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ACCIDENT

Aircraft Type and Registration:  Boe�ng 777-222, N786UA

No & Type of Engines:  2 Pratt & Wh�tney PW4090 ser�es turbofan eng�nes

Year of Manufacture:  �997

Date & Time (UTC):  26 February 2007 at �000 hrs

Location:  London (Heathrow) A�rport

Type of Flight:  Commerc�al A�r Transport (Passenger) 

Persons on Board:  Crew - 20 Passengers - �85

Injuries:  Crew - None Passengers - None

Nature of Damage:  Heat and fire damage to the right main power 
d�str�but�on panel, surround�ng structure and components 
�ns�de the Ma�n Equ�pment Centre

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

Commander’s Age:  52 years

Commander’s Flying Experience:  �8,000 hours (of wh�ch 2,800 hours were on type)
(Hours all approx�mate) Last 90 days -  2�5 hours
 Last 28 days -    65 hours

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

The investigation

The a�rcraft operator’s duty manager at Heathrow 
notified the Air Accidents Investigation Branch (AAIB) 
of the acc�dent at ��40 hrs on 26 February 2007 and 
the �nvest�gat�on commenced the next day.  The Ch�ef 
Inspector of A�r Acc�dents has ordered an Inspector’s 
Invest�gat�on be conducted �nto the c�rcumstances 
of th�s acc�dent under the prov�s�ons of the Civil 
Aviation (Investigation of Air Accidents and Incidents) 
Regulations 1996.  Th�s �s a prel�m�nary report 
deta�l�ng the facts of the acc�dent: no analys�s has been 
attempted.

Th�s bullet�n conta�ns facts wh�ch have been determ�ned up to the t�me of �ssue.  Th�s �nformat�on �s publ�shed to �nform the av�at�on 
�ndustry and the publ�c of the general c�rcumstances of acc�dents and must necessar�ly be regarded as tentat�ve and subject to alterat�on 
or correct�on �f add�t�onal ev�dence becomes ava�lable.

History of the flight

The a�rcraft was pushed back from the stand w�th the 
aux�l�ary power un�t (APU) runn�ng, the towbar was 
d�sconnected and both eng�nes were started �n qu�ck 
succession.  The flight crew, comprising a commander, 
operat�ng co-p�lot and rel�ef co-p�lot (occupy�ng the 
jump seat), reported that the eng�ne starts appeared to be 
normal.  At about the t�me when the eng�ne �ntegrated 
dr�ve generators (IDGs) would normally come onl�ne, 
the flight crew saw the instrument displays flicker 
and heard a low-p�tched, �nterm�ttent growl�ng no�se 
coming from the aft right side of the flight deck.  A 
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few seconds later, they rece�ved an Eng�ne Ind�cat�on 
and Crew Alert�ng System (EICAS) caut�on for ‘ELEC 
AC BUS R’, �nd�cat�ng that the r�ght Ma�n AC Bus 
had fa�led.  The r�ght ‘GEN CTRL OFF’ l�ght also 
�llum�nated on the overhead panel, wh�ch �nd�cated that 
power had been cut from the r�ght IDG.  Subsequently 
they observed that, on the ‘R BUS TIE’ sw�tch, the 
‘ISLN’ capt�on had �llum�nated, wh�ch �nd�cated that 
the r�ght bus t�e breaker had been tr�ggered to open.

The Fl�ght Data Recorder (FDR) revealed that 
40 seconds after both eng�nes had stab�l�sed at ground 
�dle, the smoke detector �ns�de the Ma�n Equ�pment 
Centre (MEC)� detected smoke.  Co�nc�dent w�th th�s, 
the Cockp�t Vo�ce Recorder (CVR) recorded sounds of 
equ�pment power�ng down and crew comments to the 
effect that the whole r�ght ma�n bus had fa�led. 

The flight crew selected the EICAS ‘ELEC AC BUS R’ 
irregular checklist and completed the first action of 
select�ng the r�ght generator control sw�tch to OFF 
and then to ON aga�n.  About two and a half m�nutes 
after the electr�cal fa�lure they became aware of a fa�nt 
electr�cal burn�ng smell and shortly afterwards not�ced 
the ‘EQUIP COOLING OVRD’ message on the EICAS.  
At th�s po�nt the commander ordered the co-p�lot to 
shut down the r�ght eng�ne.

The ground handl�ng crew observed smoke emanat�ng 
from the MEC vent at the front of the a�rcraft and 
alerted the flight crew.  Two minutes later ATC advised 
that smoke had been seen com�ng from the a�rcraft and 
that the fire service had been requested to attend as a 
precaut�on.  The a�rcraft was tax�ed onto a nearby stand 

Footnote

� The MEC is located beneath the flight deck and contains the 
major�ty of the a�rcraft’s electr�c and av�on�cs equ�pment.  The FDR 
parameter which indicates smoke in the MEC is identified as ‘EE 
Bay Smoke Warn’.

using the left engine.  Once on stand the flight crew 
shut down the left eng�ne and the APU, by wh�ch t�me 
light smoke was present in the flight deck.  ATC further 
adv�sed that smoke had been seen com�ng from the 
forward outflow valve.  Approximately twelve and a 
half m�nutes after the electr�cal fa�lure the batter�es were 
sw�tched off and the passengers and crew d�sembarked 
the a�rcraft v�a steps placed at door 2L.  

Airfield Fire Service personnel checked the aircraft’s 
MEC, which was filled with smoke, but did not detect 
any fire.  They manually opened the forward cargo 
compartment and removed two cargo pallets to check 
for any additional signs of fire, but none were found.  
The smoke slowly cleared �n the MEC to reveal obv�ous 
signs of fire damage.

Smoke detection within the Main Equipment Centre

A smoke detector �s connected to the supply and vent 
l�nes of the Forward Equ�pment Cool�ng System w�th�n 
the MEC.  When smoke �s detected, the cool�ng system 
trans�t�ons to overr�de mode and an ‘EQUIP COOLING 
OVRD’ message �s d�splayed on the EICAS.  The 
overr�de mode rel�es on a d�fferent�al between the cab�n 
and amb�ent pressure to vent smoke.  Th�s method 
�s �neffect�ve wh�lst the a�rcraft �s stat�onary on the 
ground.  However, no Master Warn�ng, Master Caut�on 
or ‘smoke’ message �s tr�ggered.

Electrical power distribution

The electr�cal power system on the Boe�ng 777 normally 
operates as two �ndependent l power channels.  Each 
channel has a Main AC Bus.  During normal flight 
operat�ons the Left Ma�n AC Bus rece�ves power from 
the left eng�ne IDG and the R�ght Ma�n AC Bus rece�ves 
power from the r�ght eng�ne IDG.  On the ground, the 
APU or external power sources can be used to prov�de 
power to both ma�n busses.  A top level schemat�c of the 
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power d�str�but�on system �s shown �n F�gure �.  The 
flow of power is controlled by contactors which open 
and close; seven contactors are shown �n F�gure � wh�ch 
�nclude the r�ght generator c�rcu�t breaker (RGCB) and 
r�ght bus t�e breaker (RBTB).  The RGCB, RBTB and 
R�ght Ma�n Bus are components of the P200 Electr�cal 
Load Management System (ELMS) power panel located 
�n the r�ght forward sect�on of the MEC.

Damage to the aircraft

An �nspect�on �ns�de the MEC after the acc�dent 
revealed extensive heat and fire damage to the P200 
power panel as shown �n F�gure 2.  The worst affected 
components of the power panel were the RGCB and 
RBTB contactors, parts of wh�ch had melted and 
vapor�sed.  There was ev�dence that molten metal had 
dr�pped down onto the �nsulat�on blankets beneath 
this panel.  Extensive fire damage to the fire-retardant 
�nsulat�on blankets located beh�nd and beneath the 
power panel under the floor, had occurred as shown in 
Figure 3.  Nearby components including a floor panel, 
equ�pment cool�ng system duct�ng, other w�re bundles 
and some structural frames and str�ngers �n the v�c�n�ty 
were later determined to have suffered sufficient heat 
damage to requ�re replacement.

Detailed examination

The P200 power panel was removed from the a�rcraft 
for a more deta�led exam�nat�on.  The exam�nat�on 

revealed that both the RBTB and RGCB had suffered 
from extreme heat�ng and electr�cal arc�ng.  The 
ma�n moveable contacts w�th�n both contactors were 
destroyed.  There was some �nsulat�on damage to the 
bus bars w�th�n the panel �n the v�c�n�ty of the RBTB.  
The damage to the surround�ng components of the 
power panel appeared to be a consequence of a fa�lure 
w�th�n e�ther the RBTB or RGCB.

History of the contactors

The ser�al numbers on the RBTB and RGCB 
contactors were unreadable as a result of the fire 
damage, but an �n�t�al �nspect�on of the a�rcraft’s 
ma�ntenance records revealed that ne�ther component 
had been replaced s�nce the a�rcraft was manufactured 
�n �997.  At the t�me of the acc�dent the a�rcraft 
had completed 6,622 flight cycles and flown for 
4�,5�9 hours.  The RBTB and RGCB share the same 
contactor part number and there �s no ma�ntenance 
requirement to replace either contactor after a fixed 
time or flight cycle period.

Previous incidents and preventative action

Pr�or to th�s acc�dent the a�rcraft manufacturer was 
�nvolved �n �nvest�gat�ng �� �n-serv�ce reports of 
power panel overheat events, three of wh�ch �nvolved 
major damage to the panels.  The affected panels 
were the P200 and P�00, and the affected contactors 
were the RBTB, Aux�l�ary Power Breaker (APB) 

Figure 1 

Boe�ng 777 electr�cal power d�str�but�on schemat�c
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Figure 2 

F�re damage to P200 panel, show�ng burnt-out RGCB and RBTB contactors 
(panel cover has been removed �n th�s photograph)

and the Pr�mary External Power Contactor (PEPC).  
These prev�ous events all �nvolved Boe�ng 777 
a�rcraft f�tted w�th ELMS II power panel, wh�ch �s a 
mod�f�ed vers�on of the ELMS I power panel f�tted 
to N786UA, although many components �nclud�ng 
the contactors are the same.  As a result of these 

�nc�dents the a�rcraft manufacturer publ�shed deta�ls 
of preventat�ve act�on that operators could take, �n 
�ts 777 Fleet Team D�gest No 777-FTD-24-06005.
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Further investigation

The AAIB �s work�ng w�th the US Nat�onal 
Transportat�on Safety Board (NTSB), the 
a�rcraft manufacturer, the a�rcraft operator, 
the power panel manufacturer and the 
contactor manufacturer to try and determ�ne 
the cause of the fa�lures w�th�n the electr�cal 
power system.  Further �nvest�gat�on �s also 
be�ng carr�ed out �nto understand�ng how 
the f�re spread and how to �mprove f�re 
protect�on w�th�n the MEC.  The AAIB w�ll 
publ�sh a full report on th�s acc�dent when 
the �nvest�gat�on has been completed.

Published April 2007

Figure 3 

Burnt a�rcraft structure and �nsulat�on blankets 
located d�rectly below P200 panel 

(viewed looking aft with floor panel removed)
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INCIDENT

Aircraft Type and Registration:  Avro �46-RJ�00, G-CFAA

No & Type of Engines:  4 Lycom�ng LF507-�F turbofan eng�nes

Year of Manufacture:  2000 

Date & Time (UTC):  20 September 2006 at 20�7 hrs

Location:  40 m�les south of Ed�nburgh

Type of Flight:  Commerc�al A�r Transport (Passenger) 

Persons on Board:  Crew - 5 Passengers - 5�

Injuries:  Crew - None  Passengers - None 

Nature of Damage:  Internal damage to No 2 eng�ne

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

Commander’s Age:  49 years

Commander’s Flying Experience:  7,500 hours (of wh�ch 600 were on type)
 Last 90 days - �54 hours
 Last 28 days -   66 hours

Information Source:  A�rcraft Acc�dent Report Form subm�tted by the p�lot, 
and further AAIB enqu�r�es

Synopsis

Dur�ng the descent �nto Ed�nburgh, smoke began to 

fill the flight deck.  The No 2 engine was identified as 

defect�ve and was shut down.  The a�rcraft landed safely 

and was then ferr�ed to a ma�ntenance base where the 

defective engine was changed but, on the first flight 

afterwards, smoke again filled the flight deck.  

It was concluded that, on the first occasion, a bearing 

fa�lure lead to seal damage and contam�nat�on of the a�r 

cond�t�on�ng system.  It appeared that res�dual o�l �n the 

system, result�ng from the �n�t�al fa�lure, had not been 

eliminated during the rectification and was responsible 

for the second event.     

Th�s AAIB Bullet�n reports on both events.  AAIB 
file EW/G2006/09/22 relates to the event which 
took place on 20 September 2006, and AAIB file 
EW/G2006/09/26 refers to the second event which 
occurred on 26 September 2006.

History of the flights and technical actions

The a�rcraft was descend�ng through FL�20 en route to 
Ed�nburgh when the crew became aware of fumes on 
the flight deck.  Oxygen masks were donned.  A low oil 
pressure was then noted on the No 2 eng�ne, and the crew 
shut the eng�ne down. The Qu�ck-Reference Handbook 
(QRH) actions for engine failure/shutdown and smoke 
on flight deck/in the passenger cabin were carried out 
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and a ‘PAN’ call was broadcast.  An approach was made 

to Runway 24 and the a�rcraft was landed and tax�ed 

onto the nearest ava�lable stand.  A precaut�onary rap�d 

d�sembarkat�on was then carr�ed out. 

The a�rcraft was subsequently ferr�ed to the operator’s 

ma�ntenance base at B�rm�ngham where the No 2 

eng�ne was changed and other work carr�ed out.  It 

was confirmed that a bearing failure had occurred.  The 

a�rcraft was �n ma�ntenance for approx�mately a week 

before be�ng returned to serv�ce on 26 September.

At B�rm�ngham Internat�onal A�rport the crew rev�ewed 

the Technical Log in preparation for the first flight 

following the rectification and accepted the aircraft 

as fit for service.  They noted that, according to the 

Techn�cal Log, the No 2 eng�ne had been replaced, 

eng�ne test runs had been carr�ed out and the a�r-

cond�t�on�ng packs and duct�ng had been checked for 

traces of contam�nat�on.

The aircraft then took off with the first officer acting 

as the P�lot Fly�ng (PF).  In�t�al cl�mb was normal and 

flaps were retracted on schedule.  Immediately after 

the a�r supply was changed over to ‘ENGINE’ and the 

APU was shut down, dense smoke rapidly filled the 

flight deck.  At this time the aircraft was in the climb, 

pass�ng approx �,500 feet, cl�mb�ng towards FL60 and 

follow�ng the Daventry 4D departure.  Eng�ne a�r was 

qu�ckly turned off and APU a�r selected.  The APU was 

then re-started  and, as the APU a�r entered the a�rcraft, 

the smoke started to clear very slowly.

At this point the cabin crew informed the flight crew 

by �ntercom that the cab�n was full of smoke; the crew 

responded that they had stopped the source of the 

smoke and were �n the process of clear�ng �t.  Wh�lst 

th�s was happen�ng, the a�rcraft commun�cat�on was 

transferred to the London Control frequency, wh�ch 
was selected but not contacted.  The a�rcraft had by 
then levelled at FL60 and was follow�ng the Standard 
Instrument Departure.  Both p�lots then carr�ed out 
the QRH memory items for smoke, fumes or fire on 
the flight deck and donned oxygen masks.  They then 
carr�ed out the After Take-Off check-l�st and part of the 
QRH to the extent that t�me perm�tted.  In accordance 
w�th gu�dance �n the QRH, they made a dec�s�on to 
land as soon as poss�ble.

London Control then called, as they had yet to hear from 
the a�rcraft.  The crew requested an �mmed�ate return to 
B�rm�ngham A�rport.  They then called B�rm�ngham on 
the Approach/Radar/VDF frequency, transmitted a ‘PAN’ 
call and requested vectors to the ILS of Runway �� to 
land.  In v�ew of the fact that the smoke was clear�ng, 
a ‘MAYDAY’ call was not made and evacuat�on us�ng 
sl�des was not ant�c�pated.  The cab�n a�r control was 
selected to ‘FRESH’ to help w�th smoke removal.  The 
cab�n crew were �nformed by �ntercom that the a�rcraft 
was return�ng to B�rm�ngham as th�s was an emergency 
but that the land�ng was expected to be normal and use 
of evacuat�on sl�des was not expected.

The Purser �n charge made calls on the Publ�c Address 
(PA) system to the passengers and �nformed them that 
the crew had the s�tuat�on under control and they were 
return�ng to B�rm�ngham.  Passengers were adv�sed to 
keep the�r heads low to avo�d smoke.  The calls were 
made by the purser, since the flight crew were wearing 
oxygen masks and �t was felt that the passengers 
m�ght not understand them and m�ght be alarmed by 
the unusual sound of the p�lot’s vo�ces created by the 
wear�ng of the masks.  Use of oxygen or smoke hoods 
by the cabin crew was briefly discussed but it was left 
to the�r d�scret�on and �n the end none were used and 
passenger oxygen masks were not deployed.
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B�rm�ngham Tower enqu�red of the passenger and crew 
numbers and whether the a�rcraft was overwe�ght.  An 
approach was made by the first officer, remaining as 
PF, wh�lst an uneventful manual land�ng was carr�ed 
out by the capta�n.  The runway was vacated and the 
aircraft taxied to the terminal with fire trucks following, 
brief radio discussion with the fire service having taken 
place.  Both p�lots removed masks and the capta�n made 
a PA call to �nform the passengers that they would be 
d�sembark�ng normally at the gate us�ng the a�rcraft 
front steps.

Technical investigation

The No 2 engine, which had been removed after the first 
event, was forwarded to �ts manufacturer’s overhaul 
base for defect �nvest�gat�on and repa�r.  Cons�derable 
internal damage was identified but the failure of its 
No � bear�ng appeared to have been the ma�n event �n 
the fa�lure sequence.  L�ttle o�l rema�ned �n the eng�ne 
system and damage to the bear�ng seal�ng accounted for 
the loss of oil and its entrainment in the bleed air flow.  
Th�s then contam�nated the a�r-cond�t�on�ng system 
w�th o�l and allowed smoke to enter the cab�n. 

The operator concluded that the o�l contam�nat�on 
of the duct�ng and �nternal components of the packs, 

wh�ch occurred just before the eng�ne was shut down 

on approach to Ed�nburgh, rema�ned present thereafter.  

Its removal had not been carr�ed out successfully 

dur�ng the ma�ntenance act�v�t�es at B�rm�ngham.  

Although ground runn�ng was carr�ed out follow�ng 

the replacement of the eng�ne, �t appears that th�s d�d 

not �nvolve full funct�on�ng of the a�r-cond�t�on�ng 

system and consequently o�l contam�nat�on rema�ned 

in the packs and ducting and was neither identified nor 

effect�vely el�m�nated.  

On removal from serv�ce follow�ng the second event, the 

a�rcraft was subjected to extens�ve ground runn�ng and 

funct�on�ng of the a�r cond�t�on�ng. Th�s d�d not produce 

smoke �n the cab�n.  It was therefore concluded that 

all the res�dual o�l �n the a�r-cond�t�on�ng components 

had been el�m�nated dur�ng the br�ef per�od when the 

eng�nes were supply�ng a�r to the packs.  Th�s occurred 

after the a�r-cond�t�on�ng supply was selected from 

‘APU’ to ‘ENGINE’, early �n the cl�mb.  

The a�rcraft was returned to serv�ce and no reports of 

further flight-deck/cabin smoke have been received. 
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INCIDENT

Aircraft Type and Registration:  BAe �46-�00, G-OINV

No & Type of Engines:  4 Lycom�ng  ALF502R-5 turbofan eng�nes

Year of Manufacture:  �990 

Date & Time (UTC):  8 November 2006 at 2�00 hrs

Location:  Descent �nto Inverness

Type of Flight:  Publ�c Transport (Passenger) 

Persons on Board:  Crew - 5 Passengers - 7�

Injuries:  Crew - None  Passengers - None

Nature of Damage:  None

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

Commander’s Age:  52 years

Commander’s Flying Experience:  �0,566 hours (of wh�ch 4,800 were on type)
 Last 90 days - �5� hours
 Last 28 days -   50 hours

Information Source:  A�rcraft Acc�dent Report Form subm�tted by the p�lot 
and analys�s by the a�rcraft manufacturer

Synopsis

Dur�ng the descent �nto Inverness the APU was started 
and subsequently there was a loss of electr�cal power to 
all the Pr�mary Fly�ng D�splays, Nav�gat�on D�splays, 
and cockp�t l�ght�ng w�th no warn�ngs be�ng shown.  The 
commander managed to rega�n electr�cal power about 
�5 seconds later.  The subsequent �nvest�gat�on, wh�ch 
�nvolved the manufacturer, was �nconclus�ve.

History of the flight

The a�rcraft was �nbound to Inverness from London 
Gatw�ck at FL70 and was above cloud.  The APU 
was started as part of the approach checks when, 
approximately five seconds into the APU start 
procedure, there was a loss of electr�cal power to all 

the Pr�mary Fly�ng D�splays, Nav�gat�on D�splays, 

and cockp�t l�ght�ng, w�th no warn�ngs be�ng shown.  

A ‘mayday’ call was made to Inverness to report the 

loss of electr�cs, and the reply from ATC was heard by 

both p�lots.  The a�rcraft was ma�nta�ned above cloud �n 

V�sual Meteorolog�cal Cond�t�ons.  

The commander then ‘worked backwards’ and sw�tched 

the APU off.  Generator � (GEN �) and Generator 4 

(GEN 4) were then reset and electr�cal power to all 

the flight deck displays returned to normal.  The cabin 

crew confirmed that the cabin lighting had remained 

�llum�nated but that galley power had been temporar�ly 

lost.  It was est�mated that the electr�cal power was lost 
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for around �5 seconds.  The approach to Inverness was 
cont�nued and, once the a�rcraft was establ�shed on the 
ILS and the airfield was in sight, the ‘MAYDAY’ was 
cancelled.  After land�ng a Ground Power Un�t (GPU) 
was requested and there was no attempt to start the 
APU.  At no stage were any c�rcu�t breakers found to 
be tr�pped.

Aircraft information

The BAe �46 has three electr�cal generators; GEN 1 
and GEN 4 are mounted on eng�ne No � and eng�ne 
No 4, and these supply the aC1 and aC2 busbars 
respect�vely.  There �s also a generator on the APU 
(aPU GEN).  The two AC busbars can be l�nked by two 
bus t�e contactors, and there are also contactors wh�ch 
can l�nk the aPU GEN to the aC1 and aC2 busbars.  
The capta�n’s d�splays are suppl�ed from busbars fed 
from GEN 1, and the co-p�lot’s d�splays are suppl�ed 
from busbars fed from GEN 2.  

Each of the three generators has a Generator Control 
Un�t (GCU), wh�ch �s des�gned to lock out �f a fault �s 
detected.  There �s also a da�ly check carr�ed out by the 
flight crew to ensure that a dormant lock-out has not 
already occurred.

Subsequent maintenance activity

On the ground, the only fault which could be identified 
was a poss�ble problem on the ground serv�ce bus, and 
hence the operator replaced the No � bus t�e contactor.  
Th�s contactor allows the APU, the GPU or GEN 4 
to supply power to the aC1 busbar.  Th�s d�d not 
rect�fy the fault.  Attent�on was therefore focussed on 
the No � GCU as potent�ally be�ng the cause of the 
fa�lure, and th�s was replaced.  Th�s resulted �n the 
fault be�ng cleared and the a�rcraft was returned to 
serv�ce, from wh�ch t�me �t has cont�nued to operate 
w�thout any recurrence. 

Both the contactor and the GCU were sent for a str�p 
�nspect�on.  No fault was found w�th the GCU.  The 
contacts �n the contactor were found to be worn to 
vary�ng levels, and there was an out-of-l�m�t voltage 
drop across all three sets of contacts.  However, there 
was no ev�dence of the contacts melt�ng or fus�ng.  Tests 
were also carr�ed out under hot and cold cond�t�ons �n 
an attempt to find an intermittent fault, but no such 
fault was found.

Bus bar faults - Service Information Leaflet 
(SIL) 24/47

The aircraft manufacturer has issued SIL 24/47 to 
ass�st operators �n troubleshoot�ng AC� and AC2 busbar 
faults.  In SIL 24/47 it is noted that typical causes are 
an open phase �n the contactor or w�r�ng chafes �n the 
generator c�rcu�t (from the eng�ne to the electr�cal 
bay).

Previous incident

On �8 August 2006 th�s a�rcraft suffered a fa�lure of 
the No � Generator at FL240, and th�s resulted �n the 
aC1 busbar tr�pp�ng off-l�ne and hence the loss of 
the capta�n’s d�splays.  An a�r turnback was made and 
the fault was attr�buted to the No � GCU, wh�ch was 
replaced.

Subsequent analysis

The AAIB and the manufacturer undertook an analys�s 
of the electr�cal system and th�s �ncluded compar�son of 
the reported events w�th the electr�cal w�r�ng d�agrams.  
The most l�kely explanat�on for the �nc�dent �s that 
GEN � dropped off-l�ne, �n part because of the current 
suppl�ed for the APU start.  E�ther co�nc�dentally or 
beforehand, the bus fa�l relay on GCU � locked out the 
bus transfer.  It �s bel�eved that, pr�or to the recovery 
act�ons, the Battery, Emergency DC and AC2 busbars 
were all powered; however Essent�al DC, DC�, DC2, 
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the warn�ng l�ghts bus bar and AC� busbars were all 
unpowered.  

Safety actions

In v�ew of the �nconclus�ve outcome of the 
�nvest�gat�on, the manufacturer has recommended that 

the operator carr�es out a ser�es of more deta�led tests 
on the system including the requirements of SIL 24/47.   
These are scheduled for the a�rcraft’s next deep 
ma�ntenance check.  
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ACCIDENT

Aircraft Type and Registration: Beech B200 K�ng A�r G-PCOP

No & Type of Engines: 2 Pratt & Wh�tney Canada PT6A-42 turbo-prop eng�nes

Year of Manufacture: 2004

Date & Time (UTC): 28 March 2006 at 08�2 hrs

Location: W�th�n the Scott�sh Term�nal Manoeuvr�ng Area

Type of Flight: Pr�vate

Persons on Board: Crew - � Passengers - 2

Injuries: Crew - None Passengers - None

Nature of Damage: Overstress damage to outer w�ngs and eng�nes

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

Commander’s Age: 55 years

Commander’s Flying Experience: 6,524 hours (of wh�ch �80 were on type)
 Last 90 days - ��� hours
 Last 28 days -   �4 hours

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

Synopsis

After takeoff and wh�lst �n IMC, the commander 
not�ced a gradual and progress�ve loss of �nformat�on 
on his flight instruments, followed by a loss of radio 
commun�cat�ons.  The commander concluded that the 
a�rcraft had suffered a major av�on�cs fa�lure.  When 
ATC became aware of the loss of commun�cat�ons, 
they arranged for an RAF Tornado a�rcraft to �ntercept 
G-PCOP.  Wh�le attempt�ng to gu�de the a�rcraft 
below cloud, the RAF crew saw �t enter cloud �n an 
apparently uncontrolled fash�on and they transm�tted 
a ‘MAYDAY RELAY’ message.  However G-PCOP 
re-appeared from the cloud.  Eventually G-PCOP 
descended to VMC below cloud and landed at RAF 
Leuchars.  

On the ground, w�th an electr�cal source attached to the 
a�rcraft, the �nstruments and rad�os worked correctly.  
The next day, after �nspect�on, the a�rcraft was ferr�ed 
by another p�lot to Blackbushe for further exam�nat�on.  
Th�s revealed damage to the outer w�ng sk�ns and 
w�ng lead�ng edges.  The damage to the a�rcraft was 
character�st�c of �t hav�ng been subjected to abnormally 
high flight loads and the outer wing panels had to be 
replaced.  Desp�te extens�ve �nvest�gat�on, no defects 
were found w�th the electr�cal generat�on and d�str�but�on 
systems of the a�rcraft.  Recommendat�ons were made 
relat�ng to �nformat�on �n the A�rplane Fl�ght Manual 
and to the certification standards of the aircraft.
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Aircraft description

The a�rcraft, manufacturer’s ser�al number BB-�860, 

was manufactured �n 2004 and granted an EASA 

Standard Certificate of Airworthiness.  It was fitted with 

Rockwell Coll�ns ‘Pro L�ne 2�’ av�on�cs systems and 

cockp�t d�splays.  The Pro L�ne 2� system compr�sed 

a fully-�ntegrated av�on�cs su�te and an Electron�c 

Fl�ght Instrumentat�on System (EFIS).  The cockp�t 

�nstrumentat�on cons�sted of two electron�c Pr�mary Fl�ght 

D�splays (PFD) and a s�ngle electron�c Mult� Funct�on 

D�splay (MFD).  Standby �nstrumentat�on was prov�ded 

by a Goodr�ch Electron�c Standby Instrument System 

(ESIS) wh�ch d�splayed att�tude, alt�tude, a�rspeed and 

head�ng on a s�ngle d�splay.  An annotated photograph of 

the �nstrument panel �s shown at F�gure �.

Background to the flight

The p�lot �nvolved �n the acc�dent was the Ch�ef P�lot 

of a charter company and normally flew the Cessna 310 

and the Beech 200 version fitted with electromechanical 

�nstruments.  He had also agreed to deput�se as necessary 

for the profess�onal p�lot of G-PCOP, a commerc�ally 

owned Beech 200 equ�pped w�th Pro-L�ne 2� av�on�cs 

and cockp�t d�splays.  There was no requ�rement for 

a conversion course to fly the Pro-Line 21 equipped 

aircraft but the accident pilot stated that he had flown 

Figure 1 - G-PCOP’s Instrument Panel

Figure 1

G-PCOP’s �nstrument panel
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some 10 flights in the aircraft before the accident.  He 
had flown four sectors in the right hand seat with a 
commander from a TRTO� followed by s�x sectors w�th 
G-PCOP’s customary commander dur�ng wh�ch the two 
p�lots shared the P� dut�es.  

History of the flight
 
The commander planned a flight from Glasgow Airport 
to Peterborough (Con�ngton) Aerodrome.  There was 
one defect recorded �n the a�rcraft’s Techn�cal Log 
�nd�cat�ng that the head�ng funct�on of the ESIS was 
�noperat�ve. 
 
The commander began start�ng the eng�nes us�ng 
battery power at 08�5 hrs; the r�ght eng�ne was started 
first and both engine starts were uneventful.  He 
subsequently stated that all after-start checks were 
normal, �nclud�ng voltage checks of the battery and 
generators, and that the generator loadmeters were 
w�th�n �0% of each other.  By 08�8 hrs, the a�rcraft 
was cleared to tax� and by 08�� hrs �t had been cleared 
for takeoff.  The commander stated that before takeoff 
he selected both ENG AUTO IGN sw�tches to ARM 
and both ENGINE ANTI-ICE sw�tches to ON.  He also 
recalled check�ng both the warn�ng and capt�on panels 
and seeing no red or amber lights.  To confirm that the 
correct checks were completed he used the A�rplane 
Fl�ght Manual pos�t�oned on the r�ght p�lot’s seat.

After takeoff, the a�rcraft was transferred to Glasgow 
Approach control at 08�2 hrs.  By 08�5 hrs control 
had been transferred to Scott�sh Radar and the a�rcraft 
was cleared to cl�mb to FL�00 on a head�ng of �50º.  
At 08�6 hrs, the controller cleared G-PCOP for a 
further cl�mb to FL�50; th�s message was correctly 
acknowledged by the commander.  One m�nute later, 

Footnote

� Type Rat�ng Tra�n�ng Organ�sat�on.

the controller noted a loss of secondary radar and made 
a rad�o check w�th the a�rcraft.  There was no response 
and there was no further rad�o contact by any agency 
with G-PCOP throughout the remainder of the flight.

Shortly after takeoff, the commander noted that the 
left EFIS d�splay �nd�cated a fa�lure of the Fl�ght 
Management System (FMS) wh�ch had been selected 
as the pr�mary nav�gat�on source.  He had then selected 
VOR as the pr�mary source but shortly afterwards all 
three EFIS d�splays became �nterm�ttent and then went 
blank.  By then, the a�rcraft was w�th Scott�sh Radar 
and the commander dec�ded to return to Glasgow 
A�rport.  However, he then became aware that the rad�o 
was not operat�ng.  He assumed that he had a major 
av�on�cs fa�lure and concentrated on the ESIS d�splay 
�nd�cat�ons unt�l the a�rcraft had cl�mbed clear of cloud 
and was level at FL�50. Wh�lst he was cons�der�ng h�s 
opt�ons, he became aware of an RAF Tornado a�rcraft 
on h�s left s�de.  

The RAF crew had been on a training flight and had 
rece�ved a request from ATC at 0858 hrs to ass�st a small 
a�rcraft that was �n d�stress.  By 09�0 hrs, the Tornado 
was alongs�de G-PCOP.  In accordance w�th the adv�ce 
g�ven �n the CAA Publ�cat�on ‘Safety Sense Leaflet 11: 
Interception Procedures’, the RAF p�lot rocked h�s 
a�rcraft’s w�ngs to �nd�cate that the crew wanted G-PCOP 
to follow them.  See�ng the same manoeuvre �n response 
from G-PCOP’s pilot, the RAF crew were confident 
that he would follow them and they started turn�ng 
towards Prestw�ck.  However, the RAF crew lost s�ght 
of G-PCOP as �t moved towards the rear of the Tornado.  
The commander of G-PCOP subsequently commented 
that he had not been fully aware of the mean�ng of the 
s�gnals from the RAF a�rcraft and had started head�ng �n 
a north-easterly d�rect�on where the weather was forecast 
to be better.  
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Subsequently, the commander of G-PCOP saw the 
Tornado �n var�ous pos�t�ons around the a�rcraft and 
eventually was aware that the RAF crew were �nd�cat�ng 
that he should descend.  The ESIS was st�ll operat�ve 
so the commander �n�t�ated a descent.  However, as h�s 
aircraft entered cloud, the ESIS display started to “flash 
on and off” and the commander could only make out 
the hor�zon �nd�cat�on on the d�splay.  By then G-PCOP 
was �n a steep descent �n cloud and the commander had 
great difficulty in recovering the aircraft into a climb.  
He eventually achieved straight and level flight above 
cloud but he had been aware of some sl�ght negat�ve ‘g’ 
dur�ng the recovery manoeuvres.  H�s ESIS d�splay was, 
by then, �noperat�ve.  

The Tornado crew saw G-PCOP enter cloud �n an att�tude 
that they cons�dered was uncontrolled and so they had 
declared a ‘MAYDAY’.  However shortly afterwards, 
G-PCOP re-appeared from the cloud �n a steeply banked 
cl�mb and entered another layer of cloud.  The RAF 
crew reported the s�tuat�on to ATC and were eventually 
�nformed that radar contact w�th G-PCOP had been 
ach�eved.  Shortly afterwards, they were alongs�de the 
a�rcraft but between cloud layers.

During the subsequent period of straight and level flight, 
one passenger �n G-PCOP used h�s mob�le telephone to 
contact Ed�nburgh ATC to �nform them of the s�tuat�on.  
They arranged for Leuchars ATC to telephone the 
passenger to adv�se h�m that RAF Leuchars was the 
planned landing airfield.  In company with the RAF 
aircraft, the commander eventually found sufficient gaps 
�n the cloud and descended to VMC below cloud.  He then 
identified his geographical position and, after manually 
pumping down the landing gear, made a flypast over the 
runway at RAF Leuchars before land�ng at �025 hrs.  The 
a�rcraft had been a�rborne for almost two hours and had 
been w�thout electr�cal power for at least 90 m�nutes.

Throughout the flight, the commander considered that 
the workload involved in maintaining controlled flight 
had made fault finding “almost impossible”.  After the 
flight he stated that he had seen no warning or caution 
lights illuminate during the flight and he could not recall 
whether he had checked the voltage/loadmeter gauges or 
the battery ammeter gauge during the flight.  He did recall 
look�ng at the battery and generator sw�tches and that 
they appeared to be ON.  He also confirmed that before 
land�ng at Leuchars he had attempted, unsuccessfully, to 
reset both generators.

Subsequent flight

Once on the ground, the commander checked the battery 
voltage and noted that �t was very low.  He also reset 
the passenger oxygen masks wh�ch had deployed dur�ng 
the flight.  The commander telephoned the aircraft’s 
ma�ntenance organ�sat�on for adv�ce.  At the�r suggest�on 
he arranged for electr�cal power to be appl�ed to the 
a�rcraft and th�s resulted �n all the a�rcraft’s systems 
appear�ng to work normally.

Eng�neer�ng support arr�ved at RAF Leuchars the next 
day and the p�lot returned to Leuchars to l�a�se w�th the 
eng�neers but, accord�ng to them, he d�d not ment�on any 
unusual ‘g’ excurs�ons.  The only entry �n the a�rcraft’s 
Techn�cal Log descr�bed a total electr�cal fa�lure so 
the eng�neers carr�ed out a deta�led exam�nat�on of the 
a�rcraft’s electr�cal systems.  Both a�rcraft batter�es 
were replaced and a full and successful check was 
made of the a�rcraft electr�cal system.  Then, w�th no 
further �nd�cat�ons of unserv�ceab�l�ty, �t was dec�ded 
that the a�rcraft would be pos�t�oned to Blackbushe 
A�rport for more deta�led exam�nat�on.  The �nc�dent 
pilot was unavailable on the day so another pilot flew 
the a�rcraft to Blackbushe on �� March.  The �nc�dent 
p�lot was unable to br�ef the pos�t�on�ng p�lot about h�s 
in-flight experiences and when the latter pilot carried out 
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a pre-flight inspection, he did not notice any external 
s�gns of a�rframe damage.  However, at Blackbushe �t 
was found that the a�rcraft’s outer w�ng panels had some 
wr�nkl�ng and there was bulg�ng �n the w�ng sk�ns.  The 
eng�nes were also removed for exam�nat�on.

Weather information

The synopt�c s�tuat�on at 0600 hrs showed low 
pressure over northern parts of the Br�t�sh Isles w�th 
an occluded front mov�ng across Scotland dur�ng the 
morn�ng.  In the area around Glasgow, Prestw�ck and 
towards Edinburgh, the cloud structure was: FEW/
SCT (few or scattered) stratus base 200 to 600 ft 
with tops at 1,200 ft; BKN/OVC (broken or overcast) 
strato-cumulus and/or nimbo-stratus base 1,500 ft with 
tops between �5,000 and �9,000 ft; and further layers 
above.  There were forecast breaks �n the cloud from 
the east of Ed�nburgh towards Leuchars.  The freez�ng 
level was at �,000 ft.

The METAR for Glasgow at 0820 hrs was as follows:  
surface wind 340º/ 02 kt; visibility 9,000 metres in rain; 
cloud FEW at 600 ft and BKN at �,000 ft; a�r temperature 
+8ºC and dew po�nt +7ºC; QNH 98� mb.

Recorded information

There was no requ�rement for a Fl�ght Data Recorder 
(FDR) to be fitted to the aircraft and none was fitted.  
Although not requ�red by regulat�on, a �0-m�nute 
Cockpit Voice Recorder (CVR) was fitted. However, the 
CVR c�rcu�t breaker was not pulled after the land�ng at 
RAF Leuchars and so the CVR data from the acc�dent 
flight was overwritten before it could be downloaded.
  
A rad�o record�ng was ava�lable of the Glasgow and 
Scottish Radar frequencies.  The recording confirmed 
that G-PCOP’s commander requested eng�nes start at 
08�5:20 hrs and requested tax� clearance at 08�8:�0 hrs.  

At 082�:20 hrs, G-PCOP was transferred to ‘Tower’ and 
was cleared for departure at 08��:05 hrs.  By 08�5 hrs, 
the aircraft was identified by ‘Scottish Radar’ and cleared 
to cl�mb to FL�00 on a head�ng of �50º.  At 08�6:�0 
hrs, the a�rcraft was further cleared to FL�50 and th�s 
clearance was correctly acknowledged by G-PCOP’s 
commander.  Th�s was the last transm�ss�on rece�ved by 
the a�rcraft and at 08�7:20 hrs, ‘Scott�sh Radar’ made a 
check call follow�ng the loss of secondary radar. 

Electrical generation and warnings

All the a�rcraft’s systems were powered electr�cally.  
Electr�cal generat�on was prov�ded by a 28V DC 
starter-generator on each eng�ne w�th emergency standby 
power prov�ded by a s�ngle n�ckel-cadm�um battery.  
The generators were controlled by a pa�r of sw�tches 
beneath a guard labelled MASTER SWITCH to the left 
of the control column, as shown �n F�gure 2.  If the 
generators drop off-l�ne, the sw�tches do not move and 
must be moved to the GEN RESET pos�t�on to br�ng the 
generators back �nto operat�on.  Unguarded ENG AUTO 

IGN, ENGINE ANTI-ICE and IGNITION AND ENGINE 

START sw�tches were clustered near the generator and 
battery master sw�tches. 

The overhead panel was fitted with two DC load and 
voltage meters together w�th a battery ammeter.  Th�s 
could be used to confirm the voltages on both electrical 
buses and to establ�sh whether the battery was be�ng 
charged or d�scharged.  

In the event of complete DC generat�on fa�lure, the a�rcraft 
battery was certified to provide power for 30 minutes; this 
durat�on depends on the p�lot recogn�s�ng the problem 
and shedd�ng non-essent�al electr�cal loads.  All of the 
non-essent�al components of the Pro L�ne 2� system 
would lose power automat�cally.  If load-shedd�ng was 
not actioned and both the landing gear and flaps were 
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operated, the manufacturer est�mated that the a�rcraft 
battery would be capable of power�ng the a�rcraft’s 
systems for approx�mately �0 m�nutes.  The ESIS had �ts 
own �ndependent battery supply �n the event of a loss of 
electrical generation.  The ESIS battery was certified to 
provide sufficient power for a minimum of 30 minutes.  

The aircraft was fitted with an un-dimmable multi-caption 
warn�ng panel on the top of the �nstrument panel glare 
sh�eld, together w�th a red master warn�ng l�ght �n front 
of each pilot.  An additional and dimmable caution/
adv�sory annunc�ator panel was �nstalled centrally below 
the MFD, see F�gure �.  Th�s panel conta�ned amber 
caut�on capt�ons, l�nked to a master caut�on l�ght next to 
the master warn�ng l�ght, and green adv�sory capt�ons.  

If a problem occurred w�th an a�rcraft system, dependent 
on the sever�ty of the defect, e�ther a warn�ng or caut�on 

capt�on would �llum�nate together w�th the assoc�ated 
master warn�ng or caut�on l�ghts.  The master warn�ng 
and master caut�on l�ghts could be ext�ngu�shed 
but the capt�ons would rema�n �llum�nated unt�l the 
affected system was restored.  A fa�lure of e�ther or 
both generators would �llum�nate the master caut�on 
l�ght together w�th an assoc�ated L GEN and/or R GEN 
amber caut�on capt�on(s).  

United Kingdom Generic Requirement (GR) No 4 

Gener�c Requ�rement No 4 was conta�ned w�th�n 
CAP 747, ‘Mandatory Requirements for Airworthiness’.  
Its purpose was to ensure that ‘certa�n a�rcraft’ under 
5,700kg max�mum author�sed we�ght prov�ded the p�lot 
w�th a clear and unm�stakable warn�ng �n the event of a 
loss of electr�cal generat�on.   The requ�rement stated:

Figure 2

Lower left �nstrument panel sw�tches
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‘2.2  Clear visual warning shall be provided, 
within the pilot’s normal line of sight, to give 
indication of, either:

a. reduction of the generating system voltage 
to a level where the battery commences to 
support any part of the main electrical load 
of the aircraft, or

b. loss of output of each engine driven 
generator at the main distribution point or 
busbars’

EASA Certification Standard CS 23.1322 defined a 
warn�ng �nd�cat�on as ‘red and non dimmable’.

Initial investigation

After land�ng, the a�rcraft was connected to a ground 
power supply and all the electr�cal systems came back 

on-l�ne.  An �nspect�on of the a�rcraft was carr�ed 
out at RAF Leuchars by staff from the a�rcraft’s 
ma�ntenance organ�sat�on �n conjunct�on w�th the a�rcraft 
manufacturer’s techn�cal representat�ve.  The �nspect�on 
was conducted �n the open and after ra�nfall.   Desp�te 
extensive troubleshooting, no defects were identified 
w�th the electr�cal generat�on and d�str�but�on systems 
of the a�rcraft.  

After the ferry flight to Blackbushe, additional airframe 
�nspect�ons �n a hangar revealed damage to the outer 
w�ng sk�ns and lead�ng edges, character�st�c of the 
aircraft being subjected to high flight loads.  Externally 
this damage was difficult to detect without the use 
of a h�gh-�ntens�ty mob�le l�ght source and �t would 
probably have been masked by ra�ndrops on the w�ngs 
at Leuchars. 

Figure 3

Caution/Advisory annunciator panel
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Subsequent investigation

The outer w�ng sect�ons were d�sassembled and both outer 
w�ng spars showed clear ev�dence of overstress, wh�ch 
requ�red replacement of the outer w�ngs.  No ev�dence of 
overstress was found elsewhere on the a�rframe.  Due to 
the loss of engine indications and the damage identified 
�n the outer w�ngs, both eng�nes and the�r propellers 
were removed for d�sassembly and �nspect�on by the�r 
respect�ve manufacturers.  

Further tests of the a�rcraft’s electr�cal system, carr�ed 
out �n conjunct�on w�th the AAIB, fa�led to �dent�fy any 
defects wh�ch could have resulted �n the loss of electr�cal 
power.  Subsequent tests were des�gned to evaluate the 
a�rcraft systems under degraded electr�cal power as 
reported by the commander dur�ng the acc�dent.  These 
tests were delayed unt�l November 2006 when the 
eng�nes had been re-�nstalled after �nspect�on, and after 
replacement outer wings had been fitted.  

Test �:
In the first test, the ESIS was switched on and 
external electr�cal power was then removed from 
the a�rcraft.  Although the ESIS battery was only 
certified for 30 minutes of operation, the ESIS 
cont�nued to operate on battery power for �n 
excess of 85 m�nutes.  The battery used for the 
test was new.

Test 2:
The second test was carr�ed out, us�ng a new ma�n 
battery, to determ�ne the probable order and t�m�ng 
of system failures on the flight and to verify whether 
�t was poss�ble to reset the generators w�th a fully 
depleted battery.  A new battery was used to prov�de 
opt�mum electr�cal storage and charg�ng cond�t�ons.  
It was not poss�ble to determ�ne accurately the 
cond�t�on of the a�rcraft’s ma�n battery at the t�me 
of the acc�dent.  

Us�ng �nformat�on from the commander and the 
a�rcraft’s checkl�sts, both eng�nes were started w�thout 
using external power and the aircraft was configured 
to repl�cate, as closely as poss�ble, the electr�cal loads 
during the accident flight.  The pitot heat system was 
not act�vated and the electr�cal load from ra�s�ng the 
land�ng gear could not be accurately reproduced.  Both 
generators were taken ‘off-l�ne’ wh�ch �llum�nated 
the assoc�ated L GEN and R GEN capt�ons, together 
with the flashing master caution lights.  Resetting the 
generators ext�ngu�shed the l�ghts and capt�ons.  After 
allowing the battery to recharge for a period of five 
m�nutes, both generators were ‘tr�pped’ aga�n and the 
a�rcraft’s systems mon�tored.   The battery ammeter 
�nd�cated that the battery was be�ng d�scharged but the 
deflection of the gauge needle was small.  Also, from 
the pilot’s seat, it was difficult to determine whether the 
reading was positive or negative.  After five minutes, 
the battery voltage had dropped from 24 V to 20 V and 
the �llum�nated L GEN and R GEN capt�ons had d�mmed 
such that it was not possible to confirm that they were 
�llum�nated.  N�ne m�nutes �nto the test, w�th a battery 
voltage of �4 V, the FMS and the r�ght PFD shut down, 
d�splay�ng a red FMS capt�on on the left PFD.  After 
n�ne and a half m�nutes, the FD, GPWS, RA, and WS 
capt�ons �llum�nated on the left PFD and the s�ngle MFD 
began to flicker.  At 13 minutes, with a battery voltage of 
6 V, the MFD and the left PFD shut down and all rad�o 
commun�cat�ons were lost.  After �5 m�nutes of operat�on 
on battery power, w�th both DC buses �nd�cat�ng 0 V, 
both generator sw�tches were moved to GEN RESET and 
then to ON; all a�rcraft electr�cal systems came back on 
l�ne and both DC buses �nd�cated 29 V.  It was noted 
that there was no �nformat�on conta�ned �n the a�rcraft 
Fl�ght Manual to adv�se operators that the generator 
sw�tches were self-powered and requ�red no battery 
voltage for act�vat�on.  D�scuss�ons w�th other Beech 
200 operators �nd�cated a general lack of awareness of 
th�s �nformat�on.
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Associated switch layout

On the p�lot’s left subpanel there were two sw�tches that 

control the auto �gn�t�on system.  These were surrounded 

by a wh�te border l�ne and labelled ENG AUTO IGN (see 

F�gure 2).  Below and to the left of these sw�tches were 

two other sw�tches, aga�n surrounded by a wh�te border 

and labelled IGNITION AND ENG START.  Both sets 

of sw�tches were of s�m�lar des�gn and operated �n the 

same sense.  The auto �gn�t�on sw�tches were normally 

selected to the ARM pos�t�on �mmed�ately before takeoff.  

W�th the eng�nes runn�ng, operat�on of the IGNITION 

AND ENG START sw�tches would engage the starter 

c�rcu�t and would also tr�p both DC generators off-l�ne, 

illuminating the flashing master caution light and the 

respect�ve caut�on capt�ons.  

Aircraft manufacturer’s information

Act�vat�on of the eng�ne start sw�tches w�th the eng�nes 

runn�ng w�ll not cause the starter to engage the eng�ne 

but, �n add�t�on to tr�pp�ng off the generators, �t w�ll have 

two more h�ghly undes�rable effects: the starters draw a 

heavy current wh�ch dra�ns the ma�n battery very qu�ckly 

and the generators cannot be reset unt�l the sw�tches are 

returned to the OFF pos�t�on.  The a�rcraft manufacturer 

est�mated that, �f the �gn�t�on and eng�ne start sw�tches 

were �nadvertently sw�tched to the ON pos�t�on just 

before takeoff, the battery would be unable to support 

the a�rcraft’s systems w�th�n s�x to seven m�nutes.

The avionics manufacturer confirmed that if the aircraft 

had suffered a progress�ve fa�lure of �ts electr�cal 

supply, th�s should have been recorded on both the 

Ma�ntenance D�agnost�c Computer (MDC) and Fl�ght 

Management Computer (FMC).  Both were removed 

and the�r non-volat�le memor�es were downloaded by 

the manufacturer �n the presence of the AAIB.  

In the event of a complete electr�cal generat�on fa�lure, 
power to the MDC would be lost �mmed�ately prevent�ng 
fault recording.  To record a flight log, the MDC logic 
requ�red an a�rspeed of 80 kt and a s�gnal from the 
we�ght-on-wheels sw�tch �nd�cat�ng that the a�rcraft was 
airborne.  The MDC contained 100 recorded flight logs.  
The logs were not date or t�me ‘stamped’ so �t could not 
be determined if the MDC logic had been satisfied and 
a log recorded for the accident flight.  The only fault 
data recorded was related to the troubleshoot�ng carr�ed 
out after the accident flight.  This data included when 
an �nd�v�dual eng�ne generator had been ‘tr�pped’.  The 
FMC contained no data relevant to the accident flight.  

Analysis 

Because the a�rcraft’s outer w�ng panels had to be 
replaced, th�s ser�ous �nc�dent subsequently became an 
accident as defined in the Civil Aviation (Investigation 
of A�r Acc�dents and Inc�dents) Regulat�ons �996.  
However, the extens�ve eng�neer�ng �nvest�gat�on could 
not �dent�fy a malfunct�on w�th�n the a�rcraft’s systems 
that would expla�n the s�tuat�on exper�enced by the 
commander.  

The fact that the MDC fa�led to record any fault 
information for the accident flight suggested that the 
a�rcraft had suffered a s�multaneous loss of both DC 
generation systems early in the flight, or that the aircraft’s 
systems were be�ng supported by battery power before 
the MDC flight log logic had been satisfied.  Although 
a trans�ent fault could not be el�m�nated, an exam�nat�on 
of the c�rcumstances of the acc�dent �nd�cated that 
�nadvertent sw�tch select�ons by the commander could 
expla�n the scenar�o.  

There �s no doubt that both generators went off-l�ne at 
some stage and d�d not come back on-l�ne.  In the absence 
of any identified technical malfunction, the possibilities 
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were that ne�ther generator had been sw�tched ON or that 

they had both been �nadvertently sw�tched OFF.  

It was cons�dered h�ghly unl�kely that ne�ther generator 

had been sw�tched ON after eng�ne start.  F�rstly, the 

commander stated that he had checked the generator 

loads after eng�ne start and that they were w�th�n the 

requ�red parameters.  Secondly, a check of the t�m�ngs 

showed that the rad�os stopped work�ng �n the acc�dent 

some 2� m�nutes after eng�ne start.  Dur�ng tests, �t was 

noted that w�th a new battery the rad�os stopped work�ng 

after �� m�nutes.

However, �f dur�ng the pre-takeoff checks, the IGNITION 

AND ENGINE START sw�tches had been selected to 

‘ON’ rather than the ENG AUTO IGN sw�tches, the result 

would have been that the generators would have been 

tr�pped off-l�ne.  Th�s act�on would have resulted �n 

the battery be�ng unable to support the a�rcraft systems 

w�th�n about s�x to seven m�nutes.  Exam�nat�on of the 

rad�o record�ng �nd�cates that the a�rcraft rad�os were 

inoperative some five minutes after takeoff.  Although 

th�s t�m�ng would support the hypothes�s, the �nadvertent 

tr�pp�ng of the generators would st�ll have �llum�nated 

the master caut�on l�ghts on the glaresh�eld and the 

assoc�ated L GEN and R GEN amber annunc�ator 

l�ghts.  However, depend�ng on when any �ncorrect 

sw�tch select�on was made, the �llum�nat�on of amber 

caut�on l�ghts would not cause the same concern as the 

�llum�nat�on of red warn�ng l�ghts.  It was poss�ble that 

the commander may have cancelled the caut�on as a 

reflex action and then did not critically examine the 

l�ghts on the caut�on panel.  Tests �nd�cated that these 

lights would have dimmed within about five minutes of 

the generators go�ng off-l�ne.

The �n�t�al problem noted by the commander occurred 

shortly after takeoff when h�s workload was h�gh, partly 

due to the weather cond�t�ons.  In that s�tuat�on, �t was 
sensible to concentrate on flying the aircraft accurately 
until it was at a safe altitude and in steady flight.  The 
commander ach�eved these cond�t�ons but when he 
attempted to �nform ATC of h�s dec�s�on to return 
to Glasgow, he became aware that h�s rad�o was not 
operat�ng.  Subsequently, the commander commented 
that h�s workload was so h�gh that he found fault 
finding “almost impossible”.  However, at one stage he 
was clear of cloud and at FL�50 and th�s would have 
been an opportune t�me to evaluate h�s s�tuat�on and at 
least attempt to reset the generators.  Subsequent tests 
�nd�cated that resett�ng the generators should have fully 
recovered all the a�rcraft’s systems.  

The commander stated that he attempted to reset the 
generators just pr�or to land�ng at Leuchars.  If the 
problem was caused by hav�ng the start sw�tches �n 
the ON pos�t�on, then he would have been unable to 
reset the generators unt�l he not�ced h�s m�stake and 
selected the start sw�tches to the OFF pos�t�on.  Th�s 
factor lends further credence to the scenar�o that the 
generators were tr�pped off-l�ne just before takeoff by 
the p�lot �nadvertently operat�ng the IGNITION AND 

ENGINE START sw�tches �nstead of the ENG AUTO 

IGN sw�tches.

The Fl�ght Manual d�d not �nclude any �nformat�on to 
the effect that the generators could be act�vated w�th 
zero battery voltage and several Beech 200 p�lots 
thought that a m�n�mum battery voltage was requ�red to 
act�vate a generator.  Moreover, �t d�d not make clear 
that the generators could not be reset �f the IGNITION 

AND ENGINE START sw�tches were �n the ON pos�t�on.  
Although most p�lots would attempt to reset generators 
regardless of battery voltage, �t would be appropr�ate for 
the a�rcraft manufacturer to �nclude th�s �nformat�on �n 
the Fl�ght Manual because �f a p�lot had �nadvertently 
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operated the wrong pa�r of sw�tches, a generator reset 
would be �mposs�ble unt�l the m�stake was corrected.  
Accord�ngly �t was recommended that:

Safety Recommendation 2007-022

The Raytheon A�rcraft Company should ampl�fy the 
�nformat�on �n the Beech 200 ser�es A�rplane Fl�ght 
Manuals to reflect that the generators can be reset 
regardless of battery voltage but they cannot be reset �f 
the IGNITION AND ENGINE START sw�tches are �n the 
ON pos�t�on. 

When the RAF a�rcraft came alongs�de, �ts crew 
prov�ded full ass�stance to the commander of G-PCOP.  
Unfortunately, he was not fully aware of the mean�ng of 
the signals from the RAF crew.  Safety Sense Leaflet 11 
deta�led the procedures �n the event of an �ntercept�on, 
and because �ntercept�on was a fundamental part of the 
RAF crew’s da�ly job, they were �nt�mately aware of 
the s�gnals and responses.  However, the commander of 
G-PCOP was much less fam�l�ar and, as a s�ngle p�lot 
operat�ng w�th an emergency, he could not have been 
expected to consult any ava�lable document dur�ng the 
acc�dent.  Nevertheless, �t was clear that the RAF crew 
persevered w�th attempts to ass�st the commander of 
G-PCOP and they played an �mportant part �n ensur�ng 
that the a�rcraft landed safely.

Irrespect�ve of the causal factors �n th�s acc�dent, other 
aspects ra�sed leg�t�mate concerns.  F�rstly, the a�rcraft d�d 
not meet the CAA and EASA a�rworth�ness requ�rements 
w�th respect to generator warn�ng systems.  After be�ng 
br�efed by the AAIB shortly after the acc�dent, �n 

June 2006 the CAA made a safety recommendat�on to 

the EASA.  The Author�ty recommended that the EASA 

should release an A�rworth�ness D�rect�ve to ensure 

that the a�rcraft type compl�es w�th the requ�rements of 

EASA CS 2�.��09(b)(�) and 2�.��5�(h) by prov�d�ng 

red warn�ng annunc�at�ons when both generators are 

off-l�ne, and a ‘low volts’ warn�ng when the a�rcraft 

battery �s support�ng any part of the a�rcraft’s electr�cal 

load.  The AAIB fully supports th�s recommendat�on 

wh�ch �s be�ng act�vely cons�dered by the EASA.

Secondly, �n the event of double generator fa�lure the 

ma�n �nstrument d�splay should cont�nue to operate 

for an est�mated �0 m�nutes, w�th appropr�ate load 

shedd�ng.  At the same t�me, the ESIS d�splay would 

be powered from its dedicated battery for the specified 

�0 m�nutes (although �n tests �t lasted for longer than 

the specified time).  If the pilot is aware of reversion to 

battery power, 30 minutes should usually be sufficient 

t�me �n wh�ch to take appropr�ate act�on.  However, �f the 

p�lot �s unaware that both generators are off-l�ne, �n th�s 

a�rcraft var�ant both the ma�n and standby �nstruments 

could fa�l �n success�on.  Consequently, th�s eventual�ty 

lends further we�ght to the safety recommendat�on 

made by the CAA to the EASA.    

W�th the a�rcraft safely on the ground at RAF Leuchars, 

�t was checked for the reported electr�cal problem but 

not for any poss�ble overstress, pr�mar�ly because no 

‘g’ excurs�ons were reported to the eng�neers by the 

incident pilot.  This resulted in a flight in an aircraft 

w�th damaged outer w�ngs and potent�ally damaged 

eng�nes.  
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ACCIDENT

Aircraft Type and Registration: Boe�ng 7�7-4�6, G-DOCT

No & Type of Engines: 2 CFM56-�C� turbofan eng�nes

Year of Manufacture: �992

Date & Time (UTC): 8 July 2005 at �006 hrs

Location: Aberdeen A�rport

Type of Flight: Publ�c Transport (Passenger)

Persons on Board: Crew - 6 Passengers - �49

Injuries: Crew - None Passengers - None

Nature of Damage: Damage to ta�lplane and elevator 

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

Commander’s Age: �5 years

Commander’s Flying Experience: 8,500 hours   (of wh�ch �,965 were on type)
 Last 90 days - �85 hours
 Last 28 days -   67 hours

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

Synopsis

On takeoff, sect�ons of a blast pad pos�t�oned at the 
runway threshold l�fted and broke up, caus�ng damage 
to the a�rcraft’s ta�lplane and elevator.  The crew were 
unaware of the damage to the a�rcraft and completed 
the takeoff and flight to their destination without further 
incident.  The investigation identified issues concerning 
the construct�on and mark�ng of the blast pad and other 
factors concern�ng the conduct of the takeoff.  �0 safety 
recommendat�ons were made.

History of the flight

The crew were operating their final sector of the day, 
from Aberdeen to Gatw�ck, w�th the commander 
acting as handling pilot.  Prior to start, the flight crew 
had received the aircraft performance figures for their 

pred�cted departure we�ght.  These were calculated for 

a reduced thrust takeoff at FLAP 15, rather than the 

more usual FLAP 5, due to performance l�m�tat�ons. The 

commander stated he br�efed the co-p�lot that, due to the 

short runway length, he would hold the a�rcraft on the 

brakes wh�lst sett�ng takeoff power.
    

The a�rcraft was pushed back at 0956 hrs and, after 

eng�ne start, was tax�ed to Runway �6, v�a Tax�way W, 

for departure.  ATC cleared the a�rcraft to l�ne up and 

take off on Runway �6.  The commander tax�ed onto the 

runway, ensur�ng that the a�rcraft was pos�t�oned close 

to the threshold, to make max�mum use of the runway 

length ava�lable.  Th�s was w�tnessed by the crew of a 

follow�ng a�rcraft, the commander of wh�ch stated that 
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G-DOCT had turned sl�ghtly left as �t crossed hold�ng 
po�nt W5 (F�gure �) before turn�ng sharply to the r�ght 
to l�ne up on the runway centrel�ne.  He further stated 
that th�s turn was through more than 90° and appeared 
to be done “gently”.  Th�s commander also stated that 

the wheels of the a�rcraft had rema�ned on the runway 
throughout the manoeuvre and that, once l�ned up, 
G-DOCT was brought to a halt w�th the ta�l “just �n front 
of the threshold l�ghts”. 

Figure 1

Aberdeen A�rport tax� chart
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The commander of G-DOCT stated that, on be�ng cleared 
for takeoff, he had held the a�rcraft on the brakes as 
br�efed.  He stated that he set the thrust levers to 40% N�

� 
and wa�ted for the eng�nes to stab�l�se at th�s power 
before select�ng takeoff power by press�ng the TO/GA 

(takeoff or go-around) button.  The commander recalls 
that takeoff power had been about 92% N� and that, once 
the thrust had reached about 90% N�, he released the 
brakes.  The a�rcraft began to move forward and almost 
�mmed�ately he felt a jolt as �f the nosewheel had run 
over a small bump.  Ne�ther p�lot was unduly concerned 
and the commander cont�nued the takeoff.  The takeoff 
t�me was �006 hrs.

The flight crew of the following aircraft had watched 
G-DOCT take off and saw two large sect�ons of  asphalt, 
the largest sect�on est�mated to be 2 m by � m, slowly 
l�ft and d�s�ntegrate as the a�rcraft started �ts takeoff roll.  
They reported what they had seen to ATC, and th�s was 
heard by the crew of the a�rcraft tak�ng off, just as they 
became a�rborne.  Once they had completed the�r ‘after 
takeoff’ checks the depart�ng commander asked over the 
rad�o �f the crew who had w�tnessed the surface break-up 
had seen any damage to the a�rcraft.  Th�s crew repl�ed 
that no damage to the a�rcraft had been seen and, �n l�ght 
of th�s reply, and the fact that the a�rcraft appeared to be 
handl�ng normally, the commander of G-DOCT dec�ded 
to continue with the flight.

The commander stated that the rest of the flight was 
uneventful and the a�rcraft landed at Gatw�ck at ���4 hrs.  
After shutdown, bel�ev�ng there had been no damage to 
the a�rcraft, the crew returned to the crew room, only 
to learn shortly afterwards that a rout�ne eng�neer�ng 
�nspect�on had revealed cons�derable damage to the ta�l 
of the a�rcraft.

Footnote

� N� �s the rotat�onal speed of the eng�ne fan, expressed as a 
percentage of max�mum rpm.

Aircraft damage

The a�rcraft susta�ned damage to �ts left ta�lplane and 

left elevator.  There was a dent 2.4 metres long on the 

unders�de of the left ta�lplane as dep�cted �n F�gure 2.  The 

dent conta�ned p�eces of black b�tumen from the asphalt 

sect�on that had struck �t.  Some of the ta�lplane sk�n 

w�th�n the dent had torn and some r�bs had buckled.  A 

sect�on of the elevator, approx�mately 0.9 m by 0.6 m, had 

completely detached, caus�ng a separat�on between the 

outboard sect�on of the elevator (conta�n�ng the balance 

we�ghts) and the rema�nder of the elevator – see F�gure �.  

The elevator unders�de was peppered w�th p�eces of black 

b�tumen.  The damaged sect�ons of elevator were found 

�n the grass area beh�nd the Runway �6 threshold, close 

to the extended runway centrel�ne.  The farthest p�eces 

were found ��2 metres beh�nd the threshold.

Blast pad damage

The blast pad (also known as an eros�on str�p) at the 

Runway �6 threshold at Aberdeen A�rport was a paved 

area 8.4 m long and 72 m w�de, extend�ng beyond both 

s�des of the 45 metre-w�de runway (area shown �n yellow 

�n F�gure 4).  The asphalt surface of the central sect�on 

of th�s blast pad, approx�mately 6.5 m e�ther s�de of 

the runway centrel�ne, had completely detached.  Most 

sect�ons of asphalt had been blown aft �nto a grass area 

– some were found 20 metres beh�nd the end of the blast 

pad.  The rema�nder of the asphalt sect�ons were p�led 

up �n the damaged area of the blast pad (see F�gure 5), 

the largest of wh�ch was approx�mately �.8 m by �.5 m 

and 6 cm th�ck, we�gh�ng approx�mately �40 kg.  The 

exposed surface below the removed asphalt cons�sted of 

stones and d�rt w�th almost no b�tumen res�due.  Some of 

the stones from th�s surface were found on the runway.  

The major�ty of the b�tumen overband seal�ng (des�gned 

to create a flush surface, without cracks, between the 

runway and blast pad) had detached w�th the asphalt.
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Figure 2

Damage to left ta�lplane and left elevator on G-DOCT

Figure 3

Damage to left elevator of G-DOCT, show�ng separat�on of outboard sect�on
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10.5 m

Figure 4

Pred�cted l�ne-up path for a 7�7-400 try�ng to max�m�ze takeoff d�stance ava�lable 
w�thout runn�ng over the blast pad (blast pad shown �n yellow)

Flight recorders

The aircraft was fitted with a Flight Data Recorder (FDR) 

that recorded a range of flight parameters and a Cockpit 

Vo�ce Recorder (CVR) wh�ch recorded �0 m�nutes of 

crew speech and area m�crophone �nputs.  Both the FDR 

and CVR were downloaded at the AAIB where 25 hours 

of data from the FDR, �nclud�ng the acc�dent at Aberdeen 

and subsequent flight to Gatwick, were recovered.  Audio 

record�ngs from the CVR for the acc�dent at Aberdeen 

were overwr�tten w�th more recent �nformat�on.

A t�me-h�story plot of the relevant parameters dur�ng 

the acc�dent at Aberdeen �s g�ven at F�gure 6.  The data 

presented at F�gure 6 starts just before G-DOCT came 

to a halt at hold�ng po�nt W5 for Runway �6, where the 

a�rcraft rema�ned for e�ght seconds w�th brakes appl�ed.

As the brakes were released, the a�rcraft began mov�ng, 

turn�ng through 40º to the r�ght over a per�od of 

40 seconds (at a maximum turn rate of 2º/second), on 

to a head�ng of 075º(M).  The ground speed peaked at 

e�ght knots dur�ng th�s turn.  The a�rcraft rema�ned on 

this heading for five seconds before turning to the right 

through a further 85º, over �6 seconds, onto the runway 

head�ng of �60º(M).  Left-eng�ne thrust, up to 40% N�, 

was appl�ed dur�ng the turn and the a�rcraft’s turn rate 

reached a maximum of 8.6º/sec while the ground speed 

peaked at two knots.  Once on the runway head�ng, the 

brakes were appl�ed and the a�rcraft came to a stop.
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The a�rcraft rema�ned l�ned up on the runway w�th 
brakes appl�ed for one m�nute.  After �8 seconds 
(�e 22 seconds before brake release), the thrust on both 
eng�nes started to �ncrease from 25% N� to 45% on the 
left eng�ne, and to 49% on the r�ght eng�ne, where they 
rema�ned for three seconds.  The thrust then cont�nued 
to �ncrease, at a sl�ghtly faster rate, reach�ng 95% N� 
five seconds before the brakes were released.  The thrust 
rema�ned at 95% N� for about two seconds before aga�n 
�ncreas�ng, reach�ng �00% N� two seconds before brake 
release.  From brake release, �t took a further two seconds 
for the brake pressure to drop to zero by wh�ch t�me the 
a�rcraft was already mov�ng forward and accelerat�ng 
through seven knots.

During the flight to Gatwick no anomalies in the 
flight data were found to indicate an asymmetric flight 
configuration that might have been a result of damage 
to the a�rcraft.

Aberdeen Airport

Aberdeen A�rport has three short runways for hel�copter 
use and one main long runway for fixed-wing aircraft.  
The main Runway 16/34 has a declared Takeoff Run 
Ava�lable (TORA) of �,829 m �n both d�rect�ons and a 
declared Accelerate Stop D�stance Ava�lable (ASDA), 
also of �,829 m, �n both d�rect�ons.  The largest a�rcraft 
that operate out of Aberdeen are Boe�ng 767 a�rcraft.

approx 13 m

29 m

45 m

8.5 m

Grass

Asphalt
sections

Blast pad

Loose stones

Figure 5

Blast pad debr�s follow�ng acc�dent to G-DOCT. 
Grey area denotes delam�nated port�on of blast pad
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Figure 6

Sal�ent FDR parameters
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Blast pad history and construction

Runway 16/34 at Aberdeen Airport was originally 
constructed �n �952 to �ts current length w�thout blast 
pads at the runway ends.  The runway has s�nce been 
re-surfaced many t�mes.   The a�rport author�ty d�d not 
have records deta�l�ng when the blast pads at both runway 
ends were constructed nor d�d they have records deta�l�ng 
the specification of the blast pads.  No blast pads were 
shown �n draw�ngs of the runway created �n �986.  The 
first time the blast pads were noted in documentation 
was follow�ng a survey carr�ed out �n January �996.  The 
a�rport author�ty bel�eves the blast pads were probably 
constructed dur�ng the early �990s to prevent eros�on 
from the ex�st�ng areas of grass at the runway ends.  The 
central sect�on of the blast pad, approx�mately �0 m 
w�de, had been re-surfaced some t�me after the blast 
pad’s or�g�nal construct�on.  On �� March �992 a BAe 
�46 a�rcraft (G-UKHP)2 over-ran the end of Runway �4 
(�e went �nto the grass off the Runway �6 end) and a�rport 
staff bel�eve that the central sect�on of the blast pad may 
have been repa�red after that occurrence.

Follow�ng the acc�dent to G-DOCT �t was determ�ned 
that the damaged blast pad surface probably cons�sted of 
Hot Rolled Asphalt (HRA) la�d on a Type � Sub base (a 
m�x of stone mater�al wh�ch a�ds load d�str�but�on).  The 
sect�ons of damaged asphalt had vary�ng th�cknesses of 
between 4.5 cm and 6.5 cm.  The depth of the asphalt 
where the blast pad jo�ned the runway surface was 
measured at 6.5 cm.  It was not poss�ble to determ�ne �f 
there were any defects �n the construct�on of the central 
sect�on of the blast pad but the a�rport author�ty bel�eved 
that �t was poss�ble that th�s repa�r was not up to the 
same standard as the surround�ng blast pad.  In any case, 

Footnote

2 This occurrence was reported in AAIB Formal Report 4/93 but it 
was not poss�ble to determ�ne from the report whether the blast pad 
had been �n place.

the blast pad was not des�gned to take the we�ght of the 

large a�rl�ners operat�ng out of Aberdeen A�rport, and 

although �t was beh�nd the runway threshold l�ghts �t was 

not marked as be�ng unusable.

Design standards for blast pad construction

The CAA’s des�gn gu�del�nes for runways are la�d 

out �n C�v�l A�r Publ�cat�on (CAP) �68 Licensing of 
Aerodromes but, th�s publ�cat�on does not conta�n any 

gu�del�nes or references to blast pads or eros�on str�ps.  

It �ncludes requ�rements regard�ng stopways wh�ch can 

serve as blast pads but stopways are d�fferent from blast 

pads �n that they form part of the runway’s ASDA and 

can be used for performance calculat�ons.  Stopways 

are therefore requ�red to accommodate the occas�onal 

passage of the heav�est a�rcraft �n the event of an aborted 
takeoff.

The �nternat�onal requ�rements and gu�del�nes for 

runways are set out �n the Internat�onal C�v�l Av�at�on 

Organ�sat�on (ICAO) document ‘Annex 14’.  Th�s 

document does not �nclude any references to blast pads 

or eros�on str�ps.  However, ICAO also publ�shes an 

Aerodrome Design Manual wh�ch states: 

‘The thickness of runway shoulders, taxiway 
shoulders and blast pads should be able to 
accommodate an occasional passage of the 
critical aircraft for runway pavement design, and 
the critical axle load of emergency or maintenance 
vehicles which may pass over the area.’  

It further recommends that for a�rcraft such as the 
Boe�ng 707, or smaller, the m�n�mum surface th�ckness 
of the asphalt on blast pads should be 7.5 cm.  For a�rcraft 
such as the Boe�ng 747, a �0 cm layer should be used.  
The manual also recommends that blast pads should be 
as w�de as the runway plus shoulders and should be at 
least 60 m long.  It caut�ons that: 
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‘high-energy jet exhaust from turbine-engined 
aircraft, at 10.5 m behind the exhaust nozzle 
of an engine operating at maximum thrust, can 
raise boulders 0.6 m in diameter completely off 
the ground.’

The US Federal Av�at�on Adm�n�strat�on (FAA) 
publ�shed an Adv�sory C�rcular on A�rport Des�gn 
(AC 150/5300-13) which stated that: 

‘blast pad pavement needs to support the 
occasional passage of the most demanding 
airplane’.  

It also stated that the m�n�mum asphalt surface th�ckness 
should be 7.6 cm for blast pads des�gned to handle 
a�rcraft �n Des�gn Groups III and IV.  The Des�gn Groups 
are based on w�ng span and the 7�7-400 �s a Group III 
a�rcraft.

The a�rports author�ty respons�ble for Aberdeen A�rport 
had �ts own gu�del�nes for runway des�gn publ�shed �n 
the�r Airside Planning Standards document.  It stated 
that:

‘For runways used extensively by jet aircraft, 
runway end blast pads shall be provided as an 
anti-erosion measure… A minimum length of 30 m 
shall be provided’.  

Furthermore, the document stated the follow�ng regard�ng 
runway end blast pads:

‘For its primary anti-erosion purpose there are 
no particular strength requirements, only that 
the surface be sealed to prevent flying debris.  
However, for practical purposes it needs to be 
able to support the passage of airport vehicles, 
including snow clearing and rescue and fire 
fighting vehicles.’

Temporary blast pad repair

Follow�ng the acc�dent to G-DOCT the rema�n�ng 

asphalt from the central sect�on of the blast pad was 

dug up and the sub base was compacted.  Then a 4.5 cm 

to 6.5 cm th�ck layer of stone mast�c asphalt (SMA) was 

la�d down to serve as a temporary repa�r.  Th�s repa�r 

was completed at 0��0 hrs on 9 July 2005, the day after 

the acc�dent.  Between �5 and �6 July 2005 yellow 

d�agonal l�ne mark�ngs were pa�nted on the surfaces of 

both the Runway �6 end blast pad and the Runway �4 

end blast pad to warn p�lots that the surfaces were not 

su�table for tax��ng.

Permanent blast pad repair

Some t�me after the acc�dent the dec�s�on was taken by 

the a�rport author�ty, �n consultat�on w�th the CAA, to 

remove completely both the Runway �6 end blast pad 

and the Runway �4 end blast pad, and replace each 

w�th a new th�cker surface that could accommodate 

the occas�onal passage of a Boe�ng 767.  The new blast 

pads cons�sted of four layers.  The bottom layer was a 

th�n geotext�le mater�al.  Above th�s was a �5 cm th�ck 

Granular Sub Base (GSB) Type � stone mater�al.  The next 

layer was a 5 cm th�ck sect�on of Heavy Duty McAdam 

(HDM) and the top layer was a 5 cm th�ck sect�on of 

SMA.  The total asphalt th�ckness was therefore �0 cm.  

To reduce further the poss�b�l�ty of jet blast penetrat�ng 

beneath the blast pad the final surface was finished at 

a level 2.5 cm below the runway level.  However, th�s 

2.5 cm vert�cal step caused problems when the runway 

edge surface began to break off as a result of a�rport 

vehicle traffic.  Subsequently a small asphalt filler ramp 

was added to protect the vert�cal surface.

Follow�ng the new blast pad construct�on a new pa�nt 

mark�ng scheme was appl�ed to alert p�lots that the 

surface was not part of the runway.  The pa�nt marks 
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cons�sted of d�agonal yellow l�nes, jo�n�ng at the centre 
to form small chevrons as dep�cted �n F�gure 7.

Taxiway and runway markings

ICAO Annex �4 Chapter 5 refers to tax�way and runway 
mark�ngs.  C�v�l Av�at�on Author�ty document CAP 6�7, 
‘A compendium of Visual Aids intended for the guidance 
of Pilots and Personnel engaged in the handling of 
aircraft’, �s der�ved from th�s document.

The centrel�ne of Tax�way W was marked as a s�ngle 
cont�nuous yellow l�ne.  Th�s l�ne cont�nued beyond the 
end of the tax�way, curv�ng �n the d�rect�on of takeoff 
on Runway �6 to meet the nears�de of the centrel�ne 
mark�ng.  Th�s l�ne �s var�ously descr�bed colloqu�ally as 
the ‘lead on’ or ‘lead off’ l�ne depend�ng on whether an 
a�rcraft �s enter�ng or vacat�ng a runway.

CAP 6�7, Sect�on 2.�.2 states:

‘Taxiway centrelines are located so as to provide 
safe clearance between the largest aircraft that 
the taxiway is designed to accommodate and fixed 
objects such as buildings, aircraft stands etc., 
provided that the pilot of the taxiing aircraft keeps 
the ‘Cockpit’ of the aircraft on the centreline and 
that aircraft on stand are properly parked.’

Note � of the same sect�on states the follow�ng:

‘At runway/taxiway intersections, where the 
taxiway centreline is curved onto the nearside of 
the runway centreline pilots should take account, 
where appropriate, of any loss of Runway Declared 
Distances incurred in following the lead-on line 
whilst lining up for take-off.’

Figure 7

Paint marking scheme applied to the ‘permanent repair’ blast pads at both ends of Aberdeen Runway 16/34, 
after the acc�dent to G-DOCT

Yellow Markings
45 degree angle
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No ment�on �s made of any requ�rement for p�lots actually 
to follow the centrel�ne mark�ng although �t states that 
they are:

‘responsible for taking all possible measures to 
avoid collisions with other aircraft and vehicles’.

Sect�on 2 of CAP 6�7 (F�gure 8) descr�bes runway 
threshold mark�ngs and, where a threshold �s d�splaced, 
the bear�ng strength of the pre-threshold mark�ngs �s 
�nd�cated.  The mark�ng descr�bed for a pre-threshold 
area unfit for the movement of aircraft is in the shape of 
a wh�te ‘X’.

Figure 8

CAP 6�7 Paved runway mark�ngs
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The threshold mark�ngs of Runway �6 d�d not extend 
onto the blast pad, nor was the threshold marked as 
be�ng d�splaced.  A runway threshold �s normally located 
6 m beh�nd the ‘p�ano key’ mark�ngs but at Aberdeen 
the Runway �6 threshold �s located 8.5 m beh�nd the 
piano keys, behind two rows of runway lights fitted into 
the surface.  There were no mark�ngs on the blast pad 
denot�ng �ts bear�ng strength. 
 
Runway inspections

The Aberdeen A�rport author�ty had a runway �nspect�on 
process �nvolv�ng the follow�ng three levels:

- Level �: rout�ne da�ly �nspect�ons of the runway 
surface, carried out by airfield operations staff 
�n veh�cles

- Level 2: monthly deta�led �nspect�ons of 
the Movement Area, carried out by airfield 
operat�ons staff on foot

- Level �: b�annual deta�led �nspect�ons of 
the Movement Area, carr�ed out by the 
management team on foot (the last level � 
�nspect�on before the acc�dent was carr�ed out 
�n Apr�l 2005)

The Level � �nspect�ons cons�sted of ‘Full Runway 
Inspect�ons’ and ‘FOD�/Bird Runs’.  During a ‘Full 
Runway Inspect�on’ a deta�led �nspect�on of the runway 
surface was carr�ed out by one veh�cle mak�ng two slow 
runs down the runway (once each s�de) or by two veh�cles 
mak�ng a s�ngle run (each veh�cle do�ng one s�de).  Four 
of these �nspect�ons were requ�red to be carr�ed out each 
day and the last ‘Full Runway Inspect�on’ before the 
acc�dent was carr�ed out between the hours of 0�00 and 
0415 hrs with no anomalies noted.  The ‘FOD/Bird Runs’ 

Footnote

3 FOD refers to fore�gn object debr�s.

were carr�ed out more regularly and at a h�gher speed �n 
order s�mply to check for b�rds and FOD on the runway.  
The last ‘FOD/Bird Run’ was completed just two minutes 
before G-DOCT’s departure.  According to the officer 
who carr�ed out th�s last �nspect�on he d�d not see any 
damage to the blast pad surface or not�ce any damage to 
the overband seal�ng at the threshold of Runway �6.

Takeoff performance requirements

A�rcraft takeoff performance requ�rements are calculated 
tak�ng �nto account var�ous l�m�t�ng factors, �ncluded �n 
wh�ch are runway measurements such as the takeoff run 
ava�lable (TORA), the takeoff d�stance ava�lable (TODA) 
and the accelerate-stop d�stance ava�lable (ASDA).  
Whilst the runway dimensions are fixed, allowance must 
be made for the d�stance taken by an a�rcraft to l�ne up 
w�th the centrel�ne.  Th�s d�stance depends on the a�rcraft 
geometry, the al�gnment of the access tax�way w�th the 
runway centrel�ne and the steer�ng angle used.  As the 
a�rcraft geometry �s known, manufacturers often supply 
al�gnment d�stances for common types of runway access, 
such as taxiways at 90° to the runway.  Where these figures 
are not publ�shed they may be calculated us�ng the method 
g�ven �n JAR-OPS � Subpart G, Sect�on 2.  Th�s rel�es on 
any wheel pass�ng no closer than �.0 metres (for a B7�7) 
to the end of the runway (the ‘edge safety marg�n’).

Tax�way W at Aberdeen A�rport requ�red a turn through 
sl�ghtly more than 90º to l�ne up w�th the centrel�ne of 
Runway �6.  The operator’s performance calculat�ons for 
the Boe�ng 7�7-400 were based on al�gnment d�stances 
prov�ded by the manufacturer of �0 metres for a 90º turn 
onto the runway and of �8 metres for a turn on through 
�80º (these d�stances �ncorporate the � metre ‘edge safety 
margin’).  These figures relate to the distance from the 
edge of the threshold to the a�rcraft’s ma�n wheels, when 
the a�rcraft �s al�gned w�th the runway, and conformed to 
the JAR-OPS method of calculat�on.  



�5©  Crown copyr�ght 2007

 AAIB Bulletin: 6/2007 G-DOCT EW/C2005/07/01 

Modell�ng used by the AAIB (F�gure 4) �nd�cated the 
m�n�mum al�gnment d�stance atta�nable would leave 
the a�rcraft’s ma�n wheels about �0.5 metres from the 
threshold.  To ach�eve th�s the a�rcraft would have to 
enter the runway and run �ts left ma�n wheel along the 
edge of the threshold before turn�ng around the r�ght 
ma�n wheel onto the runway centrel�ne.   Once l�ned up 
�n th�s manner the a�rcraft’s ma�n wheels are pos�t�oned 
�0.5 m �n from the runway threshold and the a�rcraft’s 
ta�lplane �s d�rectly over the blast pad.  The modell�ng 
further �nd�cated that, �f the a�rcraft had followed the 
‘lead on’ l�nes onto the runway, �ts ma�n wheels would 
have been about 66 metres from the threshold when 
al�gned w�th the centrel�ne. 

The operator publ�shed �nformat�on to �ts crews on the 
takeoff run ava�lable and that al�gnment d�stances are 
�ncorporated �nto the takeoff performance calculat�on.  
However, �t d�d not make clear the exact po�nt from 
wh�ch the a�rcraft �s assumed to start �ts takeoff run.  

Line-up technique 

Observat�ons of a�rcraft operat�ng from Runway �6 
�nd�cated that other a�rcraft were also l�ned up us�ng a 
s�m�lar techn�que to that descr�bed �n th�s acc�dent:  the 
a�rcraft were tax�ed close to the edge of the threshold, 
w�thout follow�ng the ‘lead on’ l�ne, before brak�ng the 
�nner set of ma�nwheels and �ncreas�ng the thrust on the 
outer eng�ne to turn the a�rcraft �n the shortest poss�ble 
d�stance.  Th�s resulted �n the outer eng�ne pass�ng over 
the blast pad w�th above-�dle power appl�ed.  Ev�dence 
from ground marks on the temporary repa�r to the blast 
pad �nd�cated that, on occas�on, th�s resulted �n a�rcraft 
wheels pass�ng over the surface of the blast pad.

Jet-blast pressure study

The aircraft manufacturer publishes velocity profiles for 

the jet blast beh�nd the ta�lplane of a 7�7-400.  However, 

for th�s acc�dent �t was cons�dered �mportant to know 

the velocity profile and the pressure profile of the jet 

blast d�rectly below the ta�lplane at ground level, so 

the eng�ne manufacturer was contacted to carry out a 

study using their computational fluid dynamics (CFD) 

tools.  The study revealed that w�th the eng�nes set to 

90% N� the jet blast veloc�ty on the ground, aft of the 

eng�nes and d�rectly below the ta�lplane, would have 

been approx�mately �90 kt.  The d�fference �n veloc�ty 

between the pos�t�on d�rectly below the lead�ng edge of 

the ta�lplane and the tra�l�ng edge was m�n�mal.  At �00% 

N� the veloc�ty at ground level was sl�ghtly lower than at 

90% N�, due to the jet exhaust’s slightly narrower profile.  

The jet-blast pressure study also revealed that the stat�c 

pressure of the a�r w�th�n the jet exhaust d�rectly below 

the ta�lplane at ground level was equal to the amb�ent 

stat�c pressure.  Thus, the jet blast was not generat�ng 

suct�on above the ground.

A further study was then conducted to exam�ne the 

suct�on effects from the eng�ne �nlet.  As G-DOCT made 

its tight final right turn, to line up with the runway, its left 

eng�ne was spooled up to 40% N� and the path of the left 

eng�ne probably passed over the blast pad surface.  The 

study was therefore carr�ed out at 40% N�.  The results 

�nd�cated that �n ‘n�l w�nd’ cond�t�ons the stat�c pressure 

on the ground, �n front of the eng�ne �nlet, was equal 

to amb�ent pressure.  However, when a 5 kt cross-w�nd 

was �ntroduced �nto the model, a vortex was generated 

�n front of the eng�ne �nlet wh�ch appl�ed a suct�on force 

of 0.2 psi to the ground.  The cross-wind induced flow 

asymmetry and th�s tr�ggered the vortex format�on.  

F�gure 9 shows the vortex and the pressure contours for 

a power sett�ng of 40% N�.  
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The w�nd at the t�me of the acc�dent was 7 kt from 
140°(M).  Therefore, as the aircraft began its final 
85º turn to the r�ght to l�ne up on Runway �6, the 
a�rcraft would have been exposed to a cross-w�nd of 
approx�mately 6 kt.

The dens�ty of the asphalt from the blast pad was 
2,100 kg/m� (or 0.0759 lb/in�).  A sect�on of th�s asphalt, 
6 cm th�ck, would have a we�ght per surface area of 
126 kg/m2 (or 0.�8 ps�).  Therefore, �f any adhes�ve 
force between the asphalt and the sub base �s �gnored, 
th�s s�mple calculat�on suggests that a suct�on force 
of 0.2 psi might be sufficient to start to lift a layer of 
asphalt 6 cm th�ck.

Normal takeoff technique

The operator’s Operat�ons Manual and Tra�n�ng Manual 
descr�be the same normal takeoff techn�que.  Th�s requ�res 
releas�ng the brakes before sett�ng approx�mately 40% 
N�, allow�ng the eng�nes to stab�l�se at that power sett�ng 
momentar�ly and then press�ng the TO/GA sw�tch.  
Press�ng th�s sw�tch when the autothrust �s engaged 
automat�cally sets the rema�nder of the takeoff thrust.  
Should the autothrust be d�sengaged, the �ncrease �n 
thrust to takeoff power �s ach�eved by manually sett�ng 
the thrust levers.

In add�t�on the Operat�ons Manual states: 

‘02-NP-40-6
The rolling take off procedure is recommended for 
setting takeoff thrust.  This expedites takeoff and 
reduces risk of foreign object damage.’

Figure 9

Results from the eng�ne manufacturer’s eng�ne �nlet study wh�ch revealed a 0.2 ps� suct�on force at ground level 
w�th a power sett�ng of 40% N� and a 5 kt cross-w�nd
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No other takeoff techn�que �s descr�bed �n e�ther the 
Operat�ons or Tra�n�ng Manual.  The commander stated, 
however, that dur�ng h�s ‘�n-house’ type convers�on 
tra�n�ng on the Boe�ng 7�7 he had been taught that on 
l�m�t�ng runways the correct techn�que was to hold 
the a�rcraft on the brakes wh�lst sett�ng takeoff power, 
�n order to ensure max�mum takeoff performance was 
ach�eved.  When asked, the commander descr�bed a 
l�m�t�ng runway as a runway where, due to �ts length, 
the a�rcraft’s max�mum ach�evable takeoff we�ght was 
below its normal certified maximum and that the aircraft 
was at, or close to, th�s reduced max�mum we�ght.

The commander had previously flown the Boeing 757/767 
and Boeing 747-100/200 as a co-pilot with the same 
company and had seen this technique used on both fleets, 
although he could not recall �t be�ng �ncluded as part of 
the tra�n�ng on these types.  

The Boe�ng Fl�ght Crew Tra�n�ng Manual expands on 
the gu�dance offered �n the operator’s own manuals as 
follows:

‘High thrust settings from jet engine blast over 
unpaved surfaces or thin asphalt pavement can 
cause structural blast damage from dislodged 
asphalt pieces and other foreign objects. Ensure 
run ups and take-offs are only conducted over 
well maintained paved surfaces and runways.

A rolling take-off procedure is recommended 
for setting take-off thrust. It expedites take-off 
and reduces the risk of foreign object damage. 
Flight test and analysis prove that the change 
in take-off roll distance due to the rolling take-
off procedure is negligible when compared to a 
standing take-off.

Brakes are not normally held with thrust above 
idle unless a static run-up is required in icing 
conditions. A standing take-off procedure may 
be accomplished by holding the brakes until the 
engines are stabilised, then release the brakes 
and promptly advance the thrust levers to take-off 
thrust (autothrottle TO/GA).’

Previous accidents involving jet-blast damage to 
runway surfaces and aircraft

A rev�ew of the CAA’s Mandatory Occurrence Report 
(MOR) database revealed records of n�ne prev�ous 
acc�dents �nvolv�ng jet a�rl�ners that had been damaged 
by blown sect�ons of runway or tax�way, dat�ng back 
to �986.  A rev�ew of the ICAO’s acc�dent database 
revealed an add�t�onal s�x acc�dents �nvolv�ng jet 
a�rl�ners that had been damaged by blown sect�ons 
of runway or tax�way, dat�ng back to 200�.  Out of 
the �5 acc�dents, �� occurred dur�ng the takeoff phase 
and at least e�ght �nvolved a�rcraft becom�ng a�rborne 
after the damage had occurred.  Most of the damage �n 
these accidents was to the tailplane, elevator and flaps.  
Three of the a�rcraft that became a�rborne suffered 
from v�brat�on or a control problem, as follows:

On 8 April 1988 a Boe�ng 7�7 on approach to Berl�n 
a�rport exper�enced an �mmed�ate r�ght roll when the 
first level of flap was selected at 2,300 ft.  Control 
was ma�nta�ned w�th 2º left rudder tr�m and a normal 
land�ng was carr�ed out.  The �nvest�gat�on revealed 
that the right inboard flap mechanism clutch had 
d�sengaged and a lump of tar was found jammed 
between the aft and mid flap surfaces.  No further 
�nformat�on could be found on the source of the tar.

On 7 February 1991 an A�rbus A�20 �n France 
exper�enced v�brat�on at 2�7 kt and 4,000 ft dur�ng 
the cl�mb so the a�rcraft returned to land.  The 
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�nvest�gat�on revealed that large sect�ons of asphalt 
had been thrown up by the jet blast and struck the 
ta�lplane and elevators.  Part of the r�ght ta�lplane and 
parts of the r�ght and left elevators were m�ss�ng.

On 10 September 2002 a Boe�ng 7�7 depart�ng 
Warsaw exper�enced a sl�ght left roll after l�ftoff.  R�ght 
rudder tr�m was used to ma�nta�n w�ngs level.  After 
land�ng �t was found that sect�ons of asphalt had struck 
the left ta�lplane caus�ng damage to �ts lead�ng edge 
and three dents on �ts unders�de.

Very l�ttle �nformat�on �s ava�lable about what caused the 
asphalt surfaces to delam�nate �n these acc�dents because 
no formal �nvest�gat�on by an acc�dent �nvest�gat�on 
body was undertaken.  The AAIB �nvest�gated an 
acc�dent to a Boe�ng 7�7 that occurred at Luton A�rport 
on 22 September 1992 (AAIB Bulletin 12/92) where 
pav�ng blocks from the turnpad area were blown up by 
the 7�7’s jet blast, caus�ng damage to �ts ta�lplane (see 
F�gure �0).  The pav�ng blocks had not been bonded to 
the sand bedd�ng beneath and the paved area was not 
marked.  The a�rcraft departed normally and the damage 
was only revealed dur�ng a turnaround �nspect�on.

Figure 10

Damage to r�ght ta�lplane unders�de of Boe�ng 7�7, G-MONM, 
at Luton A�rport on 22 September �992, 

follow�ng str�kes by pav�ng blocks from the turnpad area
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The Ital�an a�r safety agency, ANSV4, publ�shed a 
report on an acc�dent very s�m�lar to that of G-DOCT, 
wh�ch �nvolved an A�rbus A�20 at Trev�so S. Angelo 
a�rport �n Italy on 6 August 2002.  After backtrack�ng 
along Runway 07/25 the aircraft turned to line up 
for a takeoff from Runway 07.  When takeoff power 
was appl�ed the commander felt a jolt and not�ced a 

Footnote

4 Agenz�a Naz�onale Per La S�curezza Del Volo.

blue hydraul�c system loss so he aborted the takeoff 
run.  Sect�ons of asphalt from the stopway aft of the 
07 threshold had been blown up by the jet blast and 
struck the a�rcraft’s ta�lplane – the damage �s shown 
�n F�gure ��.  The stopway had been pa�nted w�th a 
wh�te arrow rather than w�th yellow chevrons and the 
ANSV report quest�oned the surface’s ab�l�ty to meet 
the structural requ�rements of a stopway.

Figure 11

Damage to left ta�lplane lead�ng edge of A�rbus A�20 
at Trev�so S. Angelo a�rport �n Italy on 6 August 2002, 

follow�ng a str�ke by a large sect�on of asphalt from the stopway
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Analysis

Aircraft damage and potential consequences

The damage to G-DOCT’s left ta�lplane and left 
elevator was caused by one or more str�kes from large 
sect�ons of asphalt that had been l�fted from the blast 
pad by the force of the a�rcraft’s jet blast.  The largest 
sect�on of d�slodged asphalt found was approx�mately 
�.8 m by �.5 m, but the 2.4 m dent on the unders�de 
of the ta�lplane �nd�cated that �t had been struck by a 
larger section which had then split.  The flight crew 
of the follow�ng a�rcraft, who had observed the l�ft�ng 
of the asphalt sect�ons, est�mated the largest to be 2 m 
by � m, and such a sect�on, 6 cm th�ck, would have 
we�ghed approx�mately 756 kg.  It was not poss�ble to 
determ�ne accurately where the ta�lplane was located 
relat�ve to the blast pad at the t�me of the str�kes, but �t 
would have been pos�t�oned approx�mately where �t �s 
dep�cted �n F�gure 4.

The damage to the ta�lplane would have had m�n�mal 
aerodynam�c effect, but the elevator was m�ss�ng a 
sect�on almost � metre long and th�s would have reduced 
the elevator’s effectiveness.  In the event, the flight crew 
did not have any difficulty rotating the aircraft to takeoff 
attitude and did not report any control difficulties during 
the flight.  However, further elevator surface loss could 
have prevented rotat�on and resulted �n an aborted takeoff 
beyond V�

5 speed and a potent�al runway over-run.  
A more severe outcome could have resulted �f the 
elevator’s structure had been comprom�sed to the po�nt 
where the aerodynamic loads in flight caused further 
elevator damage and poss�ble separat�on.  The change 
�n the elevator’s aerodynam�c and mass propert�es could 
also have made the elevator more susceptible to flutter.

Footnote

5 V� �s the dec�s�on speed below wh�ch a takeoff can be safely 
aborted with sufficient runway remaining to stop.  The rotation speed 
(VR) �s always greater than or equal to V�.

The rev�ew of prev�ous acc�dents and �nc�dents 
�nvolv�ng jet a�rl�ners damaged by blown sect�ons of 
asphalt revealed instances of in-flight control problems 
and v�brat�ons.  The l�ft�ng of paved runway surfaces 
and surround�ng areas as a result of jet blast therefore 
presents a clear hazard to the safety of flight.

Cause of the blast pad break-up

The jet-blast pressure study revealed that the a�rcraft’s 
jet blast, even at takeoff power, would not have 
generated any suct�on at ground level below the 
ta�lplane.  However, �f the jet blast had been able to 
penetrate between the asphalt surface and the Type � 
Sub base, the dynam�c pressure of the jet blast, at a 
speed of approx�mately �90 kt, would have been 
capable of peel�ng the surface away.  In the case of 
G-DOCT �t appears that such penetrat�on and peel�ng 
by the jet blast occurred.  Once the asphalt started to 
peel away, the exposed surface would have deflected 
the jet blast around it and created sufficient lift for the 
detached asphalt to r�se �4 ft and str�ke the ta�lplane.

The �mportant quest�on, therefore, �s what enabled the 
jet blast to penetrate between the asphalt surface and the 
sub base.  A b�tumen overband seal�ng was la�d along 
the length of the jo�nt between the blast pad surface 
and the runway surface and th�s seal�ng �s des�gned 
to create a flush surface, without cracks, between the 
runway and blast pad.  A deter�orat�on of th�s seal 
would have made �t eas�er for the jet blast to penetrate.  
However, no deter�orat�on of the overband seal�ng was 
noted dur�ng the runway �nspect�ons that were carr�ed 
out on the morn�ng of the acc�dent and just pr�or to the 
a�rcraft’s departure.

It is possible that, while the flight crew were trying to 
pos�t�on the a�rcraft, the left ma�n gear wheels passed 
over the blast pad surface and caused some surface 
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damage because the pad was not des�gned to w�thstand 
the tax��ng loads of a�rcraft.  From the modell�ng 
shown �n F�gure 4 �t was determ�ned that the left gear 
would have passed very close to, and poss�bly d�rectly 
over, the blast pad �n order to place the ta�lplane �n a 
pos�t�on to be struck by blown sect�ons of the pad.  On 
this occasion, both the flight crew of G-DOCT and that 
of the follow�ng a�rcraft stated that no wheel passed 
over the blast pad.  It �s probable, however, that �n the 
past other a�rcraft had tax�ed over the blast pad surface 
because a�rcraft had been observed manoeuvr�ng close 
to the runway end and an a�rcraft tyre mark was seen 
on the re-surfaced blast pad.  The cumulat�ve effect 
of these occas�onal a�rcraft tax��ng loads could have 
weakened the blast pad surface.

Another poss�ble cause of blast pad damage �s as a result 
of suct�on from the eng�ne �nlet.  Wh�le manoeuvr�ng to 
pos�t�on a Boe�ng 7�7 close to the end of the runway, 
the eng�ne �nlet from one of the eng�nes may pass over 
the blast pad even w�thout the ma�n gear pass�ng over 
�t.  There �s no proh�b�t�on aga�nst allow�ng an eng�ne 
to pass over a non-load-bear�ng surface.  The pressure 
study carr�ed out by the eng�ne manufacturer revealed 
that, �n cond�t�ons of l�ght cross-w�nd, a vortex can form 
forward of the eng�ne �nlet.  In the case of G-DOCT, w�th 
40% N� power set on the left eng�ne and a cross-w�nd 
of approx�mately 6 kt, a suct�on force of approx�mately 
0.2 ps� would have been appl�ed at ground level.  Based on 
the dens�ty of the asphalt surface, th�s suct�on force m�ght 
have been sufficient to start to lift the asphalt surface and 
cause bl�ster�ng or cracks.  However, th�s would have 
been dependent upon the strength of the bond between 
the asphalt surface and the sub base and the adhes�ve 
strength between the asphalt surface and the surround�ng 
mater�al.  The results are not conclus�ve but suggest that 
further research should be carr�ed out to exam�ne the 
effects of eng�ne �nlet suct�on on paved surfaces.

The damaged blast pad surface was qu�ckly dug up after 
the acc�dent and resurfaced overn�ght.  It was, therefore, 
not poss�ble to determ�ne the strength of the bond between 
the asphalt surface and the sub base.  However, the lack of 
res�dual b�tumen res�due on the stone sub base �nd�cated 
that the bond may have been �nadequate and contr�buted 
to the jet blast’s ab�l�ty to peel the surface away.  The 
asphalt’s surface th�ckness, of between 4.5 and 6.5 cm, 
was significantly less than the 7.5 cm recommended 
by ICAO’s Aerodrome Design Manual and the 7.6 cm 
recommended by the FAA’s Adv�sory C�rcular.  If the 
asphalt surface had been th�cker �t would have been more 
difficult for the jet blast to penetrate beneath it.  Neither 
the CAA nor the a�rport author�ty had publ�shed any 
gu�del�nes on the surface th�ckness of paved blast pads.

In order to prevent future recurrences of these types of 
acc�dents, blast pads need to be des�gned so that they 
are of sufficient strength, sufficient thickness and have 
adequate bond�ng and seal�ng to ensure that they cannot 
be damaged or upl�fted by the eng�ne �nlet suct�on or 
eng�ne jet blast of the most cr�t�cal a�rcraft.  Furthermore, 
s�nce a�rcraft are perm�tted to use the full length of 
the runway, r�ght to the edge of a blast pad, �t must be 
expected that occas�onally an a�rcraft w�ll acc�dentally 
tax� over a blast pad.  Therefore, blast pads should also 
be des�gned to accommodate the occas�onal passage of 
the most cr�t�cal a�rcraft. 

In light of these findings, the AAIB recommends that:

Safety Recommendation 2007-023  

The Internat�onal C�v�l Av�at�on Organ�sat�on (ICAO) 
should cons�der amend�ng Annex �4 to �nclude 
requ�rements for paved blast pads that w�ll ensure that 
they cannot be damaged by the eng�ne �nlet suct�on, the 
eng�ne jet blast or the tax��ng loads of the most cr�t�cal 
a�rcraft.
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Safety Recommendation 2007-024  

The Internat�onal C�v�l Av�at�on Organ�sat�on (ICAO) 

should rev�ew the requ�rements of Annex �4 to ensure 

that runway surfaces, stopways and other adjacent areas 

suscept�ble to h�gh-power jet blast cannot be damaged 

by the eng�ne �nlet suct�on or the eng�ne jet blast of the 

most cr�t�cal a�rcraft.

Safety Recommendation 2007-025  

The C�v�l Av�at�on Author�ty (CAA) should cons�der 

amend�ng C�v�l A�r Publ�cat�on (CAP) �68 to �nclude 

des�gn requ�rements for paved blast pads that w�ll ensure 

that they cannot be damaged by the eng�ne �nlet suct�on, 

the eng�ne jet blast or the tax��ng loads of the most 

cr�t�cal a�rcraft.

Safety Recommendation 2007-026  

The C�v�l Av�at�on Author�ty (CAA) should ensure that 

paved blast pad surfaces, stopways and turnpads at all 

l�censed UK a�rports are constructed such that they 

cannot be damaged by the eng�ne �nlet suct�on, the 

eng�ne jet blast or the tax��ng loads of the most cr�t�cal 

a�rcraft.

Blast pad markings 

At the t�me of the acc�dent there were no mark�ngs on 

the blast pads at e�ther end of the runway.  The only 

del�neat�on between the runway surface and the blast 

pad surface was the str�p of runway threshold and 

runway end l�ghts.  By �nternat�onal convent�on, �n the 

absence of a l�ne across the runway denot�ng a d�splaced 

threshold, the known load-carry�ng extent of the runway 

would have extended back 6.5 metres from the ‘p�ano 

key’ mark�ngs.  Performance calculat�ons are based on 

the a�rcraft wheels not pass�ng closer than 4.5 metres to 

the end of the runway surface.  Therefore, a p�lot should 

a�m to keep the a�rcraft wheels close to the edge of the 
‘p�ano key’ mark�ngs �rrespect�ve of the extent of any 
surface beyond �t.  The short extent of the blast pad, 
together w�th an absence of any mark�ngs, meant that 
it may not have been apparent to all flight crew that the 
surface d�d not form part of the runway and was not 
des�gned to w�thstand tax��ng loads.  

Follow�ng the acc�dent, a temporary asphalt surface was 
la�d down and a row of parallel yellow d�agonal l�nes 
was pa�nted on �t.  These mark�ngs d�d not conform 
to any nat�onal or �nternat�onal standard.  After the 
permanent repa�r was �nstalled, a d�fferent pa�nt scheme 
was developed by the a�rport author�ty �n consultat�on 
w�th the CAA.  Th�s new pa�nt scheme, cons�st�ng of 
yellow d�agonal l�nes and m�n� chevrons (see F�gure 7), 
shared a degree of s�m�lar�ty w�th the �nternat�onally 
standard�sed mark�ng for a stopway (yellow chevrons).  
However, a stopway �s des�gned to be used as an overrun 
area �n the event of an aborted takeoff and �s therefore 
strong enough to cater for the tax��ng loads of the most 
cr�t�cal a�rcraft.  Blast pads should be s�m�larly des�gned 
but �f they are not as strong as stopways then a d�fferent 
mark�ng scheme should be used to avo�d confus�on.  The 
AAIB therefore recommends that:

Safety Recommendation 2007-027  

The Internat�onal C�v�l Av�at�on Organ�sat�on (ICAO) 
should establ�sh standard�sed mark�ngs for paved blast 
pads and amend Annex �4 accord�ngly.

Safety Recommendation 2007-028  

The C�v�l Av�at�on Author�ty (CAA) should, �n 
consultat�on w�th the Internat�onal C�v�l Av�at�on 
Organ�sat�on (ICAO), establ�sh standard�sed mark�ngs 
for paved blast pads and amend C�v�l A�r Publ�cat�ons 
(CAPs) �68 and 6�7 accord�ngly.
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BAA and CAA safety action 

As a result of th�s acc�dent the a�rport operator, BAA, 
�nstalled a new blast pad at both ends of the runway 
at Aberdeen A�rport.  The new blast pads are �0 cm 
th�ck and are des�gned to accommodate the occas�onal 
passage of a Boe�ng 767 (the most cr�t�cal a�rcraft).  
Th�s safety act�on should prevent a recurrence at 
Aberdeen.  BAA also determ�ned that no act�on needed 
to be taken at the�r other a�rports because s�m�lar �ssues 
d�d not ex�st.

The CAA Aerodrome Standards Department took some 
safety act�on shortly after the acc�dent by publ�sh�ng 
�nformat�on about the acc�dent �n �ts Reference Point 
leaflet (Issue 8 – August 2005).  The publication stated 
that all L�censees should ensure that all hard surfaces are 
�n good cond�t�on and should determ�ne where surfaces 
are not capable of bear�ng the we�ght of the largest 
aircraft.  The leaflet states: 

‘If it cannot [bear the we�ght of the largest 
a�rcraft], or if there is any doubt, a suitable 
marking should be placed on the surface to warn 
crews of this possibility.’  

It also stated that �f L�censees dec�ded to replace blast 
pads they should take �nto account the recommended 
des�gn th�ckness �n ICAO’s Aerodrome Design Manual.  
The CAA also tasked all CAA aerodrome �nspectors 
to establ�sh the �ntegr�ty of all known blast pads at UK 
a�rports.  

In 2006 the CAA carr�ed out a more deta�led survey of 
blast pads, turn pads and other s�m�lar surfaces.  It has 
identified eight UK airports at which closer attention is 
go�ng to be pa�d and potent�al redes�gns cons�dered.

Commander’s actions

It �s apparent that the commander bel�eved, �n the 

absence of any �nformat�on to the contrary, that the 

performance restr�ct�ons �mposed on the a�rcraft’s 

takeoff were due to runway length.  In the event, the 

restr�ct�on was actually due to obstacle clearance 

requ�rements dur�ng the cl�mb out.  Regardless of the 

cause of the performance l�m�tat�on, any restr�ct�ons are 

reflected in the maximum weight allowed for takeoff.  

Therefore, as long as the a�rcraft rema�ns at or below 

th�s we�ght, there �s no requ�rement to alter the takeoff 

techn�que �n order to ach�eve a safe departure.

The commander employed a techn�que wh�ch d�d 

not comply w�th the standard techn�que la�d down �n 

e�ther the manufacturer’s or the operator’s manuals.  

Wh�lst there was noth�ng �n the operator’s manuals 

specifically prohibiting the technique, the manufacturer 

had publ�shed warn�ngs adv�s�ng aga�nst �t.  These 

warn�ngs were, however, not read�ly access�ble to 

the operator’s l�ne p�lots.  Hav�ng w�tnessed others 

employ�ng the same or s�m�lar techn�que w�th�n the 

company, and hav�ng been tra�ned to do so on h�s type 

convers�on course, �t appeared to the commander a 

leg�t�mate procedure to use on th�s occas�on.  It ensured, 

�n h�s m�nd, an adequate marg�n over the performance 

l�m�tat�ons �mposed, he bel�eved, by the length of the 

runway.    

In add�t�on to hold�ng the a�rcraft on the brakes wh�lst 

sett�ng the calculated takeoff power the commander also 

cont�nued to �ncrease the power above th�s level unt�l 

the max�mum power ava�lable was set.  The a�rcraft 

rema�ned stat�onary w�th h�gh power set wh�lst th�s was 

achieved for some five seconds and it is possible that 

th�s contr�buted to the surface of the blast pad break�ng 

up.  It �s also poss�ble that, had the commander carr�ed 
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out a roll�ng takeoff, the ta�l would have been clear of 

the affected area of blast pad before sufficient power had 

been ach�eved to l�ft the surface. 

As a result of th�s acc�dent, the operator’s 7�7 

Fleet Management �ssued a Fleet Techn�cal News 

ent�tled ‘Rolling Take-off Procedure’, outl�n�ng the 

recommended takeoff procedures from the Boe�ng 

Fl�ght Crew Tra�n�ng Manual.  The commander stated 

that the takeoff techn�que he had used on G-DOCT was 

the same technique he had used on other fleets within 

the same company:  th�s suggests that the �ssue would 

benefit from wider promulgation than the Boeing 737 

fleet alone.  The AAIB therefore recommends that:

Safety Recommendation 2007-029  

Br�t�sh A�rways should rev�ew the tra�n�ng of takeoff 

techniques across all fleets to ensure that it is consistent 

w�th the operator’s �ntended procedures.

Safety Recommendation 2007-030   

Br�t�sh A�rways should �ncorporate �nformat�on on 

appropriate takeoff techniques in relevant flight crew 

documentation for all fleets.

Aircraft performance 

The performance figures were correctly calculated for 

the a�rcraft, runway and amb�ent cond�t�ons at the t�me 

of takeoff.  The performance figures relied, however, 

upon the a�rcraft l�n�ng up �0 metres from the runway 

threshold �n order to be val�d.  Th�s was sl�ghtly less 

than the m�n�mum l�ne-up allowance �n the computer 

modell�ng used by the AAIB and 56 metres less than 

the l�ne-up allowance had the commander chosen 

to follow the l�ne l�nk�ng the tax�way centre l�ne to 

the runway centre l�ne.  On th�s occas�on, �n order 

to max�m�se performance, the crew had �gnored the 

tax� gu�dance prov�ded.  Th�s potent�ally presents 
a problem when operat�ng at n�ght or under low 
v�s�b�l�ty cond�t�ons.  

In order to calculate performance data for a�rports used 
by �ts a�rcraft, an operator needs to be able to rely on 
known runway parameters.  As these do not normally 
�nclude the pos�t�on of ‘lead on’ l�nes, they cannot 
be taken into account when defining the start of the 
takeoff run �n calculat�ng performance.  Th�s results �n 
a possible conflict between maximising performance 
wh�lst ensur�ng a�rcraft safety �s not comprom�sed 
by �gnor�ng runway mark�ngs des�gned to ensure 
appropr�ate gu�dance to a�rcraft wh�lst l�n�ng up.  As 
the extent of th�s problem �s not fully understood the 
AAIB makes the follow�ng recommendat�on:

Safety Recommendation 2007-031  

The C�v�l Av�at�on Author�ty should rev�ew the 
�mplementat�on of current performance requ�rements 
for ‘Performance A’ aeroplanes, to ensure that they 
adequately reflect desired line-up techniques, in particular 
follow�ng ground mark�ngs prov�ded for tax� gu�dance. 

In order for the flight crew to be able to comply with 
the calculated performance requ�rements, they must 
be �nformed of the reference po�nt used and be able 
to �dent�fy �ts pos�t�on so that the a�rcraft does not 
commence �ts takeoff beyond that po�nt.  Pr�or to th�s 
acc�dent the operator d�d not prov�de th�s �nformat�on 
to �ts crews.  Th�s has now been rev�ewed and, as a 
result, add�t�onal gu�dance notes have been prov�ded 
for use w�th the operator’s computer�sed performance 
system on all fleets.  The investigation did not 
extend to analys�ng how other operators ensure the 
actual takeoff po�nt compl�es w�th that used �n the 
performance calculat�ons.  In v�ew of th�s the AAIB 
recommends that:    
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Safety Recommendation 2007-032  

The C�v�l Av�at�on Author�ty should, dur�ng rout�ne 
aud�ts of operators of ‘Performance A’ aeroplanes, 
ensure that operators’ takeoff performance calculat�ons 
are cons�stent w�th the operat�on of the�r a�rcraft, 
specifically with respect to the line-up position.   
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INCIDENT

Aircraft Type and Registration:  Cessna 404 T�tan, G-OOSI

No & Type of Engines:  2 Cont�nental GTSIO-520-M p�ston eng�nes

Year of Manufacture:  �98�

Date & Time (UTC):  �6 December 2006 at approx�mately �9�0 hrs

Location:  En-route from San Pedro A�rport, Cape Verde Islands, to 
Dakar A�rport, Senegal

Type of Flight:  Pr�vate

Persons on Board:  Crew - � Passengers - �

Injuries:  Crew - None Passengers - None

Nature of Damage:  None

Commander’s Licence:  Commerc�al P�lot’s L�cence w�th Instrument Rat�ng

Commander’s Age:  �2 years

Commander’s Flying Experience:  504 hours (of wh�ch �5 were on type)
 Last 90 days -  85 hours
 Last 28 days -  �5 hours

Information Source:  A�rcraft Acc�dent Report Form subm�tted by the p�lot, a 
company report and enqu�r�es by the AAIB

Introduction

The �nc�dent occurred over �nternat�onal waters and, �n 
agreement w�th the Portuguese Author�t�es the AAIB, 
represent�ng the State of Reg�strat�on, took respons�b�l�ty 
for the �nvest�gat�on.

Synopsis

When flying above 10,000 ft, the commander did not 
use cont�nuous oxygen.  He was probably suffer�ng from 
hypox�a when he attempted to adjust h�s eng�ne controls 
and th�s resulted �n v�brat�on and an uncontrolled descent.  
He recovered full control at a lower alt�tude and made a 
successful d�vers�on.

The operat�ng company �s �mplement�ng changes to the�r 
operat�ng procedures to prevent a s�m�lar occurrence.

History of the flight

The a�rcraft had been operat�ng �n the area s�nce the end 
of November 2006 and was be�ng used for map survey 
operat�ons.  Dur�ng th�s t�me there were no reports of 
any significant aircraft unserviceability.  The aircraft 
was usually operated on survey flights with two people 
on board: a p�lot (the commander) and a camera operator 
(the passenger).

Prior to the incident flight, the commander had noted 
that h�s �ntended route from San Pedro A�rport to Dakar 
Airport included a portion with a minimum notified 
alt�tude of FL�95.  He therefore planned a cru�se alt�tude 
of FL2�0 but �ntended to descend below FL�00 when 
w�th�n the Dakar FIR.  The a�rcraft oxygen pressure 
indicator was showing 1,200 psi before the flight which 
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would allow just over four hours oxygen use for two 
people at FL220.  The commander subsequently stated 
that the a�rcraft occupants would need oxygen for 
approx�mately 45 m�nutes.  

There were three p�lot-style oxygen masks for the two 

occupants.  Each had a rubber restra�n�ng strap and a 

m�crophone.  However, the commander was aware that 

the m�crophone on at least one of the masks was “crackly” 

and he d�dn’t �ntend to use �t for rad�o transm�ss�ons.  

Add�t�onally, the mask prov�ded to the passenger had a 

broken strap held together w�th adhes�ve tape.  

The passenger stated that a week before this flight, he 

was adv�sed (by a d�fferent commander) that he should 

only use oxygen “as and when he needed �t” to avo�d 

any poss�b�l�ty of dra�n�ng the system.  However, the 

operator’s representat�ve stated that no such �nstruct�on 

was necessary for the incident flight and the commander 

stated that he had �ntended the passenger to use “as much 

oxygen as they felt necessary”.  The operator also stated 

that the oxygen system was serv�ceable and had been 

used on recent flights.  There had been no noticeable 

leakage from the system and there was more than 

sufficient oxygen remaining for the planned flight.  

For the takeoff at �855 hrs, the passenger was seated 

�mmed�ately beh�nd the commander �n a seat fac�ng aft.  

As the a�rcraft cl�mbed through �0,000 ft, the passenger 

was �nstructed to move to the rear of the cab�n, to 

opt�m�se the a�rcraft’s CG pos�t�on, and to act�vate the 

oxygen system.  When seated at the rear of the cab�n, the 

oxygen and �ntercom leads were too short to allow h�m 

to connect both s�multaneously.  

Dur�ng the cl�mb, the commander used h�s oxygen 

mask �nterm�ttently, albe�t more frequently as alt�tude 

�ncreased.  When not us�ng the mask, he placed �t on h�s 

lap.  Once level at FL2�0 �n the cru�se, he engaged the 
autop�lot.  Dur�ng the subsequent cru�se, the passenger 
had the �mpress�on that the commander’s vo�ce was “a 
l�ttle slurred” when transm�tt�ng to ATC.  When asked, 
the commander confirmed that he was using oxygen and 
shortly afterwards he was seen to be adjust�ng the eng�ne 
controls.  The commander subsequently confirmed that 
he took off h�s oxygen mask to adjust the controls �n 
response to a perce�ved eng�ne problem.  Soon after, the 
passenger heard a change �n eng�ne no�se and was aware 
of v�brat�on together w�th the sensat�on that he was be�ng 
pushed �nto h�s seat.  Attempts to contact the commander 
by �ntercom were unsuccessful and, w�th the a�rcraft 
descend�ng at h�gh speed and �n a sp�ral, the passenger 
called tw�ce for the commander to transm�t a ‘MAYDAY’.  
The commander responded to the second call and declared 
an emergency.  The a�rcraft was st�ll descend�ng and, 
at around 5,000 feet alt�tude the passenger opened the 
emergency escape hatch �n preparat�on for a poss�ble sea 
d�tch�ng.  However, the commander then rega�ned control 
of the a�rcraft and once �t was fully stable, he requested 
a d�vers�on to Am�lcar Cabral A�rport on the Cape Verde 
Islands.  A safe land�ng was made there at 2005 hrs.

Post landing actions

After land�ng, the commander checked the a�rcraft and 
considered that it was fully serviceable.  He was confident 
that the a�rcraft had rema�ned w�th�n normal operat�ng 
parameters dur�ng the �nc�dent and that no negat�ve ‘g’ 
manoeuvres had occurred.  On reflection, he considered 
that he had started suffer�ng from hypox�a dur�ng the 
cl�mb.  The perce�ved eng�ne problem probably resulted 
from h�m not correctly adjust�ng the eng�ne controls at 
alt�tude.

The commander contacted h�s company eng�neer �n 
UK to adv�se h�m of the �nc�dent and also carr�ed out 
uneventful eng�ne ground runs the next day before 
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flying the aircraft to Dakar Airport in daylight.  At 
Dakar, the company engineer, who had flown out from 
the UK, checked the a�rcraft and assessed �t as fully 
serv�ceable.  The a�rcraft’s oxygen contents gauge was 
read�ng 600 ps�.

Cessna 404 oxygen system

If an oxygen system is factory-fitted to a Cessna 404, 
the storage cyl�nder(s) are normally carr�ed �n the 
nose compartment.  It �s act�vated by the p�lot pull�ng 
the oxygen control knob to the ON pos�t�on allow�ng 
oxygen to flow from the regulator to all cabin outlets.  
However, the cabin of G-OOSI had been significantly 
modified for survey tasks and an oxygen cylinder was 
�nstalled at the rear of the fuselage.  The oxygen control 
knob was located at the rear of the a�rcraft cab�n.  
Consequently, the commander had e�ther to act�vate the 
oxygen system before takeoff or �nstruct passengers to 
act�vate �t �n the a�r when oxygen was requ�red. 

A normally closed valve �n each oxygen outlet �s opened 
by �nsert�ng the connector of a mask and hose assembly.  
The front-seat oxygen outlet was under the armrest 
bes�de the commander’s seat, adjacent to the headphone 
and m�crophone jack sockets.  The passengers’ oxygen 
connector at the rear of the cab�n was above h�s head 
w�th�n a small panel conta�n�ng l�ghts and a vent�lat�on 
outlet.  Th�s panel d�d not have adjacent headphone and 
m�crophone jack sockets.

The P�lot’s Operat�ng Handbook conta�ns an a�rcraft 
alt�tude operat�ng l�m�tat�on of �0,000 ft w�th oxygen 
equ�pment.

Regulations

All aircraft must fly at an altitude less than 10,000 ft 
unless the a�rcraft has a pressur�sed cab�n or the p�lot 
uses an �nd�v�dual oxygen source suppl�ed by a personal 

mask.  Add�t�onally, �t �s recommended that oxygen be 
used at a lower altitude when flying at night.

Pilot’s assessment

After the �nc�dent, the p�lot stated that although he was 
aware of the �ns�d�ous nature of hypox�a, and desp�te h�s 
attempts to recognise the symptoms during the flight, he 
under-est�mated the r�sks of becom�ng hypox�c through 
not wear�ng the oxygen mask cont�nuously.

Company actions

The company concluded that the ma�n contr�but�ng factor 
to the �nc�dent was the commander not us�ng h�s oxygen 
mask cont�nuously above �0,000 ft.  Another contr�but�ng 
factor was that at least one of the oxygen masks on the 
a�rcraft may have had a defect�ve m�crophone; th�s 
would have requ�red the user to remove the mask when 
commun�cat�ng w�th ATC.

The company �ntends to �mplement more str�ngent 
hypox�a tra�n�ng and �s also mak�ng the follow�ng 
changes to the�r procedures:

1. Future annual flight checks for all company 
pilots will include a briefing on the use of the 
a�rcraft oxygen system.

2. When operat�ng abroad, crews w�ll be requ�red 
to �nform the Ch�ef P�lot or Company Safety 
P�lot whenever equ�pment �s unserv�ceable.

�. Camera operators w�ll be requ�red to attend 
�n�t�al company CRM courses.

4. Night flights in unpressurised aircraft will be 
proh�b�ted above �0,000 ft.

In v�ew of these act�ons, the AAIB d�d not make any 
safety recommendat�ons.
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INCIDENT

Aircraft Type and Registration:  P�per PA-��-�50 Navajo Ch�efta�n, G-BBNT

No & Type of Engines:  2 Lycom�ng LTIO-540-J2BD p�ston eng�nes

Year of Manufacture:  �97�

Date & Time (UTC):  �6 August 2006 at �552 hrs

Location:  Sandown Aerodrome, Isle of W�ght

Type of Flight:  Commerc�al A�r Transport (Passenger)

Persons on Board:  Crew - 2 Passengers - 4

Injuries:  Crew - None Passengers - None

Nature of Damage:  None

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

Commander’s Age:  58 years

Commander’s Flying Experience:  8,�96 hours (of wh�ch 6� were on type)
 Last 90 days - 4� hours
 Last 28 days - 28 hours

Information Source:  A�rcraft Acc�dent Report Form subm�tted by the p�lot 
and enqu�r�es by the AAIB

Synopsis

After touch�ng down on Runway 2� the p�lot cont�nued 

the land�ng roll onto the runway overrun to avo�d a 

motor veh�cle.  

History of the flight

At the end of a flight from London (City Airport), 

the p�lot made a v�sual approach for a land�ng on 

Runway 2� at Sandown Aerodrome.  The runway had 

a dry grass surface and an LDA of 884 m.  The ex�t 

to the northern tax�way �s at the end of the runway.  

Beyond the end of the runway there �s an overrun of 

approx�mately �00 m wh�ch crosses an uncontrolled 

m�nor publ�c road.  For the land�ng the weather was 

good with an estimated surface wind of 180º/5 kt and 

an a�r temperature of �8ºC.

The p�lot reported that he made a normal touch-down 

and commenced gentle brak�ng.  Towards the end of h�s 

land�ng run, he was prepar�ng to vacate the runway to 

the r�ght when he became aware of a veh�cle enter�ng 

the overrun area of the runway from the publ�c road.  

As the veh�cle appeared to be turn�ng left towards the 

a�rcraft, the p�lot cons�dered that h�s most prudent 

act�on was to cont�nue stra�ght ahead onto the overrun 

and across the road.  Th�s he d�d and he succeeded �n 

avo�d�ng the veh�cle.  He then turned G-BBNT around 
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through �80º and vacated the runway onto the northern 
tax�way.  The p�lot reported that the veh�cle was dr�ven 
off at h�gh speed.  

Performance calculations

The reported we�ght of G-BBNT on land�ng was 
2,869 kg compared to the max�mum land�ng we�ght 
of �,�75 kg.  Based on the preva�l�ng cond�t�ons, the 
A�rplane Fl�ght Manual requ�red a land�ng d�stance from 

50 ft of 585 m on dry grass us�ng max�mum brak�ng.  
W�th the Publ�c Transport factor of �.4� appl�ed, the 
LDR (Land�ng D�stance Requ�red) was 8�7 m wh�ch 
was w�th�n the LDA.

Corrective action

After th�s �nc�dent the aerodrome management �nstalled 
barr�ers to restr�ct veh�cular movement on the road 
dur�ng certa�n a�rcraft movements.
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ACCIDENT

Aircraft Type and Registration:  P�erre Rob�n R2��2, G-BIVA

No & Type of Engines:  � Lycom�ng O-2�5-L2A p�ston eng�ne

Year of Manufacture:  �978 

Date & Time (UTC):  24 March 2007 at �04� hrs

Location:  Truro Airfield, Cornwall

Type of Flight:  Pr�vate 

Persons on Board:  Crew - � Passengers - �

Injuries:  Crew - None Passengers - None

Nature of Damage:  Several small dents on lead�ng edge, m�nor damage to 
propeller and rear strake

Commander’s Licence:  Commerc�al P�lot’s L�cence

Commander’s Age:  48 years

Commander’s Flying Experience:  927 hours (of wh�ch 2 were on type)
 Last 90 days - 22 hours
 Last 28 days - �7 hours

Information Source:  A�rcraft Acc�dent Report Form subm�tted by the p�lot

Synopsis

The p�lot was carry�ng out a touch-and-go land�ng at 
Truro Airfield and the aircraft failed to get airborne.

History of the flight

The flight was planned from Royal Naval Air Station 
Culdrose to Truro.  Pr�or to takeoff, the p�lot called 
Truro Airfield and requested permission to carry out 
“a couple of approaches”.  Th�s was approved and 
the p�lot �nqu�red about the runway length.  He was 
�nformed that the ava�lable length was 500 m, w�th an 
add�t�onal �0 m unava�lable due to water-logg�ng and 
the fact that the grass needed cutt�ng �n preparat�on for 
a ‘fly-in’ the following day.  He was also informed that 
the rad�o may not be manned.

On arr�val at Truro the p�lot noted from the w�ndsock 

that the w�nd was l�ght and an approach to Runway 2� 

was carried out.  The aircraft was flown down the length 

of the runway at approx�mately 20 ft agl.  It cl�mbed 

away normally and entered the c�rcu�t pattern at �,000 

ft.  The p�lot, �n consultat�on w�th the passenger who 

was also a p�lot, dec�ded that the runway looked su�table 

to carry out a touch-and-go.  Downw�nd checks were 

completed and the carburettor heat control selected ‘ON’ 

where it remained until 100 ft on the final approach.  

At th�s stage the carburettor heat was selected ‘OFF’ �n 

accordance w�th normal procedures.

The a�rcraft touched down 40 m beyond the runway 
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threshold at a speed of around 50 kt, sl�ghtly faster than 
the normal touch-down speed for th�s a�rcraft.  The p�lot 
stated that the retardat�on as the a�rcraft rolled along 
the surface was not�ceable but d�d not seem excess�ve.  
He then applied full power and raised the flaps to the 
takeoff pos�t�on.  L�ght back pressure was appl�ed to 
the control st�ck, as the a�rcraft normally becomes 
airborne in quite a flat attitude due to the presence of a 
strake on the ta�l.  However, the a�rcraft d�d not become 
airborne.  The pilot checked both the flap setting and 
the carburettor heat select�on to ensure �t was not 
selected.  A second attempt was made to ra�se the nose 
and become a�rborne w�thout success.  The p�lot closed 
the throttle, but re-opened �t as he cons�dered that the 
a�rcraft would contact a fence beyond the end of the 
runway �f he attempted to stop at th�s stage.  The p�lot 
pulled back on the control column �n an attempt to hop 
over the fence.  However, the a�rcraft went through 
the fence and came to rest in the field beyond.  Both 
occupants were un�njured and vacated the a�rcraft 
normally.

The damage to the a�rcraft was l�m�ted to a number of 
dents �n the lead�ng edge of the left w�ng and a ‘n�ck’ 
�n one propeller blade.  The fence was constructed of 
plast�c and was �ntended to be frang�ble; however, �t 
had a strand of steel support�ng w�re wh�ch caused 
the damage.  The aircraft was recovered to the airfield 
boundary and, follow�ng an �nspect�on by the repa�r 
agency, was flown to their overhaul facility. No 
problems were reported w�th eng�ne performance.

W�tnesses reported hear�ng the a�rcraft make a low 
go-around followed by a c�rcu�t and a very low approach.  
The eng�ne note was heard to �ncrease �n�t�ally and then 
splutter.

Airfield information

Truro is an unlicensed grass airfield at an elevation of 
400 ft amsl, with three runways.  Runway 14/29 has 
a length of 5�� m, w�th a �00 m starter extens�on on 
Runway �2.  Pr�or perm�ss�on �s requ�red to use the 
airfield.  

Discussion

The p�lot cons�dered that the a�rcraft had suffered a 
power loss due to carburettor �c�ng.  Meteorolog�cal 
observat�ons between �000 and ��00 hrs �n the Truro 
area est�mated a temperature of �0ºC and a dew po�nt 
of 2ºC, w�th 58% hum�d�ty.  The w�nd was l�ght and 
var�able.  Reference to the carburettor �c�ng chart �n 
the CAA General Aviation Safety Sense Leaflet 14A 
showed that these cond�t�ons are just w�th�n those 
conduc�ve to ser�ous �c�ng at any power.  The p�lot 
stated that th�s a�rcraft type was new to h�m and 
therefore, as the takeoff position is flatter than he is 
used to, he may have let the a�rcraft rema�n on the 
runway for too long.  Grass, and �n th�s case long 
grass, can �ncrease the roll�ng res�stance and therefore 
the takeoff ground run cons�derably.
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ACCIDENT

Aircraft Type and Registration:  P�per PA-28-�6�, G-BPMR

No & Type of Engines:  � Lycom�ng O-�20-D�G p�ston eng�ne

Year of Manufacture:  �984

Date & Time (UTC):  5 Apr�l 2007 at �200 hrs

Location:  Enstone Aerodrome, Oxfordsh�re

Type of Flight:  Pr�vate

Persons on Board:  Crew - � Passengers - 2

Injuries:  Crew - None Passengers - None

Nature of Damage:  Left w�ng damaged

Commander’s Licence:  Pr�vate P�lot’s L�cence

Commander’s Age:  64 years

Commander’s Flying Experience:  254 hours (of wh�ch 92 were on type)
 Last 90 days - � hours
 Last 28 days -  � hour

Information Source:  A�rcraft Acc�dent Report Form subm�tted by the p�lot

Synopsis

Wh�lst backtrack�ng toward the park�ng area, follow�ng 

an uneventful land�ng on the asphalt Runway 26, the 

p�lot became d�stracted by a land�ng a�rcraft on the 

grass Runway 26.  He allowed h�s a�rcraft to dr�ft to the 

left and str�ke a fence, caus�ng damage to the left w�ng 

lead�ng edge.

History of the flight

The flight to Enstone from Gloucester was uneventful, 

as was the land�ng on the asphalt Runway 26.  To reach 

the park�ng area the p�lot had to backtrack.  As there 

were other a�rcraft operat�ng �n the area and an a�rcraft 

was about to land on the grass Runway 26, to the south, 

the p�lot dec�ded to backtrack bes�de, and to the north of, 

the marked runway area.

To the north of the asphalt Runway 26, and runn�ng �n 

the same d�rect�on as the runway, was a s�x-foot fence 

cons�st�ng of posts w�th w�re strands suspended between 

them.  The fence segregated a norths�de grass str�p used 

by a ma�ntenance fac�l�ty, wh�ch was a separate operat�on 

from that of the aerodrome.

The a�rcraft was backtracked between the fence l�ne, 

to the p�lot’s left, and the northern edge of the asphalt 

Runway 26, to the p�lot’s r�ght.  Wh�lst tax��ng, the p�lot 

became d�stracted by the a�rcraft land�ng to h�s r�ght on 

the grass Runway 26.  H�s a�rcraft then dr�fted to the 

left after wh�ch the left w�ngt�p struck one of the fence 

posts and the a�rcraft swung further to the left, caus�ng 

the left w�ng to contact several add�t�onal fence posts.  
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The a�rcraft subsequently came to a halt and the p�lot 
and the passengers ex�ted the a�rcraft normally and were 
un�njured.
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ACCIDENT

Aircraft Type and Registration:  P�per PA-�2-�00, G-BAXJ

No & Type of Engines:  � Lycom�ng IO-540-K�A5 p�ston eng�ne

Year of Manufacture:  �970 

Date & Time (UTC):  25 March 2007 at ��25 hrs

Location:  Old Buckenham Airfield, Norfolk

Type of Flight:  Aer�al Work 

Persons on Board:  Crew - � Passengers - N�l

Injuries:  Crew - None Passengers - N/A 

Nature of Damage:  Land�ng gear destroyed, propeller blades bent, damage 
to the w�ngs and fuselage

Commander’s Licence:  Pr�vate P�lot’s L�cence

Commander’s Age:  62 years

Commander’s Flying Experience:  2,4�8 hours (of wh�ch �,000 were on type)
 Last 90 days - 4� hours
 Last 28 days - 22 hours

Information Source:  A�rcraft Acc�dent Report Form subm�tted by the p�lot 
and �nspect�on by an �nsurance loss adjustor

Synopsis 

Commenc�ng a descent after a parachute drop, the p�lot 

became aware, at 500 ft, that the eng�ne had fa�led.  

Lacking the height to make it to the airfield, he decided 

to land in an undershoot field where the impact resulted 

�n substant�al damage to the a�rcraft.

History of the flight

Follow�ng a parachute drop the p�lot commenced 

a descent to land on Runway 07.  The descent was 

uneventful and the approach and land�ng checks were 

completed.  At about 500 feet the p�lot appl�ed a small 

�ncrease of the throttle and became aware that the eng�ne 

was not respond�ng and had fa�led.  He changed fuel 

tanks and checked that the aux�l�ary pumps were st�ll 

selected ON (part of the approach and land�ng checks) 

but there was no response from the eng�ne.  He retracted 

the first stage of flap and thought that he might be able 

to land on the runway but real�s�ng that he d�d not have 

sufficient height, he elected to land in an undershoot 

field.  Unfortunately, the intended touch-down area was 

traversed by a d�tch.  The p�lot ra�sed the a�rcraft’s nose 

and cleared the d�tch but, because the a�rspeed was low, 

the a�rcraft �mpacted the ground heav�ly on the other 

s�de.  The ground was of a heavy clay-type so�l and the 

a�rcraft came to a halt very rap�dly, hav�ng collapsed all 

three land�ng gear legs.
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The accident site was quickly attended by the airfield’s 
fire crew but there was no fire.  The pilot asked the fire 
crew to check the a�rcraft’s fuel state and they found that 
there was fuel present �n both w�ng tanks.  The fuel state 
was low and the a�rcraft would have requ�red refuell�ng 
prior to the next flight but, in the pilot’s estimation, there 
was a total of approx�mately �0 l�tres �n the two tanks.

At no t�me dur�ng the a�rcraft’s descent or approach d�d 
the p�lot not�ce that the eng�ne had fa�led; there had been 
no detectable cough�ng or splutter�ng.

Engineering examination

Dur�ng the recovery of the a�rcraft an eng�neer noted that 
there was fuel present �n both tanks, that there was o�l 

�n the eng�ne and that the eng�ne appeared to be free to 
rotate.  An �nsurance loss adjustor �nspected the a�rcraft 
some days after �t had been removed from the acc�dent 
site and he confirmed that there was fuel in both tanks, 
o�l �n the eng�ne and that the eng�ne was free to turn.  He 
saw no ev�dence of a major eng�ne mechan�cal fa�lure 
or major eng�ne o�l loss.  It was not apparent what had 
caused the loss of power.

Icing

The engine fitted to this aircraft has a fuel injection 
system wh�ch, for the weather cond�t�ons on the day, 
would not have been affected by �c�ng.     
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ACCIDENT

Aircraft Type and Registration:  Sukho� SU-29, HA-YAO

No & Type of Engines:  � M�4 PF p�ston eng�ne

Year of Manufacture:  �998 

Date & Time (UTC):  � February 2007 at �649 hrs

Location:  Southend A�rport

Type of Flight:  Pr�vate 

Persons on Board:  Crew - � Passengers - �

Injuries:  Crew - None Passengers - None

Nature of Damage:  Damage to the eng�ne and eng�ne compartment 

Commander’s Licence:  Pr�vate P�lot’s L�cence

Commander’s Age:  64 years

Commander’s Flying Experience:  950 hours (of wh�ch 56 were on type)
 Last 90 days - 27 hours
 Last 28 days -   7 hours

Information Source:  A�rcraft Acc�dent Report Form subm�tted by the p�lot

Synopsis

The p�lot was attempt�ng to start the eng�ne, wh�ch was 
warm, when a fire broke out in the engine compartment.  
Both the p�lot and the passenger evacuated the a�rcraft 
via the normal canopy exit.  The fire was extinguished 
by the airport fire services shortly after their arrival, and 
nobody was �njured �n the acc�dent.

History of the flight

The p�lot refuelled the a�rcraft �n the self-refuel area, 
having just completed some circuit flying.  He then primed 
the eng�ne, wh�ch was warm, and attempted to start �t, 
which resulted in the engine firing and then stopping 
tw�ce.  The p�lot then replen�shed the a�r supply for the 
pneumat�c starter.  On the next attempt to start the eng�ne, 
it backfired and a fire broke out in the engine bay.  

The p�lot and passenger evacuated the a�rcraft v�a the 
normal canopy exit.  They attempted to tackle the fire 
with two fire extinguishers which were located at the self-
refuel area, but the size of the fire increased, probably as 
a result of the fire spreading to the aircraft’s oil tank.  A 
fire officer noticed the fire and raised the crash alarms, 
and the fire was extinguished by the airport fire services 
shortly after the�r arr�val.

The pilot attributed the accident to a carburettor fire, 
probably due to over-pr�m�ng a warm eng�ne.
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ACCIDENT

Aircraft Type and Registration:  Rob�nson R22 Beta, G-OSMS

No & Type of Engines:  � Lycom�ng O-�20-B2C p�ston eng�ne

Year of Manufacture:  �990 

Date & Time (UTC):  �5 January 2007 at �420 hrs

Location:  Wolverhampton A�rport

Type of Flight:  Tra�n�ng 

Persons on Board:  Crew - � Passengers - None

Injuries:  Crew - 1 (Minor) Passengers - N/A

Nature of Damage:  Substant�al

Commander’s Licence:  Student p�lot

Commander’s Age:  69 years

Commander’s Flying Experience:  56 hours (of wh�ch all were on type)
 Last 90 days - 2� hours
 Last 28 days -   5 hours

Information Source:  A�rcraft Acc�dent Report Form subm�tted by the p�lot

Synopsis

As the student p�lot was do�ng a left clear�ng turn �n the 
hover, the left sk�d touched the ground and the hel�copter 
rolled to the left onto the ground.

History of the flight

The student had completed a short dual flight with 
h�s �nstructor and then refuelled the hel�copter before 
commencing a solo flight.  He had been briefed for a 
flight in the local area before returning to the threshold 
of Runway �0 where he was to carry out some takeoffs 
and land�ngs before hover tax��ng to the park�ng area.  
The weather was good w�th a surface w�nd vary�ng �n 
d�rect�on between �70º and 200º and �n speed between 
8 and �5 kt.  

The departure and subsequent flying in the local area 
was uneventful and the student then made an approach to 
the grass area bes�de Runway �6 before hover tax��ng to 
the threshold of Runway �0.  Once there, he made three 
takeoffs and land�ngs, all on a head�ng of approx�mately 
�80º.  Then, �n preparat�on for h�s return to the park�ng 
area, he l�fted off aga�n and �n�t�ated a clear�ng turn to 
the left.  He est�mated that he was at a he�ght of about 
5 to �0 feet �n the turn when he suddenly real�sed that 
the hel�copter was left sk�d low.  Almost �mmed�ately the 
sk�d struck the ground and the hel�copter rolled to the left 
onto the ground.  The eng�ne stopped and the p�lot had 
some trouble releas�ng h�s harness because he was almost 
ups�de down.  However, he was able to undo �t and crawl 
clear of the hel�copter through the broken w�ndscreen.
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The wreckage had come to rest on �ts left s�de on a 
head�ng of approx�mately 260º.  There were no other 
w�tnesses to the acc�dent.
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ACCIDENT

Aircraft Type and Registration:  Rob�nson R22 Beta, G-ROUT

No & Type of Engines:  � Lycom�ng O-�20-B2C p�ston eng�ne

Year of Manufacture:  �989

Date & Time (UTC):  22 January 2007 at �0�5 hrs

Location:  Near Rom�ley, Stockport, Chesh�re

Type of Flight:  Pr�vate 

Persons on Board:  Crew - � Passengers - �

Injuries:  Crew - � (M�nor) Passengers - None

Nature of Damage:  Substant�al

Commander’s Licence:  Pr�vate P�lot’s L�cence

Commander’s Age:  54 years

Commander’s Flying Experience:  �55 hours (of wh�ch �54 were on type)
 Last 90 days - 0.8 hours
 Last 28 days - 0.8 hours

Information Source:  A�rcraft Acc�dent Report Form subm�tted by the p�lot

Synopsis

Dur�ng an approach to a pr�vate land�ng s�te, the p�lot 
brought the hel�copter to a h�gh hover w�th a strong 
ta�lw�nd.  Dur�ng the subsequent r�ght turn to al�gn the 
hel�copter �nto w�nd, G-ROUT started descend�ng and 
the p�lot was unable to prevent the hel�copter contact�ng 
a wooden fence and roll�ng onto �ts s�de.

Background to the flight

The passenger on the accident flight had flown G-ROUT 
from h�s pr�vate s�te near Rom�ley to another pr�vate s�te 
near Hawarden.  It had been agreed that he would be taken 
back to the pr�vate s�te as a passenger �n the hel�copter.  
The pilot on the return flight had not previously operated 
a hel�copter �nto the Rom�ley s�te but had been �n there 
as a passenger.  Dual controls were not fitted to the 
helicopter during the flights.

The land�ng s�te was �n a paddock and bounded by a low 
wooden fence; the alt�tude of the s�te was 4�0 ft amsl.  
To the east of the landing site were open fields bounded 
by a row of trees and power lines orientated north/south.  
The preferred approach path was �n�t�ally from the east 
and then turning to the south for the final approach.  This 
procedure avo�ded bu�lt-up areas to the south and was 
conven�ent for the predom�nant surface w�nd from the 
west or southwest.

History of the flight

For the flight, the weather was good and the surface 
wind was reported as 030º/17 kt by Manchester ATC 
dur�ng the return trans�t.  There was no w�ndsock at the 
Romiley landing site.  During the flight, the helicopter 
appeared fully serv�ceable.
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The passenger prov�ded adv�ce to the p�lot on the 
approach normally used and the p�lot establ�shed a 
descent on a north-westerly d�rect�on over the power 
l�nes and trees to the east of the land�ng s�te.  He then 
turned left onto a southerly d�rect�on and reduced 
a�rspeed unt�l the hel�copter was �n a h�gh hover at 
approx�mately 75 ft agl just to the east of the land�ng 
s�te.  To ma�nta�n the hover, the p�lot was us�ng almost 
max�mum perm�tted man�fold pressure.  He then 
commenced a slow r�ght turn to al�gn the hel�copter 
�nto w�nd for the land�ng.  Th�s r�ght turn was �n�t�ally 
stable but the p�lot was then aware that the hel�copter 
was descend�ng.  He was consc�ous that the s�tuat�on 
was conduc�ve to a vortex r�ng cond�t�on but was also 
aware that the surrounding area limited his fly-away 
opt�ons.  He lowered the collect�ve lever w�th the a�m 
of ra�s�ng �t aga�n to cush�on the land�ng.  Close to 
the ground he ra�sed the collect�ve but the r�ght sk�d 
contacted the top of a wooden fence and the hel�copter 
toppled over onto �ts r�ght s�de.  The p�lot turned off 
the fuel before ex�t�ng w�th h�s passenger through the 
left door.

Relevant information

The Rob�nson R22 P�lot’s Operat�ng Handbook �ncluded 
the follow�ng �nformat�on:

1. ‘Hover controllability has been substantiated 
in 17 knot wind from any direction up to 
9,800 feet density altitude.’

2. ‘At 75 ft agl, the helicopter should be at a 
minimum airspeed of 52 kt to remain clear of the 
avoid area of the Height-Velocity diagram.’

3. ‘Never make takeoffs or landings downwind, 
especially at high altitude.  The resulting loss 
of translational lift can cause the aircraft to 
settle into ground obstacles.’

4. ‘A vertical descent or steep approach downwind 
can result in “settling with power” (vortex 
ring condition).  This happens when the rotor 
is settling in its own downwash and additional 
power won’t stop the descent.  Should this 
occur, reduce collective and lower the nose to 
increase airspeed.  This can be very dangerous 
near the ground as the recovery results in a 
substantial loss of altitude.’

LASORS Safety Sense �7 General Av�at�on Helicopter 
Airmanship prov�des adv�ce on operat�ng �nto pr�vate 
hel�copter s�tes and on potent�al problems, and 
refers the reader to other relevant �nformat�on on the 
Br�t�sh Hel�copter Adv�sory Board (BHAB) web s�te 
www.bhab.org.  It also �ncludes �nformat�on that 
cond�t�ons l�kely to result �n vortex r�ng are: power on, 
low IAS (below �5 kt) and h�gh rate of descent (over 
�00 ft per m�n).

Pilot’s comments

The p�lot assessed that �t was l�kely that the hel�copter 
entered a vortex r�ng s�tuat�on and that the prox�m�ty of 
the fence meant that he had no chance of ach�ev�ng a 
clear land�ng.  

On reflection, with the unusual wind direction and its 
assoc�ated strength, the p�lot cons�dered that �t would 
have been appropr�ate for h�m to carry out at least one 
overflight of the site to assess the situation and the 
preferred approach path before attempt�ng a land�ng.  
He also thought that, with his lack of flying currency, 
he should have carr�ed out some cont�nuat�on tra�n�ng 
before land�ng at the s�te.
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INCIDENT

Aircraft Type and Registration:  Cameron A-�40 Balloon, G-OXBC

No & Type of Engines:  None

Year of Manufacture:  200�

Date & Time (UTC):  �8 February 2007 at �650 hrs

Location:  Hardw�ck Park, Standlake, W�tney, Oxon

Type of Flight:  Pos�t�on�ng 

Persons on Board:  Crew - � Passengers - None

Injuries:  Crew - None Passengers - N/A

Nature of Damage:  None

Commander’s Licence:  Commerc�al P�lot’s L�cence 

Commander’s Age:  58 years

Commander’s Flying Experience:  �,002 hours (of wh�ch 278 were on type)
 Last 90 days - �0 hours
 Last 28 days -    � hour

Information Source:  A�rcraft Acc�dent Report Form subm�tted by the p�lot

Synopsis

Wh�le walk�ng the balloon to a more su�table locat�on 
after land�ng, a gust of w�nd blew �t towards a row of 
trees and the balloon envelope collapsed over some 
power l�nes.

History of the flight

At the completion of an uneventful flight, the pilot made 
a safe land�ng and the s�x passengers left the basket.  The 
weather was good with a surface wind of 090º/05 kt.  
To the north of the land�ng area was a row of trees and 
power l�nes or�entated approx�mately east to west.

The �mmed�ate area was wet and sl�ppery and the p�lot 
dec�ded to move G-OXBC to a more su�table and dr�er 

area before deflating the envelope.  He left the basket 
and began to ‘walk’ the balloon slowly �n an easterly 
d�rect�on.  After he had gone some d�stance, a southerly 
gust of w�nd caught the balloon and �t started to move 
towards the trees.  On the sl�ppery ground, the p�lot was 
unable to stop the movement and the basket came to rest 
at the base of the trees.  The balloon envelope collapsed 
over the trees and onto the power l�nes.  There was no 
damage to the power l�nes wh�ch were �nsulated but the 
local fire service had to disentangle the envelope from 
the power l�nes and the trees.
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ACCIDENT

Aircraft Type and Registration:  X’A�r R�00, G-CBPU

No & Type of Engines:  � BMW R�00RS p�ston eng�ne

Year of Manufacture:  2002 

Date & Time (UTC):  �7 December 2006 at ���5 hrs

Location:  5 m�les SE of Wellesbourne, Warw�cksh�re

Type of Flight:  Pr�vate

Persons on Board:  Crew - � Passengers - �

Injuries:  Crew - None Passengers - None

Nature of Damage:  Moderate damage to nose wheel, left ma�nwheel and 
pod

Commander’s Licence:  Pr�vate P�lot’s L�cence

Commander’s Age:  47 years

Commander’s Flying Experience:  280 hours (of wh�ch 268 were on type)
 Last 90 days - �8 hours
 Last 28 days -   4 hours

Information Source: A�rcraft Acc�dent Report Form subm�tted by the p�lot

Synopsis

Follow�ng an eng�ne fa�lure, the p�lot carr�ed out a forced 

land�ng but the a�rcraft ran �nto a hedge at the end of the 

land�ng roll.

History of the flight

The X’A�r R�00 �s a three-ax�s m�crol�ght type.  On the 

second flight of the day, the pilot took off from Tatenhill 

Airfield for a flight to Long Marston Airfield.  The 

weather was good with a surface wind of 280º/10 kt.

After approx�mately an hour, w�th the a�rcraft level 

at �,800 ft amsl, the eng�ne power suddenly reduced 

by about 50%.  The p�lot declared a ‘MAYDAY’ and 

selected a suitable field for an emergency landing.  His 

options were limited and the most suitable field was at 

the top of a h�ll at an elevat�on of about 400 ft amsl.  

The p�lot used the eng�ne power ava�lable to pos�t�on 

G-CBPU for a land�ng �nto w�nd; he d�d not w�sh to 

reduce power to �dle as the a�rcraft has a h�gh s�nk rate 

at that power setting.  However on finals the engine 

stopped completely and the p�lot then found h�mself 

landing short of his target field.  He landed in the 

undershoot field but he was unable to stop the aircraft 

before it ran into a hedge dividing the two fields.

Shortly afterwards, a hel�copter arr�ved on the scene 

from a nearby aerodrome followed soon after by a pol�ce 

hel�copter.
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Subsequent investigation

The p�lot stated that the eng�ne rel�ed upon the alternator 
and battery to ma�nta�n correct operat�on of the eng�ne 
�gn�t�on, t�m�ng and fuel pump.  Dur�ng the subsequent 

investigation, he identified faults with the alternator that 
led to a low battery voltage wh�ch he had not�ced �n 
flight shortly before the engine lost power.  
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BULLETIN RE-ISSUED

In �ts September 2004 Bullet�n, the AAIB publ�shed a report �nto a fatal gyroplane 
acc�dent.  Between publ�cat�on and complet�on of the Inquest �nto the p�lot’s death, 
new and s�gn�f�cant facts emerged.  Pr�nc�pal amongst these facts was that after �t 
was �ssued w�th a Perm�t to Fly, the mach�ne was f�tted w�th a rotor of larger d�ameter 
than that spec�f�ed �n the Perm�t.  Th�s change to the mach�ne’s conf�gurat�on had 
�mpl�cat�ons relevant to �ts we�ght, balance and performance; �t also had potent�al but 
unquant�f�able effects on �ts handl�ng qual�t�es.  Consequently, the Ch�ef Inspector 
dec�ded that the report should be updated and re-�ssued �n full to �ncorporate new and 
rev�sed �nformat�on. 
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ACCIDENT

Aircraft Type and Registration: Ponsford Bensen B8MR (modified), G-BIGU

No & Type of Engines: � Rotax 5�2 p�ston eng�ne

Year of Manufacture: 200�

Date & Time (UTC): 29 June 200� at �250 hrs

Location: Shipdham Airfield, near Dereham, Norfolk

Type of Flight: Pr�vate

Persons on Board: Crew - � Passengers - None

Injuries: Crew - 1 (Fatal) Passengers - N/A

Nature of Damage: A�rcraft destroyed

Commander’s Licence: Private Pilot’s Licence (Aeroplanes) and qualifications 
for the �ssue of a Pr�vate P�lot’s L�cence (Gyroplanes)� 

Commander’s Age: 44 years

Commander’s Flying Experience: �24 hours (of wh�ch 4� were on gyroplanes)
 Last 90 days - 27 hours
 Last 28 days -   5 hours

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

Synopsis

The accident occurred on the first unsupervised flight 

follow�ng the p�lot’s complet�on of h�s Pr�vate P�lot’s 

L�cence (Gyroplanes) course.  It resulted from the rotor 

blades str�k�ng the rudder, wh�ch rendered the gyroplane 

uncontrollable.  W�tness accounts �nd�cated that 

G-BIGU was flying straight and level at a reasonable 

speed just before th�s event, although there were reports 

of possible ‘over-controlling’ during the flight.  The 

specific reason for the rotor blades striking the rudder 

could not be determ�ned but a p�lot-�nduced osc�llat�on 

appeared to be the probable cause.  An exam�nat�on of 

the a�rcraft, and subsequent computer modell�ng by the 

Un�vers�ty of Glasgow, �nd�cated that the a�rcraft could 

have poor long�tud�nal stab�l�ty character�st�cs.  The 
�nvest�gat�on also h�ghl�ghted the poor safety record 
of gyroplanes �n general compared to other types of 
recreat�onal a�rcraft.  Accord�ngly, recommendat�ons 
have been made concern�ng the approval of gyroplanes 
and the tra�n�ng and l�cens�ng of gyroplane p�lots.

Footnote

� The p�lot had completed an approved course for the �ssue of a 
PPL (Gyroplanes) and had subm�tted h�s l�cence appl�cat�on to the 
CAA.  At the t�me of the acc�dent the CAA had not processed the 
appl�cat�on and so had not �ssued the l�cence.  However, the Author�ty 
subsequently confirmed that the pilot met all the requirements for the 
�ssue of a PPL (Gyroplanes).
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Factual Information

Background to the flight

The p�lot had been the holder of a Pr�vate P�lot’s L�cence 

(PPL) (Aeroplanes) s�nce July �992 and had started a 

PPL (Gyroplanes) course �n August 2002 at a recogn�sed 

flight training school.  He had bought G-BIGU from the 

or�g�nal bu�lder of the a�rcraft.

He subsequently passed h�s General Fl�ght Test (GFT) 

on 17 April 2003 in a twin seat VPM.  After a final 

flight in G-BIGU under supervision at the training 

school on 21 June 2003, the flight examiner endorsed 

the pilot’s flying logbook with a clearance to fly 

“single seat gyroplanes and VPM twin seat”.  The 

p�lot then transported h�s a�rcraft by road to h�s home.  

H�s �ntent�on was to keep the a�rcraft �n a hangar at 

Shipdham Airfield and to enable him to do so he joined 

the Sh�pdham Aero Club.

On 22 June, he brought G-BIGU by tra�ler to the 

airfield, parked it in a hangar and was seen to attach 

the rotor blades to the body of the mach�ne.  Dur�ng the 

subsequent week, he did not go to Shipdham Airfield 

but did complete a dual flight in a fixed wing aircraft at 

another airfield on 23 June.
  
History of the flight

On the morn�ng of 29 June, the p�lot went to Sh�pdham 

Airfield with the intention of flying in his gyroplane.  

One club member spoke to h�m as he was prepar�ng 

G-BIGU for flight.  During the conversation, the club 

member �nformed the p�lot that there would be some 

glider flying using Runway 20 with a right hand circuit, 

and that powered a�rcraft normally used a left-hand 

c�rcu�t on that runway.  At the t�me, the surface w�nd 

was calm and the p�lot asked �f there would be any 

problem w�th h�m do�ng some ground runs �n both 

d�rect�ons along the runway.  The p�lot also commented 
that he had “someth�ng to try out”.  The club member’s 
�mpress�on was that the p�lot seemed �n “good sp�r�ts”.  
The weather was good w�th no cloud and a l�ght and 
var�able surface w�nd.

Somet�me later, the gyroplane was seen tax��ng out to 
a pos�t�on just short of the threshold of Runway 20.  It 
stopped there for a t�me w�th the rotors turn�ng before 
enter�ng and tax��ng along the runway.  No other a�rcraft 
from Sh�pdham were a�rborne at the t�me and var�ous 
club members were preparing aircraft for flight.  No 
witness watched G-BIGU during its entire flight so it 
was not poss�ble to determ�ne exactly what manoeuvres 
were completed.  However, most members were aware of 
the eng�ne no�se rema�n�ng constant �n the background.  
G-BIGU appeared to take off from Runway 02 and 
fly a short distance to the north before turning back 
towards the airfield.  The aircraft was seen to fly along 
the runway �n each d�rect�on and some w�tnesses were 
aware of G-BIGU gently “porpoising” as it flew along.  
Est�mates of the he�ght of the gyroplane dur�ng th�s t�me 
var�ed between �0 and 20 feet above the runway and 
also between 400 and 500 feet but d�splaced to one s�de 
of the runway.  W�th the var�at�on �n he�ght est�mates 
from the w�tnesses, who were both p�lots, �t was poss�ble 
that th�s “porpo�s�ng” occurred at d�fferent t�mes.  None 
of the w�tnesses were concerned by the manoeuvres.  
One witness, who saw the last moments of flight, was 
standing by the airfield hangar looking towards the east.  
He saw G-BIGU �n a downw�nd pos�t�on for Runway 20 
at about 250 to �00 feet agl and at an est�mated speed of 
about 45 kt.  The gyroplane appeared to be stable and 
in level flight when the witness heard a single “bang” 
and saw an �mmed�ate change �n att�tude.  The a�rcraft 
p�tched nose down and fell vert�cally to the ground.  Th�s 
w�tness also commented that he had heard a “broken” 
rad�o transm�ss�on somet�me pr�or to the acc�dent 
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sequence; with no other club aircraft flying, he assumed 
that the p�lot of G-BIGU had made th�s transm�ss�on.

One other w�tness, who was cycl�ng �n the local area, 
stopped to look at the a�rcraft to the east of the runway, 
as it flew apparently straight and level in a northerly 
d�rect�on.  The gyroplane passed close to h�m and �ts 
p�lot waved to h�m.  There was a constant no�se from the 
eng�ne unt�l th�s w�tness heard a “clunk” and the eng�ne 
no�se stopped.  He watched the a�rcraft t�p nose down and 
fall to the ground w�th the rotors stopped; h�s �mpress�on 
was that the rotors were hang�ng vert�cally down each 
s�de of the a�rcraft. Th�s w�tness was approx�mately 
500 metres away from the crash locat�on.

No other w�tnesses were watch�ng the a�rcraft just pr�or to 
the unusual no�se although all cons�dered that the eng�ne 
no�se was constant up to that po�nt.  They were attracted 
to the locat�on by a no�se, var�ously descr�bed as a “pop” 
or a “bang” and a change �n eng�ne no�se.  The a�rcraft 
was seen to p�tch sl�ghtly nose down but �t rema�ned �n 
an upr�ght att�tude as �t descended rap�dly to the ground.  
The rotors were var�ously descr�bed as turn�ng slowly or 
stopped and two w�tnesses had an �mpress�on 
that one rotor blade was bent about halfway 
along �ts span.  One w�tness thought that 
the a�rcraft turned through about �80° on �ts 
long�tud�nal ax�s as �t descended.

Emergency ‘999’ calls were made wh�le two 
veh�cles set out to locate the crash s�te.  One 
other club member had already prepared an 
aircraft for flight and he taxiied this aircraft, 
G-BPWL onto Runway 20 and took off.  Once 
a�rborne, he contacted Norw�ch ATC on ��9.�5 
MHz, declared an emergency and requested 
ass�stance for a gyroplane that had crashed near 
Shipdham Airfield.  Norwich ATC recorded the 

call at �25� hrs and the controller �n�t�ated h�s emergency 
procedures.  As he was do�ng so, the crew of an a�r 
ambulance hel�copter, G-EYNL, called on the frequency 
and, when �nformed of the acc�dent, elected to proceed 
d�rect to the acc�dent s�te.  The p�lot of G-BPWL reported 
that he would rema�n over the crash s�te and d�d so unt�l 
the a�r ambulance reached the crash s�te at ��0� hrs.  Just 
before then, two club members had reached the acc�dent 
scene and had found the a�rcraft ly�ng on �ts s�de w�th 
the p�lot st�ll �n h�s seat.  They could not detect any s�gns 
of life and this was confirmed when the air ambulance 
personnel arr�ved, moved the a�rcraft clear and checked 
the p�lot.

Aircraft description and history

The a�rcraft was a l�ght s�ngle seat gyroplane w�th a pusher 
engine configuration and an open cockpit (see Figure 1).  
When constructed and flight tested, the aircraft was 
fitted with 22-foot diameter ‘Dragon Wing’ rotor blades 
and a Rotax 5�2 eng�ne w�th a three-bladed compos�te 
propeller.  The engine was not fitted with a carburettor 
heat system.  In common w�th other Bensen-type 

Figure 1

A�rcraft pr�or to the acc�dent (G-BIGU)
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gyroplanes, the control st�ck was of the pump-act�on 
type wh�ch p�vots at a po�nt below the seat and moves 
vert�cally dur�ng forward and aft movements.  Th�s 
differs from a keel mounted stick that has no significant 
vert�cal movement dur�ng p�tch control changes.  The 
movement of a keel mounted st�ck would be s�m�lar to 
that encountered in conventional fixed wing aircraft.

Dur�ng the �nvest�gat�on two people reported that the 
acc�dent p�lot had attempted some wheel balanc�ng on 
h�s a�rcraft w�thout superv�s�on at somet�me dur�ng the 
latter half of 2002.  Dur�ng th�s attempt the a�rcraft had 
suffered a ‘blade flap’ incident on the ground2 result�ng 
�n a rollover and damage to the propeller and rotor.  
These accounts are supported by the fact that the p�lot 
purchased new rotor blades and a new propeller blade 
�n October 2002.  The new rotor blades were of the 
same type but, at 2� ft d�ameter, one foot larger than 
the authorised rotor diameter specified in the machine’s 
Perm�t to Fly.  However, there �s no ev�dence to suggest 
that any a�rcraft damage from that acc�dent led to the 
p�lot’s subsequent fatal acc�dent.

Other modifications to the B8MR design included the 
addition of a modified nosecone fairing from the Air 
Command gyroplane des�gn, the add�t�on of s�de pod 
tanks and a seat �ncorporat�ng a fuel tank, also from the 
A�r Command des�gn.  The nosecone fa�r�ng and seat 
tank modifications had been approved by the PFA.  The 
side pod tank modification had not yet been approved 
due to �ts potent�al adverse effect on vert�cal CG.  
However, a we�ght and balance study by the Un�vers�ty 
of Glasgow had determ�ned that the tanks had l�ttle 
effect on the vert�cal CG.  From we�ght measurements 
taken with the 23 ft rotor fitted, the vertical position of 

the CG was calculated to be 4.8 ±�.2 �nches below the 
thrust l�ne.  The a�rcraft’s mass w�th the acc�dent p�lot 
on board and w�th the seat tank half full was measured 
at 252 kg.  The max�mum total author�sed we�ght of the 
a�rcraft was 280 kg.  

The flight instruments on G-BIGU consisted of an 
a�rspeed �nd�cator cal�brated �n knots, an alt�meter and 
a compass.  The �nstrument panel also �ncluded an 
analogue eng�ne rpm gauge, an analogue eng�ne water 
temperature gauge, a d�g�tal rotor rpm �nd�cator and an 
�gn�t�on ON/OFF sw�tch.  At the left s�de of the p�lot’s 
seat there was a short, A�r Command-style throttle lever 
and on the r�ght s�de there was an eng�ne choke control.  
The fuel supply could be selected from one of three fuel 
tanks by means of a fuel selector located beh�nd the 
p�lot’s seat.  

Accident site examination

The aircraft struck the ground in a wheat field 
approximately half a mile east of the airfield.  The lack 
of d�sturbed wheat surround�ng the a�rcraft �nd�cated a 
near vert�cal �mpact w�th very l�ttle forward speed.  The 
a�rcraft had struck on �ts left s�de �n a steep left bank.  
There was no �nd�cat�on of any apprec�able rotor speed 
at �mpact.  One rotor blade had buckled on �mpact 
and forced the rotor mast to bend to the r�ght.  A large 
sect�on of the upper port�on of the rudder had detached 
and could not be found near the ma�n wreckage.  The 
m�ss�ng sect�on of rudder was found �n p�eces two months 
later by a farmer harvesting the field.  The pieces were 
located 60 to �20 feet from the ma�n wreckage.  The 
rotor blades had red marks along the�r lead�ng edge and 
unders�de between 4.6 and 6.2 feet from the rotor hub.  
The locat�on of these marks was cons�stent w�th the rotor 
hav�ng struck the red rudder and the d�stant locat�on of 
the rudder p�eces �nd�cated that the rudder was struck �n 
flight rather than at ground impact.

Footnote

2 Accelerat�ng the gyroplane too rap�dly along the ground for the 
current rotor speed causes this form of blade flap.
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The rotor blades also had curved red marks on the�r 
unders�de nearer the root.  These marks were cons�stent 
w�th the rotor hav�ng made contact w�th the red propeller 
t�ps.  One of the three propeller blades had separated 
at �ts root and one blade had separated at m�d-span; 
both separated blades were found w�th�n �5 feet of the 
wreckage.  The close prox�m�ty of the propeller blades 
to the wreckage �nd�cated that the blades had probably 
separated at ground impact rather than in flight as a 
result of a rotor blade str�ke.  The close prox�m�ty of the 
propeller blades also suggested that the propeller shaft 
was rotat�ng at low power at �mpact.

The s�de pod fuel tanks were found empty and had not 
been punctured.  The seat tank was also nearly empty but 
�ts fuel cap had been d�slodged and any fuel rema�n�ng 
would have dra�ned out wh�lst the a�rcraft was ly�ng 
on �ts s�de.  The fuel selector was set to the seat tank 
pos�t�on.  The acc�dent s�te had a d�st�nct smell of fuel 
and there was fuel rema�n�ng �n the carburettor bowl.

Detailed wreckage examination

After the on-s�te exam�nat�on the wreckage was recovered 
to the AAIB fac�l�ty at Farnborough for a more deta�led 
exam�nat�on.

The flight controls were checked for continuity and no 
disconnects were found.  The aircraft was fitted with a 
pre-rotator mechan�sm wh�ch was st�ll operable and there 
was no ev�dence to suggest any �nterference between the 
pre-rotator mechan�sm and the rotor.  The teeter stop 
plate was bent downwards on both s�des wh�ch was 
cons�stent w�th a hard �mpact between the rotor blades 
and the teeter stops.  Th�s ev�dence suggested a v�olent 
vert�cal mot�on of the rotor blades wh�ch was cons�stent 
w�th the mot�on requ�red for the rotor blades to str�ke 
the rudder.

The eng�ne was taken to an approved overhaul agency 
to be tested.  A few repa�rs were requ�red �nclud�ng 
replacement of the damaged starter cas�ng, exhaust 
man�fold and propeller as well as removal of the 
damaged rad�ator.  It was then mounted on a test stand 
and the eng�ne started and operated normally.  

All the structural fa�lures were cons�stent w�th the rotor 
blade str�kes and ground �mpact damage.  No anomal�es 
or defects that m�ght have contr�buted to the acc�dent 
were found �n the a�rcraft’s construct�on.  

Aircraft approval process

Most gyroplanes are now bu�lt from k�ts but G-
BIGU was bu�lt from the plans for a Bensen B8MR 
with additional modifications.  The Popular Flying 
Assoc�at�on (PFA) was delegated by the CAA to 
�nvest�gate and make recommendat�ons concern�ng 
new appl�cat�ons for approval of th�s gyroplane type.  
Follow�ng bu�ld complet�on, G-BIGU was �nspected 
and then test flown by a pilot accepted by the PFA for 
this task.  Seven test flights were carried out during a 
per�od between 29 June and � July 2002.  These tests 
were conducted with the 22 ft rotor fitted.  After the 
test flights the pilot submitted a declaration to the PFA 
stat�ng that he cons�dered that the a�rcraft compl�ed w�th 
the Br�t�sh C�v�l A�rworth�ness Requ�rements (BCAR) 
Sect�on T.  The PFA then recommended to the CAA 
that G-BIGU be �ssued w�th a Perm�t to Fly.  The CAA 
�ssued G-BIGU w�th a Perm�t to Fly on �9 September 
2002.  The Perm�t was concurrently �ssued w�th a 
Certificate of Validity that maintained its currency until 
�8 September 200�.  Before the Perm�t was �ssued, the 
bu�lder sold the a�rcraft to the acc�dent p�lot.  

Stability characteristics of gyroplanes

In the same way that a fixed wing aircraft has 
long�tud�nal stat�c stab�l�ty when the CG �s forward of 
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the a�rcraft’s l�ft vector, a gyroplane has long�tud�nal 
stat�c stab�l�ty when the CG �s forward of the Rotor 
Thrust Vector.  In this configuration, when a gust causes 
the gyroplane to p�tch up the rotor thrust w�ll �ncrease 
caus�ng a restor�ng nose-down p�tch�ng moment.  A 
large factor �n determ�n�ng the balance of moments 
which affects the location of the RTV in steady flight is 
the vert�cal locat�on of the propeller thrust l�ne relat�ve 
to the vertical CG.  A simplified diagram showing the 
two dom�nant forces, propeller thrust (Tprop) and RTV, 
�s shown �n F�gure 2 (the aerodynam�c drag �s assumed 
to be closely �n l�ne w�th the vert�cal CG).  For Case A, 
the thrust l�ne �s below the CG and therefore to establ�sh 
equilibrium in flight, the RTV lines up aft of the CG 
(to balance the nose-up p�tch�ng moment of the thrust 
l�ne).  When a d�sturbance such as an upwards gust 
causes the a�rcraft to p�tch up the RTV w�ll �ncrease 
and tilt aft (flap back), the net effect being to pitch the 
a�rcraft nose-down – a restor�ng moment.  For Case B, 
the thrust l�ne �s above the CG and therefore to establ�sh 
equilibrium in flight, the RTV lines up forward of the 

CG.  When a d�sturbance causes the a�rcraft to p�tch up, 

the RTV w�ll �ncrease and t�lt aft, the net effect be�ng 

to p�tch the a�rcraft nose-up even further – an unstable 

configuration.

In add�t�on to stat�c long�tud�nal stab�l�ty �t �s 

also des�rable that a gyroplane possesses dynam�c 

long�tud�nal stab�l�ty.  A gyroplane that has stat�c 

stab�l�ty does not necessar�ly possess dynam�c stab�l�ty.  

A gyroplane w�th pos�t�ve long�tud�nal stat�c stab�l�ty 

but negat�ve long�tud�nal dynam�c stab�l�ty would p�tch 

down �n response to an upwards gust but the restor�ng 

moment would be excess�ve and w�thout p�lot �nput 

the nose-down p�tch att�tude would �ncrease w�th each 

subsequent overshoot.  

The Un�vers�ty of Glasgow conducted a study �nto the 

stab�l�ty character�st�cs of gyroplanes us�ng a s�mulat�on 

model based on both wind tunnel data and flight test 

data.  The computer model verified that aligning the 

thrust l�ne close to the vert�cal CG had a favourable 

RTV

RTVGust

CG

Tprop

RTV

RTVGust

CG

Tprop

Case A Case B

Figure 2

D�agram of Rotor Thrust Vector (RTV) change due to an upwards gust.  
Case A: Propeller thrust l�ne passes below CG.  
Case B:  Propeller thrust l�ne passes above CG
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effect on both stat�c and dynam�c long�tud�nal stab�l�ty 

character�st�cs.  The study recommended that the CAA 

rev�se BCAR Sect�on T to �nclude a l�m�t for vert�cal 

CG pos�t�on that was w�th�n ±2 �nches of the propeller 

thrust l�ne.  A small amount of �nstab�l�ty w�th a thrust 

l�ne sl�ghtly above the CG was deemed acceptable but 

a thrust l�ne at or below the CG was deemed des�rable.  

The CAA plans to �mplement the recommendat�on by 

requ�r�ng a more r�gorous demonstrat�on of acceptable 

handl�ng qual�t�es �f the ±2 �nches thrust l�ne to CG 

relat�onsh�p �s not met.  It should be noted, however, 

that al�gn�ng the thrustl�ne close to the vert�cal CG 

would be advantageous but w�ll not �n �tself guarantee 

that a gyroplane w�ll have good long�tud�nal stab�l�ty 

character�st�cs.

The aerodynam�c drag vector can also affect the stab�l�ty 

of a gyroplane �f �t �s not closely al�gned w�th the vert�cal 

CG.  In th�s s�tuat�on, changes �n speed w�ll cause drag 

changes and result�ng p�tch changes.  A drag vector 

below the vert�cal CG w�ll result �n a speed-unstable 

configuration because an increase in speed will pitch the 

a�rcraft nose-down.

Theoret�cally the add�t�on of a properly s�zed and 

properly located hor�zontal ta�l can �mprove both speed 

stab�l�ty and p�tch stab�l�ty.  A hor�zontal ta�l can prov�de 

a restor�ng p�tch�ng moment and �t can also act as a p�tch 

damper, reduc�ng the number of overshoots dur�ng a 

p�tch osc�llat�on wh�ch �mproves dynam�c stab�l�ty. 

The more long�tud�nally unstable gyroplanes are, the 

more difficult they are to fly and the more likely the pilot 

�s to enter a p�lot-�nduced-osc�llat�on (PIO) �n p�tch.  In 

a PIO, the p�lot’s control �nputs are out of phase w�th 

the response of the a�rcraft.  A PIO �n a gyroplane, �f 

not recogn�sed and stopped �mmed�ately by the p�lot, 

can have fatal consequences.  The study on gyroplane 

stab�l�ty by the Un�vers�ty of Glasgow demonstrated 

that when a gyroplane �s p�tch�ng up and down, the rotor 

speed �s also osc�llat�ng up and down.  If a rotor slows 

down too much, retreat�ng blade stall can occur, also 

known as in-flight blade flap.  During in-flight blade 

flap the rotor blade becomes unstable and usually strikes 

some part of the a�rframe, ta�l or propeller.

Blade flap can also result from a deliberate unloading of 

the rotor.  If the p�lot pushes forward too rap�dly on the 

control st�ck (bunt�ng) the rotor d�sk’s angle of attack w�ll 

reduce and the ensu�ng l�ft loss w�ll unload the rotor (�e 

less than �g).  Unload�ng the rotor causes the rotor to slow 

down and �f �t slows down excess�vely, retreat�ng blade 

stall can occur and blade flap will follow.  The situation 

�s aggravated by a thrust l�ne located above the vert�cal 

CG, because as the RTV reduces, the propeller thrust 

causes the a�rcraft to p�tch further nose-down, further 

unload�ng the rotor.  For th�s reason the phenomenon �s 

often referred to as a 'power pushover'.  

An add�t�onal factor that can affect the a�rcraft’s PIO 

suscept�b�l�ty �s the type of control st�ck employed.  The 

pump-act�on type control st�ck translates up and down 

dur�ng forward and aft st�ck movements.  In theory, 

w�th th�s type of st�ck a PIO could be aggravated due 

to the vert�cal mot�on of the a�rcraft coupl�ng w�th the 

vert�cal mot�on of the st�ck as the p�lot tr�es to control 

the p�tch.  The keel-mounted st�ck does not translate up 

and down and therefore �s less l�kely to couple w�th the 

a�rcraft mot�on. 

In summary, gyroplanes can be des�gned w�th �nherent 

long�tud�nal stab�l�ty.  Al�gn�ng the propeller thrust l�ne at 

or sl�ghtly below the vert�cal CG �mproves long�tud�nal 

stab�l�ty as may a properly s�zed and located hor�zontal 

ta�l.  Al�gn�ng the drag vector w�th the vert�cal CG also 

�mproves speed stab�l�ty.  The use of a keel-mounted 
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st�ck as opposed to a pump-act�on st�ck may also help 
allev�ate PIO suscept�b�l�ty.

BCAR Section T requirements

Sect�on T of BCAR covers l�ght gyroplanes.  At the 
t�me of the acc�dent the current vers�on of Sect�on T was 
Issue �, Amendment �, of August 200�.  All new des�gns 
of gyroplanes must comply w�th Sect�on T but G-BIGU 
d�d not need to comply w�th Sect�on T because �t was 
bu�lt from the plans of an ex�st�ng des�gn.  Nevertheless, 
the flight test for the permit issue for G-BIGU was 
conducted aga�nst certa�n performance and handl�ng 
cr�ter�a from Sect�on T (Issue �).

Sect�on T �ncludes requ�rements for stat�c long�tud�nal 
stab�l�ty (T�7�) and dynam�c stab�l�ty (T�8�).  The 
stat�c long�tud�nal stab�l�ty requ�rements spec�fy cr�ter�a 
relat�ng to st�ck force as a funct�on of speed and load 
factor.  The dynam�c stab�l�ty cr�ter�a relate to the 
damp�ng and frequency of any osc�llat�ons – �mportant 
cr�ter�a when assess�ng an a�rcraft’s suscept�b�l�ty to PIO.  
The requ�rement and �nterpretat�ve mater�al concern�ng 
osc�llat�ons were as follows:

Requ�rement: ‘Any short-period oscillations 
occurring under any permissible flight condition 
must be heavily damped with the primary controls 
fixed or free.’

Interpretat�ve Mater�al: ‘Longitudinal, lateral or 
directional oscillations with controls fixed or free 
and following a single disturbance in smooth air, 
should at least meet the following criteria:

(a) Any oscillation having a period of less than 
5 seconds should damp to one half amplitude 
in not more than one cycle.  There should be 
no tendency for undamped small amplitude 
oscillations to persist.

(b) Any oscillation having a period between 5 and 
10 seconds should damp to one half amplitude 
in not more than two cycles.  There should 
be no tendency for undamped oscillations to 
persist.

(c) Any oscillation having a period between 10 
and 20 seconds should be damped, and in no 
circumstances should an oscillation having 
a period greater than 20 seconds achieve 
more than double amplitude in less than 
20 seconds.’

The �nterpretat�ve mater�al states that any osc�llat�on 

w�th a per�od of less than 20 seconds must be stable, 

�e damped.  Osc�llat�ons w�th a per�od of more than 

20 seconds are more controllable and therefore a certa�n 

degree of �nstab�l�ty �s perm�tted.  These tests can be 

a challenge to perform as the osc�llat�ons can make �t 
difficult to hold the stick fixed. 

Stability characteristics of G-BIGU

G-BIGU had a number of character�st�cs that �nd�cated 

that �t probably would not have met the long�tud�nal 

dynam�c stab�l�ty cr�ter�a of Sect�on T.  The thrust l�ne 

on G-BIGU was 4.8 ±�.2 �nches above the vert�cal 

CG.  Th�s �s �n the unstable d�rect�on and �s outs�de 

the 2 �nch l�m�t recommended by the Un�vers�ty of 

Glasgow.  G-BIGU was not equ�pped w�th a hor�zontal 

tail designed to improve stability and it was modified 

w�th the add�t�on of a nosecone fa�r�ng - the drag 

act�ng on th�s fa�r�ng could have had a destab�l�s�ng 

effect.  Moreover, the a�rcraft had a pump-act�on st�ck 

as opposed to a keel-mounted st�ck that could have 

�ncreased the a�rcraft’s suscept�b�l�ty to PIO.  All these 

features �nd�cate that the a�rcraft would probably have 
been difficult to fly, particularly for an inexperienced 

gyroplane p�lot.
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G-BIGU was test flown by a very experienced gyroplane 
p�lot as part of the process for the �ssue of a Perm�t.  The 
pilot thought that the aircraft flew well and met the 
criteria of Section T.  The flight test report was written in 
subject�ve terms and d�d not conta�n any data to compare 
aga�nst the long�tud�nal dynam�c stab�l�ty cr�ter�a of 
Sect�on T.  The report stated that the a�rcraft “can be 
flown hands and feet off at cruise speeds of 45 to 50 mph 
for short periods of time before gently deviating from 
straight and level flight”.  The phrase “short periods 
of time” was not qualified in the report but the pilot 
later stated that �t was about 5 seconds.  The st�ck-free 
stab�l�ty of a gyroplane �s generally cons�derably better 
than the stick-fixed stability because leaving the stick 
free allows the rotor hub to move �ndependently of the 
a�rcraft, add�ng a degree of auto-stab�l�sat�on.  

The Un�vers�ty of Glasgow was asked to model the 
stab�l�ty of G-BIGU us�ng the�r RASCAL s�mulator 
that had been developed to model gyroplanes.  The 
pod, ta�lplane and vert�cal ta�l aerodynam�cs were 
those est�mated from a s�m�lar look�ng s�ngle-seat 
A�r Command gyroplane.  The mass propert�es, CG, 
thrust line and geometric data used were those specific 
to G-BIGU with the 23 ft diameter rotor fitted.  The 
results showed that when the a�rcraft was exc�ted by a 
fore and aft st�ck �nput, the response was a stable and 
l�ghtly damped p�tch osc�llat�on (see F�gure �) at 45 
mph.  However, when the speed was �ncreased to 65 
mph the model pred�cted that G-BIGU would have an 
unstable rap�dly d�vergent p�tch response shown by 
the rap�dly �ncreas�ng p�tch angle �n F�gure �.  The 
control stick was assumed to be held fixed following 

Figure 3  

Modelled p�tch response of acc�dent a�rcraft at 45 mph and 65 mph follow�ng a fore and aft st�ck �nput
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the �n�t�al �nput.  S�m�lar stab�l�ty results were 
obta�ned from the RASCAL s�mulator when a 22 ft 
d�ameter rotor was subst�tuted although the pred�cted 
rotor speed was �ncreased by 6%.  

Unfortunately, th�s s�mulator model for G-BIGU 
cannot be val�dated aga�nst the real a�rcraft and 
therefore these results must be treated w�th some 
caut�on.  However, taken together w�th the des�gn 
character�st�cs of G-BIGU, the results �nd�cate that 
the a�rcraft could have had an unstable mode �n p�tch 
and probably d�d not meet all the long�tud�nal stab�l�ty 
cr�ter�a of BCAR Sect�on T.  

The reason for the discrepancy between the flight test 
assessment and the modelled results could be due to 
the change in rotor size after the flight tests, the flight 
test techn�que, or a comb�nat�on of both factors.  The 
flight test studies conducted by the University of 
Glasgow w�th �nstrumented gyroplanes revealed that 
very exper�enced gyroplane p�lots, who have not been 
tra�ned as test p�lots, have a subconsc�ous tendency to 
correct for �nstab�l�t�es �n the a�rcraft w�th small st�ck 
�nputs.  The true stab�l�ty character�st�cs of an a�rcraft 
need to be assessed objectively both stick fixed 
and st�ck free.

An add�t�onal factor that could have �nduced or 
aggravated a PIO �n p�tch �n G-BIGU was the 
short throttle lever coupled w�th the ‘peaky’ 
nature of the Rotax 5�2 eng�ne.  At h�gh rpm the 
Rotax 5�2 eng�ne has a non-l�near relat�onsh�p 
between power output and throttle pos�t�on.  In 
the h�gh rpm reg�on small movements of the 
throttle lever can result �n large power changes.  
Any power changes w�ll affect the p�tch response 
of the a�rcraft due to the h�gh thrust l�ne above 
the CG.  The Montgomer�e B8MR k�t-bu�ld 

gyroplane has a longer throttle lever, wh�ch partly 
allev�ates th�s problem.

F�nally, the �nstructor at the tra�n�ng school cons�dered 
that the h�gh seat�ng pos�t�on of G-BIGU, coupled 
w�th the locat�on of the nosecone, would have resulted 
�n a less favourable a�rframe reference relat�ve to the 
hor�zon.  

Stability Characteristics of the VPM M-16

The acc�dent p�lot underwent the major�ty of h�s 
flight training on a VPM M-16.  The VPM M-16 
(shown �n F�gure 4) �s a very d�fferent a�rcraft from 
G-BIGU.  The VPM �s a two seat a�rcraft and has a 
lower thrust-to-we�ght rat�o than G-BIGU.  Unl�ke 
G-BIGU, the VPM has a stab�l�s�ng hor�zontal ta�l, 
a keel mounted st�ck and �ts thrust l�ne �s closer to 
the vert�cal CG than on G-BIGU (between 2.4 and 
�.4 �nches above CG).  The Un�vers�ty of Glasgow 
carried out a flight test programme on an instrumented 
VPM M-�6 w�th a former m�l�tary test p�lot.  Var�ous 
long�tud�nal stab�l�ty tests were carr�ed out, �nclud�ng 
stick fixed pitch oscillations.  The recorded flight test 

Figure 4   

In foreground, VPM M-�6 used by acc�dent p�lot 
for major�ty of tra�n�ng
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data was analysed and showed that the a�rcraft met the 
long�tud�nal dynam�c stab�l�ty cr�ter�a of Sect�on T.  
Those who have flown the VPM confirm that the 
aircraft is considerably more stable and easier to fly 
than most other gyroplanes. 

Operational information

Medical information 

A post-mortem exam�nat�on was carr�ed out on the 
p�lot. He d�ed from severe mult�ple �njur�es result�ng 
from a severe vert�cal force; death would have been 
�nstantaneous. There was no ev�dence of any d�sease, 
alcohol, drugs or any tox�c substance, wh�ch may have 
caused or contr�buted to the acc�dent.

Pilot training and licensing

The current requ�rement for the �ssue of a UK PPL(G) 
l�cence �s for the appl�cant to have completed a course 
of tra�n�ng to a syllabus recogn�sed by the CAA.  The 
flight training must be completed on an approved 
2-seat gyroplane.  However, a s�ngle seat gyroplane 
may also be used after specified dual flight instruction.  
A minimum of 40 hours flying experience as a pilot in a 
flying machine was required for licence issue, of which 
5 hours must be dual flying training, 10 hours must be 
dual or superv�sed �n gyroplanes and �0 hours must be 
as p�lot-�n-command of gyroplanes.  

During the gyroplane course, the pilot flew 17 hrs 
�5 m�nutes dual �nstruct�on �n a tw�n-seat VPM 
gyroplane before his first training flight in G-BIGU on 
16 December 2002.  His first three flights in G-BIGU 
were recorded as ‘wheel balanc�ng’.  (‘Wheel 
balanc�ng’ �s one of the early exerc�ses on gyroplanes 
when the student accelerates the a�rcraft to a po�nt 
where the nosewheel �s clear of the ground and the 
mach�ne �s balanced on the ma�n wheels.)  Thereafter 
on his course, he flew the VPM, G-BIGU and another 

B8MR (w�th a smaller eng�ne than on G-BIGU).  All 
his flights in G-BIGU were recorded in his flying 
logbook as ‘wheel balanc�ng’ unt�l 9 Apr�l 200� when 
he recorded some ‘straight and level’ flying.  Then, 
on �5 Apr�l, h�s tra�n�ng record showed that he was 
overcontroll�ng on G-BIGU and he reverted to ‘wheel 
balanc�ng’.  He passed h�s General Fly�ng Test on the 
VPM on �7 Apr�l.  On �8 Apr�l, h�s ‘wheel balanc�ng’ 
on G-BIGU was assessed as “much more confident” 
and he was ready for “high hops and circuits”.  After a 
further 2.5 hours flying in G-BIGU, the flight examiner 
endorsed his flying logbook with a clearance to fly 
“single seat gyroplanes and VPM twin-seat”.  

Towards the end of h�s course, h�s �nstructors 
considered that the pilot appeared more confident.  
However, comments made by the p�lot’s partner 
�nd�cated that he rema�ned somewhat apprehens�ve 
of gyroplanes.  The p�lot had ment�oned �nstances of 
PIO dur�ng the course that had alarmed h�m and he 
expressed some anxiety about flying G-BIGU.

Pilot’s notes

In common w�th many other types of gyroplane, G-BIGU 
d�d not have any accompany�ng p�lot’s handl�ng notes.  
However, numerous books have been publ�shed 
deal�ng w�th the theory and pract�ce of gyroplane 
flying.  In general, specific flight training organisations 
would recommend publ�cat�ons and prov�de classroom 
�nstruct�on dur�ng a tra�n�ng course.  Subsequent to the 
acc�dent �nvolv�ng G-BIGU, wr�tten notes were found 
belong�ng to the p�lot.  These covered subjects such as 
gyroplane theory, gyroplane safety checks and act�ons 
follow�ng an eng�ne fa�lure.  The current Sect�on T 
requirement was for type specific handling notes to be 
ava�lable for any new gyroplane bu�ld; th�s requ�rement 
was not retrospect�ve.
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Safety record of gyroplanes

The safety record for gyroplanes was very poor compared 
to other types of a�rcraft.  Between �989 and 2004 there 
were �5 fatal gyroplane acc�dents �n the UK.  In that per�od 
there were between 200 and 265 gyroplanes on the UK 
register.  Based on CAA estimates of hours flown, this 
placed the fatal acc�dent rate for gyroplanes at 27.� per 
100,000 flight hours.  This rate compared to just 2 fatal 
accidents per 100,000 flight hours for microlight aircraft 
and only 1.1 fatal accidents per 100,000 flight hours for 
light fixed-wing general aviation aircraft.  The fact that 
the fatal gyroplane acc�dent rate was more than �� t�mes 
greater than that for s�m�lar we�ght m�crol�ght a�rcraft 
ra�sed ser�ous quest�ons over the des�gn of gyroplanes 
and the tra�n�ng of gyroplane p�lots.

A rev�ew of the �5 fatal acc�dents showed that �� of the 
pilots involved held a licence for fixed wing aircraft or 
helicopters.  One of the 15 fatalities had a total flying 
exper�ence on gyroplanes of �70 hours but none of 
the others had more than 50 hours and 6 had less than 
�0 hours.

A study of gyroplane acc�dents �n the USA dur�ng the 
� year per�od between �999 and 2002 by the Amer�can 
Popular Rotorcraft Assoc�at�on revealed that of the 
�7 fatal gyroplane acc�dents, 8 l�sted p�tch �nstab�l�ty 
as the pr�mary cause.  In these acc�dents the a�rcraft 
was cons�dered to have entered an unstable mode.  In 
4 of these fatal acc�dents the rotor had struck the ta�l �n 
flight.  The aircraft in the study were of varying types but 
�t was noted that the fatal acc�dents as a result of p�tch 
�nstab�l�ty all occurred �n a�rcraft w�thout a hor�zontal 
ta�l.  Informat�on on each a�rcraft’s thrust l�ne versus CG 
location was not available.  “Deficient Pilot Proficiency” 
was cons�dered a shared cause when p�tch �nstab�l�ty 
was �nvolved.

Previous AAIB investigations and recommendations

An �nvest�gat�on �nto the fatal acc�dent of G-BXEM, 
a Cr�cket Mk IV, on � June 200� (reported �n AAIB 
Bulletin 5/2002) highlighted the possibility that the pilot 
was experiencing difficulties flying a machine different 
from that �n wh�ch he had tra�ned.  The CAA addressed 
th�s matter �n rev�sed requ�rements for the grant of a 
UK PPL (Gyroplanes).  The rev�sed requ�rement was to 
complete d�fferences tra�n�ng so that: 

‘Pilots wishing to fly gyroplanes different from 
the specific manufactured type that they received 
flight training on, shall receive appropriate 
differences training from a gyroplane assistant 
flight instructor or flight instructor and have their 
log books endorsed by the instructor.’

Another �nvest�gat�on �nvolved the fatal acc�dent of 
G-CBAG, a RAF 2000 GTX-SE, on �7 May 2002 
(reported in AAIB Bulletin 9/2003).  This investigation 
h�ghl�ghted the poss�b�l�ty that the a�rcraft’s stab�l�ty 
character�st�cs contr�buted to the acc�dent.  As a result, 
the AAIB made the follow�ng recommendat�ons to the 
CAA (l�sted together w�th the CAA response):

Recommendation 2003-01: It �s recommended 
that the CAA should rev�ew the p�tch stab�l�ty 
requ�rements of BCAR Sect�on T �n the l�ght of 
current research, and amend the Requ�rement as 
necessary.   The CAA should cons�der the need 
for an independent qualified pilot assessment of 
the handl�ng qual�t�es of d�fferent gyroplane types 
currently approved for the �ssue of a Perm�t-to-
Fly aga�nst the standards of BCAR Sect�on T, as 
amended.   

Recommendation 2003-02: It �s recommended 
that the CAA should cons�der retrospect�vely 
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assess�ng all gyroplane types currently on 
the UK reg�ster for acceptable p�tch stab�l�ty 
character�st�cs.

CAA Response:  The CAA accepted both 
recommendat�ons and publ�shed �ts proposed 
response to them in CAA FACTOR F31/2004.  
Th�s FACTOR �s ava�lable on the Internet.

Analysis

It was ev�dent from the wreckage exam�nat�on that the 
rotor blades had struck the rudder in flight.  This evidence 
�s cons�stent w�th the loud ‘bang’ that w�tnesses reported 
hear�ng before they saw the a�rcraft descend vert�cally 
into the field.  Following such a rotor to rudder strike, the 
reduced energy �n the rotors would have made a recovery 
v�rtually �mposs�ble.  

There have been other fatal gyroplane acc�dents that 
have resulted from the rotor blades str�k�ng some part 
of the a�rframe - usually the ta�l or rudder.  The cause 
of these strikes is usually associated with in-flight 
blade flap following a PIO or a bunt (pushing the nose 
over and reduc�ng the g apprec�ably below �g).  Both 
w�tnesses who saw G-BIGU at the moment of the ‘bang’ 
reported that the aircraft was flying straight and level 
wh�ch suggests that the a�rcraft was not perform�ng a 
bunt.  The w�tness ev�dence would also seem to rule 
out a PIO but �t �s poss�ble that a PIO, perhaps lead�ng 
to a ‘power pushover’, developed qu�te rap�dly and the 
d�stance of the w�tnesses from the a�rcraft could have 
made the oscillation difficult to detect.

The fact that the a�rcraft was seen to be ‘porpo�s�ng’ 
earlier in the flight suggests that the pilot was having 
some difficulty controlling the aircraft in pitch.  The 
a�rcraft had a number of features that �nd�cated that �t 
could have had poor long�tud�nal stab�l�ty character�st�cs: 

�t d�d not have a hor�zontal ta�l; �t had a thrust l�ne to 

CG relat�onsh�p outs�de the ±2 �nches recommended 

by the Un�vers�ty of Glasgow; �t had a nosecone fa�r�ng 

that could have reduced long�tud�nal stab�l�ty; and �t had 

a pump-act�on control st�ck.  In add�t�on, the a�rcraft’s 

short throttle lever coupled w�th the Rotax 5�2 power 

character�st�cs could have �nduced or aggravated a 

PIO in pitch.  A simplified computer model developed 

by the Un�vers�ty of Glasgow showed that the a�rcraft 

m�ght have an unstable mode at 65 mph.  Furthermore, 

the p�lot was �nexper�enced on th�s a�rcraft type and had 

conducted the majority of his flight training on a VPM 

aircraft, which is reportedly easier to fly and exhibits good 

long�tud�nal stab�l�ty character�st�cs.  For these reasons, 

�t was concluded that a PIO was the most probable cause 

of the rotor str�k�ng the rudder.

No ev�dence of a techn�cal malfunct�on was found that 

m�ght have contr�buted to the onset of a PIO.  The eng�ne 

was tested and operated normally.  There was ev�dence 

of fuel at the acc�dent s�te and all the defects and fa�lures 

found �n the wreckage were related to e�ther rotor blade 

flapping or to ground impact damage.

Furthermore, there was no ev�dence of any med�cal 

factor wh�ch may have resulted �n the p�lot becom�ng 

incapacitated.  He was also qualified to fly fixed wing 

a�rcraft and he had completed h�s gyroplane tra�n�ng 

�n accordance w�th the current CAA requ�rements.  

However, there was some �nd�cat�on that he was 

somewhat apprehensive regarding gyroplane flying in 

general and G-BIGU �n part�cular. 

Throughout the p�lot’s tra�n�ng, occurrences of 

overcontroll�ng had been noted and attempts made 

to rect�fy the tendency.  At the end of h�s course, 

his instructors were satisfied that he had reached an 

appropr�ate standard for the �ssue of a PPL (Gyroplanes).  
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One aspect that may have been relevant, part�cularly 
�nvolv�ng an �nexper�enced gyroplane p�lot, was that he 
had a dual flight in a fixed wing aircraft in the period 
between finishing his gyroplane course and the fatal flight.  
Th�s would have �nvolved d�fferent handl�ng techn�ques 
in a machine with radically different flying qualities.  The 
accident occurred on the pilot’s first unsupervised flight 
�n G-BIGU follow�ng complet�on of h�s course.

Regardless of the specific cause of the accident to 
G-BIGU, the �nvest�gat�on h�ghl�ghted two aspects that 
were cons�dered h�ghly relevant.  F�rstly, the current 
tra�n�ng requ�rements and secondly compl�ance w�th 
the standards requ�red by BCAR Sect�on T.  These were 
part�cularly �mportant when assoc�ated w�th the acc�dent 
rate of gyroplanes.

Safety recommendations

Training requirements

At the t�me of the acc�dent the requ�rements for 
d�fferences tra�n�ng had evolved follow�ng a 
recommendat�on by the AAIB.  It arose from an 
acc�dent where there was a poss�b�l�ty that the p�lot was 
experiencing difficulties in flying an aircraft different 
from the one on wh�ch he tra�ned.  The acc�dent �nvolv�ng 
G-BIGU had s�m�lar �nd�cat�ons.  Although the p�lot of 
G-BIGU had completed d�fferences tra�n�ng as requ�red 
by the CAA, h�s a�rcraft had a greater power to we�ght 
rat�o and was less stable than that of the VPM on wh�ch 
he had �n�t�ally tra�ned.  He converted to h�s own 
a�rcraft under superv�s�on but there was ev�dence that 
he rema�ned somewhat apprehens�ve about G-BIGU.  
The p�lot’s logbook and tra�n�ng records �nd�cated 
that a large proportion of his ‘flying’ on G-BIGU had 
�nvolved wheel balanc�ng.  A rev�ew of the tra�n�ng 
requ�rements also revealed that there was no m�n�mum 
hours requ�rement for the d�fferences tra�n�ng.  It was 
cons�dered appropr�ate for the CAA to rev�ew the 

tra�n�ng requ�rements w�th the a�m of establ�sh�ng a 
minimum number of supervised flying hours before 
being qualified for a type of gyroplane different from  
that on wh�ch the prel�m�nary tra�n�ng was completed.  
Add�t�onally, a m�n�mum number of these requ�red 
hours should be a�rborne exerc�ses as opposed to wheel 
balanc�ng.  It was therefore recommended that:

Safety Recommendation 2004-42

The C�v�l Av�at�on Author�ty should d�fferent�ate 
between wheel balanc�ng and a�rborne exerc�ses when 
detailing the flying hours required for the issue of a 
Pr�vate P�lot’s L�cence (Gyroplanes).

Safety Recommendation 2004-43

The C�v�l Av�at�on Author�ty should rev�ew the present 
gyroplane tra�n�ng requ�rements w�th the a�m of 
establishing a minimum number of supervised flying 
hours, d�scount�ng wheel balanc�ng, when undertak�ng 
d�fferences tra�n�ng on gyroplanes.

CAA Response  The CAA accepted these 
recommendat�ons and publ�shed �ts proposed response 
to them in CAA FACTOR F31/2004.  This FACTOR is 
ava�lable on the Internet. 

Assessment of gyroplanes against BCAR Section T

Follow�ng the �nvest�gat�on �nto the fatal acc�dent 
of the RAF 2000 gyroplane G-CBAG, the AAIB 
recommended that the CAA should cons�der 
retrospect�vely assess�ng all gyroplane types currently 
on the UK reg�ster for acceptable p�tch stab�l�ty 
character�st�cs (Recommendat�on 200�-02).  Follow�ng 
the acc�dent to G-BIGU �n wh�ch poor stab�l�ty 
character�st�cs were probably a contr�butory factor, the 
AAIB re�terated the �mportance of carry�ng out th�s 
recommendat�on.  The C�v�l Av�at�on Author�ty has 
accepted th�s recommendat�on and planned to carry out 
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the assessments g�v�ng pr�or�ty to gyroplanes w�th a 
poor safety record.

The test flight of G-BIGU that was carried out on 
behalf of the Popular Fly�ng Assoc�at�on d�d not 
appear to have been flown in accordance with the 
�nterpretat�ve mater�al of the stab�l�ty requ�rements of 
Br�t�sh C�v�l A�rworth�ness Regulat�ons Sect�on T.  The 
flight test report did not include any data to support 
the op�n�on that the a�rcraft met the dynam�c stab�l�ty 
cr�ter�a of Sect�on T.  The format of the form used for 
the flight test report was poor in that it did not include 
fields for recording the data required by British Civil 
A�rworth�ness Regulat�ons Sect�on T.  The AAIB 
therefore made the follow�ng recommendat�ons:

Safety Recommendation 2004-44

It �s recommended that the C�v�l Av�at�on Author�ty �n 
conjunct�on w�th the Popular Fly�ng Assoc�at�on (PFA) 
ensures that test p�lots evaluat�ng the handl�ng qual�t�es 
of gyroplanes aga�nst Br�t�sh C�v�l A�rworth�ness 
Regulat�ons Sect�on T are appropr�ately tra�ned to make 
such evaluat�ons.

Safety Recommendation 2004-45

It �s recommended that the Popular Fly�ng Assoc�at�on 
(PFA) �n conjunct�on w�th the C�v�l Av�at�on Author�ty 
rev�ses the format of the PFA Gyroplane Fl�ght Test 
Schedule such that a completed form conta�ns all the 
data requ�red by Br�t�sh C�v�l A�rworth�ness Regulat�ons 
Sect�on T.

Safety actions taken

On 24 June 2004, the Civil Aviation Authority confirmed 
that all the recommendat�ons ar�s�ng from the �nvest�gat�on 
�nto the acc�dent to G-BIGU had been accepted.
In respect of recommendat�on 2004-42 the CAA would 

make the necessary amendments to the Pr�vate P�lot’s 

L�cence (Gyroplanes) requ�rements �n the LASORS 

(L�cens�ng, Adm�nstrat�on, Standard�sat�on, Operat�ng 

Requ�rements and Procedures) publ�cat�on �n t�me for 

the next re-pr�nt, wh�ch was scheduled for January 

2005 and completed �n 2005.

W�th regard to Safety Recommendat�on 2004-

4�, follow�ng a rev�ew of the gyroplane tra�n�ng 

requirements, the CAA would introduce a specified 

minimum number of supervised flying hours, 

d�scount�ng wheel balanc�ng, for d�fferences tra�n�ng on 

gyroplanes.  The necessary amendments to the Pr�vate 

P�lot’s L�cence (Gyroplanes) requ�rements �n the 

LASORS (L�cens�ng, Adm�nstrat�on, Standard�sat�on, 

Operat�ng Requ�rements and Procedures) publ�cat�on 

would be made �n t�me for the next re-pr�nt, wh�ch 

was scheduled for January 2005.  In the meant�me, all 

Gyroplane Fly�ng Instructors would be �nstructed, by 

letter, to implement the change to flight training with 

�mmed�ate effect.

In respect of Safety Recommendat�on 2004-44 the CAA 

was working with the PFA to define a process which 

ensures that test p�lots evaluat�ng the handl�ng qual�t�es 

of gryoplanes aga�nst BCAR Sect�on T requ�rements 

are appropr�ately tra�ned to make such an evaluat�on.  

Th�s work was to be completed by the end of 2004.

In respect of Safety Recommendat�on 2004-45 the CAA 

was working with the PFA to define a process which 

ensures gyroplane flight test schedules include fields 

for record�ng all the data requ�red by BCAR Sect�on T.  

Th�s work was to be completed by the end of 2004.

The Popular Fly�ng Assoc�at�on also endorsed the 

recommendat�ons and stated:  “We are now work�ng w�th 

the CAA Projects Department and Fl�ght Department to 
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develop a new gyroplane flight test schedule specifically 
to �nvest�gate ultral�ght gyroplanes aga�nst the 
Sect�on T handl�ng requ�rements, and to tra�n selected 
exper�enced gyroplane p�lots �n the test methods and 
report�ng procedures.  We are, of course, work�ng 

w�th the CAA on the re-evaluat�on of ex�st�ng types 
of gyroplanes aga�nst Sect�on T handl�ng requ�rements 
wh�ch we see as a very pos�t�ve step towards address�ng 
the h�gh acc�dent rate on th�s class of a�rcraft.”
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FORMAL AIRCRAFT ACCIDENT REPORTS
ISSUED BY THE AIR ACCIDENTS INVESTIGATION BRANCH

2007

2005

2/2005 Pegasus Quik, G-STYX 
at Eastchurch, Isle of Sheppey, Kent 
on 21 August 2004.

 Published November 2005.

3/2005 Boeing 757-236, G-CPER
 on 7 September 2003.

 Published December 2005.

2006

1/2006 Fairey Britten Norman BN2A Mk III-2 
Trislander, G-BEVT 
at Guernsey Airport, Channel Islands 
on 23 July 2004.

 Published January 2006.

2/2006 Pilatus Britten-Norman BN2B-26 
Islander, G-BOMG, West-north-west of 
Campbeltown Airport, Scotland
on 15 March 2005.

 Published November 2006.

3/2006 Boeing 737-86N, G-XLAG
 at Manchester Airport
 on 16 July 2003

 Published December 2006.

1/2007  British Aerospace ATP, G-JEMC 
10 nm southeast of Isle of Man 
(Ronaldsway) Airport

 on 23 May 2005.

 Published January 2007.

2/2007 Boeing 777-236, G-YMME
 on departure from 

London Heathrow Airport
 on 10 June 2004.

 Published March 2007. 

3/2007 Piper PA-23-250 Aztec, N444DA
 1 nm north of South Caicos Airport,
 Turks and Caicos Islands, Caribbean
 26 December 2005
 

 Published May 2007.


