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ACCIDENT

Aircraft Type and Registration: Eurocopter AS332L2 Super Puma, G-CHCG

No & Type of Engines: 2 Turbomeca Mak�la �A2 turboshaft eng�nes

Year of Manufacture: 2003

Date & Time (UTC): 3 March 2006 at �503 hrs

Location: �04 nm north-east of Aberdeen VOR/DME

Type of Flight: Commerc�al A�r Transport

Persons on Board: Crew - 2 Passengers -�8

Injuries: Crew - None Passengers - None

Nature of Damage: L�ghtn�ng str�ke damage to one ma�n rotor blade, one 
ta�l rotor blade and other components �nclud�ng all three 
ma�n rotor servo-actuators

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

Commander’s Age: 58 years

Commander’s Flying Experience: Approx�mately �5,000 hours (of wh�ch about 2,500 hrs 
were on type)

 Last 90 days - 9� hours
 Last 28 days - 29 hours

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

Synopsis

The hel�copter was ferry�ng o�l company personnel from 
an o�l product�on platform to Aberdeen A�rport when �t 
suffered a l�ghtn�ng str�ke.  There was no v�brat�on or 
damage v�s�ble to the p�lots but there was a temporary 
disruption of the flight instrument screens and navigation 
system, and indications of failures in the flight data 
recorders.  Wh�lst approach�ng Aberdeen A�rport �n 
deter�orat�ng weather cond�t�ons, the hel�copter suffered 
a hydraulic system failure due to loss of fluid but it was 
landed safely.

The exter�or damage to the hel�copter v�s�ble on the 
ground was typ�cal but a further safety hazard was the 

h�dden damage to the �nter�or port�ons of the ma�n rotor 
hydraul�c actuators wh�ch had caused an hydraul�c 
leak, deplet�ng one system.  Some of th�s damage may 
have been inflicted by an earlier lightning strike and 
th�s damage was not detected although the appropr�ate 
post-l�ghtn�ng str�ke checks had been carr�ed out.  

New post l�ghtn�ng-str�ke �nspect�on procedures to be 
�ssued by the hel�copter’s manufacturer and amendments 
to the operat�ng company’s QRH and Operat�ons Manual 
have been dev�sed.
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History of the flight

The hel�copter was ferry�ng o�l company personnel 

between the Beryl ‘B’ o�l product�on platform and 

Aberdeen Airport.  The outbound flight from Aberdeen 

had landed on the Beryl ‘A’ platform, after wh�ch the 

aircraft operated a shuttle flight to the Beryl ‘B’ platform.

The commander and co-p�lot had reported for duty at 

��00 hrs for a scheduled departure at �200 hrs, though 

this was subsequently revised to 1300 hrs.  Pre-flight 

preparat�ons were rout�ne, w�th full weather �nformat�on 

available to the crew via a computerised self-briefing 

fac�l�ty.  The weather forecast for Aberdeen was for 

scattered cumulo-n�mbus cloud w�th snow showers and 

thunderstorms for the afternoon per�od, w�th assoc�ated 

reduct�ons �n v�s�b�l�ty to as low as 500 m.  The Beryl 

F�eld weather report for �2�5 hrs �nd�cated that shower 

act�v�ty was relat�vely l�ght and that no l�ghtn�ng 

activity had been observed.  As part of their pre-flight 

preparat�on, the crew had access to a Meteorolog�cal 

Information Self Briefing Terminal (MIST) and were 

able to v�ew �nformat�on about l�ghtn�ng str�kes detected 

w�th�n the current hour and the prev�ous hour.  There 

was no significant lightning activity recorded over the 

North Sea generally, and none at all �n the planned area 

of operat�on.

Due to the late arr�val of the �nbound a�rcraft a ‘rotors 

runn�ng’ crew change was made.  The a�rcraft took off at 

1330 hrs for an uneventful flight to the Beryl ‘A’ platform.  

The aircraft flew at 3,000 ft and, although showers were 

encountered, weather radar returns were weak and no 

dev�at�ons from track were necessary.  The hel�copter 

landed on the Beryl ‘A’ platform, refuelled and operated 

the shuttle to the Beryl ‘B’ as planned.  W�th the co-p�lot 

as handl�ng p�lot, the a�rcraft l�fted off aga�n at �527 hrs 

w�th �8 passengers on board.

The initial part of the flight to Aberdeen was flown at 
2,000 ft.  Although the crew reported a not�ceable �ncrease 
�n weather radar returns, there were no h�gh �ntens�ty returns 
and aga�n no track dev�at�ons were cons�dered necessary.  
Thirty six minutes into the flight, the helicopter was flying 
near to the base of cloud and encounter�ng l�ght ha�l when 
a l�ghtn�ng str�ke occurred.  The commander was aware 
only of a loud bang or crack, wh�lst the co-p�lot, who was 
looking across the flight deck, was also aware of a flash 
forward of the a�rcraft.  The passengers generally reported 
both a flash and a bang.  

There were no obv�ous s�gns of damage, and no v�brat�on.  
The hel�copter’s four Electron�c Fl�ght Instrumentat�on 
System (EFIS) screens went blank, but recovered 
automatically within seconds.  All flight data indications 
on the screens appeared normal, w�th the except�on of the 
route steer�ng �nformat�on.  The nav�gat�on system had 
suffered a power �nterrupt and all sensors were show�ng 
�nval�d �nformat�on, �nclud�ng the GPS wh�ch was the 
pr�mary nav�gat�on sensor at that stage.  W�th�n about a 
m�nute, GPS s�gnals became val�d aga�n and the system 
automat�cally re-entered �ts nav�gat�on mode, w�th 
all p�lot-entered route data be�ng reta�ned �n memory.  
The crew also not�ced that d�screte FDR and DFDAU�  
caut�on l�ghts were �llum�nated on the Health and Usage 
Mon�tor�ng System (HUMS) control panel, and that the 
ELEC caut�on on the Central Warn�ng Panel (CWP) 
was �llum�nated, though at a much lower �ntens�ty than 
normal.  The ELEC capt�on could not be cancelled �n 
the normal manner and so �t rema�ned �llum�nated at 
the reduced intensity for the remainder of the flight (the 
capt�on normally �nd�cated that a d�screte caut�on l�ght 
had �llum�nated on the electr�cal panel, though none had 
�n th�s case).

Footnote

�  FDR – Fl�ght Data Recorder.  DFDAU – D�g�tal Fl�ght Data 
Acqu�s�t�on Un�t.
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The hel�copter was descended to �,000 ft �n order to 

remain clear of cloud and Aberdeen ATC was notified of 

the l�ghtn�ng str�ke and change of alt�tude.  The crew d�d 

not declare an emergency.  There were no QRH act�ons 

for a l�ghtn�ng str�ke, so the crew cont�nued the route 

w�th the �ntent�on of assess�ng the�r land�ng opt�ons as 

they neared the coast.  

The crew were us�ng VHF 2 for ATC commun�cat�ons as 

was normal pract�ce, and attempted to establ�sh contact 

w�th the�r company on a d�screte frequency on VHF � 

but were unsuccessful.  The crew tr�ed to contact other 

company a�rcraft w�th a v�ew to hav�ng the�r message 

relayed (due to the�r low alt�tude), but were answered 

by Scott�sh M�l�tary who �nd�cated that G-CHCG was 

transm�tt�ng on the ‘guard’ emergency frequency, 

�2�.5 MHz.  Th�s was contrary to �nd�cat�ons on the 

rad�o control panel.  Further attempts to use VHF � 

had the same result so the crew regarded the rad�o as 

�noperat�ve and ceased try�ng. 

As the hel�copter neared the coast, an �ncreas�ng �ntens�ty 

and quant�ty of weather radar returns was rece�ved and 

some weather avo�dance became necessary, w�th a l�ne 

of snow showers stretch�ng from Peterhead �n the north 

towards Aberdeen Harbour.  Runway 34 was �n use at 

Aberdeen, but �n v�ew of the extra t�me �t would take 
to fly an instrument approach to that runway, the crew 

elected to fly visually inbound to the Airport, along the 

coast at a reduced alt�tude �f necessary.  Cons�derat�on 

had been g�ven to land�ng at Peterhead (Longs�de) 

hel�port, 22 nm from Aberdeen A�rport, but th�s opt�on 

was rejected after ATC �nformed the crew that �t was 

be�ng affected by snow showers.  The crew also rejected 

the poss�b�l�ty of an ‘off s�te’ land�ng due to the hazard 

that would be created by the recently fallen loose snow.

As the hel�copter neared Aberdeen the crew carr�ed out 

the �n�t�al approach checkl�st, wh�ch �ncluded lower�ng 
the land�ng gear.  Although the gear lower�ng sequence 
was normal, and ‘down and locked’ �nd�cat�ons were 
ach�eved, �t was followed soon afterwards by abnormal 
hydraul�c system �nd�cat�ons.  The HYD capt�on on the 
CWP �llum�nated, together w�th SERVO, AP HYD and 
LVL capt�ons on the hydraul�c panel, although the three 
panel lights appeared to be flashing at random.  The 
co-pilot noticed the hydraulic pressure gauge fluctuate 
up to three t�mes, each t�me dropp�ng to near zero 
before recover�ng to normal system pressure.  The crew 
d�scussed the poss�b�l�ty that the �nd�cat�ons may be due 
to an electr�cal problem, but as they d�d so the caut�on 
l�ghts �llum�nated steady, the pressure gauge dropped 
to zero, and the co-p�lot felt ‘pulses’ through the cycl�c 
control as the controls became stiffer, confirming that it 
was �ndeed an hydraul�c problem.

At about th�s t�me the a�rcraft entered worsen�ng 
weather cond�t�ons, forc�ng the crew to ask ATC for a 
cl�mb and radar ass�stance for an �nstrument approach 
to Runway 34.  However, as the a�rcraft was cl�mb�ng 
towards 2,000 ft, �t emerged from cloud and a clear area 
was seen to the r�ght, �n the d�rect�on of the a�rport.  The 
commander instructed the co-pilot to fly towards the 
gap, and made a ‘PAN’ call to ATC stat�ng h�s �ntent�on 
to revert to a v�sual approach, wh�ch was �mmed�ately 
approved.

The a�rcraft landed w�thout further problem on 
Runway 34.  Once the hel�copter was on the ground, some 
v�brat�on could be felt through the a�rframe.  After tax�-�n 
and shutdown �t became ev�dent that the hel�copter had 
suffered significant lightning strike damage to the main 
and ta�l rotor assembl�es, and that a major hydraul�c leak 
had occurred, with fluid draining down the helicopter’s 
r�ght s�de from a reg�on to the rear of the ma�n gearbox.
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Examination of the aircraft

The hel�copter (Manufacturer’s ser�al no 2592) was 
exam�ned by AAIB Inspectors at Aberdeen on the 
day after the �nc�dent.  By then, the ma�n and ta�l 
rotor blades had been removed as had the three ma�n 
rotor hydraul�c actuators.  Eng�neer�ng personnel 
were checking the transmission and flying control 
components for the presence of res�dual magnet�sm 
caused by the l�ghtn�ng str�ke.

There was obv�ous l�ghtn�ng damage to one ma�n and 
one ta�l rotor blade, the ma�n blade exh�b�t�ng surface 
scorch�ng at the t�p and root, �nclud�ng an area where 
the sub-surface bond�ng bra�d near the lead�ng edge 
root had ev�dently been melted or blasted out and was 
m�ss�ng a sect�on about 23 cm long.  The bond�ng strap 
from the blade to the rotor head had also melted.  Other 
surface effects on the carbon fibre skin were observed 
at several po�nts along the span.

The ta�l rotor blade had lost two sect�ons of the metal 
lead�ng edge eros�on str�p wh�ch also serves as a 
conduct�ve path for electr�cal current.  The m�ss�ng 
sect�ons were at the po�nt where the parallel sect�on of 
the blade jo�ns the t�p and the junct�on of the eros�on 
str�p and the sub-surface conduct�ng str�p.  The bond�ng 
strap from the blade to the rotor hub had also melted.

Other areas of local�sed overheat damage were found, 
pr�nc�pally on the p�tch l�nk spher�cal bear�ngs but also 
on a bearing associated with the flying control circuit 
w�th�n the fuselage.  S�m�lar damage had also been found 
on the spher�cal bear�ngs of the three ma�n rotor hydraul�c 
actuators and, significantly, on the external ‘Fescolized’2 
port�on of the ram of two of them (see F�gure �).  

Footnote

2  Patented process for electroplat�ng w�th cadm�um, chrom�um or 
n�ckel.

Th�s damage had the appearance of local�sed melt�ng 
and eros�on of the chrom�um plat�ng and the surface of 
the steel underneath and was clearly the or�g�n of the 
hydraul�c leak from No � system.  All three actuators 
were despatched for test�ng and laboratory exam�nat�on 
by the�r manufacturer under AAIB superv�s�on.

Res�dual magnet�sm checks on the ma�n, �ntermed�ate 
and ta�l rotor gearboxes led to the�r reject�on and 
removal for exam�nat�on but �t �s understood that th�s 
d�d not reveal any �nternal damage.  S�gns of arc�ng 
on the ta�l rotor dr�veshafts and some ta�l rotor control 
components also led to the�r removal.  The unserv�ceable 
VHF transce�ver and DFDAU un�ts were replaced.

Description and examination of the main rotor 
hydraulic actuators

The AS322 has dual hydraul�c systems and, to ach�eve 
the necessary redundancy in the primary flying 
controls, the ma�n rotor servo actuators have a tandem 
arrangement (see F�gure 2) �n wh�ch each hydraul�c 
system suppl�es power to separate p�stons, although the 
p�stons are on a common shaft form�ng part of a s�ngle 
actuator.  E�ther system can control the hel�copter on 

Figure 1

Outer rod show�ng externally v�s�ble arc�ng damage
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�ts own but, of course, they normally work together.  It 

can be seen that the Fescol�zed port�on of one p�ston 

extends out of the body of the actuator (No �, or Left 

system) and �s therefore v�s�ble externally, but the p�ston 

of the other system (No 2, or R�ght) rema�ns completely 

h�dden �nternally.  A dra�n hole between the �ntermed�ate 

bear�ngs of No 2 system should prov�de w�tness of any 

�nternal leakage past the Fescol�zed rod.

The exam�nat�on commenced w�th a bench test of all 

three actuators.  They were checked first at about 25 

to 30 bar before full system work�ng pressure of �75  

bar was applied.  The first actuator tested had visible 

ev�dence of metal eros�on on the external port�on of 

the Fescol�zed rod and, when tested at low pressure, 

a significant external leak was obvious such that it 

was dec�ded not to cont�nue to h�gh pressure.  Str�p 

exam�nat�on of th�s un�t showed that the upper bear�ng 

seal had been perforated and �t was concluded that th�s 

was respons�ble for the leak wh�ch had depleted No � 

system.  Some eros�on damage was noted on one of the 

spher�cal bear�ngs but the �nternal rod was not marked 

and there was no leakage from System 2.

The next actuator tested showed some leakage from 

the centre bear�ng dra�n wh�ch d�sappeared at work�ng 

pressure.  There was sl�ght leakage from System � at low 

pressure wh�ch aga�n d�sappeared at the h�gher value but 

no leakage from System 2.  The external port�on of the 

rod also had v�s�ble eros�on damage to the Fescol�zed 

port�on and, when str�pped, was found to have s�m�lar 

�nternal metal eros�on damage.  Th�s would not have 

been v�s�ble w�thout d�smantl�ng.  Aga�n, one spher�cal 

bear�ng had eros�on damage and both the upper and 

central bear�ng seals were sl�ghtly damaged, account�ng 

for the leak at low pressure.

The th�rd actuator had no v�s�ble damage to the external 

Fescol�zed rod.  It exh�b�ted a sl�ght leak from System 2 

at the centre bear�ng wh�ch d�sappeared at h�gh pressure 

Figure 2

AS332L ma�n rotor servo actuator
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but no leakage from System �.  However, when 
dismantled there was significant erosion damage to the 
�nternal rod and �t was noted that the damage appeared 
to have two d�st�nct areas, (see F�gure 3), suggest�ng 
two separate events occurr�ng w�th the p�ston �n sl�ghtly 
d�fferent extens�ons; th�s poss�b�l�ty �s d�scussed below.  
There was also ev�dence of electr�cal track�ng on one of 
the spher�cal bear�ngs.

Engineering analysis and conclusions

The hydraul�c caut�on l�ghts reported by the crew were to 
be expected from complete deplet�on of the No � system.  
The ‘LH HYD LVL l�ght �llum�nates when the reservo�r 
level drops below 4 l�tres.  At th�s po�nt, a soleno�d valve 
also closes to shut off the land�ng gear, ta�l rotor control 
actuator and autop�lot from the ma�n system, generat�ng 
SERVO and AP HYD capt�ons.

For the most part, the damage to the a�rcraft was typ�cal 
of such events and, �n part�cular, the damage to the rotor 
blades was not as severe as other recorded �nc�dents 
wh�ch resulted �n not�ceable or severe v�brat�on.  
Careful v�sual �nspect�on revealed damaged components 
such as bear�ngs and res�dual magnet�sm checks led 
to the reject�on of otherw�se apparently undamaged 
components.  Although th�s operator was apparently 
unaware of prev�ous �nstances of l�ghtn�ng damage 
to ma�n rotor servo actuators, such damage has been 
exper�enced before and has been reproduced �n test�ng 
for certification of later helicopter designs using similar 
actuators.  When the AS332 was certified, there was no 
such test�ng requ�red for these components.

Although there was no loss of hydraulic fluid from 
System 2, desp�te the damage to the p�stons of two 
actuators wh�ch was revealed on str�p exam�nat�on, the 
damage to the actuators represented the most ser�ous 
threat to a�rworth�ness �n th�s �nc�dent.  The reason for the 

leak wh�ch led to deplet�on of the No � system appears to 
have been damage to the seal, e�ther from the str�ke �tself 
or from rubb�ng aga�nst the rough, eroded area of the 
rod.  It �s conce�vable that, �n the absence of seal damage, 
there w�ll be no leakage when the actuator �s moved such 
that the eroded area no longer �mp�nges on the seal, but 
when the seal �s damaged, leakage could occur at all 
actuator extens�ons.  It was noted that any sl�ght leakage, 
�nd�cat�ng seal damage, tended to be ev�dent at low 
pressure only, suggest�ng that check�ng for leaks would be 
more r�gorous at these pressures.  However, low pressure 
test�ng �s not normally requ�red because the seals are 
opt�m�sed for a work�ng pressure of �75 bars.  Accord�ng 
to the hel�copter manufacturer, leakage at low pressure 
should not necessar�ly be cons�dered as a malfunct�on 
because it would be difficult to define leakage criteria 
appropr�ate to low-pressure test�ng.

The fact that l�ghtn�ng damage to the actuators does not 
appear to be common �s perhaps surpr�s�ng g�ven that 
any hydraul�c component such as th�s, where there �s no 
d�rect metal-metal contact between the cyl�nder and the 
ram, w�ll have a propens�ty for a spark to jump across 

Figure 3

Damage to Fescol�zed port�on of �nner rod show�ng two 
d�st�nct areas of arc�ng damage 
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the non-metall�c seals and cause local�sed melt�ng of 
the steel.  Of part�cular concern �s the observat�on on 
the �nternal rod of one actuator that �t had exper�enced 
two separate str�kes.  G-CHCG had suffered a l�ghtn�ng 
str�ke three days pr�or to th�s �nc�dent wh�ch resulted �n a 
ma�n rotor blade replacement.  It �s l�kely that one of the 
�nternal damage �nd�cat�ons occurred as a result of th�s 
str�ke but �t was not detected at the t�me.

Manufacturer’s post lightning-strike check 
requirements

The Eurocopter A�rcraft Ma�ntenance Manual chapter 
05-53-00-225 conta�ns gu�dance on check requ�rements 
after a l�ghtn�ng str�ke.  Paragraph 3.�.3.3 conta�ned the 
only specific reference to checking the actuators as part 
of the ma�n rotor head �nspect�on.  It stated:

………..perform a detailed check of all junction 
areas showing electrical discontinuity:

• servocontrols (oscillating bearings, power 
rods and cylinders).

The safety �ssue �s that �t �s not poss�ble to check v�sually 
for �nternal damage affect�ng No 2 system unless a leak 
�s detected from the centre bear�ng.  It �s reassur�ng to 
note that all three actuators would have been removed 
even w�thout the obv�ous damage to the Fescol�zed rods 
because of the damage to the spher�cal bear�ngs (called 
‘osc�llat�ng bear�ngs’ �n the manual extract quoted 
above).  However, �f �t �s accepted that th�s had caused 
one of the marks on the actuator wh�ch had apparent 
ev�dence of two separate str�ke events, such damage was 
not detected after the prev�ous l�ghtn�ng str�ke. 

Eurocopter have stated that they w�ll be produc�ng 
a Serv�ce Letter to operators wh�ch w�ll �nclude the 
follow�ng:

‘To ensure that servo-controls damaged by a 
lightning strike do not remain in service, the 
EUROCOPTER documentation will be modified 
in order to specify the type of checks to be carried 
out following a lightning strike. 

For main rotor servo control:

a) Research of arcing mark on ball joint, power 
rod and body.

b) Research any evidence of leakage.

If any of these anomalies will lead (sic), the servo 
control must be sent to a repair station for detailed 
inspection and repair.

For tail rotor head servo control:

If arcing mark on tail rotor blade or tail rotor 
head, remove the tail rotor servo control and send 
this equipment to a repair station for detailed 
inspections.

For main rotor and tail rotor head:

a) Check the flight controls devices on servo 
control vicinity.

b) Following a lightning strike revealed on a 
helicopter, a particular attention of the two 
hydraulic circuit’s fluid level is to be performed 
during the next ten daily inspections.’

Although this Service Letter will apply specifically to 

the AS332L, �t �s understood that s�m�lar �nstruct�ons 

w�ll be �ssued for other hel�copter types manufactured 

by Eurocopter that have s�m�lar servo controls.

Meteorological information

General situation

An aftercast was obtained from the Met Office.  At 

�200 hrs on 3 March 2006 there was a slack area of 
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low pressure �n the North Sea w�th a l�ne of �nstab�l�ty 

ly�ng just east of the coast of Scotland.  The weather was 

cloudy or overcast w�th showers of ra�n and snow at the 

lower levels.  Thunder was l�kely �n some of the showers.  

The surface v�s�b�l�ty would have been �5 to 25 km but 

reduc�ng to about 2,000 m �n snow showers.  The base 

of the cumulus cloud would have been 2,000 to 2,500 ft, 

w�th stratus cloud beg�nn�ng at 3,000 ft.  The cloud base 

would have deter�orated �n showers to between �,000 and 

�,500 ft beneath cumulo-n�mbus clouds.

Lightning strike information

Informat�on on the l�ghtn�ng str�ke was obta�ned from 

EA Technology, a UK company wh�ch has spec�al�sed 

�n the mon�tor�ng of cloud-to-surface l�ghtn�ng str�kes 

�n the area of the Br�t�sh Isles for a number of years (see 

Lightning detection systems below for the method of 

str�ke detect�on).  The str�ke was recorded as a s�ngle, 

�solated cloud-to-surface d�scharge at �602:37 hrs, at 

pos�t�on N58º 42’ 24” W000º �2’ 47”, w�th a probable 

pos�t�on tolerance of �,500 m.  The recorded pos�t�on 

was w�th�n 2.5 nm of the est�mated pos�t�on of the str�ke.   

The str�ke had a strength of less than 40 k�lo-amps and 

�ts polar�ty was pos�t�ve.  On the same day, between 

0700 hrs and �900 hrs, there were only two other 

l�ghtn�ng str�kes �n the North Sea area, each of wh�ch 

was �n excess of 70 nm from the hel�copter’s pos�t�on at 

the t�me of the str�ke.

Recorded information

Flight recorders

The aircraft was fitted with a combined Flight Data 

Recorder and Cockp�t Vo�ce Recorder (CVFDR) 

capable of recording a range of flight data parameters 

for a per�od of 8 hours and three aud�o tracks, each of 

90-m�nutes durat�on, onto magnet�c tape.  The CVFDR 

was downloaded at the AAIB where data and aud�o 

recordings were recovered for the accident flight.  
Unfortunately, flight data from the CVFDR following the 
l�ghtn�ng str�ke was corrupted and unrel�able, probably 
as a result of l�ghtn�ng damage to e�ther the DFDAU or 
the data record�ng port�on of the CVFDR, both of wh�ch 
susta�ned damage.

HUMS

Vibration data for the accident flight recorded for the 
operator’s HUMS programme showed that there were 
no significant differences in vibration levels for the tail 
rotor and the ma�n rotor before and after the l�ghtn�ng 
str�ke.  However, these data were recorded at �ntervals 
of just under one hour and therefore do not g�ve an 
�mmed�ate compar�son pre- and post-str�ke.

Lightning physics

L�ghtn�ng �s essent�ally an electr�c d�scharge that occurs 
between one reg�on of the atmosphere and another, or 
between one reg�on of the atmosphere and the earth’s 
surface.  It occurs when the electric field exceeds a 
cr�t�cal value, known as the ‘breakdown potent�al’.  
The breakdown potent�al �s h�gh because a�r �s a poor 
electrical conductor, so there needs to be a significant 
voltage potent�al �f l�ghtn�ng �s to occur.  Such voltage 
potent�als often occur �n cumulo-n�mbus clouds although 
the exact mechan�sm wh�ch causes them �s not fully 
understood.  

There are two types of l�ghtn�ng str�ke that can affect 
an aircraft in flight.  The first is an ‘intercepted’ strike 
whereby the a�rcraft �ntercepts a naturally occurr�ng 
l�ghtn�ng str�ke.  The second �s a ‘tr�ggered’ str�ke wh�ch 
occurs when the conduct�ng a�rcraft �tself causes an 
intensification of the electric field in its vicinity.  This 
intensification is sufficiently large to overcome the 
breakdown potent�al of the a�r and a l�ghtn�ng str�ke �s 
tr�ggered.  It �s thought that approx�mately 90% of all 
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l�ghtn�ng str�kes to a�rcraft are tr�ggered by the a�rcraft 

itself, making it very difficult to forecast the strike.

Lightning detection systems

A number of ground-based ‘Arr�val T�me D�fference 

(ATD) systems world-w�de are capable of detect�ng 

and record�ng l�ghtn�ng str�kes.  Such systems use a 

network of antennae, capable of detect�ng the extra low 

frequency rad�o s�gnals (referred to as ‘sfer�cs’) em�tted 

by l�ghtn�ng.  The t�me and locat�on of a l�ghtn�ng str�ke 

can be calculated from the d�fferent t�mes taken for 

the s�gnals to reach the var�ous rece�ver stat�ons.  The 

systems are able to d�scr�m�nate between cloud-to-cloud 

str�kes and cloud-to-surface str�kes by the d�fference �n 

the s�gnals’ polar�sat�on, and normally only cloud-to-

surface str�kes are recorded and d�splayed, often w�th�n 

seconds of the discharge.  The UK Met Office’s own 

system prov�ded the l�ghtn�ng str�ke data wh�ch was 

viewed by the flight crew on the MIST system as part of 

their pre-flight preparation.  

The North Sea operators had jo�ntly funded a system to 

d�splay pos�t�ons of l�ghtn�ng str�kes on radar screens at 

Aberdeen ATC, using data supplied by the Met Office.  

However, the system used earl�er technology and there 

was a delay of several m�nutes between a str�ke occurr�ng 

and �t be�ng d�splayed, so �ts operat�onal value was 

l�m�ted.  At the t�me of wr�t�ng th�s report, an updated 

system was being evaluated by National Air Traffic 

Serv�ces for poss�ble future use at Aberdeen.

A�rborne equ�pment �s currently l�m�ted to weather radar 
and spec�al�st systems wh�ch detect l�ght�ng sfer�cs.  
Weather radar �s able to detect areas of storm act�v�ty by 
means of radar returns from water droplets, but �s unable 
to detect l�ghtn�ng �tself.   Systems wh�ch detect the 
electr�c s�gnals from l�ghtn�ng are capable of d�splay�ng 
l�ghtn�ng str�ke data to the p�lot on a ded�cated d�splay or 

as an �ntegrated d�splay w�th weather radar returns.  Such 
systems can detect and d�splay the early cloud-to-cloud 
d�scharges wh�ch often precede the more powerful 
cloud-to-surface d�scharges.  

Ne�ther of the two systems above �s able to detect or 
warn of an �ncreased r�sk of a l�ghtn�ng str�ke before 
�t actually occurs, as they cannot detect the �ncrease 
�n atmospher�c voltage potent�als wh�ch precede an 
electr�cal d�scharge.  Equ�pment �s ava�lable wh�ch can 
measure such electrical energy fields, though whilst such 
devices (known as E-field meters) have been used in 
electrical field research, they have not been developed 
for operat�onal a�rborne use.  

Previous accident

On �9 January �995 an AS332L Super Puma, reg�strat�on 
G-TIGK, was lost over the North Sea after suffer�ng a 
l�ghtn�ng str�ke wh�ch caused severe v�brat�on and loss 
of ta�l rotor control.  Wh�lst recogn�s�ng that l�ghtn�ng 
d�scharge detect�on systems could not warn of the 
increased electrical fields that precede a discharge, 
the �nvest�gat�on dec�ded that the�r requ�red use could 
st�ll afford hel�copters a measure of protect�on from 
the l�ghtn�ng str�ke r�sk.  The �nvest�gat�on made 
the follow�ng recommendat�on to the C�v�l Av�at�on 
Author�ty (CAA) on 7 December �996:

“In order to provide helicopter commanders with 
the necessary ‘real time’ information to enable them 
to avoid flight into areas of actual thunderstorms or 
lightning activity in Public Transport helicopters 
which have composite rotor blades, the CAA and 
affected operators should jointly agree the fitment 
of lightning discharge mapping systems to such 
aircraft.  The Authority should also inform other 
airworthiness authorities of the action taken 
in response to this recommendation.” (Safety 
Recommendation 95-45)
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The recommendat�on addressees responded by �ns�st�ng 
that further equ�pment tr�als were necessary before a 
decision could be made, and that the e-field sensing 
approach should be pursued as th�s potent�ally offered 
the most benefits.  Earlier, and in response to the 
accident, initial development work on an e-field meter 
system for hel�copters had been started by L�ghtn�ng 
Technolog�es Inc. (LTI) of the USA, w�th the act�ve 
support of the North Sea compan�es and the CAA.   
However, in November 1996 support for the e-field 
sensor development project was w�thdrawn, because the 
North Sea compan�es felt �t to be too expens�ve.  They 
took the v�ew that, because the project was pure research 
only, �t should be funded solely by LTI.  Consequently, 
the e-field sensor approach was effectively terminated 
at th�s t�me, at least �n terms of act�ve support from the 
North Sea compan�es and the CAA.

In Apr�l �997 the CAA �ssued the follow�ng response to 
the safety recommendat�on:

“Although the Authority would agree that an 
airborne lightning sensor mapping system may 
provide some benefit as a supplemental aid for 
North Sea helicopter operations and may lower 
the chances of a lightning strike attachment, there 
can never be any guarantee of this and it remains 
the case that adequate lightning protection 
provisions must be installed on the helicopter.  
The Authority would therefore have difficulty in 
justifying mandating the installation of lightning 
mapping systems for airworthiness certification 
purposes.”

Operational guidance

Part A of the operator’s Operat�ons Manual conta�ned 
crew act�ons to be carr�ed out after a known or suspected 
l�ghtn�ng str�ke.  It had recently been rev�sed to h�ghl�ght 

the fact that there would l�kely be cons�derable damage 

to rotor blades, rotor heads and assoc�ated components.  

The manual stressed that damage may not be v�s�ble 

or detectable through v�brat�on, and that the hel�copter 

should be d�verted and landed at the nearest su�table land 

base.  Furthermore, �n case of secondary �nd�cat�ons of 

damage such as severe and �ncreas�ng v�brat�on, the 

a�rcraft should be landed �mmed�ately.

The p�lots were aware that the a�rcraft’s Qu�ck Reference 

Handbook (QRH) conta�ned no act�ons or adv�ce �n 

respect of a l�ghtn�ng str�ke, though w�th h�nds�ght they 

both thought �t should have done so.  The QRH �n use 

at the t�me was �ntroduced by the operator’s Norweg�an 

s�ster company and had been adopted for use for reasons 

of commonal�ty.  A rev�sed Operat�ons Manual Part B 

and QRH were �n preparat�on at the t�me of the acc�dent, 

wh�ch addressed the lack of l�ghtn�ng str�ke gu�dance �n 

the QRH.  The new QRH conta�ned the follow�ng text 

under the t�tle “LIGHTNING STRIKE”:

1.  LAND AS SOON AS POSSIBLE (Nearest land  
 base recommended) 

If vibration increases significantly

2.  LAND IMMEDIATELY

The new Part B and QRH have been �ssued to tra�n�ng 

capta�ns and to the AS332L2 s�mulator.  L�ne p�lots are 

being trained but printing difficulties have resulted in an 

effect�ve date of January 2007 for w�despread d�str�but�on 

of pr�nted cop�es to l�ne p�lots and �nto hel�copters.

Analysis 

The l�ghtn�ng d�scharge wh�ch attached to the hel�copter 

was the only cloud-to-surface str�ke recorded over a w�de 

area of the North Sea dur�ng a �2 hour per�od.  Although 

the ATD systems do not record �nter or �ntra-cloud 

str�kes, wh�ch could therefore have been present �n the 
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area, there was no other l�ghtn�ng act�v�ty reported by 
the hel�copter’s crew.  Cons�der�ng the prox�m�ty of the 
recorded str�ke to the hel�copter’s actual pos�t�on, �t �s 
probable that the recorded d�scharge was the actual str�ke 
�n quest�on.  The absence of other recorded or observed 
l�ghtn�ng act�v�ty would �nd�cate that th�s was a tr�ggered 
str�ke, �nduced by the presence of the hel�copter �tself.

The crew were aware that a general r�sk of l�ghtn�ng had 
been forecast for the day wh�ch, as usual, was assoc�ated 
w�th thunderstorms.  However, the crew had not 
encountered a thunderstorm and weather radar returns 
d�d not suggest any act�ve cloud format�ons, desp�te the 
forecast �nstab�l�ty �n the atmosphere.  Nevertheless, g�ven 
that the crew reported ha�l shortly before the l�ghtn�ng 
strike, it is probable that the helicopter was flying beneath 
an area of significant convective activity. There was no 
rel�able forecast�ng of �ncreases �n atmospher�c voltage 
potentials, and without the benefit of airborne e-sensing 
equ�pment, the crew had no way of know�ng that they 
were enter�ng an area of �ncreased r�sk.

The crew were concerned by the absence of �nformat�on 
�n the QRH concern�ng l�ghtn�ng str�kes, although they 
were aware of relevant adv�ce �n respect of the l�kel�hood 
of damage to rotors blades and assoc�ated components 
w�th�n Part A of the Operat�ons Manual.  G�ven that the 
adv�ce �n the Part A that the hel�copter should be landed 
“as soon as possible” or “immediately” depend�ng 
on whether there were �nd�cat�ons of damage, �t �s 
unusual that the QRH did not reflect what is clearly and 
r�ghtly cons�dered to be a ser�ous s�tuat�on.  However, 
the operator had by that t�me taken steps to �ntroduce 
l�ghtn�ng str�ke act�ons �nto the QRH as part of a full 
rev�ew of the Operat�ons Manual.

Despite the absence of specific instructions in the 
QRH, the crew’s act�ons were �n accordance w�th the�r 

company’s Operat�ons Manual.  Aberdeen A�rport, 
although further away than alternat�ve land�ng s�tes, 
was the closest su�table locat�on for a safe land�ng �n the 
preva�l�ng weather cond�t�ons.

Conclusions and safety action

The flight crew took appropriate steps to manage the 
r�sk of a l�ghtn�ng str�ke but the very presence of the�r 
hel�copter �n the v�c�n�ty of a cumulon�mbus cloud 
�nduced a l�ghtn�ng str�ke.  They were unaware of any 
secondary damage to the hel�copter’s hydraul�cs unt�l 
the land�ng gear was lowered and thereafter, they took 
measures to manage the attendant r�sk.  

The v�s�ble exter�or damage to the hel�copter was typ�cal 
and so were the assoc�ated electro-magnet�c symptoms of 
the passage of h�gh electr�cal currents through otherw�se 
v�s�bly undamaged components, lead�ng to the�r 
replacement.  What was less typ�cal and a further safety 
hazard was the h�dden damage to the �nter�or port�ons of 
the ma�n rotor hydraul�c actuators.  Some of th�s damage 
may have been inflicted by an earlier lightning strike and 
th�s damage was not detected although the appropr�ate 
post-l�ghtn�ng str�ke checks had been carr�ed out.  

New post l�ghtn�ng-str�ke �nspect�on procedures to 
be �ssued by the hel�copter’s manufacturer have been 
dev�sed and w�ll be �ssued to prevent a s�m�lar recurrence 
of undetected l�ghtn�ng damage lead�ng to a hydraul�c 
fa�lure.  Also, amendments to the operat�ng company’s 
recurrent tra�n�ng and to �ts Operat�ons Manual should 
ensure that appropriate action is considered by flight 
crews when consult�ng the QRH �mmed�ately after a 
l�ghtn�ng str�ke.  Consequently, the AAIB d�d not make 
any formal safety recommendat�ons. 


