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Dunng the flap removal the spoilers were placed in maintenance mode and 
moved using an incomplete procedure, specifically the collars and flags were 

not fitted 

The re-mstatement and functional check of the spoilers after flap fitment were 
not carried out 

A rigorously piocedural approach to working practices and total compliance with the 
Maintenance Manual was not enforced by local line management 

The purpose of the collars and the way in which the spoilers functioned was not fully 
understood by the engineers This misunderstanding was due in part to familiarity with 
other aircraft and contributed to a lack of adequate hnefing on the status of the spoilers 
dunng the shift handovers 

During the independent functional check of the flying controls the failure of spoilers 2 
to 5 on the right wmg to respond to right roll demands was not noticed by the pilots 

The operator had not specified to its pilots an appropriate procedure for checking the 
flight controls 

Fourteen safety recommendations were made dunng the course of the investigation 



1 Factual Information 

1 . 1  History of the  flight 

During the night before and the day of the incident flight the right-hand outer flap, 
which had been damaged, was changed. It was originally agreed between the 
operator and the maintenance organisation that the aircraft would be ready for a 
return to service at 0700 hrs. However, this proved to be an unrealistic estimate 
for the aircraft's return to service and this time had to be amended at least twice as 
the job progressed, putting the engineering team under some pressure to complete 
the task. At approximately 1500 hrs the aircraft was handed over by the 
maintenance organisation to the operator's flight crew at the departure stand. The 
commander commenced an external inspection of the aircraft whilst the co-pilot 
went to the flight deck to prepare the cockpit and to negotiate a suitable departure 
slot time. The remaining preparations for flight were completed and the aircraft 
was pushed back from the stand at 1520 hrs to make good its departure slot time 
of 1530 hrs. After starting both engines, but prior to taxiing, each pilot carried 
out a series of actions and selections before reading a printed checklist to confirm 
that these had been completed. These checks included a check of the primary 
flight controls by each pilot 

The flight control check was performed independently by each pilot exercising his 
sidestick in both the roll and pitch axes in order to check correct movement of the 
flight controls. As he performed his sidestick check, each pilot observed 
movement of the flight controls using the lower Electronic Centralized Aircraft 
Monitoring (ECAM) display. The check of rudder movement was carried out by 
the commander with the co-pilot 'following through' with his rudder pedals and 
observing the ECAM display. In accordance with the airline's Standard 
Operating Procedures the commander began his check of the flight controls soon 
after engine start whilst the co-pilot carried out a series of nine memorised switch 
selections and checks before starting his check of the flight controls. Each pilot 
initiated his flight control check by moving his sidestick to full left deflection and 
then moving it in a clockwise direction around or close to the physical limits of 
stick travel. At this stage of preparation for flight, the act of moving the sidestick 
from neutral normally displays the flight controls system 'page' on the lower 
ECAM but on this flight the automatic presentation did not occur for either pilot; 
they each had to interrupt their checks to select manually the required page. 
Neither pilot could remember whether he bad manually selected any of the other 
'pages' before he commenced his flight control check. 

The commander could not recall whether he checked the controls immediately or 
shortly after selecting the appropriate ECAM page but he did recall looking at the 



page when doing the check. Whilst the commander was performing his check, 
the co-pilot selected FLAPS 1 (slats 18'. flaps 10') and, as the flaps and slats 
moved, the commander paid special attention to the flaplslat indications which 
were shown on the upper ECAM display. The commander completed his flight 
controls check and shortly afterwards asked the co-pilot to read the 'After-Start' 
checklist; when he reached the 'Flight Controls' item, the co-pilot performed his 
flight control check before responding to this item. The commander remembered 
looking at the ECAM 'Flight Controls' page whilst the co-pilot carried out those 
checks, as did the co-pilot himself, but the co-pilot recalled that he did not 
observe the display whilst the commander performed his check, except during 
rudder pedal movement. Neither pilot announced to the other when or in which 
direction he was moving his sidestick. After their independent checks, both pilots 
believed that the flight controls were responding correctly to sidestick and rudder 
pedal movement. 

Whilst taxiing to the holding point for Runway 08R, the pre-take-off checklist 
displayed on the ECAM was actioned to ensure that the aircraft was correctly 
configured for a FLAP 1 takeoff. The co-pilot checked the take-off CONFIG 
warning by pressing a button on the ECAM control panel and both pilots 
confirmed that there were no abnormal or unusual warnings. When the aircraft 
was aligned with the runway, the commander handed control to the co-pilot for 
takeoff. The take-off roll began at 1530 hrs and the ground phase was normal. 
At an indicated airspeed of about 153 kt the co-pilot initiated rotation and, as the 
aircraft became airborne, it started an undemanded roll to the right. At  first the 
co-pilot attributed the undemanded roll to crosswind and applied left sidestick but 
the aircraft continued to roll to the right and he had to apply full left sidestick to 
contain the undemanded roll; meanwhile the commander uttered words to the 
effect that the co-pilot should take action to correct the situation. At about 
300 feet above ground level, thinking that his sidestick might be faulty, the co- 
pilot handed control to the commander. The commander also had to apply almost 
full left sidestick to maintain wings level; he did not resort to the secondary effects 
of rudder to augment roll control. During the climb to the flap retraction altitude 
of 1,700 feet there were no ECAM warnings but as the aircraft passed 1,700 feet 
the ECAM sounded a repetitive chime to indicate a significant failure (most 
warnings are inhibited during takeoff until 1,500 feet radio height in the climb). 
The messages shown on the upper display were ECU L T N  LAW and ECE 
SPLR FAULT indicating that the flight control system had reverted to alternate 
law and that some spoilers were inoperative. The pilots completed flap retraction 
whereupon roll control improved slightly, although the commander's sidestick 
was still significantly displaced to the left. 

The co-pilot contacted Gatwick approach by RT and notified the controller of their 
inability to follow the Southampton departure. After amplification of the control 



problem by the commander the controller asked the crew to take up the holding 
pattern at Mayfield (about 10 nm south east of the airport) at 3,000 feet. This 
would have required turns to the left and shortly afterwards the controller offered 
an alternative to the published holding pattern of radar monitored right-hand rums 
which the crew accepted. The pilots then reviewed and actioned the ECAM 
warnings; each action, when completed, was cleared from the ECAM display by 
pressing the appropriate button. Both pilots recalled that at no time was any 
'affected system' page displayed on the lower ECAM display. 

The approach instructions presented on the ECAM were to execute a FLAP 3 
landing (22' of slat and 20' of flap) at 10 kt faster than the normal reference air 
speed and to allow for a 20% increase in the normal landing distance. The 
commander followed the ECAM instructions and asked Air Traffic Control (ATC) 
for radar vectors for right-hand turns to intercept Gatwick's Runway 08 
Instrument Landing System (ILS) centreline at about 8 nm finals. Whilst 
positioning for the approach the commander summoned the senior cabin crew 
member to the flight deck as normal (ie at about the same time after takeoff as was 
commonplace); he instructed her to keep the passengers strapped in and informed 
her that they would be returning to Gatwick with a technical problem. Shortly 
afterwards the commander informed the passengers on the cabin address system 
that the flight would be returning to Gatwick with a technical problem. 

The aircraft was given radar vectors with right turns to intercept the Runway 08R 
ILS localiser centreline at 8 nm from touchdown and cleared to descend to 
2,000 feet altitude. As the aircraft was prepared for landing, the selection of 
FLAPS 1 (now slats 18" flaps 0") made little difference to roll control and 
sidestick position for level flight. At 1553 hrs (23 minutes after takeoff) the 
commander reported that the aircraft was established on the localiser. However, 
some 35 seconds later as FLAPS 2 was selected and the slats and flaps began to 
extend to 22' and 15' respectively, the commander had to apply and hold full left 
sidestick to retain wings-level. He perceived that the degradation in roll control 
with the flaps lowered to position 2 was too severe for a safe landing and so he 
decided to abandon the approach. Engine power was increased, the flaps and 
slats were retracted fully and airspeed was increased. These actions improved roll 
control and the commander informed ATC that he would have to re-configure the 
aircraft for a higher speed approach. ATC then responded with radar vectors 
towards the Mayfield area which the commander was able to follow. 

The commander then asked the co-pilot to look for advice and speeds for a 
FLAP 1 landing. The co-pilot looked in the Quick Reference Handbook (QRH) 
and the Flight Crew Operating Manual Volume 3 (FCOM 3) but he was unable to 
find the page he wanted. Prior to a recent revision of the FCOM 3 contents, the 
commander had extracted and copied pages relevant to non-normal aircraft 



handling and had placed them in a personal folder which he kept in his flight bag. 
He had also re-numbered the pages to reflect the revised layout of the FCOM 3. 
He passed the folder to the co-pilot who used it to find the page numbers that he 
needed and then the co-pilot extracted the required information from the FCOM 3. 
The co-pilot calculated a final approach speed and the required landing distance 
using a table in the FCOM 3. 

At 1557 hrs when the commander was ready for the second approach, he 
accepted an offer of radar vectors for a continuous right turn onto finals to 
intercept the ILS localiser at about four to five nautical miles from the runway. 
ATC informed the crew that both Runways 08R and 08L were available. On the 
downwind leg FLAP 1 was selected and the aircraft was flown at 'S' speed 
(normal manoeuvre speed for this configuration) until close to final track. On 
final approach the commander reduced airspeed to the calculated speed of 166 kt 
but this was coincident with the minimum selectable speed for the configuration 
so he increased it by two knots to make some allowance for the crosswind. The 
approach was flown in direct law (an automatic consequence of lowering the 
landing gear whilst in alternate law) and the commander had no great difficulty in 
retaining adequate roll control. He saw the airfield from several miles out and 
ATC allowed him to self position without the complication of changing frequency 
to Gatwick Tower. At 800 feet altitude on final approach the commander 
overcame minor speed and thrust oscillations by reverting to manual thrust 
control. The aircraft landed at 1607 hrs (37 minutes after takeoff); touchdown 
was smooth, on the centreline and within the touchdown zone. Maximum reverse 
thrust and medium autobraJce were used to stop the aircraft and achieve a turnoff 
at exit BRAVO which is about 370 metres from the end of the runway. A shorter 
landing distance could have been achieved through manually overriding the 
'Medium' autobrake selection but the commander considered that this was 
unnecessary. At exit BRAVO the fire crews inspected the aircraft's hot wheel 
brakes and noticed that some panels on the starboard wing were sticking up. 
Later the aircraft was towed to Stand 132 where the passengers disembarked. 

During the flight neither pilot attempted to observe the positions of the flight 
controls, either as indicated on the lower ECAM display or directly by viewing 
the outer wings through the cockpit windows. 

When it became known that an incident had occurred the Airbus representative 
and two engineers from the maintenance organisation were asked to meet the 
incoming aircraft. It was observed that several right-hand spoilers were up while 
the aircraft was taxiing. On investigation it was found that the spoiler actuators 
for No 2, 3, 4 and 5 right-hand spoilers were in the maintenance mode. The 
spoiler actuators were placed in the operation mode. A duplicate inspection of the 



actuators and a function check was carried out. The aircraft was then released to 
service. 

The aircraft was examined by the AAIB during the night of 30131 August when it 
was returned to the maintenance facility for re-fibnent of the removed flap which 
had been repaired. In addition to examining the aircraft, the flap change task was 
observed by the AAIB. 

Injuries to persons 

Injuries Crew 
Fatal 
Serious 
MinorlNone 7 

Damage to aircraft 

None 

Other damage 

None 

Personnel information 

Commander: 
Licence: 
Instrument Rating: 
Base Check: 
Line Check: 
Medical Certificate: 

Hying experience: 

Duty time: 

First officer: 
Licence: 

Passengers Others 

Male, aged 50 years 
Airline Transport Pilot's Licence 
Renewed on 25 February 1993 
17 August 1993 
25 February 1993 
Class I issued 2 March 1993 endorsed as valid 
only whilst wearing corrective spectacles 
Total all types: 10,977 hours 
Total on type: 324 hours 
Last 90 days: 176 hours 
Last 28 days: 53 hours 
3 hours 

Male, aged 31 years 
Airline Transport Pilot's Licence 



Instrument Rating: Renewed on 27 May 1993 
Base Check: 4 May 1993 
Line Check: 1 June 1993 
Medical Certificate: Unrestricted Class I issued 16 March 1993 
Flying experience: Total all types: 3,287 hours 

Total on type: 279 hours 
Last 90 days: 234 hours 
Last 28 days: 88 hours 

Duty time: 2 hours 45 minutes 

1.5.3 Engineering Personnel 

Throughout this section, authorisation on a particular type may only cover certain 
limited activities. 

Nightshift from 1900 hrs 25 August to 0700 hrs 26 August 1994 

Nightshift engineer: Male, aged 54 years 

Licence: 

Experience: 

LAE with Certificate of Release to Service (CRS) 
authorisations on: 
B747lJT9D; 
B747RB211-524- 
B747lCF6-50E2; 
A320lCFM56; 
DClOlCF6-50; 
DC10lCF6-6; 
BAG 1-11; 
B737-200lJT8D-15; 
B767/RB211/524H(ETOPS); 
B767-200, 
B767-300ER/CF6-80C2B6F(ETOPS); 
B767/P&W 4000. 
LAE since 1981 

First Assistant. Male, aged 28 years 
Licence: LAE without A320 CRS authorisation 
Experience: 12 years including apprenticeship 

Second Assistant: Male, aged 33 years 
Licence: LAE with A320 CRS authorisation 
Experience: 16 years including apprenticeship 



Nightshift Foreman: Male, aged 37 years 
Licence: LAE with A320 Avionics CRS authorisation 
Experience: LAE since 1983 

Dayshift from 0700 to 1900 hrs Local time on 26 August 1993 

Dayshift engineer: Male, aged 53 years 
Licence: LAE with CRS authorisations on: 

DClOlCF6-50; 
A3201CFM56; 
BAC 1-11; 
B737-200lJT8D-15; 
B737-3001CEM56-3; 
B737-400lCFM56-3C. 

Experience: LAE since 1966 

First Assistant: Male, aged 26 years 
Licence: None 
Experience: 7 years including apprenticeship 

Second Assistant: Male, aged 20 years 
Licence: None 
Experience: 4 years including apprenticeship 

Dayshift Foreman: Male, aged 38 years 
Licence: LAE without A320 CRS authorisation 
Experience: LAE since 1978 

Duplicate Inspecting engineer: Male, aged 46 years 
Licence: LAE with CRS authorisations on: 

B747lCF6-50E2; 
B747-100/200/JT9D & KB211-524; 
B757-236lRB211-535; 
B757 (ETOPS); 
A300-600lCF6-80'22; 
A310-200lCF6-80, 
A310-300lCF6-80C2; 
A320lCFM56; 
BAC 1-llISPEY, 
DC10lCF6-6 & CF6-50. 
LAE since 1980 Experience: 



1.6 Aircraft information 

1.6.1 General Information 

Type: Airbus Industrie A320-212 
Constructor's number: 301 
Fleet serial number: 057 
Year of manufacture: 1992 
Cenif~cate of Registration: UK CAA Certificate of Registration 

G-KMAMIR1 issued 22 April 1992 
Certificate of Airworthiness: UK CAA Transport Category 

(Passenger) Certificate of 
Airworthiness issued 30 April 1993, 
valid for 3 years 

Total airframe hours: 4,64356 hours 

Engines: 2 CPM 56-5-A3 turbofan engines 
No 1 position serial 73160 
No 2 position serial 731614 

1.6.2 Aircraft Weight and Centre of Gravity 
Zero Fuel Weight: 57,503 kg 
Maximum Take-Off Weight Authorised: 75,500 kg 
Aircraft Take-Off Weight: 66,803 kg 
Aircraft Centre of Gravity (on takeoff): 33.5% MAC 

1.6.3 Electronic Centralized Aircraft Monitor (ECAM) System 

The ECAM system drives two CRT display units located one above the other in 
the centre of the instrument panel. The upper display has four areas which 
present the crew with primary engine, fuel quantity, and flaps and slats position 
indications. It also displays text messages regarding checklists, warnings, 
cautions and reminders. The lower display shows any one of 12 aircraft system 
synoptic displays (pages) or a 'STATUS' page giving the operational status of the 
aircraft after failure including recovery procedures. Each page also displays some 
flight data such as time and air temperature. 

The display units have an associated control panel which allows selection of the 
various displays on the display units. Each of the 12 synoptic pages can be 
selected using an associated selector button and the information displayed is 
colour coded. Red and amber are used to display failures, green is used to 



display normal operation and white is used for titles, remarks and fixed symbols. 
Blue is used to illustrate actions to be carried out and limitations, whereas 
magenta is used for particular messages such as inhibition messages. 
Photographs of some relevant displays are shown at Appendix 1. 

1.6.4 Spoiler System 

The A320 is equipped with five spoilers on each wing, numbered 1 (inboard) to 
5 (outboard) on each side of the aircraft (Appendix 2). All of the spoilers act as 
lift dumpers and speed brakes (Nos 1 to 5). Spoilers Nos 4 and 5 provide load 
alleviation and spoilers 2 to 5 on each wing provide the roll control augmentation. 

Each spoiler panel is driven by a hydraulically powered, electrically signalled 
actuator. The electrical command signals are passed to the spoiler actuators from 
the three Spoiler Elevator Computers (SECs). Three independent hydraulic 
systems power the spoilers. Spoilers 1 and 5 are powered by the green system, 
spoilers 2 and 4 are powered by the yellow system and spoilers 3 are powered by 
the blue system. 

The spoiler actuators can function in any of four modes. In Active Mode the 
actuator will extend or retract in response to the electrical command signal from 
the relevant SEC. In Biased Mode the spoiler will retract; this situation arises if a 
valid signal from the, SEC is lost and hydraulic power is available. If hydraulic 
pressure has been lost the actuator goes into Locked Mode, in which an internal 
closing valve functions so as to allow aerodynamic or other forces to retract the 
spoiler, but prevents extension. In addition the actuator can be placed in 
Maintenance Mode. The Maintenance Device, a small spanner operated cam 
mechanism, is turned to operate an internal spool valve (Appendix 3). The 
maintenance device and spool remain in the Maintenance position until manually 
returned to the Operational position. The spool isolates the hydraulic pressure 
and allows the fluid at the actuator piston ram to re-circulate freely (Appendix 4). 
Therefore the spoiler can be moved by hand and hydraulic pressure, if applied, 
cannot operate the spoiler. This type of actuator was introduced on the A320 
because of concerns about the possibility of injuries from unexpected spoiler 
movements during maintenance. Actuators with the same general modus 
o p e r d i  are fitted to the A330 and A340. 

Each spoiler actuator is equipped with a position feedback transducer which 
returns a position signal to its SEC. This position signal is also processed and 
displayed on the Flight Controls ECAM page as a discrete indication 
(Appendix 1). When a spoiler actuator is functioning normally its ECAM 
indication is green. Abnormal conditions which last longer than three seconds 
cause the relevant ECAM indications to turn amber. After five seconds of 



disagreement between the selected and achieved positions a chime sounds and the 
corresponding spoiler on the opposite side is signalled to close and is isolated. 
This is to provide symmetry in the majority of spoiler failure conditions and to 
facilitate Master Minimum Equipment List despatch with failed and isolated 
spoilers. When operating normally a spoiler is shown as a short horizontal green 
line if retracted or as a green 'fir tree' if extended. The ECAM display shows a 
spoiler as retracted if its deflection is less than 2.5 degrees. If a spoiler is in 
maintenance mode or otherwise non-functional and it is retracted no fault will be 
detected or displayed until a control demand is made. If more than three degrees 
of sidestick deflection is maintained for three seconds or more. the indications 
will change from green to amber and a chime will sound after five seconds. The 
three second delay exists to eliminate spurious false warnings caused by hydraulic 
andlor computational delays. Although a small additional margin exists within the 
three seconds, Airbus Industrie have advised that it is not possible to reduce the 
overall delay appreciably. 

1.6.5 Maintenance Conducted Immediately Prior to the Incident Flight 

Within this section all times are Local because of its relevance to the engineers' 
shift pattern and their circadian rhythms. 

The right-hand outboard flap was removed during the nightshift of 25/26 and a 
replacement fitted during the dayshift of the 26 August 1993, in the maintenance 
organisation's Gatwick Support Unit (GSU) hangar. 

Due to a birdstrike incident, the right-hand outboard flap on G-KMAM was the 
subject of repeat inspections under an Acceptable Deferred Defect (ADD) which 
referred to a Design Deviation Authorisation which expired at 2400 hrs on the 
25 August. This ADD had been raised because a replacement flap section was 
not immediately available; the original flap was to be removed for repair and 
re-fitted later. This level of rectification task was acceptable within the terms of 
reference of the GSU staff, however, it was a relatively unusual event in itself 
and as such was a task not previously undertaken by the nightshift engineer 
allocated the job, an LAE with CRS authorisation on the A320, or any of his 
assistants. He had brought forward some tasks on G-KMAM to the night of 
24/25 August, mostly component changes scheduled for the following night, to 
reduce the overall amount of work to be done when the flap was to be changed. 

The flap change was not an item in the Approved Maintenance Schedule (AMS) 
and as such no pre-prepared stage sheets for the task were available. The 
planning of this work was limited to the provision of a job card containing a 
single reference to a chapter of the Maintenance Manual, 27-54-62 (Removal of 



the Outboard Flap, Installation of the Outboard Flap), and an attempt to provision 
the special tooling. 

The nightshift engineer was required to ascertain from the Maintenance Manual 
the full requirements of the job in hand. He was not particularly familiar with the 
A320 Maintenance Manual and found its 'Aircraft Maintenance Task Orientated 
Support System' (AMTOSS) layout confusing. (The AMTOSS format is 
explained in para 1.17.4) He had received from the foreman a hard copy of the 
Maintenance Manual section 27-54-62 amounting to some 40 pages, which had 
been printed off at some earlier stage to identify the special tooling required. He 
also printed at least a further 20 pages relating to section 27-51-00 (Adjustment of 
the Flap Rigged Position). The source of these printed pages was a widely used 
type of microfilm reel readerlprinter which did not ease the task of cross-referring 
between sections of the manual. Notwithstanding these difficulties, he extracted 
copies of sufficient relevant pages to ensure that the significant tasks were detailed 
or referred to at least. Although the spoiler isolation task was not printed off it 
was referred to in section 27-54-62 under 'Referenced Information'. 

He was further required by company procedures to raise 'Aircraft Maintenance 
Continuation Sheets' detailing each stage of the work. As each stage was 
completed, the appropriate entry was required to be certified and stamped by a 
CRS authorisation holder, in this case the nightshift engineer himself. He was 
also required to raise an 'Aircraft Maintenance Control and Certification Sheet' to 
be certified complete when the job was finished. He stated that the preparation of 
the stage sheets was made quite difficult due to the layout of the Maintenance 
Manual, with references to subtasks in other parts of the Manual and aircraft 
effectivity references. which he did not always correctly interpret. (It should be 
noted that subtasks are actually detailed in the body of the main text, however 
other related Tasks are called up near the beginning of the procedure under 
Referenced Information' and these Tasks are to be found elsewhere in the 
Maintenance Manual). He prepared stage sheets for both the removal and 
re-fitting of the flap but on the incorrect forms. The company procedures placed 
the responsibility for calling up the re-instatement and duplicate inspection of 
critical systems, where required, fully upon the individual certifying the 
breakdown of those systems. 

The special tools were ordered from Heathrow by Gatwick Fleet Control via the 
Materials Supply Group when the flap change was known to be required. The 
tooling supplied for the task was deficient or incorrect in several respects. It did 
not include the set of collars required to lock the spoilers up in accordance with 
the spoiler isolation procedure described in the Maintenance Manual 
(Appendix 5) nor did it include threaded adaptors to assemble the hoist 
attachments to the flap. These adaptors were required for the Excalihur aircraft 



hut not for the maintenance organisation's own A320 aircraft, due to differences 
in the build standard. It included alignment tooling for the flap carriage holts but 
this did not fit the holts on G-KMAM and it also contained a number of items for 
which the nightshift engineer could find no obvious purpose. 

Although the responsibility of the nightshift engineer as a CRS signatory was 
total, he had recourse to assistance through either his foreman or shift manager. 
The nightshift engineer stated that during the night at various times he approached 
his foreman concerning the deficiencies in the supplied tooling and for the 
assistance of a working party or person with direct experience of the task to be 
undertaken. He also stated that he requested 16 hours to complete the task. The 
foreman assisted with the tooling but did not recall being asked for either a 
working party or for an experienced person. At this time the aircraft was 
scheduled to he available for service by 0700 hrs the next morning, however, this 
was revised to 1000 111s after some negotiation. 

Whilst waiting for the aircraft the nightshift engineer used the time to carry out 
some tasks on a number of other aircraft. He met G-KMAM at the ramp and 
carried out a Ramp 1 check before it  came into the hangar at about midnight. 
After positioning the aircraft in the hangar he fully retracted the flaps, isolated the 
hydraulics and tagged the relevant circuit breakers and the flap lever. The two 
assistants then removed the flap carriage covers and falsework panels for access 
and disconnected the angle gearbox as required by the Maintenance Manual. The 
right-hand flaps were then hand wound down in preparation for lifting off the 
outboard flap. At this stage the Maintenance Manual procedures had been 
followed with the exception of task ATA 27-60-00-866-001, the extension and 
locking of die four outboard spoilers. The nightshift engineer had not carried out 
this task because be did not have the required tooling, the spoiler collars. He also 
anticipated that the task might he unnecessary. At around 0300 hrs, while 
preparing the sling for attachment to the flap it was found that threaded adaptors 
were required. These were eventually located and delivered to Gatwick, but this 
incurred a two hour delay during which time attention was diverted to another 
aircraft. Between 0500 and 0530 hrs the sling was attached to the flap and the 
weight taken. During the course of removing the flap carriage bolts it was noticed 
that one cable on the sling was close to a spoiler and that damage might occur. 
One flap carriage bolt was out at this time and the job was becoming difficult so 
the nightshift engineer and his assistants placed each spoiler actuator in the 
maintenance mode in turn and moved the spoilers up to clear the sling. The 
remaining flap carriage bolt was then removed and the flap lifted off the aircraft 
and placed on trestles. 

At about this time, around 0600 hrs and just before the flap was lifted off, the 
nightshift engineer verbally briefed die oncoming dayshift engineer, also an LAE 



with CRS authorisation on die A320, who was to continue with the flap change, 
of the status of the job. When interviewed after the incident, neither engineer 
could recall mention of the spoilers. During this verbal handover it was pointed 
out to the nightshift engineer that the stage sheets had been made out on the 
incorrect forms. He then transferred the removal stage sheets to the correct 
'Aircraft Maintenance Continuation Sheets' but did not do the same for the 
re-fitment stage sheets. The action of operating the spoiler maintenance devices 
was recorded in the rewritten stage sheets as, 'Fully extend and lock applicable 
spoilers', which is the wording used in the Maintenance Manual. The new stage 
sheets, and the originals on the incorrect format, were left as a guide for the 
dayshift, however the incorrect sheets were subsequently disposed of and never 
recovered, in spite of a search following the incident. Therefore, although it is 
certain that reference to the spoiler isolation existed on the rewritten stage sheets, 
it is not known if corresponding references to re-instate and function the spoilers 
were made on the original re-fitment sheets. These actions are detailed in the 
Maintenance Manual. 

At around 0650 hrs the engineer who would ultimately carry out the duplicate 
inspection arrived, another LAE with CRS authorisation on the A320, and stated 
that he would now undertake the re-fitment as work assignments had been 
changed. Subsequently this re-assignment was cancelled so the roles became 
those initially anticipated, however, the verbal handover was repeated. Both 
engineers recalled that this verbal handover did contain specific reference to the 
spoilers to the effect that there was a potential hazard if hydraulic power was 
applied in that the spoilers would then close. The brief was not understood to 
mean that the spoilers were isolated. It is worth noting that on the Boeing 757 
and 767, types commonly handled by the GSU, this would have been a correct 
assessment of the situation, however it is not possible for an A320 spoiler 
actuator to move under hydraulic power when in the maintenance mode. Very 
shortly after this the work assignments reverted to the original plan. 

The dayshift engineer returned to the aircraft at around 0730 hrs. He carried out a 
pie-installation check and prepared the flap for lifting. He also arranged for the 
Estimated Time to Service to be revised, initially to 1200 hrs and then to 
1500 hrs. During the first attempt to fit the flap the sling broke and had to be 
repaired, incurring a short delay. Following this the flap was installed without 
further difficulty. The flaps were hand wound up and the flap drive shaft re- 
connected. The rigging was checked using the Maintenance Manual procedure on 
the sheets printed by the nightshift. Rigging boards were placed on the wing and 
it is most likely that this is when the spoilers were placed in the retracted position. 
The rigging was satisfactory without any adjustment being required. After 
locking the flap carriage bolts the dayshift engineer arranged for the duplicate 
inspection of the ca~riage bolts, flap drive and asymmetry transducer, which was 



carried out by the duplicate inspecting engineer previously mentioned. The 
remaining stage sheets required were completed. Flap function checks were 
carried out by the dayshift and duplicate inspecting engineers and duly certified. 
The duplicate inspecting engineer asked if anything further was required and was 
advised not. There was a burst of activity to release the aircraft for 1500 hrs as 
the work pack and Technical Log were completed. The aircraft was then 
delivered for service. 

When it became known that an incident had occurred the Airbus representative, an 
Avionics engineer and the duplicate inspecting engineer were asked to meet the 
incoming aircraft. It was observed that several right-hand spoilers were up while 
the aircraft was taxiing. On investigation it was found that the spoiler actuators 
for No 2, 3, 4 and 5 right-hand spoilers were in the maintenance mode. The 
spoiler actuators were placed in the operation mode. A duplicate inspection of the 
actuators and a function check was carried out. The aircraft was then released to 
service. 

1.7 Meteorological information 

A ridge of high pressure persisted over northern England and Scotland with a 
cloudy northeasterly airflow over the Gatwick area. During the incident flight the 
mean surface wind was from 030' at 8 to 10 kt with variations hi direction 
between 350' and 070'. The weather was fine with a visibility of 40 km; the 
cloudbase was scattered at 3.000 feet and broken at 4,500 feet. The surface air 
temperature was +17Â¡ to +18'C, the dewpoint was +7'C and the aerodrome 
QNH (sea level pressure setting) was 1021 hectopascals. 

1 .8  Aids t o  navigation 

Radar vectors were provided by the Gatwick approach controller. Precision 
approach guidance to Runway 08 was obtained from the ILSDME installation. 

1 .9  Communications 

VHF radio communications with Gatwick ATC were satisfactory. Tape 
recordings of the appropriate conversations were obtained. The commander also 
spoke to Gatwick Handling and British Airways engineering on VHF radio and 
he tried, unsuccessfully, to contact his company's headquarters on H F  radio 
through the Portishead Radio Aeronautical Service and a landline connection. 
Recordings of these communications were not obtained. 



1.10 Aerodrome and approved facilities 

The aircraft departed from and landed on Runway 08 Right at Gatwick which is 
3,159 metres long and 46 metres wide; the mean slope is downwards by 0.05%. 
The runway threshold elevation is 202 feet arnsl and the surface is grooved 
asphalt with concrete at each end. The take-off distance available is 3.31 1 metres 
and the landing distance available is 2,766 metres. The airport is equipped to 
ICAO Category 9 for Rescue and Fire Fighting. 

1.11 Flight recorders 

The aircraft was despatched after re-instatement of the right wing spoilers and 
consequently the Cockpit Voice Recorder data relating to the incident was 
recorded over. 

The Digital Flight Data Recorder (DFDR), a Lord F800, was removed from the 
aircraft for replay; the quality of the recovered data was found to be unacceptable. 
On the incident takeoff there was little accurate data recovered from the time the 
aircraft began its take-off roll until it was airborne. Throughout the recording 
there were intermittent losses of data synchronisation; the frequency of these 
losses increased when the aircraft made any manoeuvre. The recorder was taken 
to Airbus for replay where similar results were obtained. 

Further investigation revealed that there was a history of problems with the F800 
installation in the A320 reported by operators and accident investigation 
authorities. Airbus informed AAIB that they had made a number of approaches to 
Loral regarding the operation of the F800, however the situation had not 
improved. In 1989 Airbus took die decision to undertake all test and certification 
flights using a flight recorder of different manufacture and only fit the F800 when 
the aircraft was delivered to a customer. In addition, they bench tested each F800 
before fitting it to an aircraft in an attempt to ensure acceptableDFDR operation. 

In conjunction with the operator's contracted maintenance organisation and 
Hunting Aviation, Loral's representative in the UK, AAIB discovered that all four 
of the operator's A320s had DFDR problems. These were identified as random 
track changing, erroneous Built-in Test Equipment (BITE) indications and 
corruption of recorded data, particularly at aircraft takeoff. 

The track changing and BITE problems were cured by the replacement of an 
Electrically Erasable Programmable Read Only Memory (EEPROM) unit in the 
F800. Loral issued a service bulletin detailing the work necessary to rectify the 
track changing fault and this was made mandatory after considerable pressure had 
been exerted by industry and government agencies. 



The causes of the data corruption are more problematical. Data recorders are 
often mounted on an anti-vibration tray for installation in the aircraft, and the 
F800 installation in the A320 was no exception. The requirement is for the 
recorderltray combination to perform correctly under the environmental conditions 
as laid down in RTCA (Radio Technical Commission for Aeronautics) document 
D0160, 'Environmental Conditions and Test Procedures for Airborne 
Equipment'. The mounting tray as combined with the F800 on the A320 had not 
been tested to the requirements of D0160. Trials conducted by the Engineering 
organisation and the recorder manufacturers, after this incident, showed that 
substantial improvements could be made to the quality of the recorded data during 
takeoff if a mounting tray approved to the appropriate issue of DO160 were to he 
fitted. 

1.12 Aircraft Examination 

The aircraft was examined at the maintenance facility at Gatwick during the night 
of 30131 August 1994. Flight control checks similar to those performed by the 
pilots after starting engines but before taxiing were carried out by the AAIB team 
on the flight deck of the incident aircraft. The checks were conducted with all 
spoiler servo control actuators in the flight position and again with spoiler actuator 
Nos 2 to 5 on the right-hand wing placed in the maintenance position. The tests 
were conducted in the presence of representatives from the aircraft manufacturer, 
the maintenance contractor and an aviation psychologist. The objectives of the 
tests were to determine: 

a. The response of the flight control surfaces to sidestick movement. 

b. The response of the ECAM system and displays to sidestick inputs 

c. The response of the flight control computers and ECAM system to 
abnormal spoiler positions. 

The flight control tests showed that: 

a. The responses of the elevators, ailerons, rudder, flaps and slats to 
control movements were unaffected by the mode of the spoiler servo 
control actuators. 

b. When the spoilers were operating normally, if the sidestick was 
pushed rapidly in the roll sense to full deflection, the lower ECAM 
display indicated aileron movement fractionally before spoiler 



movement and all the flight control position symbols were coloured 
green. 

c. When the spoiler servo control actuators on the right-hand wing were 
selected to maintenance mode and the spoilers were parked in the 'UP' 
position, the ECAM system detected a fault three seconds after the 
flight control computers were brought on line with both sidesticks 
centralised. An alerting chime sounded two seconds after the fault 
was detected and fault messages were displayed on both upper and 
lower ECAM screens. 

d. When the spoiler servo control actuators on the right-hand wing were 
selected to maintenance mode and the spoilers were parked in the 
'DOWN' position: 

(1) The flight controls responded normally and correctly to roll left 
commands with no abnormalities displayed or detected by the 
ECAM system. 

(2) When either sidestick was moved to the right, the ECAM displayed 
aileron movement but the spoiler symbols for both wings remained 
unchanged in shape or colour for three seconds; all the spoiler 
symbols were green in colour and correctly showed that all the 
spoilers were deflected by less than 2.5'. 

(3) If the sidestick was held to the right of neutral for three seconds or 
longer, a fault was detected. After the fault was detected, the ECAM 
displayed amber symbols for spoilers Nos 2 to 5 on both wings and 
an amber 'LAP DEGRADED' fault message on the lower display. 
Irrespective of the subsequent position of the sidestick, once the 
fault had been detected and displayed on the lower ECAM display, 
two seconds later a chime sounded and the upper ECAM screen 
displayed an amber TICTL SPLR FAULT message. 

(4) If the sidestick was moved to the right of neutral and then returned 
to neutral or to the left of neutral within three seconds, the ECAM 
did not detect a fault. 

e. The aileron and spoilers Nos 4 and 5 on the left and right wing were 
visible from the corresponding pilot's seat. 

f. Appropriate synoptic 'pages' on the lower ECAM display did not always 
change automatically as the aircraft was prepared for flight. If the 
automatic page sequencing was interrupted by a manual page selection, 



that manual selection required cancelling for the automatic sequencing to 
resume. The appropriate 'page' was available using the relevant system 
select button but again, unless this button was pressed once more to reset 
the computer logic, the next automatic 'page' change did not take place. 
However, irrespective of the method used to display the correct 'page', 
the system logic appeared to reset itself once a fault was detected and the 
affected system 'page' was then displayed until the fault was cleared, 
whereupon the display automatically changed to the appropriate 'page'. 

1.1 3 Medical and pathological information 

There were no injuries. 

1.14 Fire 

There was no fire but the Gatwick rescue and fire fighting service were placed on 
standby and attended the aircraft as it landed. 

1.15 Survival aspects 

The passengers and crew disembarked nonnally and without injury. 

1.16 Tests and Research 

None 

1.17 Additional information 

1.17.1 Aircraft Library 

Aeroformation is the flight training organisation for Airbus Industrie. One of its 
functions is to produce training guidance material and recommended 'Standard 
Operating Procedures' for Airbus customers. TRAINING MEMO' 2058 Issue 2 
dated 14 January 1993 marked for distribution to 'All A320 Instructors' and 
relevant to all operators detailed the recommended method for checking the flight 
controls before takeoff. The contents of this memo, which are reproduced at 
Appendix 6, were repeated in the FCOM 3 at Revision 20. Excalibur Airways 
had incorporated parts of Revision 20 within its FCOM 3 but those parts relating 
to NORMAL PROCEDURES were not incorporated because Excalibur Airways 
produced its own NORMAL PROCEDURESsection. 



The aircraft library contained reference documents which might be needed by the 
crew for operation of the aircraft in normal and abnormal situations. Two 
documents which the flight crew referred to for advice on coping with the 
degraded flight control system were the QRH and the FCOM 3. 

The QRH was supplied, originated and updated by Airbus Industrie. It contained 
some specific procedures which were not displayed on the ECAM. 

With the exception of one section, the FCOM 3 was prepared and updated by 
Airbus Industrie. The exceptional section entitled 'Normal Procedures' was 
originated, supplied and amended by Excalibur Airways Ltd. This section of the 
FCOM 3 contained expanded information relating to normal procedures. An 
extract of these procedures which documented the requirement and sequence of 
flight control checks by each pilot is at Appendix 7. 

The Abnormal and Emergency Procedures section of the FCOM 3 contained the 
following sections: 

a. Flight Controls 
This section contained numerous procedures for coping with 
abnormal situations. The complete section was revised by Airbus 
Industrie and had an issue date of December 1992. The following 
pages from the 'Flight Controls' section are reproduced at 
Appendix 8. 

PageNo Topic 

3 Slats Fau l thked  

9 Alternate Law 

12 Spoiler fault (loss of one or more spoilers) 

b . Miscellaneous 
The miscellaneous sub-section covered situations which did not fall 
conveniently into any of the other sub-sections (eg bomb on board, 
forced landing; ditching; emergency evacuation). Page 15 of the 
miscellaneous sub-section which covered approach speed and 
landing distance corrections for failures is reproduced at 
Appendix 9. 

1.17.2 Maintenance Manuals 

The Excalibur Maintenance Manual for G-KMAM was derived from the generic 
Maintenance Manual for the aircraft prepared by Airbus Industrie. It was 



arranged by Air Transport Association (ATA) chapter in the normal manner. The 
working copy held by the GSU at Gatwick was a microfilm reel, from which the 
relevant pages could be inspected and printed using one of several film readers. 
The manual refers to different aircraft by effectivity and this effectivity is 
determined by reference to the Maintenance Manual Supplement. G-KMAM 
carried the manufacturer's serial number 301, the Maintenance Manual 
Supplement shows the corresponding Fleet Serial Number to be 057 and it is this 
number which is referred to throughout the Maintenance Manual. The 
Supplement is a hard copy document and includes material such as temporary 
amendments to the Maintenance Manual. 

The Airbus Industrie A320 Maintenance Manual is in AMTOSS format and the 
Maintenance Manual has been complemented with the Production Management 
Data Base (PMDB). The PMDB contains exhaustive material and planning data 
which operators previously had to collect from numerous individual documents. 
The Maintenance Manual procedures are linked to the PMDB by unique task and 
subtask numbers. The Maintenance Manual and PMDB are issued on computer 
media, paper and microfilm. The A320 Maintenance Manual, in AMTOSS 
format, conforms to the text interchange standard adopted by the ATA and known 
as Standard Generalised Markup Language (SGML). The A320 was the first 
aircraft to have a Maintenance Manual prepared in this format, which is becoming 
the standard format prepared by all airframe manufacturers. The McDonnell 
Douglas MD-1 1 has a similar format Maintenance Manual, and the Boeing 757 
and 767 manuals are becoming available in the format 

In an AMTOSS Maintenance Manual there may be many subtask references on a 
single page, however these will not require any further cross referring by the 
engineer as the subtask is fully described. Related Tasks, as opposed to 
subtasks, are listed at the beginning of any procedure under 'Referenced 
Information' and do require cross referring if the detailed steps of the task are 
needed. 

The A320 Maintenance Manual describes the removal of an outboard flap at ATA 
Chapter 27-54-62. It begins with several warnings associated with Health and 
Safety at Work, then describes the fixtures, tools, test and support equipment 
required to undertake the Task. It then lists 'Referenced Information', which 
consists of thirteen associated Tasks to be found elsewhere in the Maintenance 
Manual, although not all are effective for any one aircraft. It then describes the 
Job Set Up procedure and the removal task itself, with paragraphs annotated for 
specific aircraft effectivities. The first subtask described under 'Job Set Up', 
27-54-62-865-053, is to operate two circuit breakers for the flight control system. 
The Maintenance Manual then describes five further subtasks on the same page, 



A total of 17 subtasks are called up in the 9 pages of text which describe the 
overall Task. 

The AMTOSS A320 Mamtenance Manual and PMDB is formatted to facilitate the 
use of computer based information retrieval systems. Operators who use such 
systems can extract all the pages and related information for each Task by entering 
a single ATA chapter number or keyword but the user is still required to select 
such additional Tasks as needed from the 'Referenced Information'. In this case 
the layout of the document is not a problem, however not all operators can use 
such systems. The automated use of an AMTOSS manual is closely associated 
with the PMDB and this database is constructed around the manufacturers 
maintenance schedule. For operators where their AMS is not the same as the 
manufacturers maintenance schedule there are differences and incompatibilities. 
For those operators and units which do not use the automated AMTOSS facility 
the extraction of all the relevant information for a procedure is at best slow. In 
addition, the information is cluttered with subtask references which do not 
improve the readability. The process is time consuming and tedious when the 
document is being used manually on a film reader, however when used with a 
computeiised retrieval system, it is quick and efficient. 

The Airbus A320 manual format has been the subject of criticism from engineers. 
This criticism seems to be partly a criticism of the content, and partly of the 
AMTOSS format. Some airlines are considering the use of non-AMTOSS 
manuals and Airbus Industrie are preparing non-AMTOSS manuals for operators 
who request them. 

When a manufacturer designs and constructs an aircraft type it is required to 
prepare, amongst other documents, a generic Maintenance Manual. The Manual 
is prepared from design office specifications and is subject to revision and 
updating throughout the life of the aircraft. Compliance with the Maintenance 
Manual is assumed in die regulatory process leading to Type Approval and also in 
the document 'Acceptance of Maintenance Support Arrangements for Holders of 
Air Operators Certificate' (AOC), required for the issue of an AOC. For these 
reasons and others, manufacturers operate procedures within their Product 
Support and Design functions which allow problems within the Maintenance 
Manual and related documentation to be reported and corrected. In many cases it 
is essential to obtain a quick response to a problem, therefore manufacturers use 
various means to establish and maintain 'quick access' channels. For example, 
Airbus Industrie notify a procedure in which a telephone call or facsimile message 
to them can be responded to initially in perhaps an hour, with written 
confirmation later. 



When an operator receives its AOC from its Airworthiness Authority, that 
approval is based in part on the Authority's acceptance of the maintenance 
arrangements, including the AMS. That document will contain a condition stating 
that the operator is required to ensure that recommendations made by the aircraft 
or equipment manufacturers in Maintenance Manuals and Schedules, Service 
Bulletins and any other technical documentation is evaluated and where 
appropriate complied with. For non-AMS tasks the CRS signatory is required by 
the terms of his authorisation to ensure that the aircraft is maintained in 
accordance with the manufacturer's recommendations or other Design Authority 
approval (Approved Data). The operator may adopt the basic Maintenance 
Manual in its entirety or may modify parts of it under its own relevant approvals, 
but in either case compliance with the appropriate Maintenance Manual is 
required. From discussions with airlines, Airbus Industrie and the UK CAA this 
is clearly understood. Even so, it is widely recognised that compliance does not 
always occur. 

Technically the position is similar. It is unanimously the view of all the 
organisations (as opposed to individuals) approached during this investigation, 
that the training, experience, knowledge, and qualifications required to obtain 
LAE status is insufficient to justify, on technical grounds, any deviation from the 
Maintenance Manual. There is no technical justification for deviations, however 
minor, from the Maintenance Manual except by an engineering organisation with 
appropriate design authority or in conjunction with the manufacturer as the Design 
Authority. 

In summary, all maintenance is based on total compliance with the Maintenance 
Manual or other Approved Data and no deviation is permissible, on either legal or 
technical grounds, without Design Authority approval. 

1.17.3 Licensed Aircraft Engineers (LAE) 

The LAE is an individual who has, by virtue of his or her training and experience, 
been granted a Licence by the Airworthiness Authority. The licence indicates a 
level of knowledge required to correctly complete the maintenance function using 
the published procedures. The certification basis in a JAR 145 Organisation is 
founded on the principal that a Licence Without Type Rating (LWTR) is required 
as a basic qualification. Certification privileges are granted following 'type 
training' by the issue of company authorisation to the individual by the JAR 145 
Approved Organisation. The CRS authorisations held allows the LAE to sign off 
work and to release the relevant aircraft types to service. Typically an LAE will 
have detailed knowledge beyond the required minimum standard acquired along 
with increasing experience, for example, of known problems with the aircraft 
type. However, there is no requirement or guarantee that the LAE will have any 



knowledge andlor experience to equip him or her to deviate from published 
procedures in a safe manner. 

By contrast engineers within an appropriate Design Authority will generally have 
higher academic qualifications but will not necessarily hold Licences. More 
importantly, they will have access to the information required both technically and 
legally to make changes, authorise concessions or deviations, and to fully 
understand the implications of any such action. The framework in which they 
work will formally structure such activities, in accordance with the relevant 
company approvals. 

The CRS signatory is fully responsible for ensuring that all maintenance is 
correctly and completely carried out, in accordance with published procedures. 
The signature on the CRS is intended to be the evidence that the aircraft has been 
correctly maintained. The LAE cannot avoid this responsibility and it  is not 
mitigated or reduced by any circumstances or difficulties. In the case of the flap 
change on G-KMAM the LAE certified the work under his company 
authorisations. 

In the UK the training of an LAE or CRS signatory is monitored by the CAA. An 
individual must possess basic academic qualifications and must pass a qualifying 
examination to obtain a Licence Without Type Rating. This may be in the 
disciplines of Engine and Airframes or Avionics. For some types of aircraft a 
further CAA examination specific to the type allows the LAE to be issued with a 
Licence With Type Rating. However, most large (over 30,000 Ih) aircraft types, 
including the Airbus A320, can only be maintained by an approved organisation. 
In this case a CAA type rating is not available to the LAE, instead the approved 
maintenance organisation qualifies and authorises the LAE on the type. An LAE 
may hold several CAA type ratings andlor company authorisations. 

For a UK Licence with or without type rating to remain valid the LAE must 
demonstrate to the satisfaction of the CAA that he has had at least six months 
acceptable experience within the previous two year period. LAEs with 
authorisations from an organisation itself approved by the National Aviation 
Authority (NAA) under John Aviation Requirement (JAR) 145 must, in addition 
to having six months relevant experience within a two year period, receive 
continuation training from the maintenance organisation. These minimum legal 
requirements may be supplemented by the approved organisation's own 
requirements and procedures, as was the case in this instance, for example the 
LAEs in this case were also subjected to periodic re-examination. The training 
and certification requirements for LAEs in the UK are detailed in British Civil 
Airworthiness Requirements, Section L and Airworthiness Notices 3 and 10. 



The Training programme used by the maintenance organisation and accepted by 
the CAA used a Visual And Computer Based Instruction (VACBI) training 
system. It did not specifically include training on the use of the A320 AMTOSS 
format Maintenance Manual, and was not required so to do, but the training did 
include some specific coverage of the aircraft manuals. The VACBI system 
included an audio-visual section on the spoilers with discussion of each mode and 
some self-examination questions. The information presented on the Maintenance 
Mode was correct but brief and did not draw attention to the need to reset the 
spoilers to Operational Mode, nor did it clearly indicate that the system was any 
different from other aircraft. The information was supplemented by classroom 
discussion and verbal instruction at the lecturer's discretion. 

1.17.4 The Maintenance Organisation 

The flap change was not performed by Excalibur. The operator tasked a 
Maintenance Organisation, the engineering division of another operator open for 
third party work, to do the job. The organisation was approved by the UK CAA 
under JAR 145. This approval was specific to particular facilities, aircraft types 
and types of maintenance activity. JAR 145-40 requires the availability of 
specified equipment tools and material and implies correct use. JAR 145-45 
'Airworthiness Data', requires the organisation to be in receipt of all necessary 
airworthiness data and implies total compliance with that data. The CAA, having 
reviewed the circumstances of the incident, considered the maintenance 
organisation to be compliant with both JAR 145-40, in that the tooling was 
available at Heathrow. and 145-45, since all of the relevant documentation was 
available in the GSU. However, the nightshift engineer did not receive the 
tooling required for the flap removal as identified in the maintenance manual and 
did not fully comply with the requirements of the maintenance manual. 

JAR-145-65 requires an approved maintenance organisation '....to establish an 
independent quality system to monitor compliance with and adequacy of....the 
procedures'. The maintenance organisation had a comprehensive Quality System 
which had steadily evolved over a long period of time and included such a 
programme, based upon the requirements of the CAA and other authorities, and 
its own Approved Organisation instructions. JAR 145-65 further states that 
'...Compliance monitoring must include a feedback system ..... ultimately to the 
accountable manager to ensure, as necessary, corrective action.' Within the 
organisation this requirement was met by the Quality Monitoring Programme 
which included the use of Quality Discrepancy Reports and Ground Occurrence 
Reports, which were both raised on a single form, an Â£1022 E1022s could be 
raised by any member of staff to bring a wide range of issues, including factors 
potentially influencing quality and engineering defects to the attention of the 
Central Monitoring Unit. The unit categorised and processed the reports, 



directing them to the relevant departments for investigation and action and 
provided a response to the originator. In addition there was an independent 
program of audits carried out by trained Quality Assurance staff and a programme 
of product sampling by local area management in which independent assessments 
of selected functions were made. Specialist committees and local Quality Forums 
reported to the Engineering Quality Management Review Board which was 
chaired by the Director of Engineering. He also chaired the Engineering Safety 
and Technical Strategy Board which reviewed safety related technical issues. 

Subsequent to this incident a form El022 was raised by the inspecting engineer, 
who was also aware that an investigation was in progress. 

1.17.5 Unscheduled maintenance 

The flap change on G-KMAM was not a scheduled maintenance item and as such, 
pre-prepared task planning infoimation was not available. Maintenance, other 
than minor tasks was unusual on any A320 at this location, and on this build 
standard which differed from the maintenance organisations own fleet of A320s it 
was particularly so. However, it was what might he described as a 'normal' task 
for the GSU which was regularly required to undertake 'casualty maintenance'; 
work carried out at short notice and frequently of an unusual nature. Engineers 
within the GSU could expect to be required to undertake unfamiliar tasks with a 
minimum of planning support, as was the case in this instance. 

In general, unscheduled maintenance is not programmed and interferes with 
utilisation of the aircraft in an unpredictable manner, therefore there is a subtle but 
real pressure to deliver in the shortest possible time. There is a tendency to 
estimate unrealistically short times for the aircraft to be out of service to avoid 
flight cancellations and the engineering team may then have to re-negotiate the 
return to service timejust to accommodate the normal time tn complete the work. 
As the task is unplanned it is quite likely that unforeseen problems will arise with 
facilities and equipment unavailable or at the wrong location causing further time 
'overruns'. 

1.17.6 Engineers Shift System and Shift Handovers 

Both shifts involved in the flap change were working the normal pattern which 
consisted of a 12 hour dayshift, 12 hours off and a further 12 hour dayshift, then 
24 hours off followed by a 12 hour nightshift, 12 hours off and a further 12 hour 
nightshift. Each pattern was followed by four days off after which the cycle 
repeated. Shift changes occurred at 7am and 7pm local time. 



For the team on the shift which removed the flap, this was the second nightshift 
ie it was at the end of the shift cycle. The dayshift were at the beginning of their 
shift cycle. 

Individuals who work an irregular shift pattern will from time to time be working 
when their circadian rhythms would normally induce rest and sleep. Body 
functions such as sleep, digestion, elimination of bodily wastes and core 
temperature may become desynchronised with the desired pattern of activity and 
with each other. The results can include sleepiness or hunger at inappropriate 
times, poor quality of sleep, lack of alertness with falling body temperature and 
propensity towards error and confusion. Most of the research into this type of 
problem has been directed towards the role of the flight crew, where it has been 
found that most errors occur at around 3am to 5am, when the body core 
temperature is at its lowest. For pilots flying at times of 'circadian low' it  is 
accepted that primed checklists and a clearly spoken 'challenge and response' are 
the main protection against error. For engineers working in similar circumstances 
considerable protection is afforded by detailed adherence to published procedures 
or documentation and by the use of a valid checklist, such as a work pack. 

To accommodate the handover of tasks from one shift to another the Maintenance 
Organisations Company procedures (AL-33-03) under, 'Responsibilities, 
Engineering Staff (All) stated: 

'Ensure an adequate handover of the task is provided when work is 
continued across shifts or otherwise transferred. All pertinent requirements 
shall be detailed and worksheets/cards annotated with sufficient detail to 
cover all stages of the task to be continued'. 

and under. Procedures, Handovers stated: 
'In areas where tasks are often continued across shifts or otherwise 
transferred, a local procedure is required to ensure a comprehensive 
handover of  the work from one person to another. 
Time should be granted to the persons involved to ensure that the handover 
period is uninterrupted. It must also be ensured that verbal and written 
handovers are nor a substiti/te for documented worksheet requirements, 
which should also form part o f  the handover'. 

1.17.7 Spoiler systems on Boeing 757 aircraft 

Several engineers, including the nightshift engineer whose team had set the 
spoilers in the maintenance mode, indicated that the A320 spoiler system was 
subtly different from other aircraft they were familiar with, and that this had 
resulted in confusion. Two aircraft mentioned were the Boeing 757 and 767 
which are frequent visitors to the GSU. The spoiler system is very similar on 
each of these aircraft. 



The visual similarities between the Boeing and A320 systems was marked. The 

B757 has six spoilers each side and the A320 has five, otherwise the mechanical 
and aerodynamic configuration is very similar. Each spoiler has a Power Control 

Actuator (PCA) which is hydraulically powered and electrically signalled, like the 

A320. Each PCA has a manual release cam which is similar in position and size 

to the A320's Maintenance Device and is operated with a small hand tool in order 

to manually raise the spoiler for maintenance (Appendix 10). The Maintenance 
Manual describes the use of PCA locks. For maintenance these are fitted around 

the extended ram of each spoiler PCA. The locks each carry a red warning flag. 

In construction, use and appearance they are very similar to the collars used in 

maintenance mode of the A320 spoilers. The most obvious difference between 

the two aircraft is that on the Boeing 757, the underside of each spoiler carries the 

following warning in orange letters on a white background: 

WARNING 
HAZARDOUS AREA 

TO PREVENT AUTOMATIC RETRACTION IF HYDRAULIC POWER 

IS APPLIED OR IF ELECTRICAL POWER IS LOST DEACTIVATE 

SPOILERISPEEDBRAKE PER MAINTENANCE MANUAL SECTION 

27-61-00 BEFORE. ENTERING AREA TO PERFORM ANY 

MAINTENANCE OPERATION 

Even though there are marked similarities between the two systems there are 

important differences which are not obvious from a simple visual inspection. The 

Boeing PCA manual release cam mechanically overrides a thermal relief valve to 

release hydraulic fluid trapped after the system is depressurised. The 

Maintenance Manual states ...'... a spoiler panel which was raised using the 

manual release cam when hydraulic power was removed will immediately retract 

if hydraulic power is reapplied. ' (Ref 27-61-00 page 5 para C3) The MM 

contains numerous warnings about the possibility of the spoilers moving and 

describes the fitting of the PCA locks in the following terms: The installation of 

PCA locks is the recommendedprocedure for spoiler deactivation ............. To 

prevent injury to persons or damage to equipment, do the 'Install PCA 
Loc ks........' group of steps.' (Task 27-61-00-042-008). It is clear that the 

function of the PCA locks is to preclude spoiler movement which might otherwise 

occur. However it is not possible for an A320 spoiler actuator to move under 

hydraulic power when in the maintenance mode, and the collars do not perform 
the same function although the maintenance action is similar. 



1.17.8 Previous incidents 

The AAIB is aware of at least three other cases where A320 aircraft have been 
prepared for flight with a spoiler in the maintenance mode. 

The first of these occurred in April 1990. An American operator's A320 turned 
back on the first flight after scheduled maintenance. The No 1 left-hand spoiler 
was confirmed to be floating up in flight. The spoiler was found to be in the 
maintenance mode. 

The second incident occurred on 22 August 1991. A French operated A320 
turned back due to severe vibration with flap deployed. This was later confirmed 
to be due to an inboard spoiler being in the maintenance mode. 

hi March 1993 a French operated A320 was found during the pre-flight checks to 
have an unserviceable spoiler at the No 3 right-hand position. The aircraft was 
despatched under the Minimum Equipment List (MEL). After takeoff the spoiler 
floated up and the crew elected to return. The spoiler was found to be in the 
maintenance mode. 

1.17.9 Corrective actions taken by the Maintenance Organisation 

Immediate local corrective actions were taken by the organisation and these were 
supplemented by company-wide actions a little later. 
The most significant actions were: 

The engineers involved were provided with refresher training and 
assessed as being up to the standard required for holding engineering 
authorisations. 

The creation of a database was initiated to cover a series of identified, 
known defects on various aircraft. This was done to enable the 
production of task cards to cover the top hundred or so 'casualty' defects 
or component changes. 

Shift handover piocedures were examined and it was determined that 
handover procedures between shifts were acceptable. Handover 
procedures between terminal areas and hangars could he improved. This 
is being examined further with a view to improving the process. 















































































AEROFORMATION TRAINING MEMO 2058 ISSUE 2 

Notes: 

1. Text which appears between the two horizontal lines is copiedandforrnattedin a 
similar manner to the original source. Vertical lines in the left margin were copied 
from this source. 

2. In this memo PF is "Pilot Flying" and PNF is "Pilot Nor Flying". However, 
Excalibur Airways had a company standardprocedure whereby the commander 
always handled the aircraft whilst taxying. Therefore, i f  this memo had been 
adopted by Excalibur Airways, irrespective of whichever pilot was to carry out 
the take off, before take offPF would always be the commander and PNF would 
always be the co-pilot. 

DISTRIBUTION TO: All A320 Instructors 

SUBJECT: FLIGHT CONTROL CHECKS 

This memo cancels Training Memo 2058 

Will instructors please note that the correct method for the time being of carrying out flight 

control checks on the A320 is as follows: 

1. At a convenient stage during taxy : PF applies full travel of elevator, ailerons and spoilers. 

This check will be celled by the PF as il is carried out. 

'Fu l l  up, full down, neutral, full left, full right, neutral." 

1 The PF shou!d maint~in propertax) Imk.oul while conductmg the FICTL check. 

1 The PNF responsib~liQ is to check lull travel and correct sense on FICTL page and calls 

"Check" as each "neutral" is called. 



2. PF presses PEDAL DISC PIB on nose wheel tiller and applies lull left rudder, lull right 

rudder and neutral PNF monitors travel on FICTL page as the check iscalled by PF : 

'Full left, full right, neutral" 

PNF calls "Check at the neutral call. 

1 PNF phys~catlyfollow up rudder check with PF lo ensure pedals are adjusted correclly 

3. PNF appliesfull travel of elevator, ailerons and spoilers and checks full travel and correct 

sense on the FICTL page. 

NOTE : This check is silent. 

The reason for having to check full travel and correct sense on both sidesticks is to cover 

for the remote possibility of a mechanical fault restricting full travel In one sidestick and 

because resolver monitoring tolerances decrease as surface deflection increases, thus a 

resolver fault at small surface deflections may remain undetected. 

Modifications may be made in the future to maintenance procedures so that the above 

check may be simplified. 



EXCALIBUR AIRWAYS' AFTER START CHECK LIST 

Extract from Excalihur airways FCOM 
028 and 029 dated Feb 93 

Volume 3 NORMAL PROCEDURES pages 

Note: CM1 indicates action by pilot sealed on (he left (normally thecommander) 
CM2 indicates action by pilot seated on the right (normally the co-pilot) 

AElmsum 

. ENG MODE sel ( C M 1 ) .  . . . . . . . . . . . . . . . . . . . . . .  NORM 
. CM 1 turning (he ENG MODE SEL to NORM is the signal for the CM2 to 

commence (he AFTER START actions. 
- On ECAM lower display the ENG page is replaced by the WHEEL page. 
- Leaving (he ENG MODE at STARTRGN position would prevent continuous 

relight selection on ground (would be supplied at lift off), in addition the 
ENG page would remain displayed. 

- After start, to avoid thermal shock, the engine should be operated at idle or 
near idle for at least 2 minutes prior to advanceing the thrust lever to high 
power. Taxi time at idle may be included in the warm-up period. 

- In order to reduce risk of idle stall/roll back., make sure that pack valves are 
open before switching on the ENG ANTI ICE or before advancing the thrust 
levers. 

- GROUND CREW CLEARANCE (CM1). . . . . . . . . . .  REQUEST 
- Request : - NWS by-pass pin removed (MEMO display "N WHEEL STEER 

DISC" extinguished) 
- Interphone disconnect 
- Hand signal on the lefdright side 

Note: With the NWS by-pass pin installed, starting the second engine will cause 
the memo display 'N Wheel Steer Disc' to go amber. 

- FLT CONTROLS (CM1).  . . . . . . . . . . . . . . . . . . . .  CHECK 

. . . . . . . . . . . . . . . . . . . . . . . . . .  - A P U B L E E D ( C M 2 )  O F F  - APU BLEED valve closes, ENG BLEED valves open 

- APU (CM2) I F  NOT REQ . . . . . . . . . . . . . . . . . . . . . . .  O F F  

- ANTI ICE (CM2) I F  REQ . . . . . . . . . . . . . . . . . . . . . . .  .ON 

- GROUND SPOILERS (CM2).  . . . . . . . . . . . . . . . . . . .  .ARM 

- RUD TRIM (CM2) . . . . . . . . . . . . . .  
- IF RUD TRIM position indication is not at zero, 

. . . . . . . . . . . .  
press the RESET ph. 



. . . . . . . . . . . . . . . . . . . . . . . . . .  - PITCH TRIM (CM2) SET 
- Set to CG on pitch trim wheel 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  . FLAP lever (CM2) S E T  
- Set FLAPS for take-off 
- Check position on ECAM upper display 
- If taxiing in slush conditions, keep flaps retracted until reaching the holding 

point before take off. 

. . . . . . . . . . . . . . . . . . . . . . .  . AUTO BRAKE ( C M 2 ) .  .MAX 

. . . . . . . . . . . . . . . . . . . . .  . F L T  CONTROLS (CM2) .CHECK 

. . . . . . . . . . . . . . . . . . . . . .  . ECAM STATUS (CM2) CHECK 
- Check no status reminder on ECAM upper display 

- If status reminder displayed, press the STS pb. 

Note: Icing conditions may be expected when O A T  or TAT is below 
+S0C with visible moisture. 

m e  class I1 messape "FICTLa' is disvlaved o n  ECAM status 

Flight controls priority integrity check must be performed as follows: 

1. CAFT sidestick. . . . . . . . . . . . . . . . . . . . . . . .  FULL UP-RH-MAINTAIN 

2. FI0 sidestick. . . . . . . . . . . . . . . . . . . . . . . . . .  FULL DN-LH.MAINTAIN 
- Check on ECAM FICTL page surfaces at neutral. 

3. CAPT TAKE OVER PB . . . . . . . . . . . . . . . . . . . .  DEPRESS (about 5 sec) 
Check: - Aural "PRIORITY LEFT" message activated 

- F10 reda arrow light on 
- FICTL page shows surfaces full travel (up right) 

4. CAFT TAKE OVER PB . . . . . . . . . .  
Check flight control surfaces at neutral. 

5 .  Repeat check (3) and (4) above with FIOTAKE OVER pb. 



APPENDIX 8 

MX SPEEDtilth Slats or Flaps InoD 
11 31 FULL 

' SLATS/FLAPS position displayed on UPPER ECAM display. 

0}Af20 
v~mm-m"..,w-., 

Exampie Flaps locked between position 0 and 1 with slats at zero 
MAX SPEED ' 215 kt 
VBEF + 45 LOG OIST x 1.8 

ABN ind  EMER PROCEDURES 

FLIGHT CONTROLS 

3.0227 P 3 

REV 18 SEO 002 



Refer to fCOM 3 0 4  2 7  for ftoftf chara i ten~ l~~3  
With AP engaged A / C  is controlled b y  FMGC SAP model 

(PROT LOST) 
All protections except maneuver protections arz 105r. 

Dependno on me ladure. srstic siabiliv may be mrroduced 
- MAXSPEED . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  320KT 

(3201.77 if dual HYD SYS LO PRI 
Edted is limited to 320, 82 or 3 2 0 1  77 lor dual hyd failure due to loss 01 hmh weed 
protecrion 

. . . . . . . . . . . . .  - SPD BRK (if L o r  R eleu, fault) DO NOT USE 

STATUS 
MAX SPEED . . . . . . . . . . . . . . . .  320 KT 

(320/.77 if dual hyd sys lo Pr.1 
SPD BRK (if Lor  R elev. fault1 .. DO NOT 

USE --. 
ALTN LAW : PROT LOST 
APPR PROC : 

. . . . . . . . . . . . .  - FOR LDG USE FLAP 3 
. . . . . . . . . . . .  - GPWS LDG FLAP 3 ON 

. . . . . . . . . . .  - APPR SPD VREF + 10 
. . . . . . . . . . . . . . . . .  - LDG DIST X 1.15 

Â if no AP engaged : 
WHEN UG ON : DIRECT LAW 
At UG extension control revens lo dtrecr law In Prtch 
as wen as ," ,011 
Refer to OIRECT LAW croc 

Â if AP engaged : 
WHEN UG DN AND AP OFF : DIRECT 
LAW 
ff AP is disengaged 
- before 1.1 G extension, f k g ~  comrol aliennaw law $3 

active 
- after L I G  exTension, fkgM confro1 direct law ,s 

ac,tv* 
Refer to DIRECT LAW omc 



a~320 A0N aml EMER PROCEDURES 3.02.27 P 12 

~~mmwe~mvom-mmw., FLIGHT CONTROLS REV 18 SEQ 200 

I 

SmCe, 3" casa of 1 (Rj  e lev~to~fa~lure.  8hePach con~rol fhrough eIevator8s lo$c tn zbe 
E L K S .  it is performed by the Sâ‚¬ rn ansinate iaw 
'HasamThecsssdRe!svsJ~islostduesorheIailwsolB + Yhydarenas pitctt 
normal law remains acove in â‚¬L 

MAX SPEED . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  320 KT 
Speed is limned d m  10 loss of hmh speed protection 

- SPD BRK . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  DO NOT USE 

STATUS - - -  
MAX SPEED ................... 320 KT 

. . .  . . . . . . . . . .  - SPD BRK , DO NOT USE ATT LIMIT 
ALTN LAW : PROT LOST OVSPD LIMIT 

WHEN UG D N  : DIRECT LAW 
ALPHA LIMIT 
L IR) ELEV 

A: i/G exrension, conrrol revens to direct f a n  m paon as AP 1 + 2 
w 8s m roll Refer ra DIRECT LAW oroc 

1 CAT 1 ONLY 1 1 
- 

FJTJ SPLR FAULT 
LOSS 01 one 0 ,  more SPO,I~,S 

- SPD BRK (if SPLR 3 + 4 affected) . . . , , , . . .  DO NOT USE 
Oo nor use speed brakes it on@ surface 0' 2 is operative !o svottl cndes,rabfe pitch 
moment 
!I spoilers -s or 5 is sffeaed L4F 15 degraded 
N o  Ã SPLR 1 FAULT and heavy nhgnons are !et! use FLAPS 3 far Innding - 

STATUS 
0 if SPLR 3 + 4 affected INOP SYS 

. . . . . . . .  SPD BRK 
LDG DIST See GND SPLR FAULT below 



APPENDIX 9 

YELLOW +BLUE 

EMER ELEC CONFIG! DC BUS 1 + 2 1 55 

1.3 
DC ESS BUS/AC BUS 1 

Maintain VREF + 60 down to 300 ft, then reduce speed to reach 
VREF + 50 at runway threshold. 

** FLAPS > 3 and SLATS < 1 not allowed 

@A320 
P L ~ O ~ C A W - ~ . ~ ~ ~ - . A  

N s :  For mult,ple fahres, affecfmg landing distances ,+ LDG DIST 
increase coef is not given, multiply the coefs associated 10 the 
single failures. 

ABN ad EMER PROCEDURES 

MISCELLANEOUS 

3.02.80 P IS 

Slais 2 1 1 - 

REV 13 

10 

25" 

10 
5 

FLAPS s 3 . Slats < 1 

1 -Â£Slat s 3 
Slats > 3 

SEQ 001 

1.15 

135" 
1 15 

1 1 0  

- 
- 
- 
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