
frequency which compromised the tailboom structure.

The effects of the manganese phosphate coating

It has not yet been poss�ble to reproduce, under test 
cond�t�ons, any greater tendency for manganese 
phosphate coated rollers to sl�p out of engagement 
compared with those zinc-phosphated.  Indeed, 
convent�onal fr�ct�on measur�ng tests suggest that there 
is little significant difference between not only the two 
different coatings but also uncoated rollers.  Against 
th�s �s the pract�cal exper�ence that ser�ous sl�ppage 
problems were only encountered when a batch of 
manganese-phosphated rollers were �nadvertently used 
in AS355 freewheels.  Eurocopter are of the opinion 

that the env�ronment (eg v�brat�on and trans�ent torque 

levels) w�th�n the freewheel may be too complex to be 

replicated by standard test methods.

Eurocopter have accepted that the Bonder�te process, as 

applied to their specification, was in practice achieving 

almost no depos�t�on of z�nc phosphate on the roller 

surface. They believed it was achieving a thin, but 100% 

coat�ng, s�nce the�r test�ng of freewheels equ�pped 

w�th rollers of the two d�fferent types was pred�cated 

on both phosphate coat�ngs hav�ng �00% coverage 

at the start of the tests.  The German manufacturer 

asserts, therefore, that �t was the presence of a coat�ng 

of any type, �rrespect�ve of chem�cal compos�t�on, 

wh�ch caused the problem; that �s to say �t was purely 

fortu�tous that problems were not encountered w�th the 

z�nc-phosphated rollers because the Bonder�te process 

specification was actually achieving only a slight 

etching of the surface, not a coating.

In response, �t rema�ns Eurocopter’s pos�t�on that 

�f the German company had correctly followed the 

draw�ng �nstruct�ons they too would have arr�ved at 

the same finish which was proven to be effective.  The 

same process had been appl�ed to freewheels used �n 

Gazelle hel�copters and reportedly g�ven sat�sfactory 

performance - this represents decades of flying and 

millions of hours of service.

The sat�sfactory performance of rollers both uncoated 

and coated w�th z�nc phosphate over many years 

must be acknowledged.  However, the freewheel has 

demonstrated that �t �s very sens�t�ve to changes �n 

tr�bolog�cal cond�t�ons wh�ch are not fully understood 

or measurable by conventional techniques.  Its 

performance may also be comprom�sed by small 

variations in dimensional tolerances.  The following 

Safety Recommendat�on �s therefore made:
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Safety Recommendation 2006-070

It �s recommended that the European Av�at�on Safety 
Agency, together w�th Eurocopter, rev�ew the des�gn of 
the AS355 hel�copter freewheel to ascerta�n whether �t 
can be made more tolerant of var�at�ons �n d�mens�on 
or tribological performance of its components.

Although Eurocopter have �nd�cated that they do not 
�ntend to perform any further tests �n support of th�s 
�nvest�gat�on, �t �s poss�ble that they, or the�r German 
suppl�er, may do further work to resolve the �nev�table 

dispute resulting from the errant batch of rollers.  If such 
work results in significant new information, the AAIB 
will publish it in a future issue of the AAIB Bulletin.

Manufacturer’s response to air safety incidents

There was a t�me �nterval of some �8 months between 
the first incident, of what is now considered to be a 
number of �nc�dents assoc�ated w�th freewheel sl�ppage, 
and issuance of the first Alert Telex and associated 
A�rworth�ness D�rect�ve wh�ch grounded gearboxes 
at risk.  The unit fitted to G-XCEL would have been 
one of the latter.  The explanation of events offered by 
Eurocopter for th�s �nterval �s not untyp�cal of the way 
�ndustry operates generally, w�th the major per�od of 
t�me be�ng consumed by an �ncomplete understand�ng 
of the true nature of the problem (wh�ch was not thought 
to be a h�gh-r�sk event) followed by part�al recogn�t�on 
of the bas�c underly�ng cause coupled w�th exper�ence of 
its potential to result in (non-catastrophic) damage.

After the �0 November 2003 acc�dent at the�r own 
prem�ses, �t was clear that not only was there a problem 
w�th freewheel sl�ppage but also a potent�al for a double 
engine failure occurring. The manufacturer realised the 
need to cons�der urgently what appropr�ate safety act�ons 
should be taken.

F�rstly, they needed to establ�sh wh�ch hel�copters were 
at r�sk and th�s, �n �tself, requ�red a connect�on to be 
made between the earl�er �nc�dents of eng�ne overspeed 
shutdown with the accident.  This led them to conclude 
that only new or newly-overhauled gearboxes w�th less 
than 2 hours runn�ng t�me seemed to be affected by 
the problem.  Presumably, a check on the worldwide 
exper�ence then �nd�cated that �t was only components 
from their own facility which were affected. Eurocopter 
were then faced w�th the dec�s�on of whether to ground 
all such units pending identification of the problem and 
a solution to return them to service.  They chose not to 
do th�s, st�ll bel�ev�ng that a sl�pp�ng freewheel would 
most l�kely result �n an eng�ne overspeed shutdown 
(all the �nc�dents, they bel�eved at the t�me, were to 
Arr�us-eng�ned hel�copters) or at worst a double eng�ne 
failure followed by an autorotative landing.

It �s clear that there was the �ntent�on that, when the 
appropr�ate safety act�on was commun�cated, �t would 
also conta�n the remedy to return affected components 
to service.  Eurocopter were initially focussed on the 
theory that tr�bolog�cal alterat�on brought about by the 
change in supplier of the gearbox preservative fluid was 
responsible.  Even though no chemical or other causes 
were identified with this change, it was decided that this 
must have been a factor and therefore an exper�ment 
was conducted in which a new ‘flushing’ procedure was 
developed to remove as much of the preservat�ve as 
possible before filling with lubricant.  This unsuccessful 
test resulted �n another overspeed shutdown dur�ng the 
tethered ground test on 19 November 2003.  It was only 
w�th the �8 December 2003 test, w�th grease del�berately 
introduced into the freewheel, that Eurocopter finally 
concluded that lubr�cant contam�nat�on was not 
respons�ble and looked �n greater depth at the freewheel 
components themselves.
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At any stage the dec�s�on could have been made to 
urgently ground all affected gearboxes, but �t was 
not until 8 December 2003 when the first issue of 
Alert Telex 63-00-2� effect�vely d�d th�s, stat�ng 
that Eurocopter were try�ng to develop an �mproved 
flushing procedure to disperse the preservative.  It was 
obv�ously not deemed to warrant �mmed�ate act�on, for 
�t took �9 days from the unsuccessful tethered test to 
issue of the Alert Telex.

The manufacturer has to make a judgement, balanc�ng 
risk against economic factors and also his reputation.  
Sometimes that judgement can be flawed or based 
on incorrect information.  Eurocopter had notified 
the �0 November 2003 acc�dent to the BEA (the 
French equ�valent of the AAIB), who d�d not become 
�nvolved, pr�mar�ly because the hel�copter was dest�ned 
for a m�l�tary customer and was operat�ng under the 
manufacturer’s temporary flight test registration.  Thus 
�nvest�gat�on rested w�th Eurocopter and the DGAC and 
the former prov�ded AAIB w�th a copy of a presentat�on 
given to DGAC on 26 November 2003.  This largely 
summar�sed the h�story of eng�ne overspeed events 
lead�ng up to the acc�dent, gave deta�ls of the act�on plan 
they �ntended to follow, wh�ch has been descr�bed above 
and culminated in the 18 December test which finally 
conv�nced them that lubr�cant contam�nat�on was not 
responsible for the slippage events.

There �s no �nd�cat�on from the presentat�on that a 
d�scuss�on or r�sk assessment was conducted to cons�der 
all the potential consequences of freewheel slippage.  
Presumably �t was assumed that the ‘worst case’ scenar�o 
was the �0 November 2003 acc�dent, wh�ch �nvolved 
no personal injury.  The effects of aggressive freewheel 
re-engagement and d�fferent behav�our of the All�son 
eng�ne, wh�ch had no overspeed shut-down protect�on, 
were apparently not explored.  Since no minutes were 
kept, or at least ava�lable, there �s no record of the 

DGAC react�on to the presentat�on and no d�scuss�on 
about the timescale for possible airworthiness action.  
Therefore, �t must be assumed that they were content 
with Eurocopter’s proposals.

Were manufacturers and regulatory author�t�es to 
approach the issue of identification of technical 
problems through to a�rworth�ness act�ons on a more 
formal bas�s, th�s m�ght, apart from subsequently 
providing firm evidence should such actions prove to be 
flawed, result in a more robust exploration of potential 
consequences at the time.  Therefore the following 
Safety Recommendat�on �s made:

Safety Recommendation 2006-071

It �s recommended that the European Av�at�on 
Safety Agency ensure that manufacturers and those 
respons�ble for regulatory overs�ght of manufacturers, 
document the dec�s�on-mak�ng process result�ng from 
identification of an in-service problem through to 
issuing airworthiness action.

Conduct of the Investigation

Th�s report w�ll be publ�shed more than two years after 

the accident to which it refers.  It has been necessary to 

exceed the nom�nal target t�me to publ�cat�on, however, 

because of the extremely complex nature of the techn�cal 

�nvest�gat�on and the requ�rement to prepare and assess 

a wealth of test and theoret�cal ev�dence presented by 

the two principal manufacturing companies involved.  It 

had been hoped that this might resolve the conflicting 

conclus�ons reached by each company’s ev�dence but 

this ultimately was not possible.  With no immediate 

prospect of resolut�on, �t was dec�ded that the facts and 

op�n�ons of both part�es should be descr�bed w�thout a 

conclusion as to whose is correct.  The AAIB wish to 

thank both compan�es for undertak�ng th�s work and 

sharing their results with the investigation team.


