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SERIOUS INCIDENT

Aircraft Type and Registration:  BAE ATP, G-BTPF

No & Type of Engines:  2 Pratt & Whitney Canada PW126 turboprop 
engines

Year of Manufacture:  1989 (Serial no: 2013) 

Date & Time (UTC):  7 October 2014 at 2035 hrs

Location:  Outbound from Bournemouth Airport, Dorset

Type of Flight:  Commercial Air Transport (Cargo) 

Persons on Board: Crew - 2 Passengers - None

Injuries: Crew - None Passengers - N/A

Nature of Damage:  None

Commander’s Licence:  Airline Transport Pilot’s Licence

Commander’s Age:  31 years

Commander’s Flying Experience:  2,570 hours (of which 325 were on type)
 Last 90 days - 43 hours
 Last 28 days - 16 hours

Information Source:  Crew reports and AAIB enquiries

Synopsis

Shortly after levelling off at FL70, the commander, who was flying the aircraft manually, 
reported two occurrences of an uncommanded input into the aileron controls that caused 
the aircraft to roll first to the left and then to the right.  During the subsequent descent and 
return to Bournemouth the fluorescent flood lights in the cockpit were seen to flicker.  After 
the aircraft was parked on the stand, the lower hatch was opened and smoke was seen 
to come from the bay.  An investigation carried out by the operator and tests on a number 
of components did not identify any faults that would have caused any of these reported 
symptoms.

Introduction

This serious incident occurred on 7 October 2014 but the AAIB was not informed until 
15 October 2014 after components from a number of systems had been replaced and the 
aircraft had flown without incident for approximately 12 flight hours. 

History of the flight

The serious incident occurred during the second sector of a three-sector night when the 
empty aircraft was being positioned from Bournemouth Airport to London Stansted Airport.  
Throughout the flight, the aircraft was flown manually by the commander from the left seat.  
The commander reported that they departed from Runway 26 and climbed to 4,000 ft.  After 
contacting Solent Radar they were instructed to climb to FL70.  Approximately one minute 
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later, when flying level at FL70 and at an IAS of 200 kt, the commander reported that the 
control wheel turned violently to the left with enough force to pull it out of his hands.  He 
arrested the resulting roll using opposite rudder and what he described as an unusually 
large amount of force on the control wheel, which he estimated to be between 40 and 45 lb.  
The aircraft began to roll level when the control wheel was displaced 45º to the right. The 
commander then experienced a ‘notchy’ feeling through the control wheel and, for a period 
of three to four seconds, the ailerons were unresponsive when the control wheel was moved 
15º either side of the centre position.  Full control was regained after three to four seconds.  
After a further 30 seconds the control wheel was again pulled out of the commander’s 
hands, only this time the aircraft rolled to the right.  Once again the roll was arrested with 
the application of opposite rudder and a force of 40 to 45 lb applied to the control wheel.  At 
no time did any warning captions illuminate on the Central Warning Panel (CWP).

The commander made the decision to return to Bournemouth Airport and instructed the 
co‑pilot to make a MAYDAY call and set the transponder to 7700. The co‑pilot informed 
Solent Radar of the control problems and requested an immediate return to Bournemouth 
using gentle and wide turns during the vectoring to avoid having to use excessive rates of 
roll.  He also asked for the aircraft to be met by the emergency services.  

The aircraft was vectored to a point 16 nm on long finals for a landing on Runway 26 
at Bournemouth Airport.  As none of the warning lights on the CWP had illuminated, the 
commander decided to undertake a low‑speed handling check during which he gradually 
used the flaps as the aircraft slowed down.  As the handling characteristics were normal, the 
commander continued with the approach and the aircraft made a normal landing with Flap 20 
set. While there were no further control problems, the crew noticed that the fluorescent flood 
lighting in the roof of the flight deck flickered during the approach.

Approximately 10 minutes after the engines were shut down, the crew reported that the 
flight deck looked ‘smoky / hazy’ and there was a strong acrid smell of electrical burning.  
A ground engineer who entered the flight deck at this time reported that he had just heard 
a ‘bang’ from the area of the forward lower fuselage.  Acrid white smoke vented from the 
(No 1) forward lower belly hatch when it was opened.

The crew reported that during the event there was no loss in altitude and in their opinion 
the bank angle never exceeded 10º.  They also stated that the flight conditions were not 
conducive to icing, there was no turbulence, nor was there any other traffic in the vicinity.  
Throughout the flight, sys 1 had been selected on the autopilot flight controller but no autopilot 
modes had been engaged and the aircraft had been flown manually. 

Meteorological information

At the time of the event, the crew reported that the surface wind was from 150º at 2 kt, the 
visibility was greater than 10 km, there were few clouds at 3,900 ft, the surface temperature 
was 7ºC and the temperature at FL70 was 5ºC.
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System description

Primary flying controls

The primary flying controls are operated directly from the control column through a system 
of cables, rods and levers.  Within the aileron system the control wheels (yokes) mounted 
on the control columns are connected to each other by chains and sprockets to cable 
pulleys.  The pulleys in turn are connected by a continuous cable loop to quadrants under 
the left side of the flight deck floor.  From there the cables are routed down the left side of 
the fuselage to a tension regulator/quadrant assembly and then out to each aileron.

A synchro transmitter is mounted adjacent to each aileron.  The right synchro provides a 
signal corresponding to the position of the right aileron to the Secondary Control System 
(SCS) and the Flight Data Recorder (FDR), whereas the left synchro only provides a signal 
corresponding to the position of the left aileron to the FDR.  A trim tab mounted on the right 
aileron is manually operated by the pilot by the movement of a trim wheel.  Movement of the 
control wheel by 45º causes the aileron to move by 10º.

The left control wheel is connected directly to its drive shaft and sprocket.  The right 
control wheel comprises an automatic Aileron Control Disconnect Mechanism (ACDM), 
drive shaft and sprocket.  The ACDM consists of a spring housing, C spring and a synchro 
position transmitter.  By applying sufficient force, it is possible for the right control wheel 
to rotate about its drive shaft, against the C spring, and move independently of the left 
control wheel.  

In the event of a restriction in the aileron primary controls, partial control can be retained 
by operation of the aileron disconnect unit which isolates the left and right side of the 
aileron controls.  The release unit is manually activated by the pilot pulling the aileron 
disconnect handle located on the centre console.  This operates an electrical switch that 
energises the solenoid in the aileron release unit; the system cannot be reset in the air.  
Operation of the aileron disconnect handle also energises the synchro in the right control 
wheel and movement of the control wheel against the C spring sends continuous signals 
corresponding to the control wheel angle to the SCS. A force of 1.5 lb per degree of 
aileron movement is required to operate the aileron and movement of the control wheel is 
limited to 30lbf, which equates to 20º of aileron movement.  When operating in this mode, 
the position of the control wheel is not an indication of the displacement of the aileron.

Autopilot

Automatic flight control is provided by two independent autopilots, flight directors and the 
SCS.  Each system incorporates a computer / amplifier, which provides the necessary 
outputs for the autopilot, flight director and SCS.  A flight controller, common to both systems, 
is located in the cockpit and provides control of the autopilot functions and selection of 
system No 1 or No 2.  Only one autopilot can be engaged at any time.

A primary servo-motor fitted in each of the elevator, aileron and rudder controls converts the 
outputs from the computer / amplifier into control surface movements.  Each servo-motor 
has a common gearbox driven by two independent motors.  An electro-magnetic clutch fitted 
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to each servo-motor is energised when the autopilot is engaged.  The electro-magnetic 
clutch in the aileron control system can be overridden when the force through the control 
system exceeds the maximum torque of 47 lb ft. 

Aileron Standby Control System (SCS)

The SCS operates independently of the autopilot and constantly monitors the position of the 
flying controls, comparing inputs from the control surfaces against inputs from the cockpit 
flight controls.

Within the aileron control circuits, the SCS compares the position of the right aileron 
obtained from a synchro transmitter, against the force synchro transmitter in the right 
control wheel.  If an error is detected by the SCS, then the servo-motor is driven until the 
error is nulled.

The control circuits for the aileron SCS are contained in the autopilot computer but, they 
remain separate from the autopilot components and power supplies.  The SCS is armed as 
soon as DC electrical power is provided to the autopilot circuits.  Should the SCS operate, 
then the scs engaged legend in the flight compartment roof panel and the cWP amber 
standby controls warning lamp, flashing amber ‘attention getters’ illuminate and the warning 
horn will operate.

Electrical power supply

The aircraft electrical distribution system is broadly split into two parallel systems, identified 
as No 1 and No 2.  Each system is supplied by an engine driven 200/115V, 3-phase, 
variable frequency generator.  The electrical power for SCS 1 and SCS 2 is supplied from 
the No 1 26V AC Busbar and the cockpit fluorescent floodlighting is supplied from the No 1 
200/115 AC 3 phase busbar.  A block diagram showing the electrical power supply to the 
SCS from the No1 electrical distribution system is at Figure 1.

The No 1 Transformer Rectifier Unit (TRU) and the No 2 static inverter are mounted next to 
each other in the forward lower belly hatch (No 1).

Maintenance history

The operator reported that G-BTPF had no history of control problems and the only 
recent significant event was the report of several possible lightning strikes that occurred 
two sectors prior to the incident flight, when the aircraft was on approach to Bournemouth 
Airport.  The aircraft was inspected in accordance with the Aircraft Maintenance Manual 
(AMM) Chapter 04-50-37 and no faults or damage were detected.
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Recorded information

Due to the delay in reporting the incident to the AAIB, the CVR recording had been overwritten 
and was therefore unavailable.  The FDR recorded over 26 hours of operation, including the 
incident flight.

The FDR recorded 30 parameters but this did not include autopilot operation, position of the 
control column, control wheel and rudder pedals and status of the electrical system.  These 
parameters were not required to be recorded.  It was therefore not possible to confirm the 
reported rapid uncommanded control wheel input and any analysis had to consider the 
once-per-second rate at which control surface positions were recorded.  The limitation of 
this sampling rate results in rapid control surface deflections not being recorded.

The data recorded the aircraft levelling off at FL70 just over four minutes after takeoff.  
Twenty four seconds later, the aircraft rolled left to -4° and there followed a number fluctuations 
in the recorded aileron position and roll attitude (Figure 2).  The aircraft altitude increased 

No 1 Frequency Wild Generator Busbar

No 1 Inverter Busbar

No 1 TRU

No 1 Static Inverter

No 1 28V DC Busbar

No 2 SCS

No 1 115/26V AC Transformer

No 1 26V AC Busbar

No 1 200/115 AC  3-Phase Busbar Cockpit �uorescent
�ood lighting

No 1 28V DC Essential Busbar

No 1 SCS

200/115V  3-Phase Variable Frequency Generator

Autopilot controller
edge lighting

Figure 1
Power supply to the SCS
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by approximately 80 ft after which a number of fluctuations in the normal acceleration were 
observed1.  When comparing these acceleration fluctuations with the pitch and roll attitudes, 
it was considered unlikely that they were caused by the control surface deflections and 
more likely to be a period of turbulence.

The maximum aileron deflection throughout this period was 3.8° (maximum travel is ± 15°) 
and the maximum roll attitude 5.4° to the left.

Figure 2
G-BTPF FDR parameters

Footnote
1 The recorded normal acceleration has a drift offset of +0.1g.
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Manufacturer’s assessment of FDR data

The aircraft manufacturer was requested to comment on the FDR data.  They concluded 
that there was a good correlation between both the aileron deflection and resulting roll 
attitude, and between the magnitude of the aileron deflection and the resulting roll rates.

FDR serviceability

Review of the entire 26 hours of FDR recording revealed periods of invalid data.  After 
download at the AAIB, the FDR2 was returned to the operator who sent it to an avionics test 
facility for re-certification, prior to its re-installation on aircraft.

Testing revealed that the recorder’s magnetic tape was badly worn and required replacement.  
In addition, it was noted that a number of the circuit boards had sustained damage from 
‘liquid ingress’ and the recorder required repair prior to release to service.

In addition to the FDR, a Quick Access Recorder (QAR) was fitted to the aircraft for the 
purposes of Flight Data Monitoring (FDM).  Data recorded by the QAR was sourced from the 
FDR and comparing the two data sources for the incident flight revealed no differences.  As 
a result, it was considered that the incident flight data was unaffected by the recorder faults.

The operator’s Maintenance Planning Document (MPD) requires that the FDR data 
is checked by performing an annual download.  This recorder was last downloaded in 
August 2013 and the readout report confirmed no serviceability issues.  The degradation in 
the recording quality was considered to have occurred since August 2013.

This event highlights the limitations of using magnetic tape as a recording medium in flight 
recorders.  In May 2014, the EASA published Opinion 01/2014 entitled ‘Amendment of 
requirements for flight recorders and underwater locating devices’.  This document was 
issued to address a number of items including safety issues relating to the reliability of 
flight recorders.  This included the reliability issues experienced with what EASA classified 
as ‘obsolete’ recording technologies such as magnetic tape, magnetic wire and frequency 
modulation.  The issues experienced with these recorder types were proposed to be 
addressed by:

‘mandating that obsolete recording technologies are not used anymore on 
aircraft operated for commercial air transport after 1 January 2019’

This Opinion is still under consideration by the European Commission.

Radar data

Recorded radar data was provided by NATS which showed that there were no other large 
aircraft in close proximity to G-BTPF.  Therefore, it is unlikely that wake vortex had any 
effect on this incident.

Footnote
2 Plessey PV1584 recorder Part Number 650/1/14040/016, Serial Number 10012.



10©  Crown copyright 2015

 AAIB Bulletin: 5/2015 G-BTPF EW/C2014/10/01

Engineering actions following the incident flight 

Following the incident flight, the operator conducted a thorough examination of the control 
system and did not identify any faults or evidence of their having been a control restriction.  
The aileron disconnect release unit had not operated, the cable tension unit was serviceable 
and the cables were assessed as being of the correct tension.

A thorough examination was carried out in Zone 130, where the loud bang was believed 
to have come from and where the smoke was discovered at the end of the flight.  The 
engineers could not identify the source of the smoke, nor could they identify any damage to 
circuit breakers, relays and wiring in this area.  As a precaution, the No 1 TRU and the No 2 
Inverter, which are both located in this area, were replaced. 

Tests of the autopilot and the SCS was carried out in accordance with the AMM and the 
systems were assessed as serviceable.  These tests included the operation of the autopilot, 
the autopilot disconnect, the aileron servomotor and the servomotor clutch.  A rigging check 
was also carried out on both aileron synchro transmitters and they were found to be within 
limits.  As a precaution the autopilot flight controller and both computer / amplifiers were 
replaced and the aircraft was released for further flight. 

Examination during scheduled maintenance checks

The aircraft entered scheduled maintenance 20 flight hours and 27 cycles after the incident 
flight.   With the aircraft in a stripped condition, a further examination of the control system 
and autoflight system was carried out.

There was no visual evidence of damage to any of the cables or pulleys, nor any evidence 
that a control restriction had occurred.  The aileron release unit and the cable tension 
regulator were examined in accordance with the AMM and found to be serviceable.   The 
fuselage cable tension was checked and the reading of 6.1 on the tension regulator was 
found to be lower than the target reading of 7.3 obtained from the cable tension graph in 
the AMM.  The tension of the wing cable circuits were also checked and found to be slightly 
outside the target tension of 88 lbs.  The actual cable tensions were established as: 

Left wing Right wing

Up 80 lbs 96 lbs

Down 88 lbs 92 lbs

The aileron position synchros were visually examined and one wire, labelled UB39, on 
the left aileron synchro was found to be chafed down to the bare metal, Figure 3.  This 
wire provides one of the three secondary outputs from the synchro.  The terminals on the 
contacts on both synchros were found to be corroded.  
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Figure 3
Chafed wire on left aileron position servo

The values from each aileron synchro transmitter received by the Data Acquisition Recorder 
(DAR) were read using the FDR test set and compared against the expected values recorded 
in the AMM. The position of the aileron was established using a clinometer.  The output from 
both synchro transmitters were found to be outside of the limits specified in the AMM and 
therefore both items were replaced. The readings were as follows:

Test Set Indication (± 10)
Left aileron Right aileron

Aileron position AMM DAR AMM DAR
15º up 22 20 542 537
5º up 51 48 571 566
Neutral 65 64 585 583
5º down 79 81 599 603
15º down 108 126 628 654

Further inspections and tests could not identify the source of the smoke or the reason for 
the reported uncommanded control input.  As a precaution the No 1 inverter, both aileron 
synchro transmitters and the aileron release unit were replaced and the aircraft was released 
for flight.
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Component testing

The following components were sent to an approved overhaul facility for an internal visual 
examination and functional check to be carried out.

No 1 Static Inverter (s/n D450)
No 2 Static Inverter (s/n C413)
No 1 TRU (s/n 008)
Autopilot controller (s/n 211)
Autopilot computer amplifier (s/n 140)
Autopilot computer amplifier (s/n 154)
Servo actuator3 (s/n 208)

Visual examination of all the components showed no evidence of heat or smoke damage. 
With the exception of the autopilot controller (s/n 211), all the components passed the 
functional tests.  The autopilot controller failed the power consumption functional test 
because the lamps in the edge lighting were open circuit.  The lamps were replaced and the 
controller passed the test. 

AAIB comment

The limited parameters recorded by the FDR and the absence of a CVR recording of the 
incident flight meant there was limited performance analysis that could be undertaken on 
the reported event.  The FDR recording showed that shortly after levelling at FL70 there 
were fluctuations in the aircraft roll attitude and aileron position.  However, the control wheel 
position was not recorded and the 1 Hz sampling rate of the aileron position may not have 
been sufficiently high to capture the uncommanded input reported by the pilot.

The crew reported that there was no turbulence, or preceding traffic that might have caused 
wake vortices.  However, fluctuations of the normal acceleration recorded on the FDR were 
consistence with the aircraft experiencing a period of turbulence.

Throughout the event the aircraft was flown manually by the commander using the left 
control wheel so the ACDM in the right control wheel would not have been activated.   
Moreover, the aileron disconnect unit had not operated and the cable tension regulator 
was assessed as being serviceable by the operator.  While the aileron cable tensions were 
slightly outside the target set in the AMM, they were not considered to have been causal 
to this incident.  

The autopilot was selected to sys 1, but no flight modes had been engaged.  For the SCS to 
operate, the ACDM would need to be energised by operation of the aileron disconnect unit, 
with the pilot applying a force on the right control wheel sufficient to overcome the resistance 
of the C spring.  Once activated, the scs engaged legend in the flight compartment roof panel, 
the CWP amber standby controls warning lamp and the flashing amber ‘attention getters’ 
would illuminate and the warning horn would have operated.  However, the aircraft was not 
Footnote
3 The servo actuator is part of the aileron disconnect system.
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flown from the right control wheel and the crew reported that there were no warnings or alerts 
during the incident.  For the SCS system to have driven the controls without initiating any 
warnings in the cockpit there would need to have been failures of a number of components. 

It was also not possible to establish if the reports of the flickering fluorescent flood lights 
on the flight deck during the descent and the uncommanded flying control input were 
independent faults.  While the power supply for the lights and the SCS are taken from the 
No 1 200/115V AC 3-phase Busbar, there were no other reports of any system using this 
power supply having been affected.  The operator was also unable to identify the source of 
the smoke and acrid smell.

The components in the autoflight system active during the flight, including the power supplies, 
were visually examined and tested at an overhaul facility.  Apart from the failure of some of 
the edge lightning in the autopilot controller, which was not considered to be unusual, there 
was no visual evidence of any of the electrical components having been damaged by heat, 
or having generated smoke.  The functional tests were all assessed as satisfactory.

The chafed wire and corroded contacts found on the left aileron position synchro transmitter 
would not have affected the SCS as it only provides position information of the left aileron 
to the FDR.

In summary, the investigation undertaken by the operator, and the tests by the equipment 
overhaul agencies, could identify no mechanical or electrical fault that could have caused 
the reported uncommanded input or the smoke seen to emanate from the forward hatch.   
The aircraft has since flown without a reoccurrence of either fault.


