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The maximum reverse thrust application on engines 2, 3 and 4 caused the ground
loop that preceded the full stop and determined the accident.

b. Flight Engineer's (F/E) performance

Up to 34:37 the F/E actions were executed in accordance with B-747 AFM
recommended procedures.

At 34:25, he observed and immediately announced the number 1 reverser transit
failure.

At 34:33, eight seconds later he announced once more: "- Only the inners". Up to
that moment it was not clear to the F/E that engine number 1 had accelerated to forward
thrust.

At 34:37, number 2, 3 and 4 engines were reducing through 75% N1 (600°C EGT)
while number 1 engine was accelerating through 115% N1 (820°C EGT) with no reverse
deployment indication.

At 34:40, number 1 engine reached 118% N1 (883°C EGT) while the other engines
were reducing through 40% N1 (470°C EGT).

According to the AFM recommended procedures, the F/E should monitor with
undivided attention the engine N1 parameters during the selecting and full acceleration and
the EGT during the reduction of reverse thrust. (Important remarks — AF — AFM —63.63.01).

Beginning at 34:37, the engine parameters clearly indicated that number 1 engine
presented an abnormality in progress.

At 34:40, the N1, EGT and the "reverse deployed" warning light gave no doubt
about the abnormal conditions under which number 1 engine was operating.

On the CVR, at 34:43, the F/E announces: "- Put the reverses, inner reverses".

At that time engine 1 was at 118% N1 and 910°C EGT while engines 2, 3 and 4
were running at about 25% N1 and 470°C EGT.

These facts indicate poor monitoring over the engine parameters. From 33:34 on,
the F/E did not see or did not understand the abnormal operation of engine number 1 and
for that reason did not advise the captain to shut down the engine.

This fact contributed decisively to the accident, because the simple engine shut
down through the start lever would have permitted, immediately, the cancelling of 11.600
pounds of forward thrust and the recovery of directional control.

c. Flight crew performance under the Human Factors point of view

The flight crew reported for duty at Charles de Gaule Airport at 20:00 local time,
one hour and a half before take off.

Adding to the 11:05 hours flight, the flight crew had 12:35 duty hours, from
reporting to accident time.

The captain stated that he was educated, since the beginning of his career, not to
sleep during flights.
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On this particular flight he said that, except for some walks to the passenger cabin
on public relations, he stayed at his seat all the time, where he rested between tasks.

The environmental conditions on any aircraft's cabin are very stressful due to
factors such as vibration, noise, acceleration, pressurization, and low humidity that reaches
values near 20%.

The aircraft cabin altitude was at at least 5.000ft during most of the flight.

Staying at his seat, the captain performed a long vigil, where he did not get away
from the concerns and tasks inherent to his function. This situation had as an aggravating
circumstance the fact that 12 hours from the total duty time, were night hours, period in
which the human organism usually rests.

It is agreed among experis on this matter that westwards flights are more stressful
to the human body. This east-west flight crossed three time-zones.

The sleep deprivation, conditioned or not, causes a significant reduction in human
performance.

Several levels of fatigue are reached as this lack of sleep increases. The
responses to the stimulus are proportionally slower. In emergencies, where immediate
responses are required, the reactions and reflex actions tend to be compromised. This
response varies from one individual to another depending on health conditions, training,
motivation and age.

The reverse failure, on this accident, was aggravated by the same engine
accelerating to maximum forward thrust. The abnormalities appeared very fast, requiring
quick reactions from the pilot in order not to lose the aircraft control. While trying to maintain
directional control, the pilot lost control over the deceleration. The captain's actions were
not enough to avoid the aircraft damage.

On the other hand, the F/E did not monitor appropriately the engine instruments
and could not recognize, at least for ten seconds, the abnormal conditions of operation on
engine number 1.

The above described facts indicate that it is very likely that a compromise occurred
regarding the concentration, attention and reflexes from the captain and the F/E during the
abnormality.

There is no comment in the AFM regarding a reverse failure associated with an
uncontrolled engine forward acceleration, during the landing roll (after touchdown
deceleration phase).

The Manufacturer does not anticipate this specific kind of failure in the simulator
training.

Consequently, it is possible to observe that in spite of the previous comments, the
flight crew did not have the specific training for this kind of emergency.

3. Conclusions
a. Findings
« The crewmembers were experienced and qualified to conduct the flight.
» The crewmembers were properly licensed and held valid medical certificates.
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The aircraft had a valid Certificate of Airworthiness and its documentation was up
to date.

The periodical inspections had been performed and the aircraft had been
maintained in accordance with established procedures except for the support
bracket services and the use of the aluminum pulley, not in accordance
with the manufacturer's recommendations.

The pump ripple generated by the hydraulic pump from the CF6-50E engines
caused a considerable vibration on the support bracket region.

The vibration worked like a dynamic source to produce the cable oscillation and
the relative movement between cable and pulley.

The side brace inadequate service left the support bracket without the
necessary fixation allowing for an increase of relative movement between
cable and pulley.

The reduced contact area between cable and pulley allowed the wearing of the
components in the presence of abrasive agents.

The contact between the carbon-steel cable T1B-5 and the pulley produced an
abrasive agent that accelerated the wearing of the cable wires.

Without any fatigue or corrosion evidence, forty three wires broke due to the
fretting wear and the remaining six due to the reverse application overtension.

After touchdown the pilot moved the reverse thrust lever from the interlock
position to maximum reverse thrust prior to or very close to the interlock clearing.

The F/E saw and announced at once that the number one reverser had not
transited and that only the internal reversers should be used.

With the reverser stowed, the number one engine accelerated to maximum
forward thrust, while number 2, 3 and 4 engines accelerated to maximum reverse
thrust.

The pilot did not act on the brake pedals simultaneously to reversers

application.

In an attempt to regain control of the aircraft he cancelled all reversers,

acting on the ailerons and rudder.

The F/E did not inform the pilot about the abnormal operating condition of

engine number 1.

The asymmetric thrust, the high levels of power involved and the reduced

decelerating forces conducted the aircraft to the accident.

. Contributing Factors

(1) Human Factor

Physiological Aspect — The crewmembers physical conditions (fatigue) might
have contributed to their delay in perceiving the engine failure and to the
inadequate reactions during the emergency.
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(2) Material Factor

a) The hydraulic pump ripple of the CF6-50E engine caused considerable
vibration on the pulley support region, which worked as a dynamic source to
produce cable oscillation and relative movement between cable and pulley.

b) Pulley bracket design deficiency, possibly related to the reduced contact area
between cable and pulley, allowing for the wearing of these components in
the presence of abrasive agents, in association with the vibration on that area,
knowing that there is localized contact between both (at the same points) in a
almost permanent way (93% of the engine operating time in cruise range).

c) The tests performed by the Manufacturer confirmed the existing relative
movement between cable and pulley, even after the introduction of
modifications.

(3) Maintenance Deficiency

a) The use of an aluminum pulley, not authorized by the manufacturer as a
substitution to the recommended phenolic pulley, made possible the formation
of the abrasive agent (alumina).

b) The inadequate fixation of the pulley bracket due to the use, by the operator,
of a screw of insufficient length for an additional washer, left loose the support
side brace, allowing for the increase of the relative movement, already
existing at that region, between cable and pulley.

(4) Flight Manual Deficiency

a) The B-747 AFM instructions allow the pilot flying to apply reverse thrust
before knowing the effective transit of reversers.

b) The B-747 AFM has no instruction regarding a failure of reverser deployment
associated with an engine runaway forward thrust. The lack of instructions on
this specific kind of abnormality, contributed to the crew not noticing that the
failure had occurred.

(5) Training Requirement Deficiency

The lack of simulator training requirement for this type of emergency
contributed to the control loss.

(6) Crewmember Factor due to Operational Error

a) The captain did not observe the AFM instructions about the reverse levers
and manual brake use.

b) The F/E did not observe the AFM instructions about the correct engine
instrument monitoring during the reverse operation.
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4. Recommendations

a. The Manufacturer shall:

e Perform studies with the objective of adjusting the support bracket to the area in
discussion.

e Perform studies to provide the means to eliminate the relative movement between
the pulley groove and the cable (fretting wear) to avoid that localized contacts
produce wear in both parts in the presence of the abrasive agents.

e Introduce in the pilot training simulator program the specific emergency of reverse
failure associated with a full forward uncontrolled thrust during landing run.

e Reevaluate the AFM instructions regarding the reverse thrust application, adding
the recommendation that the pilot flying should observe the reverse transit
announcement, before applying thrust.

b. The Operator shall:

Observe that the use of component, parts and pieces not in accordance with the
aircraft specification should be proceeded by authorizations from the manufacturer.

In &3 | 04 |2006

ANTONIO CARL RADO RODRIGUES - Cel Av
Chief of CENIPA

| APPROVE THE RECOMMENDATIONS OF FLIGHT SAFETY

\ \
Ten Brig Ar— JUNITI SATO
Chief of EMAER
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