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ACCIDENT

Aircraft Type and Registration:  P�per PA-28R-20�T, Turbo Cherokee Arrow III, G-JMTT

No & Type of Engines:  � Cont�nental TSIO-360-FB p�ston eng�ne

Year of Manufacture:  �978

Date & Time (UTC):  9 Apr�l 2007 at approx�mately �050 hrs

Location:  9 nm south of Oban (North Connel) A�rport, Argyll and 
Butte, Scotland

Type of Flight:  Pr�vate

Persons on Board:  Crew - 2 Passengers - �

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

Nature of Damage:  A�rcraft destroyed

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

Commander’s Age:  56 years

Commander’s Flying Experience:  324 hours (of wh�ch 43 were on type)�

 Last 90 days - unknown
 Last 28 days - 2 hours2

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

Footnote

�  Hours on 13 September 2006 (last entry in the commander’s 
logbook) plus 7 hours logged �n the co-p�lot’s logbook wh�ch refer to 
h�m as the commander.  Th�s does not �nclude h�s prev�ous m�crol�ght 
flying or twin engine training, as noted, by him, at the beginning of 
h�s logbook.
2  From a�rcraft log sheet.

Synopsis

The commander was planning to return to Andrewsfield 
Airfield, Essex, from Oban Airport after a weekend of 
tour�ng w�th h�s fam�ly.  The weather was poor and the 
commander (who was not IMC or �nstrument rated) 
sa�d to the A�r/Ground operator at Oban that he would 
depart “to have a look at the weather” and then return to 
Oban �f �t was not su�table.  The a�rcraft departed Oban 
at �035 hrs and the A�r/Ground operator lost s�ght of �t 
shortly thereafter due to the poor v�s�b�l�ty as �t headed 
west at approx�mately �,000 ft amsl.  The commander 
subsequently transm�tted to Oban that he was chang�ng to 
the en-route ATC frequency.  Noth�ng was subsequently 
heard from the a�rcraft by any other ATC agency.  The 
wreckage of the a�rcraft was d�scovered by a farmer the 

following day in the hills, 9 nm south of Oban Airfield.  
No techn�cal fault w�th the a�rcraft was found apart from 
ev�dence of a pre-�mpact fa�lure of the vacuum pump 
wh�ch would have caused the Att�tude Ind�cator to 
become unreliable.  The characteristics of the final flight 
path, part�cularly the h�gh a�rspeed, the rap�d descent and 
the rate of turn, were cons�stent w�th a loss of control 
follow�ng spat�al d�sor�entat�on �n IMC.  The vacuum 
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pump failure, the commander’s lack of instrument flying 
tra�n�ng and h�s apparent h�gh blood alcohol level, all 
contr�buted to the spat�al d�sor�entat�on.  Th�s report 
conta�ns four Safety Recommendat�ons relat�ng to the 
ma�ntenance of vacuum pumps.

Background information

G‑JMTT departed Andrewsfield Airfield, Essex, where it 
was based, for Oban (North Connel) A�rport, Argyll and  
Butte, at ��55 hrs on Fr�day 6 Apr�l 2007, for a weekend 
of tour�ng.  On board were three occupants; a marr�ed 
couple and the�r daughter.  The a�rcraft was owned by a 
syndicate of five people which included the father and 
daughter, both of whom were p�lots.  The father went 
away most Easter weekends �n the a�rcraft and had 
reserved �t, �n the synd�cates plann�ng d�ary, several 
months in advance.  Due to the father’s greater flying 
exper�ence and due to the fact that he was seated �n 
the left seat, he was assumed, for the purposes of th�s 
�nvest�gat�on, to be the commander, and the daughter, �n 
the r�ght seat, to be e�ther a passenger or act�ng to ass�st 
the commander.  However, it had become the practice of 
these two p�lots always to occupy the same seats, w�th 
the daughter somet�mes be�ng p�lot-�n-command wh�lst 
st�ll occupy�ng the r�ght-hand seat.  It �s therefore not 
poss�ble to state w�th certa�nty wh�ch of the two was 
�n command, but throughout th�s report, for s�mpl�c�ty, 
the father w�ll be referred to as the commander and the 
daughter the co-p�lot.  The mother occup�ed a seat �n 
the rear of the a�rcraft.  The occupants sat �n these seats 
on all subsequent flights.  The aircraft landed en‑route 
at Blackpool A�rport, Lancash�re, at �344 hrs for a 
refuell�ng stop and departed at �45� hrs; �t landed at 
Oban at �630 hrs.

On 7 and 8 Apr�l 2007, G-JMTT and �ts three occupants 
flew out of and returned to Oban once per day.  After 
land�ng on 8 Apr�l 2007, the a�rcraft was refuelled to full 

by the A�r/Ground Operator (AGO), �n preparat�on for 
�ts return journey the follow�ng day.  That even�ng all 
three occupants went to d�nner at a local hotel, where 
they were seen to consume alcohol.

History of the flight

On the follow�ng day, 9 Apr�l, the three occupants 
arr�ved at Oban at around �000 hrs and were w�tnessed 
by the AGO to go stra�ght to G-JMTT and load the�r 
luggage.  They then went to the airfield’s office where 
the AGO had obta�ned Met Forms 2�43 and 2�54 and 
the southern UK TAFs from Met Fax5.  On read�ng 
the weather �nformat�on, the commander noted that �t 
was clearer �n England and sa�d �n conversat�on w�th 
the AGO he was not �nstrument rated.  The AGO d�d 
not ask if he had an IMC rating.  He then said to the 
AGO that he would get a�rborne “to have a look at the 
weather” and �f �t was not su�table he would return to 
Oban.  The AGO sa�d that th�s would not be a problem 
and �f they d�d so they would not �ncur any add�t�onal 
land�ng charges.

The A�rport Manager and the AGO saw G-JMTT, 
start up, tax� out and observed an eng�ne check be�ng 
carr�ed out before �t took off at �035 hrs.  After 
takeoff, they saw it fly due west before losing sight 
of �t �n the poor v�s�b�l�ty, at approx�mately �,000 ft 
amsl.  After approximately five minutes, the AGO 
rece�ved a transm�ss�on from the commander say�ng 
that they were at �,500 ft amsl and were chang�ng 
to the en-route frequency.  The AGO gave them the 

Footnote

3  Met Form 2�4 �s a spot w�nd chart show�ng w�nd speed and 
d�rect�on and temperature for standard levels up to FL240.   It �s 
updated four t�mes a day.
4   Met Form 2�5 �s a low level weather chart and text show�ng 
a graph�cal d�splay of areas of d�fferent weather up to FL�00.  It �s 
updated four t�mes a day.
5 Met Fax is a service provided by the Met Office that allows the 
user to rece�ve a copy of the latest av�at�on weather �nformat�on d�rect 
to a fax mach�ne.
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appropr�ate Scott�sh ATC frequency and �nformed 
them that they were unl�kely to rece�ve a reply unt�l 
they were further south; th�s was due to the h�gh 
terra�n.  The commander acknowledged th�s but 
d�d not read back the frequency.  Due to the AGO’s 
concerns about the weather he phoned Scott�sh ATC, 
at approx�mately ��55 hrs, to enqu�re whether G-
JMTT had made contact w�th them; �t had not.

The commander had not filed a flight plan for the return 
flight to Andrewsfield, nor was he required to do so.  
The AGO bel�eved that he was plann�ng to stop at 
Blackpool for fuel, as he d�d on the outbound journey, 
but he had not booked to land at Blackpool, although 
th�s was requ�red.  The next day, �0 Apr�l 2007, at �340 
hrs, a farmer who was out �n the h�lls above h�s farm 
came across the wreckage of an aircraft.  He returned 
home and contacted the pol�ce who arr�ved at the scene 
at 1524 hrs.  The wreckage was later confirmed to be 
that of G-JMTT.

Aircraft description

G-JMTT was an all-metal low-w�ng P�per PA-28R-
20�T a�rcraft (See F�gure �), powered by a s�ngle 
turbocharged Cont�nental TSIO-360-FB p�ston eng�ne 
and a two‑bladed variable‑pitch Hartzell propeller.  
It had retractable landing gear and was configured 
with four seats and dual flying controls in the front.  
It had a max�mum takeoff we�ght of 2,900 lb and a 

publ�shed cru�se speed of �47 kt at 6,000 feet w�th a 
power sett�ng of 75%. 
 
G-JMTT was equ�pped w�th three gyroscop�c �nstruments 
to assist with instrument flight: a vacuum‑driven Attitude 
Indicator (AI), an electric Horizontal Situation Indicator 
(HSI), and an electric Turn Coordinator (all shown in 
F�gure 2).  The vacuum pressure to the AI was suppl�ed 
by an eng�ne-dr�ven Parker A�rborne 2��CC vacuum 
pump.  The level of suct�on suppl�ed by the pump was 
�nd�cated on a suct�on gauge located on the r�ght s�de 
of the �nstrument panel (No 8 �n F�gure 2).  A warn�ng 
l�ght on the upper left s�de of the �nstrument panel (No 7 
�n F�gure 2) �llum�nated �f the suct�on dropped below a 
level sufficient to operate the AI.  An optional backup/
auxiliary vacuum pump was not fitted to G‑JMTT.

The aircraft was also fitted with a Century III autopilot 
wh�ch used the vacuum-dr�ven AI as �ts att�tude 
reference source.  The autop�lot (AP) had four modes: 
Roll, Heading, Altitude and Pitch.    Altitude mode was 
a p�tch mode that used the pressure from the alt�meter to 
command the AP to ma�nta�n the pressure alt�tude at the 
t�me the mode was engaged.  If the AI �nstrument fa�led 
and suppl�ed erroneous att�tude �nformat�on to the AP, 
then the AP would not funct�on correctly and would not 
be able to hold a head�ng or an alt�tude.

Aircraft operating weight

The bas�c we�ght of G-JMTT was �,849 lb and the 
Max�mum Takeoff We�ght (MTOW) was 2,900 lb.  The 
total useable fuel capac�ty was 72 US gallons wh�ch 
equates to 432 lb.  The comb�ned we�ght of the three 
occupants was approx�mately 672 lb.  The personal 
belong�ngs recovered by the pol�ce from the crash s�te 
we�ghed �28 lb.  The a�rcraft departed Oban w�th full 
fuel so �t therefore had an est�mated takeoff we�ght of 
3,08� lb wh�ch was �8� lb above the MTOW.

Figure 1

P�per PA-28R-20�T, G-JMTT



72©  Crown copyr�ght 2008

 AAIB Bulletin: 6/2008 G-JMTT EW/C2007/04/02 

Maintenance history

The a�rcraft was ma�nta�ned �n accordance w�th the L�ght 
A�rcraft Ma�ntenance Schedule (LAMS).  The a�rcraft’s 
last ma�ntenance was an annual �nspect�on wh�ch was 
completed on 27 February 2007 when the a�rcraft had 
logged 3,474 hours.  At the t�me of the acc�dent the 
a�rcraft had logged approx�mately 3,490 hours and the 
eng�ne �,39� hours.  The vacuum pump was �nstalled on 
the eng�ne on 2 June �995 when the eng�ne had logged 
397 hours, so the pump had been �n serv�ce for �� years 
�0 months and had accumulated approx�mately 994 
hours at the t�me of the acc�dent.

Weather information

Aftercast

An aftercast was obtained from the Met Office.  It stated 
that the synopt�c s�tuat�on at �200 hrs on 9 Apr�l 2007 
showed a warm front or�entated north to south over 

western Scotland and �nto northern England.  A 
generally fresh, westerly flow prevailed over the area.  
The front reached Oban at ��30 hrs and although weak 
was assoc�ated w�th outbreaks of sl�ght ra�n and dr�zzle, 
from what was an extens�ve layer of cloud w�th a base 
that was var�able but low.  Ra�n and dr�zzle were, the 
report �nd�cated, most l�kely over the mounta�ns of 
Scotland, espec�ally on w�ndward (west fac�ng) slopes.  
Below the cloud base, v�s�b�l�ty would be reduced �n 
precipitation and areas of mist.  Hill fog would have 
been extens�ve �n the reg�on, espec�ally on west fac�ng 
slopes.  In summary, the report stated that between 
�000 hrs and �200 hrs Oban would have exper�enced 
vary�ng v�s�b�l�ty �n the range 4,000 metres to �0 km and 
greater.  Hill fog would have been extensive over the 
surround�ng h�lls, w�th v�s�b�l�ty less than 200 metres.  
The cloud was l�kely to be scattered or broken stratus 
w�th a base vary�ng from 400 ft to �,500 ft, and a top of 
2,000 ft w�th broken or overcast stratocumulus w�th a 

Figure 2

G-JMTT cockpit instrument panel before the accident

Instrument desciptions: (1) Airspeed Indicator; (2) AI; (3) Altimeter; (4) Turn Co‑ordinator; (5) HSI; (6) Vertical 
Speed Ind�cator; (7) Vacuum pump pressure warn�ng l�ght; (8) Suct�on gauge
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base vary�ng from 2,000 ft to 3,000 ft, and top vary�ng 
5,000 ft to 7,000 ft, scattered or broken layers of 
altocumulus between 7,000 ft and 9,000 ft and l�ttle or 
no altocumulus �n th�n, well-separated layers between 
9,000 ft and 20,000 ft.  The mean sea level pressure was 
�0�4 mb r�s�ng to �0�5 mb dur�ng the per�od �000 hrs 
to �200 hrs �n the Oban area.  The 0º C �sotherm was 
l�kely to have been at 5,900 ft.  It �s l�kely that a�rframe 
�c�ng cond�t�ons ex�sted �n the he�ght range 5,900 ft to 
9,000 ft and poss�bly �n the range 5,500 ft to 9,000 ft.

At �000 hrs and ��00 hrs there were automat�c reports 
from a stat�on some three m�les north-east of Oban.  
These reports indicated a light west‑south‑westerly flow, 
w�th temperature of �0º or ��º C, and dew po�nt of �0º C.  
The temperature and dew po�nt data are �nd�cat�ve of low 
cloud and/or m�st cond�t�ons.

Oban (North Connel) Met information

There were no TAFs or METARs ava�lable for Oban. 
However, an observation was taken at 0930 hrs on 
9 Apr�l 2006, by the AGO.  Th�s �nd�cated that the surface 
w�nd was from 230º at �2 kt, the v�s�b�l�ty was 7 km, there 
was no significant weather, although there had been recent 
ra�n and dr�zzle.  There was scattered cloud at 500 ft aal 
and broken cloud at �,000 ft aal.  The temperature was ��º 
C and the mean sea level pressure (QNH) was 1015 mb.

Airfield information

Blackpool Airport

Blackpool A�rport was operat�ng as a ‘Pr�or Perm�ss�on 
Required’ (PPR) airfield from 6 to 9 April 2007 due to 
forecast congestion over the Bank Holiday weekend and 
as such NOTAM number C�565/07 was �ssued.  When 
the commander of G-JMTT requested perm�ss�on to land 
at Blackpool on 6 Apr�l 2006, ATC asked h�m for h�s PPR 
number; he d�d not have one.  ATC subsequently obta�ned 
one from the handl�ng company and G-JMTT was g�ven 

clearance to land.  A PPR number for G-JMTT’s return 
journey was not �ssued pr�or to �t depart�ng Oban.

Oban (North Connel) Airport

Oban was also a PPR airfield, and aircraft landing at 
Oban were requ�red to g�ve at least three hours not�ce. 
When G-JMTT landed at Oban on 6 Apr�l 2006, w�thout 
such perm�ss�on, the AGO ra�sed the matter w�th the 
commander, who expressed surpr�se.

Visual Flight Rules

The rules for VFR flight in the UK are published in 
the UK Aeronaut�cal Informat�on Package, sect�on  
ENR �-2-�.  It states:

‘1 VFR Flight

VFR flights shall be conducted so that the aircraft 
is flown in conditions of visibility and distance from 
clouds equal to or greater than those specified in 
Table 1 below:

Table 1

Airspace Class
F or G 

[uncontrolled 
airspace]

Height Below FL 100

Distance from cloud 1500 m Horizontally 
and 1000 ft Vertically

Flight visibility 5 km (3)

Notes:
(1) Or if at 3000 ft or below and flying at 140 kt or 
less: Clear of Cloud and in Sight of the Surface.

(3) Or if at 3000 ft or below:

either: any aircraft flying at more than 140 kt: 
Clear of Cloud and in Sight of the Surface in a 
Flight Visibility of 5 km.
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or: any aircraft flying at 140 kt or less: Clear 
of Cloud and in Sight of the Surface in a Flight 
Visibility of 1500 m.’

However, Part A, section 1, sub‑section 1 to Schedule 8 
of the A�r Nav�gat�on Order states the follow�ng:

‘Privileges:

(1) Subject to paragraph (2), the holder of a Private 
Pilot’s Licence (Aeroplanes) shall be entitled to fly 
as pilot in command or co-pilot of an aeroplane of 
any of the types or classes specified or otherwise 
falling within an aircraft rating included in the 
licence.

(2) He shall not:

(c) unless his licence includes an instrument rating 
(aeroplane) or an instrument meteorological 
conditions rating (aeroplanes), fly as pilot in 
command of such an aeroplane:

(i) on a flight outside controlled airspace when 
the flight visibility is less than 3 km;

(ii) on a special VFR flight in a control zone in 
a flight visibility of less than 10 km except on a 
route or in an aerodrome traffic zone notified 
for the purpose of this sub-paragraph; or

(iii) out of sight of the surface;’

Pilots’ licences

Part of the Pr�vate P�lot’s L�cence (PPL) syllabus 
included an appreciation of instrument flying.  During 
th�s element of the syllabus the student p�lot has h�s 
external vision artificially restricted so as to simulate 
flying in IMC.  During the PPL skills test, the pilot is 
requ�red to demonstrate a rate � turn (3º/sec) through 

�80º us�ng an appropr�ate angle of bank under s�mulated 
IMC, �n order to show that he can safely rega�n V�sual 
Meteorolog�cal Cond�t�ons (VMC) �f he �nadvertently 
encounters IMC.  

Commander’s licence

The commander ga�ned h�s UK (PPL) on �0 March 
1980 and it was valid for life.  This permitted him to fly 
in VMC only.  He had been observed flying in cloud, 
on occasions, by witnesses at Andrewsfield and with 
members of the synd�cate.

The last entry �n h�s logbook was �3 September 2006.  
However, after this date there were seven entries in the 
co-p�lot’s logbook that state the commander of these 
flights was the commander of the accident flight.

Co-pilot’s licence

The co-p�lot ga�ned her JAR PPL on 4 October 2000; 
but, �t was not renewed and exp�red on 3 October 2005.  
She renewed her S�ngle Eng�ne P�ston (Land) rat�ng 
on 23 July 2005 and th�s rat�ng was then val�d unt�l 
8 September 2007.

Pr�or to 2000 the CAA �ssued a UK PPL wh�ch was val�d 
for l�fe.  In 2000 the CAA started �ssu�ng JAR PPLs wh�ch 
only had a five year validity.  The CAA did not send out 
renewal rem�nders �n 2005 to p�lots who had obta�ned 
the�r JAR PPL �n 2000.  As a result, numerous p�lots 
were later found to be flying on expired licences.  In late 
2006 the CAA started send�ng out renewal rem�nders to 
remedy th�s problem.

Medical information

Commander

The commander had held a JAA Class II med�cal 
certificate since March 1997.  This carried a limitation 
requ�r�ng h�m to wear correct�ve lenses.
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In December 2002, as a result of a heart cond�t�on, the 
commander was requ�red to have an annual exerc�se 
Electrocard�ogram (ECG).  His last exercise ECG was 
in August 2005 and his Class II medical certificate 
was renewed on � November 2005.  Th�s exp�red on 
� November 2006.  As he had not subm�tted a new 
exercise ECG he was declared medically unfit by the 
CAA on �5 January 2007.  Th�s was an adm�n�strat�ve 
procedure that would h�ghl�ght the fact that he had not 
done a recent exerc�se ECG �f he appl�ed for a new 
med�cal.

Co-pilot

The co‑pilot held a valid JAA Class II medical certificate 
wh�ch was due to exp�re on �3 September 20�0.  Th�s 
carr�ed a l�m�tat�on requ�r�ng her to wear correct�ve 
lenses.

Medical examination

Post-mortems were carr�ed out on all three occupants 
by two Crown Office pathologists.  They concluded that 
the cause of death was as a result of mult�ple �njur�es 
and the crash was not surv�vable.

Conclus�ve exam�nat�ons for d�sease were not poss�ble, 
but there were no obv�ous v�s�ble s�gns of d�sease 
affect�ng the occupants.  Screen�ng for drugs was 
negat�ve �n all three occupants: but both the commander 
and the co-p�lot had pos�t�ve read�ngs for alcohol.  The 
commander had a muscle alcohol concentrat�on of 
�04 mg/�00ml.  The tox�colog�st regarded th�s as be�ng 
equ�valent to a blood alcohol concentrat�on of 99 mg/
�00 ml.  The co-p�lot had a muscle alcohol concentrat�on 
of 50 mg/�00ml.  The tox�colog�st regarded th�s as 
be�ng equ�valent to a blood alcohol concentrat�on of 
48 mg/�00 ml.  The patholog�sts and tox�colog�st could 
not ent�rely exclude the poss�b�l�ty that some of th�s 
alcohol may have been produced post-mortem as part 

of normal decompos�t�on, although �t was thought that 

this was unlikely to be a significant amount.  The third 

occupant’s muscle sample tested negat�ve for alcohol.

Part 5 of the Ra�lways and Transport Safety Act 2003, 

‘Aviation: Alcohol and Drugs,’ states the follow�ng �n 

paragraph 93:

‘Prescribed limit:

(1) A person commits an offence if— 

(a) he performs an aviation function at a time 
when the proportion of alcohol in his breath, 
blood or urine exceeds the prescribed limit.’

The prescr�bed blood alcohol l�m�t �s 20 mg/�00 ml.

Alcohol and flying

Fly�ng an a�rcraft �s a h�ghly demand�ng cogn�t�ve and 

psychomotor task that takes place �n an �nhosp�table 

env�ronment where p�lots are exposed to var�ous sources 

of stress.  The major�ty of the adverse effects produced 

by alcohol relate to the bra�n, the eyes, and the �nner ear, 

three cruc�al organs to a p�lot.

It �s adv�sed to have a m�n�mum gap of e�ght hours 

between consum�ng even a moderate amount of alcohol 
and flying.  It is difficult to define a ‘moderate’ amount 

as �nd�v�duals metabol�se alcohol at d�fferent rates.  

However, it has been said that the average person 

metabol�ses one un�t of alcohol every one to two hours, 

wh�ch suggests that any more than, for example, two 

p�nts of med�um strength beer, �e four un�ts, would 

perhaps requ�re e�ght hours to metabol�se out of the 

average person’s system.  Some people may be slower 

to metabol�se the alcohol.  Th�s e�ght hours gap does 

not mean that a p�lot would be �n the best phys�cal 

condition to fly, or that his blood alcohol concentration 
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would necessar�ly be below the legal l�m�ts.  A more 
conservat�ve approach �s to wa�t 24 hours from the 
last use of alcohol before flying and this is especially 
true �f �ntox�cat�on occurred.  Folk-law cures such as 
cold showers, dr�nk�ng black coffee or breath�ng �00% 
oxygen cannot speed up the el�m�nat�on of alcohol 
from the body.

Accord�ng to some stud�es, the number of ser�ous errors 
comm�tted by p�lots dramat�cally �ncreases at or above 
concentrat�ons of 40 mg/�00 ml blood alcohol.  Th�s 
�s not to say that problems do not occur below th�s 
value.  Some stud�es have shown decrements �n p�lot 
performance w�th blood alcohol concentrat�ons as low 
as 25 mg/�00 ml.6

Recorded data 

The a�rcraft was not equ�pped w�th any crash protected 
record�ng dev�ces, nor was �t requ�red to be so equ�pped.  
However, examination of installed equipment that 
has been damaged dur�ng an acc�dent can y�eld some 
recorded information.  The aircraft was fitted with a 
Garm�n GNS 430 panel-mounted GPS un�t.  Th�s un�t 
has a mov�ng-map d�splay and a bu�lt-�n commun�cat�on 
and nav�gat�on rad�o.  On exam�nat�on, �t was found that 
the �nternal battery that ma�nta�ned the un�t’s memory 
had become detached dur�ng the acc�dent, eras�ng 
the a�rcraft’s last recorded pos�t�on and last selected 
commun�cat�on and nav�gat�on frequenc�es.

The a�rcraft was also tracked by the Lowther and T�ree 
radar �nstallat�ons.

There are two types of radar, pr�mary and secondary.  
Pr�mary radar detects the pos�t�on of an a�rcraft by 

rap�dly send�ng out pulses of rad�o waves through 
�ts rotat�ng radar ‘head’ and process�ng the returned 
s�gnals that have bounced back off a�rcraft.  Th�s g�ves 
d�stance and bear�ng of the a�rcraft from the radar 
�nstallat�on, but no alt�tude �nformat�on.  Secondary 
radar works �n a s�m�lar fash�on but �n th�s case the 
pulses of rad�o waves are actually commun�cat�on 
messages that are be�ng sent to equ�pment on the 
a�rcraft.  The a�rcraft system responds to these messages 
by transm�tt�ng an ass�gned �dent�ty code and pressure 
alt�tude (�f selected) �n hundreds of feet back to the 
radar �nstallat�on.  Secondary radar prov�des d�stance 
and bear�ng �nformat�on as well as a�rcraft �dent�ty 
and alt�tude but �s rel�ant on the a�rcraft systems be�ng 
operat�onal.  Secondary radar track�ng can be lost �f 
the a�rcraft suffers an electr�cal power fa�lure, or the 
a�rcraft system �s sw�tched off, or �f the a�rcraft att�tude 
�s such that there �s no d�rect path between the radar 
head and the antenna on the unders�de of the a�rcraft.

Both Lowther and T�ree have pr�mary and secondary 
radar heads.  Due to the d�stance between the a�rcraft 
and these radar �nstallat�ons, comb�ned w�th the terra�n 
�n between, the radar tracks do not cover the acc�dent 

flight from beginning to end.  Figure 3 shows the 
departure airfield, the radar tracks recorded by the Tiree 
and Lowther radar �nstallat�ons and the locat�on of the 
acc�dent s�te.  It �s worthy of note that the two tracks 
do not exactly co�nc�de.  Th�s �s an �llustrat�on of the 
magn�tude of the random errors that are �nvolved w�th 
radar returns when used at th�s very small scale, and 
shows why a deta�led descr�pt�on of the manoeuvr�ng 
of the a�rcraft from po�nt to po�nt would not be val�d.  
S�m�larly, speed calculat�ons der�ved from these po�nts 
are prone to large errors.  The strength of the radar data, 
when used at th�s very small scale, �s �n the mot�on 
trends.

Footnote

6  Med�cal Facts for P�lots, FAA Publ�cat�on AM-400-94/2 
by Gu�llermo Salazar, M.D. and Melchor Antuñano, M.D.
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Figure 3

Overv�ew of recorded radar tracks



78©  Crown copyr�ght 2008

 AAIB Bulletin: 6/2008 G-JMTT EW/C2007/04/02 

F�gure 4 shows the alt�tude data from secondary radar 
returns and the speed calculat�ons der�ved from the 
pos�t�onal �nformat�on.  All t�mes quoted are �n UTC, 
one hour beh�nd the local t�me.  All alt�tudes quoted are 
corrected for the a�r pressure at sea level of �0�5 mb 
at the t�me but are only approx�mate due to the l�m�ted 
�00 ft resolut�on of radar alt�tude data.  Th�s g�ves 
alt�tude above the mean sea level (amsl) and not he�ght 
above ground level.  

The radar returns started at �042 hrs w�th the a�rcraft 
approx�mately 7.5 nm south-west of Oban A�rport.  
Terra�n would have obscured any a�rcraft �n the area 
between this first contact and Oban Airport below 
roughly 2,200 ft, w�th patchy coverage above th�s.  
The radar tracks showed the a�rcraft �n a cl�mb�ng 
left hand turn, pass�ng through 3,300 ft.  The a�rcraft 
d�d a complete c�rcle over the Isle of Kerrera, 8 nm 
south-west of Oban, and then took a wander�ng path 

Figure 4

Alt�tude and t�me �nformat�on for the Lowther and T�ree radar tracks
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centred on a south-easterly track, carry�ng on the cl�mb 
to approx�mately 5,800 ft and then vary�ng �n alt�tude 
between 5,600 ft and 5,900 ft.  At �048 hrs the a�rcraft 
alt�tude reduced to 5,300 ft.  The rad�� of the turns dur�ng 
the roughly south-easterly track had been reduc�ng 
during the flight.  Approximately 30 seconds after 
levell�ng at 5,300 ft the a�rcraft entered a left turn w�th 
a rad�us of approx�mately a quarter of a naut�cal m�le.  
T�ree radar recorded that the alt�tude dur�ng th�s turn 
dropped from 5,300 ft to 4,700 ft and then to 3,700 ft 
�n under �6 seconds, �nd�cat�ng an �n�t�al descent rate 
of between 3,800 and 5,300 feet per m�nute (ft/m�n), 
accelerat�ng to between 6,800 and 8,400 ft/m�n.  Th�s 
alt�tude loss was dur�ng a per�od when Lowther had 
lost secondary radar track�ng of the a�rcraft for over 
23 seconds.  Lowther secondary radar then p�cked up a 
final secondary return at approximately 3,200 ft, further 
round �n the turn.  Th�s was followed by two pr�mary 
returns, show�ng the a�rcraft track�ng north before 
dropp�ng off radar ent�rely at �049 hrs.  It �s calculated 
that Lowther pr�mary radar can detect a�rcraft down to 
approx�mately 2,�00 ft at the last radar return po�nt.  
Th�s l�m�ts the alt�tude loss between the last secondary 
return and the last pr�mary return, ��.6 seconds later, 
g�v�ng a max�mum descent rate of 6000 ft/m�n.  Th�s 
shows a reduct�on �n the descent rate just before the 
track was lost.  

Aga�n us�ng the calculated 2,�00 ft l�ne of s�ght l�m�t 
of Lowther Hill radar at the point when the track was 
lost, the a�rcraft had �,�00 ft or more further to descend 
before reach�ng the terra�n.  Also of note �s that analys�s 
of the acc�dent s�te �nd�cated a southerly track on �mpact.  
This would indicate that in the last 1,100 ft or so of flight 
the a�rcraft manoeuvred so as to carry out at least half 
a complete turn, poss�bly add�t�onal complete rotat�ons, 
and end up �50 metres to 350 metres �n the reverse 
d�rect�on of �ts last recorded track.

The ava�lab�l�ty of alt�tude �nformat�on shows that there 
was electr�cal power ava�lable on the a�rcraft throughout 
at least the first half of the final turn and rapid descent 
manoeuvre.  The comb�nat�on of a good pr�mary radar 
return but no secondary return from the same radar head, 
as was the case with the end of the Lowther Hill track, 
shows that the l�ne of s�ght between the radar head and 
the a�rcraft was good and that there must be another 
explanat�on for the loss of the secondary radar return.  
The loss of secondary radar returns from one radar head 
when �t �s present from another radar head, as was the 
case just pr�or to the last val�d secondary radar return 
recorded by Lowther Hill, shows that the loss is not 
assoc�ated w�th a problem w�th the a�rcraft transponder.  
Th�s comb�nat�on of good l�ne of s�ght between radar and 
a�rcraft and an operat�onal transponder on the a�rcraft, 
may �nd�cate that the att�tude of the a�rcraft h�d the a�rcraft 
secondary radar transponder antenna from the Lowther 
Hill radar installations.  This can be accomplished by 
present�ng more than usual of the top of the a�rcraft to 
the radar.  Th�s �s �nd�cat�ve of a p�tch and roll att�tude 
that �s normally only encountered dur�ng h�gh speed 
turns or unusually h�gh p�tch att�tudes cl�mb�ng away 
from the radar or large nose-down att�tudes �n descent 
towards the radar.

In summary, the radar data shows the a�rcraft cl�mb�ng 
to, and hold�ng, a relat�vely stable cru�se alt�tude but 
w�th no set d�rect�on.  Turns were �n�t�ated, culm�nat�ng 
�n a relat�vely t�ght turn assoc�ated w�th a large descent 
rate and unusual a�rcraft att�tudes.  Electr�cal power was 
ava�lable at least unt�l nearly the end of the last recorded 
turn, well after the t�ght descend�ng turn was �n�t�ated.  
G�ven the locat�on of the end of the radar track relat�ve 
to the acc�dent s�te locat�on and d�spar�ty between the 
d�rect�on of the last recorded track and the est�mated 
�mpact d�rect�on at the acc�dent s�te, the a�rcraft carr�ed 
out at least one further half turn between loss of the 
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radar track and �mpact.  It �s also poss�ble that �t carr�ed 
out further complete turns or other manoeuvres below 
radar coverage.  The t�me between the loss of radar track 
�nformat�on and �mpact �s not known.

Accident site and wreckage examination

The a�rcraft crashed on a h�lls�de near Bragleenmore 
Farm, approx�mately 9 nm south of Oban A�rport.  The 
acc�dent s�te elevat�on was 963 feet on undulat�ng terra�n 
w�th a nearby h�ll w�th a peak of �,433 feet.  The �n�t�al 
�mpact crater was cons�stent w�th the a�rcraft hav�ng 
made a h�gh speed nose-down �mpact w�th a sl�ght r�ght 
bank.  The fuselage had suffered severe d�srupt�on at 
�n�t�al �mpact and remnants of the cockp�t and the eng�ne 
travelled a further 32 metres before com�ng to rest.  
The wreckage field extended for a maximum distance 
of 95 metres w�th the l�ghter objects hav�ng travelled 
furthest, angled eastwards �n the d�rect�on of the surface 
w�nd at the t�me.  The a�rcraft’s d�rect�on of travel at 
�mpact, as est�mated from the l�ne of travel of the major 
wreckage, was �78°(M).  The features of the wreckage s�te 
were cons�stent w�th an a�rcraft �mpact speed of between 
140 and 200 kt with a descent rate significantly more 
than a normal approach rate of descent for land�ng.

Both w�ngs had sheared off at the fuselage and the w�ng 
fuel tanks were completely d�srupted result�ng �n a loss 
of all rema�n�ng fuel.  The eng�ne had separated from 
�ts mounts and the propeller had also separated from �ts 
crankshaft flange.  All major aircraft components were 
accounted for and there was no ev�dence of any pre-
�mpact separat�on.

Follow�ng the on-s�te exam�nat�on, the a�rcraft wreckage 
was recovered from the h�lls�de and transported to the 
AAIB’s fac�l�ty at Farnborough for a more deta�led 
exam�nat�on.

Detailed wreckage examination

Flight controls

The roll controls on th�s a�rcraft type cons�st of two 
control wheels that are connected to each other and 
control the a�leron pos�t�ons through a ser�es of torque 
tubes, sprockets, cha�ns, control cables, pulleys and bell 
cranks.  P�tch control �s v�a an all-mov�ng stab�lator 
connected to the control columns through a ser�es of 
cables, pulleys and push-pull rods.  There were numerous 
separat�ons w�th�n both of these control systems but 
all were attr�butable to overload fa�lures wh�ch were 
cons�stent w�th the a�rframe break-up.  There was no 
ev�dence of a pre-�mpact d�sconnect�on.  The rudder �s 
controlled by two cables connected d�rectly to the rudder 
pedals.  Both cables and the�r attachment po�nts were 
�ntact.  The stab�lator tr�m barrel was found �n a pos�t�on 
correspond�ng to 0.6° of nosedown tr�m.  The rudder 
tr�m assembly was found �n a pos�t�on correspond�ng to 
�.5° of r�ght rudder tr�m.  D�srupt�on to the mechan�cal 
flap control system precluded a determination of the flap 
pos�t�on at �mpact.

Instruments

The flight instruments were all severely damaged and 
most of the �nstrument faces had separated from the�r 
cas�ngs.  The ma�n alt�meter subscale �nd�cated a 
pressure sett�ng of between �0�3 and �0�4 mb.  The 
standby alt�meter subscale �nd�cated a pressure sett�ng 
of approx�mately �0�7 mb.  Both of these sett�ngs were 
close to the reported aftercast pressure sett�ngs of between 
�0�4 and �0�5 mb for the t�me of the acc�dent.  The 
�nstrument faces were exam�ned for w�tness marks that 
m�ght �nd�cate any pre-�mpact read�ngs but no rel�able 
w�tness marks were found.  The AI had broken up and 
d�slodged the gyroscop�c rotor from �ts hous�ng.  The 
rotor d�d not exh�b�t any ev�dence of rotat�onal scor�ng, 
but the rotor hous�ng had a hel�cal score around �ts �nner 
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c�rcumference that could have been caused by the rotor 
dur�ng the �nstrument break-up wh�le the rotor was st�ll 
sp�nn�ng.  The warn�ng l�ghts, �nclud�ng the vacuum 
pressure warn�ng l�ght, were exam�ned but all the 
bulbs had broken and there were no rema�n�ng tungsten 
filaments, so a determination of pre‑impact illumination 
could not be made.

Other component examinations

The throttle, propeller and m�xture control levers 
were all bent and �n the near forward pos�t�on, but the 
d�srupt�on and damage to the throttle quadrant made 
these unrel�able as �nd�cat�ons of the�r pre-�mpact 
pos�t�ons.  The magneto sw�tch was set to BOTH and the 
key had broken off.  The autop�lot control panel and 
computer were too severely damaged to enable test�ng 
to be carr�ed out.  The electr�cal w�r�ng was exam�ned 
and there was no evidence of any significant non‑impact 
related short-c�rcu�ts.  The p�tot tube hole was clear and 
the p�tot heat w�res were securely connected to the tube.  
The p�tot heat sw�tch was damaged prevent�ng �ts pos�t�on 
from be�ng determ�ned.  The stat�c port was clear, but the 
p�tot-stat�c plumb�ng system was too severely d�srupted 
to enable any further exam�nat�on.  The plumb�ng for the 
fuel system was also severely d�srupted; the fuel l�nes 
had broken �nto mult�ple p�eces.  The fuel tanks had 
also broken �nto several p�eces.  The fuel dra�ns were �n 
the closed position and the fuel filler cap seals were in 
a sat�sfactory cond�t�on.  The throttle body fuel control 
un�t had shattered �nto mult�ple p�eces so no fuel samples 
were recovered.

Powerplant examination

The eng�ne was taken to an approved overhaul fac�l�ty 
for a strip examination.  It had suffered significant 
�mpact damage, �nclud�ng part�al separat�on of the 
o�l sump and separat�on of the No 6 cyl�nder head 
from the cyl�nder barrel.  The eng�ne accessor�es also 

had vary�ng degrees of �mpact damage and had all 
separated from the eng�ne accessory gearbox.  The 
propeller governor and turbocharger had also separated 
from the eng�ne.  The eng�ne could be rotated freely 
by hand once a fractured part of the eng�ne crankcase 
was pulled away from the �nternal counterwe�ght.  
The engine was sufficiently lubricated and there was 
no ev�dence of any pre-�mpact mechan�cal fa�lure or 
ev�dence of overheat�ng.  The spark plugs were �n 
sat�sfactory cond�t�on.  One magneto was too severely 
damaged to be tested, but the other one was r�g-tested 
and operated normally.  The turbocharger dr�veshaft 
rotated freely.  The only anomal�es uncovered dur�ng 
the eng�ne exam�nat�on were the damaged and tw�sted 
base pack�ng seals from the No 3 and No 5 cyl�nders.  
However, the worst case effect of this would have been 
m�nor o�l leaks, but none had been reported.

The propeller assembly and the crankshaft propeller 
flange had separated from the engine.  Both propeller 
blades were free to rotate w�th�n the hub due to �mpact 
fa�lure of the p�tch control l�nks.  As a result, both 
blades had rotated approx�mately �80 degrees w�th�n 
the hub.  Propeller blade No � was bent aft near the 
shank and bent forward approx�mately 8 �nches from 
the t�p.  Blade No 2 was bent aft from the shank to 
the t�p.  It also had deep lead�ng edge gouges, whereas 
blade No � d�d not.  Blade No 2 had some chordw�se 
scratches between the m�d-sect�on and the t�p, 
although �t also exh�b�ted roughly s�m�lar lengthw�se 
and mult�d�rect�onal scratches.  The propeller hub was 
d�sassembled and compress�on damage on one s�de of 
each blade’s preload plate was observed; th�s was very 
pronounced on the No 2 blade.  The preload plates were 
sent to the propeller manufacturer for exam�nat�on.  
The propeller manufacturer reported that no rel�able 
pre-�mpact blade angle could be determ�ned from the 
numerous w�tness marks on the preload plates.
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The crankshaft and separated crankshaft flange exhibited 
ev�dence of tens�le fa�lure over approx�mately half the 
c�rcumference and compress�on fa�lure over the other 
half of the c�rcumference.  There were also cracks �n 
the n�tr�ded layer on the tens�le s�de of the base of the 
flange.  These were predominantly parallel, occasionally 
somewhat sp�ral �n nature, and extended well �nto the 
flange itself.  

Vacuum pump examination

The Parker Airborne 211CC vacuum pump fitted to 
G-JMTT was exam�ned by the AAIB and then separately 

by the component manufacturer.  A component d�agram 
of the pump �s shown �n F�gure 5.  The pump �s dr�ven 
d�rectly by the eng�ne’s accessory gearbox wh�ch, through 
a dr�ve coupl�ng, turns a carbon rotor w�th carbon vanes 
that sl�de �n and out by centr�fugal force.  A photograph 
of the rotor and vane assembly �s shown �n F�gure 6.  
The rotor and vane assembly of the pump from G-JMTT 
had shattered �nto mult�ple p�eces (see F�gure 6).  It was 
�mportant to determ�ne �f the rotor had broken wh�le the 
a�rcraft was �n the a�r or as a result of ground �mpact.  
The rotor �s dr�ven by a metal shaft assembly wh�ch 
connects to a plast�c coupl�ng wh�ch �s connected to a 

Figure 5

Parker A�rborne 2��CC Vacuum pump component layout

Figure 6 

Damaged vacuum pump rotor and vanes from G-JMTT on left; �ntact vers�on on r�ght
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plastic flex centre coupling.  This flex centre coupling 
serves two purposes: first, it absorbs torsional vibrations 
from the accessory gearbox dr�ve and second, �t conta�ns 
a necked-down centre d�ameter wh�ch works as a shear 
po�nt to prevent eng�ne damage �n the case of a pump 
failure.  The flex centre coupling in G‑JMTT’s vacuum 
pump had fractured at the m�dpo�nt of �ts shear sect�on 
due to tors�onal overload (see F�gure 7).  Th�s can occur 

as a result of �mpact; however, both fracture faces had 
rub marks wh�ch �nd�cated cont�nued rotat�on of the 
eng�ne-dr�ven end after the coupl�ng fractured (see 
F�gure 8).  The component manufacturer concluded that 
th�s rotat�onal rubb�ng of the fracture surface �nd�cated 
that the coupl�ng fractured some t�me pr�or to �mpact, 
possibly even before the accident flight.

Figure 7

Fractured flex centre coupling from G‑JMTT’s vacuum pump

Figure 8

Rub mark on one of the fracture faces of the flex centre coupling
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The vacuum pump exam�nat�on also revealed that there 
was significant carbon/fluid streaking emanating from 
the shaft assembly.  The carbon bear�ng, rotor and 
vanes generate carbon dust part�cles as they wear.  The 
component manufacturer reported that when l�qu�ds such 
as eng�ne o�l or eng�ne clean�ng l�qu�ds m�x w�th the 
carbon dust, they create a th�ck slurry wh�ch �ncreases 
fr�ct�on lead�ng to premature fa�lure of the a�r pump.  
Some causes of l�qu�d contam�nat�on are a leak�ng 
accessory dr�ve pad seal or eng�ne clean�ng l�qu�d be�ng 
sprayed onto an unprotected a�r pump.

Only part of the pump’s ser�al number was st�ll v�s�ble, 
reveal�ng the letters ‘�0AK’. ‘�0’ represents the month 
of manufacture, October, and ‘AK’ represents the year 
of manufacture, 1994.  The flex centre coupling was also 
date-stamped ‘�994’.  The ma�ntenance records revealed 
that a vacuum pump w�th ser�al number �0AK4837 was 
fitted to G‑JMTT’s engine on 2 June 1995, so, this is 
probably the same vacuum pump and �t had logged 
approx�mately 994 hours at the t�me of the acc�dent.

Effect of vacuum pump failure

On G-JMTT the vacuum pump was used solely to 
supply vacuum pressure to operate the AI.  Insufficient 
vacuum or no vacuum w�ll result �n the gyro rotor w�th�n 
the AI slow�ng down.  As the gyro slows �t w�ll lose �ts 
gyroscop�c r�g�d�ty and start to topple.  As th�s happens the 
attitude indication, as shown by the picture of the artificial 
hor�zon on the �nstrument face, w�ll start to g�ve false 
�nd�cat�ons of p�tch and roll.  If the autop�lot was engaged 
�t would follow these false read�ngs.  A sudden vacuum 
pump fa�lure w�ll result �n an �mmed�ate loss of vacuum 
pressure but m�nutes could pass before the AI gyro has 
slowed sufficiently to start giving erroneous indications.  
The loss of vacuum pressure should, however, be apparent 
to the p�lot by a zero read�ng on the suct�on gauge and 
�llum�nat�on of the vacuum pressure fa�lure l�ght.

Previous accidents involving vacuum system failures

A search of the AAIB’s database d�d not reveal any 
acc�dent reports relat�ng to vacuum system fa�lures.  
However, a search of the NTSB7’s database revealed 
62 acc�dent/�nc�dents between �982 and June 2007 �n 
wh�ch the vacuum system was l�sted among the causal 
factors.  Of these 62 acc�dents/�nc�dents, 40 were l�sted 
as sever�ty ‘Fatal’.  In many of these acc�dents, the p�lot 
reported loss of vacuum pressure over the rad�o before 
los�ng control �n IMC cond�t�ons.

Maintenance requirements for vacuum pumps

A�rcraft and equ�pment manufacturers somet�mes �dent�fy 
�tems of serv�ce �nformat�on, such as a Serv�ce Bullet�n 
or a Serv�ce Letter, as e�ther ‘Opt�onal’ or ‘Mandatory’.  
Th�s judgement, by the manufacturer, �s not necessar�ly 
agreed or endorsed by the Nat�onal A�rworth�ness 
Author�ty where the a�rcraft �s reg�stered.  The UK CAA 
has stated that there are some c�rcumstances when such 
serv�ce �nformat�on �s deemed mandatory by assoc�at�on.  
Th�s �s the case when an A�rworth�ness D�rect�ve (AD) 
makes reference to such a Serv�ce Bullet�n or Serv�ce 
Letter as be�ng the means of compl�ance w�th the AD.  
The CAA takes the v�ew that, even bear�ng �n m�nd any 
other statements or comments, only serv�ce �nformat�on 
supported by an AD �s mandatory.

The a�rcraft was ma�nta�ned �n accordance w�th the 
LAMS wh�ch states �n �tem 7 of sect�on 3: 

‘Overhaul, additional inspections and test periods 
shall be those recommended by the organisation 
responsible for the type design.’8  

Footnote

7  NTSB �s the Nat�onal Transportat�on Safety Board of the U.S.A.
8  L�ght A�rcraft Ma�ntenance Schedule (LAMS) – Aeroplanes, 
CAP 4��, Issue 2.
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The a�rcraft manufacturer was respons�ble for the type 
des�gn and �ts serv�ce manual for the Arrow III l�sts 
under the �,000 hour Inspect�on per�od9: 

‘Replace engine or electrically driven vacuum 
pump(s) (Read Note(s) 5 and 25).’  

Note 5 d�ffers sl�ghtly from th�s �n that �t states: 

‘Replace as required or at engine overhaul’.  

Note 25 refers to a 500 hour replacement t�me for 
the aux�l�ary electr�c backup vacuum system, but th�s 
was not relevant to G-JMTT as no backup system was 
fitted.  The Arrow III service manual also contains a 
statement �n Note 28: 

‘When servicing or inspecting vendor equipment 
installed in Piper aircraft, it is the user’s 
responsibility to refer to the applicable vendor 
service publications.’  

The vacuum pump �s cons�dered to be vendor 
equ�pment.

The vacuum pump manufacturer publ�shed Serv�ce 
Letter (SL) 58 on 3� May 2002 (now superseded by 
SL 58A dated 23 March 2006) wh�ch l�sted ‘mandatory’ 
replacement t�mes for A�rborne a�r pumps�0.  The 
Serv�ce Letter, under the head�ng ‘Background’, 
stated that:

‘in the absence of air pump mandatory 

replacement times provided by Airframe 

Manufacturers, Airborne is providing these 

mandatory replacement times’.  This could be 

interpreted to mean that the Service Letter was only 

applicable if the airframe manufacturer had not 

provided replacement requirements, which was not 

the case.  However, under the heading ‘Compliance’ 

it then stated  ‘Airborne air pumps must not be 

operated beyond the Airframe Manufacturer’s 

specification for mandatory inspection intervals 

or mandatory replacement times or Airborne’s 

mandatory inspection intervals or mandatory 

replacement times, whichever comes first.’  Thus 

the intention of the Service Letter was that when 

the airframe manufacturer provides replacement 

times, the most restrictive requirement should 

apply.  The ‘mandatory’ replacement for the air 

pump model 211CC was listed in the Airborne 

Service Letter as ‘500 aircraft hours or 6 years 

from date of manufacture, whichever comes first.’ 

The underlining is as contained in the Service 

Letter.’

The CAA d�d not make th�s Serv�ce Letter mandatory 

by �ssu�ng an AD, but requ�red a�rcraft owners to assess, 

and where appropr�ate, comply w�th the ma�ntenance 

�nstruct�ons from the type des�gn holder.  The CAA 

stated to the AAIB that on the bas�s of Note 28 �n the 

Arrow III serv�ce manual �t �s the respons�b�l�ty of the 

a�rcraft’s owner to be aware of publ�cat�ons relat�ng 

to components and therefore to be aware of and 

comply w�th the vacuum pump manufacturer’s Serv�ce 

Letter 58A.  Therefore, the vacuum pump on the 

Arrow III should be tracked �n the ‘Time limited task 

and component change record’ document (CAP 543).  

However, this was not done by the owners or by any of 

Footnote

9  P�per Serv�ce Manual for PA-28R-20�/20�T  (part No 76� 639), 
publ�cat�on date 27 February 2004.
�0  There are no significant differences between Service Letter 58 
and Serv�ce Letter 58A.  An electron�c copy of Serv�ce Letter 58A can 
be obta�ned at http://www.parker.com/l�terature/L�terature%20F�les/
ag/NAD/pdf/Serv�ce%20Letters/SL-58A.pdf
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the ma�ntenance organ�sat�ons�� of G-JMTT.  The AAIB 
ascerta�ned that other ma�ntenance organ�sat�ons were 
also unaware of Serv�ce Letter 58A.  Further, some 
vacuum pump suppl�ers, who would normally supply 
such �nformat�on to the�r customers, were also unaware 
of the Serv�ce Letter.

The ma�ntenance manual for a ‘New Piper Aircraft’ 
PA-28R-20� Arrow�2 (a�rcraft w�th ser�al numbers 
284400� and up) l�sts a Spec�al Inspect�on for a�rcraft 
fitted with Airborne Dry Air Pumps to have the engine‑
dr�ven vacuum pump replaced after 500 hours.  Th�s 
�nstruct�on �s �n l�ne w�th the 500 hour requ�rement �n 
Serv�ce Letter 58A.

The FAA �ssued a Spec�al A�rworth�ness Informat�on 
Bullet�n (SAIB, CE-05-�5) on �0 November 2004 
adv�s�ng reg�stered owners of s�ngle or mult�-eng�ne 
p�ston a�rcraft of the need to ma�nta�n pneumat�c system 
components that power a�r-dr�ven gyro �nstruments 
properly.  In th�s SAIB the FAA h�ghly recommends 
that:

 ‘if Parker Hannifin-Airborne Division air 
pumps and other components used in pneumatic 
systems that power air-driven gyro instruments 
are installed in your airplane, then you should 
follow the applicable Airborne maintenance, 
inspection, and replacement instructions.’  

The CAA stated to the AAIB that they concur w�th th�s 
recommendat�on.

Search and rescue

On the morn�ng of �0 Apr�l 2006, one of the synd�cate 

members became concerned as he was unable to contact 

the commander on his mobile phone.  Having got the 

takeoff t�me for G-JMTT from the A�rport Manger at 

Oban he telephoned the commander’s office to see if 

he had left any message.  They �nformed h�m that they 

had not heard from h�m but they were expect�ng h�m �n 

for a meet�ng at 0900 hrs.  The synd�cate member then 

telephoned Andrewsfield to see if they had heard from 

G‑JMTT; they had heard nothing.  He then telephoned the 

D�stress and D�vers�on (D and D) cell at West Drayton, 

M�ddlesex and �nformed them that G-JMTT was overdue 

and they �nformed Scott�sh D and D at Prestw�ck; who 

�nst�gated full overdue act�on at �408 hrs.

At �450 hrs D and D rece�ved a telephone call say�ng 

that wreckage had been found 9 nm south of Oban.  As a 

result the search was called off.

Analysis

Conduct of the flight

The commander had been declared medically unfit by the 

CAA pr�or to the acc�dent, and therefore was not ent�tled 

to exerc�se the pr�v�leges of h�s l�cence.  The co-p�lot’s 

l�cence had exp�red, but as she had renewed her sk�lls 

test �t �s l�kely that th�s was an overs�ght on her part. 

Th�s was an overs�ght wh�ch was made by a number of 

other p�lots at about that t�me, �n part due to the change 

from CAA to JAA l�cences �n the year 2000.  The p�lots 

flew in weather that was outside the privileges of their 

l�cences and no pr�or perm�ss�on was obta�ned for e�ther 

the land�ng at Blackpool or at Oban.  Furthermore, the 

a�rcraft appears to have taken off from Oban �8� lb �n 

excess of �ts MTOW.

The weather at takeoff and the forecast for the first part 

Footnote

��  The a�rcraft had been ma�nta�ned by the current ma�ntenance 
organ�sat�on s�nce 2006; there had been three other ma�ntenance 
organ�sat�ons �nvolved s�nce 2002.  The vacuum pump l�fe l�m�ts had 
been �ntroduced �n 2002 and should have been tracked �n the a�rcraft 
records from that t�me.
�2  P�per A�rplane Ma�ntenance Manual for PA-28R-20� (Part No 
76�-895), publ�cat�on date 2� December 2005.
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of the flight over south‑western Scotland was not suitable 
for the intended Visual Flight Rules (VFR) flight.  It is 
poss�ble that the a�rcraft cl�mbed �n a hole �n the cloud 
over the Isle of Kerrera.  Once the a�rcraft had cl�mbed 
to he�ght the p�lots would not have been able to keep �n 
s�ght of the surface, as the pr�v�leges of the�r l�cences 
requ�red them to do.

It �s unl�kely that the a�rcraft was unduly affected by 
a�rframe �c�ng as �t was above the forecast �c�ng level of 
5,500 feet for less than 2 m�nutes and 30 seconds.

It �s not poss�ble to determ�ne whether the autop�lot 
was engaged during the flight; however, whether it was 
or not, the �naccurate att�tude �nformat�on prov�ded by 
the AI would have adversely affected the ab�l�ty of the 
p�lot, or the autop�lot, to control the a�rcraft.  G-JMTT 
appears to be under reasonably prec�se control unt�l the 
last left turn, wh�ch �s relat�vely rap�d and where the 
a�rcraft starts to descend.  The loss of secondary radar 
returns, during the final moments of the flight, could 
have been as a result of the a�rcraft be�ng �n an unusual 
att�tude.  Th�s also suggests that control of the a�rcraft 
had been lost.

Accident site and wreckage examination

The acc�dent s�te and wreckage spread were cons�stent 
w�th a h�gh-speed nose-down �mpact.  It was not 
character�st�c of an attempted land�ng.  There was some 
ev�dence, from the est�mated �mpact att�tude and �mpact 
flight path angle, that the pilot may have been trying to 
regain level flight shortly before impact occurred.

There was no ev�dence of a pre-�mpact structural fa�lure 
or a pre‑impact problem with the flight controls.  It is 
l�kely that there was adequate fuel on board, and the 
eng�ne exam�nat�on d�d not reveal any anomal�es that 
would have affected �ts operat�on.  There was ev�dence 

that the propeller had detached from the eng�ne due to 
a bend�ng load appl�ed to the crankshaft �n the �n�t�al 
impact.  The propeller exhibited insufficient evidence 
of rotat�onal energy for the �nvest�gat�on to el�m�nate 
eng�ne fa�lure, but an eng�ne fa�lure would not have 
d�rectly resulted �n a loss of control.  From an alt�tude 
of 5,000 ft the a�rcraft could have gl�ded a d�stance of 
approx�mately 6 nm down to �,000 ft, at a moderate 
descent rate of �,000 ft/m�n.  Thus the only ev�dence 
found dur�ng the wreckage exam�nat�on that could 
have d�rectly contr�buted to the loss of control was the 
ev�dence from the fa�led vacuum pump.

Vacuum pump failure

The vacuum pump manufacturer determ�ned that the rub 
marks on the fracture faces of the flex centre coupling 
�nd�cated that the fracture had occurred pr�or to �mpact 
wh�le the eng�ne was st�ll turn�ng.  The fa�lure could 
have been tr�ggered by a worn vane that broke or as 
a result of excess�ve fr�ct�on bu�ld-up from the l�qu�d 
contam�nat�on, or a comb�nat�on of both.  The source 
of the l�qu�d contam�nat�on could not be determ�ned, 
but the vacuum pump had been �n use for more than 
�� years and for approx�mately 994 hours, well �n 
excess of the 6 year and 500 hour t�me l�m�ts mandated 
by the pump manufacturer �n the�r Serv�ce Letter 58A.

The a�rcraft owners and several a�rcraft ma�ntenance 
organ�sat�ons were not aware of Serv�ce Letter  58A, 
wh�ch was not mandated by an A�rworth�ness D�rect�ve.  
The �nstruct�ons for vacuum pump replacement �n the 
Arrow III serv�ce manual were open to �nterpretat�on 
and not cons�stent w�th SL 58A.  One �nterpretat�on of 
the text �n the manual was that the eng�ne-dr�ven vacuum 
pump should be replaced at the �,000 hour �nspect�on 
period.  However, Note 5 states that it can be replaced 
as requ�red or at eng�ne overhaul.  The Parker A�rborne 
2��CC vacuum pump cannot be �nspected for wear 
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w�thout d�sassembl�ng �t and th�s �s not perm�tted �n the 
field.  An external visual inspection of the pump would 
not reveal that a pump was close to fa�l�ng.  Therefore, 
the only safe solut�on, part�cularly �f the a�rcraft �s to 
be operated �n IMC and there �s no backup system, �s to 
comply with the limits specified in SL 58A.  The AAIB 
therefore recommends that:

Safety Recommendation 2007-002

The C�v�l Av�at�on Author�ty should publ�c�se the 
vacuum pump replacement requ�rements �n Parker 
A�rborne Serv�ce Letter 58A and recommend that 
operators and ma�nta�ners of such a�rcraft wh�ch w�ll 
be operated under Instrument Fl�ght Rules, comply 
with the limits specified therein. 

The CAA has adv�sed that the ex�st�ng requ�rements 
conta�ned �n the L�ght A�rcraft Ma�ntenance Programme 
and �n the L�ght A�rcraft Ma�ntenance Schedule w�ll 
be publ�c�sed �n a Letter to Owners/Operators and by 
an art�cle �n an �ssue of the General Av�at�on Safety 
Information Leaflet (GASIL). 

The a�rcraft manufacturer has publ�shed a 500 hr l�m�t 
for A�rborne vacuum pumps �n �ts New Piper Aircraft 
Arrow Serv�ce Manual.  It has not retrospect�vely 
applied this limit to older Arrow aircraft.  However, the 
same type of Airborne vacuum pump could be fitted to 
both.  The vacuum pumps should be treated the same, 
regardless of which aircraft type they are fitted to.  The 
AAIB therefore recommends that:

 Safety Recommendation 2007-003

The New P�per A�rcraft Company should rev�se the�r 
ma�ntenance manuals to ensure that the ma�ntenance 
requ�rements for vacuum pumps are cons�stent across 
the�r product range. 

The problem of �ncons�stent or �nadequate ma�ntenance 
requ�rements for vacuum pumps could apply to 
other a�rcraft manufacturers.  The AI �s the pr�mary 
instrument for safe flight in IMC.  When the AI is 
vacuum-dr�ven the vacuum pump becomes an �mportant 
component for safe flight in IMC.  Therefore, all 
a�rcraft manufacturers should evaluate the ma�ntenance 
and replacement �nstruct�ons recommended by vacuum 
pump manufacturers, and then �ncorporate these 
requ�rements �n the a�rcraft’s ma�ntenance manual.  
The AAIB therefore makes the follow�ng Safety 
Recommendat�ons to EASA and the US FAA:

Safety Recommendation 2007-004

The European Av�at�on Safety Agency (EASA) should 
mandate compl�ance w�th vacuum pump ma�ntenance 
and replacement requ�rements, to ensure that a�rcraft 
fitted with vacuum‑driven Attitude Indicators can be 
safely operated �n Instrument Meteorolog�cal Cond�t�ons 
when such aircraft are certified to do so.  

Safety Recommendation 2007-005

The US Federal Av�at�on Adm�n�strat�on (FAA) should 
mandate compl�ance w�th vacuum pump ma�ntenance 
and replacement requ�rements, to ensure that a�rcraft 
fitted with vacuum‑driven Attitude Indicators can be 
safely operated �n Instrument Meteorolog�cal Cond�t�ons 
when such aircraft are certified to do so.

Spatial disorientation

From the aftercast �t �s poss�ble that the p�lots were 
flying between layers of cloud.  If they were flying 
in cloud it would have been necessary for them to fly 
by sole reference to the flight instruments.  Although 
the pilots had received basic instrument flying 
fam�l�ar�sat�on tra�n�ng, the�r exper�ence level made �t 
unl�kely that they would have been able to control the 
a�rcraft accurately �n IMC for any length of t�me.
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W�th the absence of outs�de v�sual references, phys�cal 
sensat�ons can produce compell�ng percept�ons of the 
a�rcraft’s att�tude and manoeuvres that d�ffer markedly 
from those indicated by the flight instruments and spatial 
d�sor�entat�on can occur.  Th�s tends to be more l�kely 
when recent and/or total instrument flying experience is 
low and �n a h�gh stress s�tuat�on, or w�th alcohol �n the 
p�lot’s blood.

One type of vest�bular �llus�on, commonly known as 
the ‘leans’, �s where the p�lot may have a consc�ous 
knowledge of h�s genu�ne or�entat�on from h�s 
�nstruments or the outs�de world, yet reta�ns a very 
compell�ng false feel�ng of lean�ng for a cons�derable 
t�me.  If there are no �nstruments to g�ve the p�lot any 
v�sual �nput, the a�rcraft could eas�ly enter a turn that 
develops �nto a sp�ral d�ve and accelerates, as seen �n 
the final moments of the radar returns.

Alcohol was measured �n the p�lots’ muscle at a 
level which would be significantly in excess of the 
equ�valent blood levels st�pulated �n the Ra�lways and 
Transport Safety Act 2003.  Wh�lst the tox�colog�st 
and patholog�sts accepted that some of the alcohol 
detected may have been produced post-mortem, they 
believed it was unlikely to be a significant amount, 
espec�ally as the th�rd occupant exh�b�ted no ev�dence 
of alcohol.  If these levels genuinely reflect the amount 
of alcohol present �n the blood at the t�me of the 
acc�dent, �t �s poss�ble that they may have produced 
some decrement �n performance wh�ch may have been 
prejudicial to the safe conduct of the flight. 

Wh�le �t �s not known when the vacuum pump fa�led, 
the effects of the fa�lure probably started to man�fest 
themselves w�th erroneous AI �nd�cat�ons just before the 
a�rcraft entered the left turn, approx�mately 24 seconds 
before the radar track was lost.

The c�rcumstances of the acc�dent to G-JMTT could 
alternat�vely be expla�ned by some form of br�ef and 
temporary �ncapac�tat�on of the p�lot, brought on 
by a med�cal or tox�colog�cal symptom, w�thout th�s 
necessar�ly leav�ng any ev�dence.  Due to the d�srupt�ve 
nature of the �mpact �t was not poss�ble to tell �f there 
was any med�cal reason, �n the form of d�sease, for the 
acc�dent.  The commander had a med�cal h�story of a 
heart cond�t�on wh�ch may have caused some form of 
�ncapac�tat�on.

The flying conditions, added to the probable failure of 
the AI, are l�kely to have led to an �ncrease �n stress to 
all the occupants.  Th�s could have led the commander 
to become d�stracted and/or �ncapac�tated due to the 
stress of the s�tuat�on.

Search and rescue

The pilots had not filed a flight plan or booked into 
Blackpool for the return journey.  As a result no ATC 
agencies were formally aware of the flight.  Had the 
pilots filed a flight plan, overdue action should have been 
�n�t�ated one hour after G-JMTT’s ETA at Blackpool.

Conclusion

The a�rcraft crashed after control was lost wh�le �n 
IMC.  The characteristics of the final flight path, 
part�cularly the h�gh a�rspeed, the rap�d descent and the 
rate of turn, were cons�stent w�th the effects of spat�al 
d�sor�entat�on.  The p�lots were not IMC or Instrument 
Rated, and alcohol was present �n both p�lots.  It �s 
l�kely that the acc�dent resulted from loss of control as 
a result of the p�lots follow�ng unrel�able �nd�cat�ons 
from the AI, wh�lst �n IMC.  The AAIB has made four 
Safety Recommendat�ons relat�ng to the ma�ntenance 
of vacuum pumps.

The pilots were not IMC or Instrument rated.  Had they 
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been flying under VFR conditions, in sight of the surface, 
they would probably have been able to ma�nta�n control 
of the a�rcraft.


