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INCIDENT

Aircraft Type and Registration:  DHC-8-402, G-JECG

No & Type of Engines:  2 PW�50A turboprop eng�nes

Year of Manufacture:  2004 

Date & Time (UTC):  �0 December 2006 at �930 hrs

Location:  Approx�mately �0 nm east of Prestw�ck A�rport

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

Persons on Board:  Crew - 4 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:  56 years

Commander’s Flying Experience:  9,950 hours (of wh�ch 650 were on type)
 Last 90 days - �73 hours
 Last 28 days -   50 hours

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

Synopsis

During flight in icing conditions, the flight crew 
experienced multiple flight instrument failures which 
were cons�stent w�th �c�ng of the p�tot/stat�c probes.  
Recorded flight data indicated that the standby pitot/
stat�c probe heat sw�tch had not been selected ON pr�or 
to flight, and the investigation concluded that, in all 
probab�l�ty, the rema�n�ng two p�tot/stat�c probe heat 
sw�tches had also not been selected ON.  Non-standard 
checkl�st procedures and d�stract�ons may have created 
an env�ronment �n wh�ch the select�on of the probe 
heat sw�tches to ON was m�ssed before takeoff, and not 
detected unt�l after the �c�ng encounter.

History of the flight

The aircraft was scheduled to fly two return flights 
between Ed�nburgh A�rport and Belfast C�ty A�rport, to 
be operated by the same crew.  The �nc�dent occurred 
on the th�rd sector, wh�lst en-route to Belfast.  The 
flight crew reported for duty at 1515 hrs and, as part 
of their normal pre-flight activities, checked the 
meteorolog�cal cond�t�ons.  The weather was forecast to 
rema�n generally wet and w�ndy, w�th extens�ve cloud 
and in-flight icing. However, temperatures at ground 
level were well above freez�ng.

The first two flights were unremarkable; when airframe 
�c�ng had been detected, the a�rcraft’s �ce protect�on 
systems had been used and had funct�oned normally. 
The co-pilot had flown the sector inbound to Edinburgh, 



9©  Crown copyr�ght 2008

 AAIB Bulletin: 4/2008 G-JECG EW/C2006/12/02

and was also to be the handling pilot for the flight to 

Belfast.  Dur�ng the 35 m�nute turn-round at Ed�nburgh, 

he carr�ed out an external �nspect�on of the a�rcraft, 

wh�ch �ncluded a check of the p�tot/stat�c probes and 

angle of attack sensors. No anomal�es were noted.  

Dur�ng the external �nspect�on there was cont�nual 

dr�zzle, w�th a temperature of �2ºC.  

The a�rcraft subsequently tax�ed for a departure from 

Runway 24, w�th four crew and 7� passengers on 

board.  The commander was handl�ng the a�rcraft 

dur�ng tax�, as �t could only be steered from h�s seat.  

Dur�ng the tax� phase, the co-p�lot not�ced that an 

expected annunc�at�on on the Eng�ne D�splay (ED), 

regard�ng the eng�ne bleed a�r system, was not present 

and brought th�s to the commander’s attent�on.  After a 
check of the takeoff configuration warning system, the 

propeller cond�t�on levers were found to be �ncorrectly 

set for takeoff.  The situation was rectified and the 

correct �nd�cat�ons were obta�ned on the ED.  

The commander then called for the tax� checkl�st.  The 

co-p�lot read the checkl�st, wh�ch �ncluded a m�xture of 

‘challenge and response’ �tems as well as ‘read and do’ 

�tems.  The crew rece�ved a takeoff clearance pr�or to 

arr�v�ng at the runway hold�ng po�nt, ahead of an a�rcraft 

which was on final approach.  Takeoff commenced at 

�9�3 hrs.

Prec�p�tat�on was encountered about �,000 ft after 

takeoff and propeller ant�-�ce was selected ON.  The 

autop�lot was also engaged.  The crew were g�ven a d�rect 

rout�ng towards Belfast, and cleared to cl�mb to FL�60 

(approx�mately �6,000 ft amsl).  The a�rcraft encountered 

heavy prec�p�tat�on dur�ng the cl�mb, and a number of 

v�sual checks were made for �ce.  When a�rframe �ce was 

seen, the crew sw�tched the a�rframe �c�ng protect�on 

system from MANUAL/OFF to FAST.  The crew reported 

that, at FL�00, they checked the alt�meter �nd�cat�ons, 
wh�ch were normal, and carr�ed out a number of other 
rout�ne check �tems.  As the a�rcraft cont�nued to cl�mb, 
the crew rece�ved an ICE DETECTED message on the 
ED, generated by the automat�c �ce detect�on system.  No 
act�on was necessary as a�rframe, eng�ne and propeller 
de-�ce systems were already on by th�s t�me, though �t 
was noted that the �ce bu�ld-up was except�onally heavy 
on a ded�cated and l�ghted sp�got. 

As the a�rcraft approached �ts cru�s�ng level, the crew 
received an “ALT MISMATCH” alert on their Primary 
Fly�ng D�splays (PFDs), warn�ng of a d�screpancy �n 
the d�splayed alt�tude.  A cross-check of the standby 
flight instrument display showed that the commander’s 
(left-hand) PFD was show�ng an erroneous alt�tude of 
approx�mately �50 ft below the co-p�lot’s PFD alt�tude.  
As the autop�lot was selected to rece�ve �ts �nputs from 
the r�ght hand (co-p�lot’s) �nstrument sources, the crew 
were content for �t to rema�n engaged.  

The a�rcraft levelled at FL�60, just above a cloud 
layer.   Soon after reach�ng FL�60, the crew began to 
exper�ence further d�screpanc�es between both �nd�cated 
alt�tudes and a�rspeeds, and observed heavy �c�ng on 
the a�rcraft structure.  The autop�lot then d�sconnected 
automat�cally.  The commander’s �nd�cat�ons of alt�tude 
and a�rspeed decayed rap�dly, and were replaced by red 
fa�lure �nd�cat�ons.  By select�ng the r�ght hand �nstrument 
sources to feed h�s own PFD, the commander was able to 
restore speed and alt�tude �nd�cat�ons to h�s d�splay.  The 
Air Traffic Controller handling the flight noticed that the 
a�rcraft’s SSR Mode C alt�tude had d�sappeared from h�s 
radar d�splay, and quer�ed �t w�th the crew.  In response, 
the commander requested an �mmed�ate descent, stat�ng 
that the crew were exper�enc�ng �nstrument problems 
and that he requ�red a descent to clear the �c�ng layer.  
The crew were cleared for a descent to FL80.  
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As the descent began, the co-p�lot’s alt�tude �nd�cat�on 
(now d�splayed on both p�lots’ PFD as a result of the 
commander’s source select�on) appeared to read 
correctly, but the a�rspeed �nd�cat�on began to show a 
decelerat�on at a rate wh�ch matched the decreas�ng 
alt�tude.  The co-p�lot kept the power levers at the cru�se 
sett�ng as the �nd�cated a�rspeed reduced, concerned that 
the a�rcraft was approach�ng a stall (he recalled see�ng an 
IAS of �34 kt).  Recogn�s�ng that th�s was an erroneous 
�nd�cat�on, the commander �ntervened and d�rected the 
co-p�lot to reduce power and to select an appropr�ate 
p�tch att�tude for the descent.  Both the alt�tude and 
a�rspeed �nd�cat�ons subsequently reduced rap�dly and 
were replaced by red fa�lure �nd�cat�ons. Both p�lots 
reported that several amber caut�on l�ghts �llum�nated on 
the Caut�on/Warn�ng Panel (CWP), assoc�ated w�th the 
�nstrument fa�lure �nd�cat�ons.

The commander made a ‘PAN-PAN’ call to ATC, stat�ng 
that the crew had lost all pressure �nstruments, and 
�n�t�ated the Emergency Checkl�st.  The controller ass�sted 
by prov�d�ng the crew w�th groundspeed readouts from 
h�s d�splay, and Mode C alt�tude �nformat�on, when �t 
became ava�lable �n the later stages of the descent.  Both 
p�lots reported that the standby IAS d�splay also showed 
a red FAIL �nd�cat�on dur�ng the descent, though �t was 
uncerta�n whether the standby alt�tude d�splay rema�ned 
val�d.

As the a�rcraft approached FL80, the PFD alt�tude 
�nd�cat�on returned and the co-p�lot used �t to level 
the a�rcraft.  Subsequently, the rema�n�ng a�rspeed and 
alt�tude �nd�cat�ons from both left and r�ght sources 
recovered to normal.  The crew cons�dered a d�vers�on, 
but it was decided that continued flight to Belfast at the 
lower level was the best opt�on, g�ven the relat�vely short 
d�stance to Belfast and the reported weather.  Dur�ng 
discussion between the flight crew immediately after the 

�c�ng encounter, the co-p�lot quer�ed the pos�t�on of the 
p�tot/stat�c probe heat sw�tches w�th the commander, and 
sa�d that he thought they may be OFF.  Later, ne�ther p�lot 
could be completely certa�n whether or not the sw�tches 
were phys�cally moved at th�s po�nt, but �nformat�on 
from the Fl�ght Data Recorder (FDR) was cons�stent w�th 
the standby p�tot/stat�c probe heat sw�tch� be�ng moved 
from OFF to ON, about three m�nutes after levell�ng at 
FL80, hav�ng been at OFF s�nce the start of the record�ng 
(sw�tches for the left and r�ght p�tot systems were not 
mon�tored by the FDR).  The a�rcraft landed at Belfast at 
about �950 hrs, w�thout further �nc�dent.  

Meteorological information

A broad warm sector was cover�ng the Ed�nburgh area at 
�800 hrs on the even�ng concerned, g�v�ng extens�ve layer 
cloud.  A t�ght �sobar�c grad�ent gave r�se to reasonably 
strong w�nds.  Upper a�r sound�ngs showed the freez�ng 
level to be at about 8,500 ft, and the -5ºC level at about 
�2,500 ft.  There was l�kely to have been large amounts of 
layered cloud to �2,000 ft, and poss�bly h�gher �n places.  
S�nce the surface temperature at Ed�nburgh was �2ºC, 
the a�rcraft was not cons�dered to be �n �c�ng cond�t�ons 
for takeoff.

Although �c�ng �s most commonly assoc�ated w�th large 
convect�ve clouds, layers of strat�form clouds can also 
conta�n large quant�t�es of supercooled droplets because 
such clouds �nclude cont�nuous, �f l�m�ted, convect�ve 
act�v�ty.  Temperature ranges �n wh�ch a�rframe �c�ng 
can be expected are from a sl�ghtly pos�t�ve temperature 
down to -40ºC, though severe �c�ng rarely occurs below 
about -�2ºC.

Footnote

�  For ease of read�ng, the term “pitot/static probe heat switch” �s 
reduced to “pitot heat switch” for the rema�nder of th�s report, unless 
requ�red �n full.
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Recorded information

Flight data

The aircraft was fitted with a 128 word per second Solid 
State FDR and Sol�d State Cockp�t Vo�ce Recorder 
(CVR).  The FDR recorded just over 26 hours of 
operat�on and was downloaded at the AAIB.  By the t�me 
the order was made for the preservat�on of the CVR, 
data for the incident flight had been over-written. 
 
Eng�ne start was at �902 hrs.  Pr�or to tax�, the eng�ne 
cond�t�on levers were advanced from the ‘START/

FEATHER’ pos�t�on to the ‘900’ pos�t�on (th�s commanded 
a constant propeller speed of 900 rpm).  Two and a half 
m�nutes later, the Cond�t�on Levers were then advanced 
to 95 degrees (correspond�ng to the ‘�020’ or ‘MAX’ 
position).  Analysis of the previous three flights showed 
that the cond�t�on levers were advanced d�rectly from 
the ‘START / FEATHER’ pos�t�on to the ‘MAX’ pos�t�on 
after eng�ne start w�thout an �ntermed�ate stop at the 
‘900’ pos�t�on.
 
Recorded �nformat�on showed that, just pr�or to takeoff, 
the pneumat�c de-�c�ng system sw�tch was e�ther �n the 
SLOW, FAST or MANUAL pos�t�on (�nd�v�dual pos�t�ons 
were not recorded). The standby p�tot heat sw�tch was 
OFF, as it had been from commencement of the flight 
record�ng2.  The p�tot heater has an assoc�ated p�tot heat 
caut�on l�ght wh�ch �s �llum�nated on the CWP based on 
actual heater current measurement. When there �s l�ttle or 
no heater current, the caut�on l�ght w�ll be on, �ndependent 
from the switch selection.  The previous 21 flights on the 
record�ng were checked and �n each case the standby 
p�tot sw�tch was recorded ON just after eng�ne start.

Footnote

2  The FDR records sw�tch pos�t�on as an open c�rcu�t or grounded 
electr�cal s�gnal.  Th�s s�gnal �s also w�red to both the Ice and Ra�n 
Protect�on System T�mer and Mon�tor�ng Un�t and the relay wh�ch 
suppl�es power to the standby p�tot heater.

No further parameters from the �ce protect�on system 
were recorded so that p�tot heat caut�on l�ghts for the 
No �, No 2 and standby systems, the pos�t�on of the No � 
and No 2 p�tot heat sw�tches and propeller de-�c�ng were 
not recorded.

At �9�3 hrs takeoff power was appl�ed.  As the 
a�rcraft was pass�ng �2,200 ft, the �ce detect�on system 
detected �ce, at wh�ch po�nt, the Stat�c A�r Temperature 
(SAT) sensor recorded a temperature of -3ºC.  Around 
20 seconds later, the barometr�c alt�tude from the left 
and r�ght A�r Data Computers (ADCs) began to d�verge, 
reach�ng a d�fference of 2�8 ft.  Accord�ng to the 
a�rcraft manufacturer, the tr�gger threshold for the ALT 
MISMATCH alert �s a funct�on of the alt�tude recorded 
by the left and r�ght ADCs.  At the t�me of max�mum 
alt�tude m�smatch, the threshold for th�s alert was �23 ft.

The a�rcraft levelled at �6,000 ft (FL�60), at wh�ch 
t�me the d�fference between the two recorded alt�tudes 
had reduced to around 50 ft, wh�ch was below the ALT 
MISMATCH threshold.  The a�rcraft was establ�shed �n 
cruise flight with the autopilot ALTITUDE HOLD mode 
engaged.  About 50 seconds later, the recorded alt�tude 
dropped around 200 ft w�th�n � second, to �5,800 ft.  
Th�s then slowly recovered to �6,000 ft.

Just under four m�nutes after levell�ng off, the �ce 
detect�on system aga�n detected the presence of �ce.  
Around 30 seconds later, both left and r�ght ADC 
altitudes began to fluctuate again.  As this occurred, the 
left ADC cal�brated a�rspeed (CAS) dropped to zero and 
the autop�lot d�sengaged.  About 20 seconds after th�s, 
the recorded alt�tude data from the left ADC dropped to 
zero ft (F�gure �).  The rema�n�ng alt�tude �nformat�on 
from the right ADC indicated that the fluctuations then 
ceased and the alt�tude recovered to �6,000 ft. 
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At �928 hrs, about 6 m�nutes after levell�ng at FL�60, a 
descent commenced w�th a CAS of 263 kt and ground 
speed of 270 kt.  Dur�ng the descent, the a�rspeed from 
the r�ght ADC decreased but the groundspeed �ncreased.  
Max�mum ground speed ach�eved was 302 kt wh�lst the 
a�rspeed �nd�cated 220 kt.  Dur�ng th�s descent, alt�tude 
data from the left ADC appeared to recover, but for no 
more than 6 seconds.   About a m�nute after the descent 
had begun, the CAS from the r�ght ADC decreased 

further, over a per�od of �6 seconds, to read zero kt.  

Two seconds after th�s, alt�tude data from the r�ght ADC 

recovered briefly to read 13,428 ft, but dropped to zero 

�mmed�ately afterwards.  Two further recover�es of 

the left ADC alt�tude were noted, but aga�n were only 

temporary.

Alt�tude data from the left and r�ght ADC was absent 

from the record�ng for the next two m�nutes.  The left 

Figure 1

Loss of flight data and aircraft descent
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ADC alt�tude data returned at 8,9�4 ft and, �7 seconds 
later, the r�ght ADC alt�tude also returned at the same 
value as the left ADC (F�gure 2).  CAS d�d not recover 
unt�l nearly three m�nutes after be�ng lost, as the a�rcraft 
was levell�ng at FL80, w�th an SAT of 2.75ºC.  Both 
CAS values recovered to w�th�n 3 kt of each other and 
w�th�n 30 kt of the ground speed.  No further anomalous 
behav�our was observed w�th alt�tude or a�rspeed for the 
remainder of the flight.

At �935 hrs, about 2 m�nutes after levell�ng at FL 80, 
the standby p�tot heat sw�tch was selected ON (F�gure 2).  
No parameters  from the standby �nstrumentat�on were 
recorded.  Stall system outputs rema�ned val�d, w�th no 
st�ck shaker or st�ck push events recorded dur�ng the 
flight.  Output from both Angle of Attack (AOA) vanes 
continued to vary within expected values for the flight 
cond�t�ons.

Figure 2

Aircraft level-off, flight data recovery and standby pitot heat switch position
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Radiotelephony data

Recorded rad�o transm�ss�ons showed that the crew 

of G-JECG contacted the Ed�nburgh Tower controller 

wh�lst tax��ng as �nstructed, and were asked to report 

pass�ng hold�ng po�nt Delta 3 (a short d�stance before 

the runway).  Forty seconds later the crew reported that 

they were approach�ng Delta 3 and were g�ven clearance 

to line up and take off.  There was one aircraft on final 

approach at this time, which had made an “EIGHT MILE” 

call before G-JECG was on frequency.  Immed�ately after 

the co-p�lot’s acknowledgment of the takeoff clearance, 

the controller instructed the aircraft on final approach 

to “CONTINUE THE APPROACH ONE TO DEPART”.  From 

the t�m�ng of the approach�ng a�rcraft’s rad�o call, and 

assum�ng �t had reduced to m�n�mum approach speed 

when G-JECG was �ssued takeoff clearance, �t would 

have been less than 4 nm from the runway as G-JECG 

l�ned up for takeoff.

Crew interviews

Initial interviews

The commander and co-p�lot were �nterv�ewed 

�nd�v�dually by the AAIB, two days after the �nc�dent.  

Informat�on from the FDR, wh�ch �nd�cated that the 

standby p�tot heat sw�tch had been selected to OFF for 

the majority of the flight, was not available until after 

the �n�t�al crew �nterv�ews.  However, the co-p�lot had 

already cons�dered the poss�b�l�ty that the p�tot heat 

sw�tches may �nadvertently been left off for takeoff, and 

he ra�sed th�s at �nterv�ew. 

The co-p�lot sa�d that he had developed a rout�ne of 

complet�ng two checkl�st �tems from memory before the 

tax� checkl�st was called for by the commander.  These 

were: select�on of p�tot heat sw�tches to ON and select�on 

of reduced torque for takeoff.  The p�tot heat sw�tches 

were an �tem wh�ch the co-p�lot was requ�red to act�on �n 

response to the checkl�st, and d�d not requ�re a response 

from the commander.
  

The co-p�lot sa�d that the �ssue of the ED �nd�cat�ons 

assoc�ated w�th the �ncorrectly set cond�t�on levers 

may have presented a d�stract�on, wh�ch could have led 

to the p�tot heat sw�tches be�ng left off.  Immed�ately 

after the eng�ne cond�t�on levers had been corrected, the 

commander called for the tax� checkl�st, by wh�ch t�me 

the co-p�lot would normally have turned the p�tot heat 

sw�tches ON.  There was therefore the poss�b�l�ty that the 

sw�tches were at OFF on th�s occas�on when the co-p�lot 

read the tax� checkl�st.

Furthermore, the l�ne-up checkl�st was carr�ed out as the 

a�rcraft was enter�ng the runway, as was usual pract�ce.  

W�th another a�rcraft on approach to land, the co-p�lot 

sensed a degree of urgency to commence the takeoff 

w�thout undue delay poss�bly pressur�s�ng h�m to complete  

the pre-takeoff checkl�st as soon as poss�ble.

The co-p�lot reported that he made the standard call 

“ALTIMETERS” as the a�rcraft passed FL�00.  On th�s 

cue, the commander, as “Pilot Not Flying” (PNF), 

should have carr�ed out certa�n act�ons (see ‘Checklists 
and procedures’ sect�on).  These would have �ncluded 

turn�ng off the land�ng l�ghts.  However, the co-p�lot 

reported that he turned the land�ng l�ghts off h�mself a 

short wh�le later, and was not certa�n whether or not the 

rest of the checks were done, although the commander 

stated that they were.

Concerning the discussion on the flight deck immediately 

after the descent to FL80, the co-p�lot sa�d that he 

expressed some doubt as to whether the p�tot heat 

sw�tches were phys�cally selected ON.  However, he d�d 

not th�nk the assoc�ated CWP caut�ons were �llum�nated 

then, or at takeoff.
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The commander recalled the �ssue of the eng�ne cond�t�on 
lever sett�ngs, although he thought �t had occurred on a 
prev�ous sector.   At �n�t�al �nterv�ew he d�d not ment�on 
the post-descent d�scuss�on regard�ng the p�tot heat 
sw�tches, but d�d state that he was sure the p�tot heat 
caut�ons l�ghts were not �llum�nated at takeoff.  

Both p�lots reported see�ng a number of CWP caut�ons 
dur�ng the �nc�dent, though ne�ther reported see�ng 
the p�tot heat system caut�ons.  The co-p�lot descr�bed 
“several” cautions, and the captain described between 
six and ten.  They both identified ELEV FEEL plus one 
or two others on the left s�de of the CWP, w�th the bulk 
of the capt�ons be�ng on the centre/r�ght of the panel.  
Both ment�oned that the major�ty of the capt�ons were 
�n the general area of the three stall warn�ng system 
capt�ons, towards the r�ght of the panel; the co-p�lot 
ment�oned that stall warn�ng capt�ons may have been 
among those he saw.  However, the crew’s A�r Safety 
Report on the �nc�dent stated that caut�ons seen �ncluded 
‘STALL SYSTEM’ and ‘PUSHER’ caut�ons.

Subsequent interviews

When the FDR data was analysed and the h�story of the 
standby p�tot heat sw�tch became known, both p�lots 
were asked for further clarification about the discussion 
�mmed�ately after the �c�ng encounter. 

The co-p�lot felt that the d�stract�ons dur�ng tax��ng could 
have accounted for m�ssed sw�tch select�ons.  After 
the �nc�dent, he vo�ced h�s concern to the commander 
about the p�tot heat sw�tch pos�t�ons, as they were 
small and not easy to see at night under reduced flight 
deck l�ght�ng.  The commander agreed that there had 
been some d�scuss�on, and that the co-p�lot thought 
the sw�tches m�ght have been off, but the commander 
thought the sw�tches appeared to be on.  Both recalled 
that the co-p�lot had put h�s hand up to the v�c�n�ty of the 

sw�tches, but the co-p�lot was not sure �f he had actually 
moved the sw�tches, and the commander thought that the 
co-p�lot had not done so.  Ne�ther p�lot thought that any 
of the assoc�ated three p�tot heat caut�on l�ghts had been 
�llum�nated on the CWP, though the co-p�lot observed 
that the caut�ons were on the far left of the panel, furthest 
from h�m.

Dur�ng d�scuss�on after land�ng, the co-p�lot had offered 
the poss�b�l�ty that the p�tot heat sw�tches may have been 
turned off �nadvertently by the commander at FL�00, 
�nstead of the land�ng l�ghts (wh�ch had been left on).  
The commander rejected th�s, po�nt�ng out that the 
master caut�on l�ght would have alerted the p�lots �f the 
switches had been turned off in flight.

Engineering investigation

The commander placed the a�rcraft unserv�ceable on 
arr�val �n Belfast, by mak�ng an entry �n the a�rcraft 
Techn�cal Log.  The operator’s eng�neer�ng personnel 
conducted a water dra�ns �nspect�on, checks of the 
p�tot head heaters, an operat�onal test of the A�r Data 
Computers, a sense and leak test of the p�tot/stat�c system 
and also a complete check of the Central Warn�ng System 
but no fault was found.  

The a�rcraft was subsequently returned to serv�ce and 
has not suffered any s�m�lar or related occurrences, 
and no other related A�r Safety Reports (ASR) or CAA 
Mandatory Occurrence Reports (MOR) have been ra�sed 
for th�s a�rcraft, e�ther before or s�nce. 
 
There have, however, been a number of occurrences 
on other DHC-8s within the operator’s fleet, involving 
suspected �c�ng of the p�tot/stat�c system.  Between 
22 October 2006 and 29 December 2006, s�x ASRs 
were ra�sed, �nclud�ng one for th�s �nc�dent.  Four of 
these ASRs were ra�sed for �nc�dents on the same day, 
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29 December 2006, all �nvolv�ng company DHC-8s �n 
the same general area and at the same t�me.  Between 
�8 August 2006 and 8 December 2007, �3 MORs were 
ra�sed by the operator, concern�ng related events.

Bombardier has introduced a set of modifications to 
�mprove the dra�nage of the p�tot/stat�c system and 
reduce the r�sk of �c�ng of the p�tot heads.  At the t�me of 
the incident G-JECG was fitted with the redesigned pitot/
static lines but did not have the modified pitot heads.

Aircraft information

General

The Dash 8-Q400 �s a h�gh-w�ng, tw�n-turboprop 
aeroplane manufactured by Bombard�er Inc. It �s a 
two-p�lot transport category a�rcraft approved for 
instrument flight and for flight into known icing 
cond�t�ons.  G-JECG carr�ed the manufacturer’s 
Product�on Ser�al Number 4098.

Ice protection

A�rcraft �ce and ra�n protect�on �ncludes �ce detect�on, de-
�c�ng, ant�-�c�ng, and ra�n removal systems. The de-�c�ng 
system uses eng�ne bleed a�r to operate convent�onal 
inflatable boot sections installed on the leading edges 
of the w�ngs, hor�zontal and vert�cal stab�l�zers, and 
to protect the eng�ne nacelle �nlet l�ps.  The ant�-�c�ng 
systems use electr�cal heat�ng elements to prevent 
�ce format�on. The system heats the lead�ng edges of 
the propeller blades, the three p�tot/stat�c probes, two 
Angle of Attack (AOA) vanes, engine intake flanges, 
w�ndsh�elds and both the p�lot’s s�de w�ndows.  

An Ice Detect�on System (IDS) uses two �ce detector 
probes to act�vely detect �c�ng cond�t�ons.  If one or both 
probes detect more than 0.5 mm of clear �ce, an ICE 
DETECTED message appears on the ED, wh�ch rema�ns 
d�splayed unt�l �c�ng �s no longer detected.  There �s no 

flight deck control for the Ice Detection System (IDS), 
wh�ch operates automat�cally as soon as electr�cal power 
�s ava�lable. 

The No �, No 2 and standby p�tot/stat�c probes 
�ncorporate �ntegral, electr�cally powered heaters wh�ch 
are switched on by the flight crew before flight to prevent 
�ce bu�ld up. All three p�tot/stat�c probes and the AOA 
vanes are controlled and mon�tored by separate modules 
of a T�mer and Mon�tor Un�t (TMU).  P�tot/stat�c probe 
heat �s controlled by the p�tot/stat�c probe heat sw�tches 
on the ice protection panel on the flight deck overhead 
panel (F�gure 3).  The PITOT HEAT STBY, �, and 2 
caut�on l�ghts on the CWP are �llum�nated based on 
the heater current measurement.  Normally the sw�tch 
select�on and the heater current w�ll agree. In the case 
of a heater or w�re fa�lure caus�ng an open c�rcu�t, the 
caut�on l�ght w�ll accurately �nd�cate the status of the 
heater, �e not be�ng powered, even though the sw�tch 
may be selected.

The AOA vanes are electr�cally heated automat�cally 
during flight; they do not require pilot selection.  There 
are no CWP caut�on l�ghts for AOA heater fa�lures.  
However, �f the Stall Protect�on Module (SPM) senses 
an AOA heater fa�lure, �t causes the PUSHER SYS FAIL 
caut�on l�ght to come on, and the appl�cable STALL 
SYST FAIL caut�on l�ght.

Flight deck displays

An Electron�c Instrument System (EIS) d�splays pr�mary 
flight data, navigation, engine and system parameters 
on five display units on the flight deck, including both 
p�lots’ PFDs and the ED.  Cr�t�cal a�r data �s suppl�ed to 
the flight instruments by the Air Data System (ADS).  In 
normal operat�on each p�lot rece�ves a�r data from h�s 
own data source: ADC � for the commander and ADC 2 
for the co-p�lot.  An ADC source revers�on selector 
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allows e�ther p�lot to select the oppos�te s�de a�r data 
source to feed h�s PFD.  

A�rspeed �s �nd�cated on a vert�cal scale and d�g�tal 
readout on the PFD.  A yellow IAS MISMATCH 
message on the PFD �nd�cates that the two ADC sources 
are prov�d�ng IAS values that d�ffer by �0 kt or more.  
If the a�rspeed parameter malfunct�ons, the scale and 
d�g�tal readout are removed and replaced by a red IAS 
FAIL message. 

Alt�tude �s s�m�larly �nd�cated on the PFD by a scale and 
d�g�tal readout.  A yellow ALT MISMATCH message 
appears on the PFD when ADC sources are prov�d�ng 
d�fferent barometr�c alt�tude values.  The message 

appears at a var�able threshold, rang�ng from a d�fference 
of 60 ft at sea level to �80 ft at 27,000 ft.  In the case of 
an alt�tude parameter fa�lure, the �nd�cat�ons are removed 
and replaced by a red ALT FAIL message.  

An �ntegrated electron�c standby �nstrument presents 
a�rspeed and alt�tude �nformat�on �n a s�m�lar, though 
simplified, format to that of the PFDs.  The instrument 
operates �ndependently and does not �nterface w�th other 
systems.  The standby a�rspeed and alt�tude funct�ons are 
�ndependent of the pr�mary ADS, and rece�ve data from 
pressure sensors wh�ch ut�l�ze pressure from the standby 
p�tot/stat�c probe.  If a fa�lure �n e�ther funct�on �s detected 
by �nternal mon�tors, the relevant �nformat�on �s removed 
from d�splay and replaced by a red fa�lure message.

Figure 3

P�tot/Stat�c probe heat sw�tches – panel layout and cockp�t v�ew

Pitot / static heat switches

Viewed from co-pilot’s seat

Landing light switches
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Central Warning System

The Central Warn�ng System (CWS) mon�tors 
aeroplane equ�pment malfunct�ons and unsafe 
operat�ng cond�t�ons.   Caut�on and warn�ng l�ghts 
provide a visual indication to the flight crew of a 
non-normal cond�t�on, and are housed �n a Caut�on/
Warn�ng Panel (CWP) forward of the overhead panel.  
If one on these �llum�nates, �t �s accompan�ed by a 
MASTER WARNING or MASTER CAUTION l�ght, 
located at eye-level on the center glaresh�eld, alert�ng  
the crew to the non-normal s�tuat�on. The MASTER 
CAUTION l�ght �s accompan�ed by a s�ngle ch�me, 
and the MASTER WARNING l�ght by three ch�mes.  
When e�ther the MASTER CAUTION or MASTER 
WARNING l�ght �s pressed, �t ext�ngu�shes and �s reset; 
�f a subsequent fault occurs, the MASTER CAUTION 
or MASTER WARNING light flashes with the new 
caut�on or warn�ng, unt�l e�ther �s pressed aga�n. A 
caut�on/warn�ng l�ght on the CWP rema�ns on for as 
long as the non-normal cond�t�on ex�sts.  

In the case of an IAS m�smatch, when the d�screpancy 
reaches �7 kt, the follow�ng amber caut�ons should 
�llum�nate:

a) RUD CNTRL (rudder control)
b) ELEVATOR FEEL
c) SPLR OUTBD (spo�ler outboard)
d) PITCH TRIM

Each of the three p�tot heat sw�tches has an assoc�ated 
caut�on l�ght on the CWP wh�ch �llum�nates �f the 
systems fa�ls or �s sw�tched off (F�gure 4).

Documentat�on suppl�ed by the a�rcraft manufacturer 
descr�bed fa�lure �nd�cat�ons for the a�rcraft’s stall 
warn�ng system.  In general terms, the three caut�ons 
assoc�ated w�th the system, NO � STALL SYST FAIL, 
NO 2 STALL SYST FAIL and PUSHER SYST FAIL, 
illuminated in flight only for failures which inhibited 
the Stall Protect�on System (SPS) from comput�ng 
st�ck-shaker and st�ck-pusher commands, such as fa�lures 

Figure 4

CWP arrangement and p�tot/stat�c caut�on l�ghts
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of the stall protect�on modules or the AOA vanes.  For 

other, non-cr�t�cal fa�lures, such as �nputs from the 

ADCs, the SPS would not be prevented from generat�ng 

a stall warn�ng �nd�cat�on, so the CWP caut�on l�ghts for 

such fa�lures would be �nh�b�ted unt�l 30 seconds after 

land�ng.  The fa�lure of both Mach number �nputs to the 

SPS would generate all three caut�ons only after land�ng.  

The d�str�but�on of relevant CWP caut�on l�ghts �s shown 

at F�gure 5.

Checklists and procedures

The operator’s Operat�ons Manual (OM) �ncluded 

deta�led �nstruct�ons about how var�ous checkl�st should 

be completed.  In general, checkl�sts were of a ‘challenge 

and response’ type, w�th some except�ons (see below).

 The ‘After Start’ checkl�st �ncluded the �tem:

‘Condition Levers………………MAX’

Dur�ng tax�, the commander would request the ‘tax�’ 

and the ‘l�ne-up’ checkl�sts, and these were always 

read aloud by the co-p�lot (F�gure 6).  Accord�ng to 

the OM, the co-p�lot was requ�red to ‘SAY and DO’ the 

checkl�st �tems, w�th a response only requ�red from the 

commander for items marked with a ‘●’.   The ‘PITOT 
STATIC’ (tax� checkl�st) and ‘CAUTION WARNING 
LIGHTS’ (l�ne-up checkl�st) were among those �tems not 

requ�r�ng a response from the commander.

Despite the specific instructions that the co-pilot should 

‘SAY and DO’ the tax� checkl�st �tems, the OM also 

stated that ‘set-ups or flows’ preceded certa�n checkl�sts, 

including the taxi checklist, and that such flows were 

performed automat�cally when the assoc�ated tr�gger 

was reached.  It went on to say that the checkl�st would 

then be called for, and that the checkl�st �tself may be the 

tr�gger.  The tr�gger for the tax� checkl�st was not stated, 

nor was any ‘set-up or flow’ listed.

The manufacturer’s A�rplane Fl�ght Manual called for 

the select�on of p�tot heat sw�tches �n �ts ‘pre-taxi’ 
checkl�st only when cond�t�ons of slush or wet 

snow-covered tax�ways ex�st. The sw�tches are 

normally selected ON as part of the ‘pre-take-off ’ 
checkl�st, a sequence �ntended to reduce thermal 

damage of the p�tot heads.  The manufacturer stated 

Figure 5

D�str�but�on of CWP caut�on l�ghts

Pitot heat (3) Stall warning (3) 

IAS MISMATCH (4) GPWS (1) 
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that, at the operator’s d�scret�on, �n order to standard�se 
procedures, the p�tot heat sw�tches may be selected ON 
�n the after-start check for all weather cond�t�ons.  The 
operator’s OM conta�ned expanded checkl�sts, wh�ch 
conta�ned add�t�onal �nformat�on or gu�dance regard�ng 
checkl�sts.  For the tax� checkl�st �tem ‘Pitot Static 
Switches’, the expanded checkl�st �ncluded the note: 

‘Under conditions of slush or wet snow covered 
runways, put on before commencing taxiing’. 

The crew act�ons requ�red pass�ng FL�00 were l�sted �n 
the OM thus (see F�gure 7):  

Simulator trial

A full-flight DHC-8-400 simulator was used to study the 
flight deck environment, and indications experienced by 
the crew.  Areas of part�cular �nterest were:

�. Operat�on and consp�cu�ty of p�tot heat 
sw�tches

��. Consp�cu�ty of p�tot heat caut�on l�ghts at 
various stages of flight

���. L�ght�ng cond�t�ons

Figure 6

Tax� and l�ne-up checkl�sts (operator’s Operat�ons Manual)

Figure 7

Operat�ons Manual crew act�on requ�red pass�ng Fl�ght Level �00

“Passing FL … climbing FL …”
Land / Taxi Lights ….     OFF

Fasten Belts ………

Checks:  Pressurisation, Anti-icing, 
Cabin Temp

“Altimeters”FL 100

PNFPFEVENT

As reqd by 
Captain
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�v. Fl�ght �nstrumentat�on �n normal and degraded/

fa�lure modes

v. Behav�our of sub-systems after ADC fa�lure/

�c�ng events

v�. Ergonom�c and human factors cons�derat�ons

The p�tot heat sw�tches were grouped together on 

the �c�ng panel �mmed�ately above the commander’s 

head.  The sw�tches were not large, and the�r throw 

was not great, such that it was difficult to be certain, 

when v�ew�ng the sw�tches �n �solat�on from e�ther 

seat, whether they were all ON or all OFF.  Th�s was 

part�cularly true from the co-p�lot’s seat, look�ng up 

and across the panel (F�gure 3), and even more so �n 

low l�ght�ng cond�t�ons.  However, th�s was only true 

when all the sw�tches were �n the same pos�t�on: �f one 

sw�tch was �n a d�fferent pos�t�on from the other two, 

the fact was more obv�ous.

The three p�tot heat caut�on l�ghts were grouped together 

on the left s�de of the CWP.  As expected, the caut�ons 

appeared obv�ous when �llum�nated together on an 

otherw�se dark panel.  However, �t was noted that the 

CWP �tself was not naturally �n the l�ne of s�ght of e�ther 

p�lot when seated correctly at the controls look�ng d�rectly 

ahead or down at the flight instruments.  While taxiing 

the three p�tot heat caut�ons could be �llum�nated but not 

obv�ous to e�ther p�lot.  Once a�rborne, �t was felt that the 

three caut�ons, �f �llum�nated, would be not�ced by the 

crew as they looked up to act�on �tems on the overhead 

panel, such as turn�ng off the land�ng l�ghts.  The v�sual 

�mpact made by the caut�ons themselves when the CWP 

was set to �ts n�ght DIM sett�ng was, to a l�m�ted extent, 

dependent upon the level of flight deck lighting selected 

by the crew.  Overall, the p�tot/stat�c caut�on l�ghts were 

generally less not�ceable from the co-p�lot’s (r�ght-hand) 

seat pos�t�on.  

The level of l�ght returned from the land�ng l�ghts when 
flying in cloud was felt to be accurately simulated, and 
th�s tended to lessen the �mpact of CWP caut�ons at the 
DIM sett�ng.  Sw�tches for the land�ng l�ghts were just 
above the left part of the CWP.  Although look�ng at these 
sw�tches would have brought CWP p�tot/stat�c caut�ons 
into line of sight, a qualified instructor on type (who 
was ass�st�ng dur�ng the deta�l and who also conducted 
training for the operator’s flight crews), noted that it was 
common for the l�ght sw�tches to be selected by feel 
only, be�ng the only sw�tches of that type �n that part 
of the overhead panel. The pressur�sat�on system panel 
was �mmed�ately above the land�ng l�ghts, and �t was 
noted that, unless the overhead panel l�ght�ng was set 
unusually d�m, cons�derable l�ght escaped from the d�als 
w�th�n the �nd�cator panel.  When the p�tot/stat�c l�ghts 
were �llum�nated, the�r consp�cu�ty was reduced sl�ghtly 
by th�s effect when v�ewed from the commander’s seat.

A number of �nstrument and ADS fa�lure/�c�ng scenar�os 
were exam�ned.  It was noted that the IAS MISMATCH 
message appeared at about �0 kt IAS d�screpancy, 
accompan�ed by autop�lot d�sengagement.  When outputs 
from ADC � were fa�led, the amber caut�ons RUD 
CNTRL, ELEVATOR FEEL, SPLR OUTBD and PITCH 
TRIM �llum�nated, w�th the MASTER CAUTION l�ght 
and ch�me, as expected.  It was not poss�ble to s�mulate a 
fa�lure of both ADCs, but a s�multaneous ADC � fa�lure 
and s�mulated �c�ng of the r�ght p�tot/stat�c head d�d not 
produce add�t�onal CWP caut�ons.  The caut�on l�ghts 
were spread evenly on the CWP w�th two on the left 
and two on the r�ght.  If p�tot/stat�c caut�ons were also 
�llum�nated, the major�ty of capt�ons were on the left of 
the CWP.

No stall system caut�ons �llum�nated dur�ng the s�mulator 
‘flight’ until after landing, at which point NO 1 STALL 
SYST FAIL, NO 2 STALL SYST FAIL and PUSHER 
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SYST FAIL caut�ons �llum�nated (on the r�ght s�de of 
the CWP).  Th�s was cons�stent w�th �nformat�on from 
the manufacturer regard�ng fa�lure of ADC �nputs to the 
stall warn�ng systems.  

With the engine condition levers advanced to the “900” 
detent, the eng�ne rat�ng mode annunc�at�on on the ED 
showed “MCL” (maximum climb rating) for each engine.  
The levers were cons�derably further aft (more vert�cal) 
than the fully forward, ‘MAX’ pos�t�on.  At the ‘MAX’ 
position, the ED displayed “NTOP” (normal takeoff 
power) and “BLEED” annunciations (with engine bleed 
selected on).

The type rat�ng �nstructor who ass�sted w�th the s�mulator 
tr�al reported that he had encountered �nstances of 
crew’s om�tt�ng ant�-�c�ng system select�ons �n error 
on the ground (part�cularly the p�tot heat sw�tches), 
and becom�ng a�rborne w�th the system(s) selected 
off.  Th�s was not common, but was usually assoc�ated 
w�th an abnormal level of pressure or d�stract�on as can 
be generated in a flight simulator. He commented that 
he had not seen th�s happen when crews exerc�sed the 
correct level of checkl�st d�sc�pl�ne.  On the subject of 
conspicuity of CWP cautions and fields of view, the 
same �nstructor reported cases �n the s�mulator of crews 
tax��ng the a�rcraft w�th a red eng�ne o�l pressure l�ght 
on the CWP wh�ch had fa�led to ext�ngu�sh after start, 
because the warning light was not in their natural field 
of v�ew dur�ng the tax� phase (the MASTER WARNING 
and MASTER CAUTION ‘attent�on-gett�ng’ l�ghts on 
the glaresh�eld would not �llum�nate �n th�s case, as the 
CWP l�ghts had rema�ned on s�nce eng�ne start).

Operator’s safety action 

The operator conducted an �nternal �nvest�gat�on �nto 
the �nc�dent.  Wh�lst �t was noted that standard operat�ng 
procedures had not been followed at all t�mes, the report 

made a number of �nternal recommendat�ons, wh�ch were 
under cons�derat�on at the t�me of wr�t�ng.  These �ncluded 
mov�ng the p�tot/stat�c probe heat sw�tch select�ons to the 
‘After start’ checkl�st, and requ�r�ng that fault d�agnos�s 
in the event of a failed takeoff configuration test should 
be carr�ed out w�th the a�rcraft stat�onary.  The second 
�tem was �ntended to el�m�nate poss�ble d�stract�ons and 
pressures wh�ch may have played a part �n th�s �nc�dent.  
The report also recommended mak�ng the CWP check 
before takeoff a ‘challenge and response’ �tem. 

Analysis 

A number of superficially similar events had been 
recorded �n both the company’s ASR system and also 
by the CAA MOR system.  These other events probably 
�nvolved �c�ng of the p�tot/stat�c system although the 
poss�b�l�ty of the p�tot/stat�c ant�-�ce system not be�ng 
selected ON �s not ra�sed �n any of them.  None of these 
other events �s assoc�ated w�th G-JECG.  Although the 
co-p�lot had h�mself ra�sed the poss�b�l�ty that the p�tot 
heat sw�tches were left OFF for take-off, both p�lots 
thought that they would certa�nly have not�ced �f the 
CWP caut�on l�ghts had been �llum�nated before the 
�nc�dent.  They must have bel�eved that the caut�ons were 
not on, s�nce otherw�se they would not have commenced 
takeoff.  However, FDR data showed that the standby 
p�tot heat sw�tch rema�ned OFF until a point in the flight 
when a d�scuss�on about the sw�tch pos�t�ons occurred, 
about wh�ch po�nt �t was selected ON.  Although ne�ther 
p�lot reported be�ng certa�n that the sw�tch was moved, 
the FDR data showed that �t was.  

The poss�b�l�ty of an erroneous FDR s�gnal for the 
standby p�tot heat sw�tch was cons�dered, and �t �s 
acknowledged that the FDR s�gnal records only e�ther 
an open or ground c�rcu�t based on the sw�tch pos�t�on.  
However, FDR data from the 21 previous flights showed 
the switch being operated at the correct phase of flight, 
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and �t cont�nued to show operat�on �n the correct sense 
after this incident.  Additionally, the recorded in-flight 
switch movement occurred at a point in the flight when 
the co-p�lot ra�sed doubts about the pos�t�on of the p�tot 
heat sw�tches and, by h�s own report, may poss�bly 
have moved them.  G�ven the generally h�gh level of 
confidence in FDR data together with the continued 
correct funct�on�ng of the standby p�tot heat system 
on earlier and subsequent flights, it was concluded that 
the FDR s�gnal relat�ng to the standby p�tot heat sw�tch 
was val�d.

The p�tot heat sw�tches were normally selected e�ther 
all ON or all OFF; �t would be an unusual event to move 
a single switch in isolation, either in flight or on the 
ground.  Th�s, comb�ned w�th the fact that a s�ngle sw�tch 
out of pos�t�on �s more l�kely to have been not�ced, 
strongly suggests that all three p�tot heat sw�tches were 
OFF for the majority of the flight, and therefore turned 
ON at the same t�me, a scenar�o that �s supported by the 
recorded a�r data, though not by the crew’s accounts.  
The v�ew of the �nvest�gat�on team was that all three 
p�tot heat sw�tches were �n the OFF pos�t�on from before 
takeoff unt�l after the descent to FL80.

The fact that ne�ther p�lot could be absolutely certa�n 
about whether the p�tot heat sw�tches had actually been 
moved after the �nc�dent may be due to the stress of the 
s�tuat�on.  Although the crew d�d not recall see�ng any 
p�tot heat caut�ons on the CWP, the probab�l�ty of them 
all not �llum�nat�ng w�th the sw�tches at OFF �s extremely 
low.  It would have requ�red �ndependent systems to each 
have s�multaneous undetected faults wh�ch d�d not affect 
other CWS caut�ons.  Furthermore, the faults would have 
to be temporary, and affect only the very flight on which 
at least one of the p�tot heat sw�tches was known to have 
been left OFF for takeoff.  Therefore, �t was cons�dered 
that the three p�tot heat caut�on l�ghts were �llum�nated 

on the CWP from before take-off unt�l after the descent 

to FL80.  

Dur�ng the post-�nc�dent d�scuss�on between the p�lots, 

reference was made to the pos�t�on of the p�tot heat 

sw�tches, and, from the FDR, at least one was actually 

moved from OFF to ON.  It �s unl�kely that reference 

was not made to the CWP caut�ons at the same t�me, 

�f there was any doubt about the sw�tch pos�t�ons.  As 

at least one p�lot reported the possibility that a sw�tch 

was moved, and both p�lots reported that the assoc�ated 

p�tot heat caut�on l�ghts were not �llum�nated, �t may 

be expected that a measure of doubt ex�sted at that 

t�me about the �ntegr�ty of the CWP (although ne�ther 

p�lot expressed such a doubt).  However, there was no 

reported attempt to ‘troubleshoot’ th�s by, for example, 

s�mply cycl�ng a p�tot heat sw�tch, nor was any report 

made by the crew, after land�ng or s�nce, about the 

rel�ab�l�ty of the CWS.  

The co-p�lot’s rout�ne of select�ng the probe heat 

sw�tches before the checkl�st called for th�s act�on 

probably contr�buted to the �nc�dent, though �t was by 

no means the only factor.  Although he recogn�sed that 

th�s was not the correct checkl�st d�sc�pl�ne, �t should be 

noted that the operator’s own OM d�d conta�n somewhat 
conflicting guidance in this respect, in that it referred 

to a ‘set-up or flow’ wh�ch preceded the tax� checkl�st, 

though none was l�sted.  On th�s occas�on the co-p�lot 

was d�stracted by the �ncorrect ED �nd�cat�ons, such that 

when the commander called for the tax� checkl�st, the 

co-p�lot had not completed h�s own memory �tems.  Th�s 

created the potent�al for an act of om�ss�on: the co-p�lot 

had become used to respond�ng to the checkl�st �tem 

‘PITOT STATIC’ w�th the knowledge that he had already 

moved the sw�tches, and therefore probably d�d so on 

th�s occas�on w�thout pos�t�vely check�ng the sw�tches 

or CWP caut�on l�ghts.
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The tax� route to the runway was qu�te short, and the 
crew rece�ved a l�ne-up and takeoff clearance before 
reach�ng the normal runway hold�ng po�nt.  W�th another 
aircraft on final approach, there was an element of time 
pressure (at least from the co-p�lot’s perspect�ve) to 
become a�rborne exped�t�ously.  As the commander 
was tax��ng the a�rcraft, there had to be a hand-over 
of control on the runway, probably soon after the co-
p�lot read the last of the l�ne-up checkl�st �tems, wh�ch 
was ‘CAUTION WARNING LIGHTS…..CHECK’.  Th�s 
CWP check e�ther d�d not occur or was �neffect�ve, and 
th�s was not not�ced by the commander.  The handover 
of control may have �nterfered �n some way w�th the 
co-p�lot’s normal method of check�ng the CWP, and 
was probably also influenced by the aircraft on final 
approach, awa�t�ng a land�ng clearance.

Simulator trial

The s�mulator tr�al showed that �t was poss�ble to tax� 
the a�rcraft w�th CWP caut�ons �llum�nated but w�th 
ne�ther p�lot aware of the fact, unless e�ther a del�berate 
scan was made of the CWP or the p�lot’s attent�on 
was d�rected to the forward overhead panel area.  The 
pos�t�on of the probe heat sw�tches �n the checkl�st 
sequence meant that �t was normal on every flight 
(unless tax�ways were contam�nated) to tax� w�th the 
probe heat caut�ons �llum�nated (�e probe heat sw�tches 
OFF).  It is difficult to say whether this fact may have 
had a bear�ng on th�s �nc�dent, but �t �s �mportant to 
stress that a correct and d�sc�pl�ned use of the checkl�st 
should alert the flight crew to the fact before takeoff.  
However, the operator was cons�der�ng mov�ng the 
probe heat sw�tches to the after-start checkl�st as a 
d�rect result of th�s �nc�dent.

Central Warning System

Both crew members descr�bed a number of CWP 
cautions illuminating; the commander put the figure 

at between six and ten, and the co-pilot “several”.  
Out of 84 amber caut�on l�ghts on the CWP, four are 
d�rectly assoc�ated w�th an IAS m�smatch and three are 
assoc�ated w�th the stall warn�ng system.  Add�t�onally, 
a GPWS l�ght �nd�cates an �nval�d or defect�ve ground 
prox�m�ty warn�ng computer; th�s system rece�ves �nputs 
from ADCs � and 2 and generates ground prox�m�ty 
warn�ngs when the a�rcraft �s between 50 ft and 2,450 ft 
rad�o alt�tude.  Th�s �s the only caut�on, other than the 
seven prev�ously ment�oned, that mon�tors a system 
wh�ch rece�ves an IAS or barometr�c alt�tude �nput.  
However, the GPWS caut�on does not �llum�nate for IAS 
m�smatches.

Both p�lots �nd�cated that the major�ty of CWP caut�ons 
were toward the r�ght of the panel, but such a spread of 
caut�ons appears to be dependent upon �llum�nat�on of 
the stall warn�ng caut�ons. However, the stall warn�ng 
caut�ons would not �llum�nate �n the a�r for an IAS 
m�smatch or loss of ADC �nputs, such as assoc�ated 
w�th th�s �nc�dent.  Instead, th�s would requ�re fa�lures 
that would render the stall warn�ng systems �ncapable 
of generat�ng the�r respect�ve warn�ngs.  In an �c�ng 
scenar�o, th�s would most l�kely be a loss of �nformat�on 
from, or loss of heat�ng of, the AOA probes, although 
these were heated automat�cally as long as electr�cal 
power was ava�lable. 

The FDR confirmed that AOA information remained 
valid throughout the flight and that the stall warning 
system outputs rema�ned val�d.  It was therefore the 
v�ew of the �nvest�gat�on team that the stall warn�ng 
caut�ons, �f they �llum�nated at all, d�d so only after 
land�ng at Belfast.  There was therefore the poss�b�l�ty 
that the crew may have noted the caut�ons on land�ng 
and later �ncorrectly recalled them as hav�ng �llum�nated 
in flight.  It was concluded that only four CWP cautions 
probably �llum�nated dur�ng the �nc�dent, as a d�rect 
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result of the IAS m�smatch (the autop�lot d�sconnect 
warn�ng l�ght was separate from the CWP).  These were 
spread equally between left and r�ght s�des of the CWP 
panel.  If the probe heat caut�ons are added, th�s makes 
a total of seven wh�ch matches each p�lot’s est�mate, 
though the bulk of them would clearly be on the left 
s�de, not the centre/r�ght as the crew recalled.  It was 
not poss�ble to reconc�le the d�fferences between the 
crew’s reports and the other �nformat�on ava�lable to the 
�nvest�gat�on, �nclud�ng the recorded data, �nformat�on 
from the manufacturer and observat�ons dur�ng the 
s�mulator tr�al.  

Flight crew effectiveness

The �nc�dent would have been d�sor�entat�ng and 
confus�ng and the crew were faced w�th a ser�ous loss 
of flight instrumentation.  However, there are a number 
of aspects which suggest that the flight crew were, at 
t�mes, not work�ng together as effect�vely as poss�ble, 
although the reasons for th�s are not obv�ous.  It �s qu�te 
l�kely that the crew’s workload was one factor �n the�r 
performance.  There were undoubtedly d�stract�ons and 
pressures dur�ng the tax� and early takeoff phase, as well 
as the matter of mon�tor�ng the �c�ng and general poor 
weather s�tuat�on dur�ng the cl�mb.  

It �s known that the after-start act�ons were not fully 
completed at first and that the challenge and response 
�tem �n the after-start checkl�st was completed w�thout 
an effect�ve check by e�ther p�lot of the cond�t�on levers 
or the ED �nd�cat�ons.  Desp�te the crew’s recollect�ons, 
the probab�l�ty �s that the checkl�st was completed 
�ncorrectly result�ng �n the probe heat sw�tches be�ng 
left at OFF.  Then, before takeoff, a cr�t�cal check of 
the CWP was �neffect�ve and the a�rcraft subsequently 
became airborne with flight critical systems not 
operat�ng.

The check �tems at FL�00 were not fully completed 
by the commander.  As these �ncluded a check of the 
pressur�sat�on and ant�-�c�ng systems, and �nspect�on of 
these panels should also have brought the relevant part of 
the CWP �nto v�ew, �t may be concluded that the FL �00 
�tems were not carr�ed out by e�ther p�lot.  One effect of 
th�s was that the a�rcraft cont�nued to cl�mb for a short 
while further with the landing light glare reflected from 
the cloud, cont�nu�ng to reduce the consp�cu�ty of the 
probe heat l�ghts wh�ch were selected to the n�ght ‘DIM’ 
sett�ng.

Manufacturer’s procedures

It is desirable to minimise a flight crew’s workload during 
the tax� phase, and some other a�rcraft manufacturers 
elect to sw�tch on the p�tot heat sw�tches pr�or to tax�.  
In this case, the manufacturer had a specific reason 
for delay�ng the p�tot heat sw�tch select�ons (unless 
requ�red for env�ronmental cons�derat�ons), namely the 
avo�dance of thermal damage to the p�tot/stat�c probe 
heads.  This procedure was reflected in the operator’s 
OM, and the flight crew had been correctly trained 
�n such procedures.  These establ�shed procedures 
prov�ded two formal�sed opportun�t�es for the p�tot 
heat sw�tches to be checked pr�or to takeoff.

Contributory factors

A comb�nat�on of non-standard use of the checkl�st, 
distraction on the flight deck and external pressure 
contr�buted to the a�rcraft tak�ng off w�th the p�tot/stat�c 
probe heat sw�tches �ncorrectly selected OFF.  A h�gh 
workload dur�ng the cl�mb �n poor weather and heavy 
�c�ng cond�t�ons probably contr�buted to further m�ssed 
checkl�st act�ons, such that the a�rcraft cl�mbed to �ts 
cru�s�ng level w�thout the om�ss�on be�ng not�ced. The 
result�ng �nstrument fa�lure �nd�cat�ons and subsequent 
recovery of �nformat�on were cons�stent w�th the probe 
heat sw�tches be�ng OFF unt�l after the �nc�dent had 
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occurred.  The pos�t�on of the CWP meant that, under 
specific circumstances, it may not have been readily 
obv�ous to the crew that p�tot heat caut�on l�ghts were 
�llum�nated. 
 
Flight crew response

Although the crew were consulted dur�ng the 
�nvest�gat�on and the report product�on process, they 
expressed concerns about the v�ews conta�ned �n the 

analys�s of the facts �n th�s report. In part�cular they 
were concerned about rel�ab�l�ty of the FDR data �n 
determ�n�ng the phys�cal pos�t�on of the standby p�tot 
heat switch.  Furthermore, they felt that insufficient 
we�ght had been g�ven to the�r recollect�on of events.  
The conclus�ons �n th�s report however, recogn�se 
that anomal�es and d�screpanc�es ex�sted �n the crew’s 
accounts, which were difficult to reconcile with recorded 
and other �nformat�on. 


