






































1.2

aircraft was at that time in a right hand turn but after observing further radar
returns he said that it was then going straight on a south-easterly heading. The
first officer's response to this transmission was: "RADAR VECTORS SLOWLY
BACK TO ONE FOUR THEN SIR PLEASE".

The controller then ordered a right turn onto a heading of 340°. This instruction
was correctly acknowledged by the first officer but the aircraft began a left hand
turn with an initial angle of bank between 30° and 40°. This turn continued onto a
heading of 360° when the first officer again asked "ARE WE GOING STRAIGHT AT
THE MOMENT SIR" to which the controller replied that the aircraft looked to be
going straight. Seconds later the first officer asked: "ANY REPORT OF THE TOPS
SIR". This was the last recorded transmission from the aircraft, although at 1652
hrs a brief carrier wave signal was recorded but it was obliterated by the
controller's request to another departing aircraft to see if its pilot could help with
information on the cloud tops.

At this point, the aircraft had reached an altitude of 3,600 feet, having maintained
a fairly constant rate of climb and airspeed. The ATC clearance to 3000 feet had
not been amended. After the controller had confirmed that the aircraft appeared to
be on a steady northerly heading, the aircraft immediately resumed its turn to the
left and began to descend. The angle of bank increased to about 45° while the
altitude reduced to 2,900 feet in about 25 seconds. As the aircraft passed a
heading of 230° it ceased to appear on the secondary radar. There were four
further primary radar returns before the aircraft finally disappeared from radar.
The aircraft's track and height plot, together with ATC instructions, is shown by
diagram in Appendix A.

There had been a recent thunderstorm in the area and it was raining intermittently
with a cloud base of about 400 feet and a visibility of about 1,100 metres.
Residents in the vicinity of the accident site reported dark and stormy conditions.
Several witnesses described the engine noise as pulsating or surging and then
fading just prior to impact. Other witnesses saw a fireball descending rapidly out
of the low cloud base and one witness saw the aircraft in flames before it stuck
the ground. All of the occupants died at impact. From subsequent examination it
was apparent that, at a late stage in the descent, the aircraft had broken up, losing
a large part of the right wing outboard of the engine, and the right horizontal
stabiliser. There was some disruption of the fuselage before it struck the ground.

Injuries to persons

Injuries Crew Passengers Others
Fatal 3 9 -
Serious - - -
Minor/None - -

































1.6.11

1.7

1.7.1

Pictorial Navigation Indicators (PNIs)

The aircraft is equipped with two KCS-55A gyromagnetic compass systems.
Each system consists of a directional gyro, a magnetic flux detector, slaving and
compensatory units and, as the cockpit display, a KI-525A PNI. The two
systems are designed to operate independently, the commander's being powered
by the 28V DC Emergency bus bar, and the first officer's by the 28V DC main
bus bar.

The function and display of the KI-525A PNI combines radio navigation
information with compass heading information. Separate failure warning flags
indicate radio navigation system failure and compass failure.

Meteorological information
General situation

An aftercast by the Meteorological Office at Bracknell reported that, at 1700 hrs,
a thundery trough was moving steadily northwards across the Leeds Bradford
area at 12 to 15 kts. The visibility was generally 1,500 metres in rain and the
cloud was scattered at 1,000 feet with a broken base at 2,500 feet and embedded
cumulonimbus with tops at 29,000 feet. The weather was described as moderate
thunderstorms with rain.

The meteorological observation taken at Leeds Bradford airport at 1659 hrs (eight
minutes after the accident) recorded a surface wind of 120°/04 kts, a visibility of
1,200 metres, an RVR of 1,100 metres on Runway 04, scattered cloud at
400 feet, a further layer of scattered cloud at 900 feet and broken cumulonimbus
at 2,000‘feet. The weather was described as thunderstorms and rain.

The Meteorological Office rainfall radar indicated that, at 1645 hrs, the area to the
north-east of Leeds Bradford airport was experiencing rainfall at a rate of between
one and four millimetres per hour. Four millimetres per hour equates to moderate
rain in meteorological terms.

At the time and site of the accident the visibility was estimated from the aftercast
as 1,200 metres in light rain with an overcast sky. It was calculated from the
airport observation that the cloud base over the accident site was about 500 feet.
Witness observations indicated that there had been a thunderstorm in the area but
that it had cleared just prior to the accident. They also reported that conditions in
the accident area were 'very black' due to the thundery conditions.

135
























1.12.5

1.13

demolishing the compass cards and indicators, but the bulk of the instrument
mechanisms had been retained within the instrument cases. In each instrument,
despite the impact damage, the mechanism from the slave Control Transformers
(CT) was still intact. Thus, by comparison with a serviceable unit it was possible
to 'read’ the position of these transformers as a position of the compass card at
impact. The readings were 356° and 004°, close to the heading of the fuselage at
actual impact with the ground.

As well as being powered separately, the aircraft's two gyromagnetic compass
systems had separate directional gyros and magnetic flux detectors. The
probability that, with rapid changes of the fuselage heading, both systems could
agree so closely with each other and with the fuselage heading is unlikely to have
been random and this is positive evidence that, at impact, the commander's PNI
was still correctly powered by the 28V DC Emergency bus bar and the first
officer's by the 28V DC main bus bar.

Engines

Both engines had severe impact damage including the separation of the reduction
gearbox forward housing and accessory gearbox and, for the right engine,
separation of the power section and gas generator case. Strong circumferential
rubbing and machining were displayed by the centrifugal impellers and shrouds,
the compressor turbine disks and interstage baffles due to axial contact under
impact loads and external case distortion. The compressor blades and shrouds,
the compressor turbine blades and shroud, the compressor turbine blades and
power turbine housings, and the power turbine blades and shroud displayed
strong circumferential rubbing, deformation, and fracturing of the rotating
components due to radial contact under impact loads and external case distortion.

There were no indications of any pre-impact anomalies or operational malfunction
in any of the engine components examined, to the extent possible regarding
impact damage. Both engines had rotational signatures of the engine internal
components which were characteristic of the engines developing a level of power
at impact which approximated to a middle power range. There were no
indications of any anomalies or distress to any of the engine components that
would have precluded normal operation prior to impact.

Medical and pathological information
All the occupants died as the aircraft broke up and struck the ground.

Both pilots were medically fit and properly rested prior to the flight. No pre-
existing conditions that could have caused or contributed to the accident were
discovered during post mortem examinations.
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1.18.2.1

1.18.2.2

A further feature of the statistics was the presence of a significant early removal
pattern in which 25% of the artificial horizons had been changed within 40 hours
of being fitted. However, at the time of the accident the horizons fitted to
G-OEAA had been installed for 393 hours (the commander's) and 483 hours (the
first officer's). At that point the statistics indicate that their average remaining
time to unscheduled removal would have been 225 and 188 hours respectively.

Statistical analysis was necessarily confined to UK based EMB-110 installations.
Information was sought from the UK repair organisations and some other
operators to compare the service history of AIM 500 series artificial horizons
installed in other aircraft types. This was inconclusive and, in the absence of
detailed records from numerous and varied aircraft operators, no meaningful
comparison could be made. Furthermore, installations in other aircraft included
features such as different anti-vibration mountings which altered the operating
environment of the instruments.

Certification Requirements

The BCAR Section under which the aircraft was certificated did not stipulate the
reliability requirements that the artificial horizon should meet in order to ensure
that the occurrence of a double failure was a statistically remote event.

Environmental Considerations

Consideration was given to the possibility that environmental factors, peculiar to
the EMB-110, had been responsible for the reduced MTBUR experienced in the
UK. A vibration survey of the instrument panel adjacent to both instruments was
carried out on an aircraft which was about to undergo propeller balancing due to
excess vibration. Vibration transducers were mounted close to the instruments
and monitored panel vibration in three axes (fore and aft, vertical and horizontal).
This was done for three phases of flight (take-off roll; climb out and top of
climb). The results obtained showed that, whilst the background vibration level
was low, some frequency spikes associated with the propeller rpm and its
harmonics were present. The maximum value achieved by these peaks was 0.25g
at 18 Hz in the fore and aft direction. This was well below the design limit
defined in the Federal Aviation Administration (FAA) Technical Standard Order
C4 ¢ which requires 1.5g in the range 5 to 50 Hz, and 5.0g in the range 50 to
500 Hz.

A similar test was carried out by the aircraft manufacturer on 20 September 1995
on EMB-110 serial No 110-498, using a ground run test, which they considered
the most critical condition of vibration on the panel. Two vibration
accelerometers were installed on the front instrument panel: one at the centre, and
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2.2.1

WITH THE ARTIFICIAL HORIZON(S) SIR.....". Detailed analysis of the ATC tape
recording by frequency inspection could not determine this.

In the absence of CVR information it cannot be known for certain which pilot was
the handling pilot throughout the short flight. Strong evidence is provided by the
fact that the first officer continued to operate the RT throughout the flight and,
since the OM allocates this task to the non handling pilot, the commander was
most likely the handling pilot. Furthermore, the commander retained the ultimate
responsibility for control of the aircraft irrespective of which pilot was actually
handling the controls. Based on this deduction that the commander was the
handling pilot, the left turns were the result either of inadequate attitude reference
being available to the commander or his inability to retain attitude control solely
by use of the remaining flight instruments, which were serviceable.

Analysis of which artificial horizon had failed

The first officer's report to ATC of a 'problem with the artificial horizon(s)'
shows that the crew had either diagnosed an artificial horizon malfunction and
could not decide which one was faulty, or they realised that both artificial
horizons could not be relied upon. With only two horizons fitted, the immediate
problem facing the crew was to decide which one was presenting erroneous
information. Until this question had been resolved, information from both
horizons had to be regarded as suspect. A standby artificial horizon was not
fitted, since airworthiness requirements did not specify it, and, in its absence, the
crew needed to resolve this conundrum by a systematic analysis of all the flight
instrument indications.

By initially placing one artificial horizon 'wings level' and observing the
behaviour of other flight instruments the handling pilot could see if the aircraft
was in level flight. If it could be established that it was not, then control would
be handed to the non handling pilot whose artificial horizon should have been set
‘wings level' to see if that instrument was indicating correctly. In the prevailing
turbulent conditions this would have been a demanding procedure, and any crew
faced with this dilemma would have needed all their available skills as well as
close co-operation between the pilots.

It is most unlikely that the commander attempted to fly by reference to the first
officer's artificial horizon (assuming it to be serviceable) by looking to his right
across the flight deck, since to have handed control to the first officer would have
been the more sensible option. The first officer's two queries to ATC as to
whether the aircraft was going straight might have been part of this analytical
process, but other explanations are given in paragraph 2.3 below. The
controller's assessment of the aircraft's track was based on his observation of two
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29.2

In order to address the low MTBUR and early failure characteristics of EMB-110
artificial horizons demonstrated by the statistics the CAA should:

1. Require the Design Authority to define an overhaul standard applicable
to the artificial horizons. This standard should include the satisfaction
of relevant Service Bulletins and should be incorporated in the artificial
horizons' technical manuals.

2. Initiate a campaign to return the artificial horizons in the UK EMB-110
fleet to an acceptable technical standard by overhaul in a Design
Authority approved facility. This should be carried out as soon as
possible.

3.  Specify, for UK registered EMB-110 aircraft, a periodic overhaul at a
suitable frequency in order to maintain the standard aimed at by the
previous two recommendations.

4. Require the Design Authority to define suitable packaging, handling,
and storage requirements to ensure the off aircraft integrity of their
artificial horizons.

[Recommendation 95-34 made 19 October 1995]

The improvements listed in the above recommendation should raise the MTBUR
of the artificial horizons in the UK fleet to those levels achieved by foreign
operators. Since the accident, the CAA have issued Emergency Airworthiness
Directive 002-11-95 mandating the manufacturer's overhaul and maintenance
instructions.

Standby artificial horizon

Both artificial horizons nominally receive power from a different power supply
but it originates from a single DC busbar. The loss of both artificial horizons can
therefore be caused by either the unserviceability of both horizons, or by a total
DC power failure. Although the EMB-110 was not originally certificated in the
UK to the JAR requirement that catastrophic events should occur at a rate less that
one in 109 hours requirement, such levels of reliability are clearly desirable and
can be achieved by the use of triple redundancy. Such a system could also
overcome the dependency of the present artificial horizons on a single DC busbar,
and provide a comparator system in the event of a single artificial horizon failure.

Following an accident to a Partenavia P68B aircraft being operated by a single
pilot using a single artificial horizon which failed (see paragraph 1.18.6.3), the
AAIB recommended that, in the circumstances of the accident, an independently
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1648:40

1648:50

1649:00

ER KNIGHTWAY ER EIGHT ONE SIX WE'VE GOT A PROBLEM WITH THE
ARTIFICIAL HORIZON SIR AND WED LIKE TO (*) COME BACK

ROGER TURN LEFT RADAR HEADING THREE SIX ZERO

LEFT RADAR HEADING THREE SIX ZERO KNIGHTWAY EIGHT
ONE SIX

KNIGHTWAY EIGHT ONE SIX (*) STOP CLIMB AT ALTITUDE THREE
THOUSAND FEET QN H ONE ZERO ZERO TWO

STOP CLIMB AT THREE THOUSAND Q N H ONE ZERO ZERO TWO
KNIGHTWAY EIGHT SIX

(*) EIGHT ONE SIX CONTACT APPROACH ONE TWO THREE
DECIMAL SEVEN FIVE

TO APPROACH ONE TWO THREE SEVEN FIVE KNIGHTWAY
EIGHT ONE SIX

Approach Control 123.750 Mhz

1649:50

1650:00

1650:10

1650:30

1650:40

KNIGHTWAY EIGHT ONE SIX LEEDS DO YOU READ
EIGHT (*) ONE SIX GO AHEAD

KNIGHTWAY EIGHT ONE SIX SIR | DON'T WANT TO ADD TO
YOUR WORK LOAD BUT IF YOU JUST ER SQUAWK ZERO
FOUR TWO THREE PLEASE WHEN YOUVE GOT A MOMENT

ZERO FOUR TWO (*) THREE EIGHT ONE SIX

I SEE YOU CARRYING OUT AN ORBIT ER JUST TELL ME WHAT |
CAN DO TOHELP

ARE WE GOING STRAIGHT AT THE MOMENT SIR

YOURE IN A RIGHTHAND TURN AT THE MOMENT ER LET ME
JUST SEE (*) ER JUST WAIT FOR ANOTHER SWEEP YES YOU'RE
GOING STRAIGHT AT THE MOMENT AND YOU'RE HEADING
SOUTHEAST

ER RADAR RADAR VECTORS SLOWLY BACK TO ONE FOUR THEN
SIR (*) PLEASE

RADAR BACK TO ONE FOUR OKAY THEN TURN RIGHT HEADING
THREE FOUR ZERO

RIGHT THREE FOUR ZERO KNIGHTWAY EIGHT ONE SIX
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