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COSRIGEMDUM

Page 3
The second footnote, marked ** should be amended by adding
the following sentence:-

When tested the No, 2 engine amber EGT light illuminated
at 961°C.

Page 37
The two sentences at lines 7 to 12 should be amended as follows :During the take-off roll the No. 2 engine EGT caution light would
probably have illuminated at around 80 knots as the EGT climbed
through the red band zone on the gauge; (945°C - 960°C). The crew
would have expected the light to illuminate at 945°C in accordance
with the flight manual, and would not at that stage be unduly
concerned since the flight manual states that operation in the red
band zone will not normally require crew action.

Accident Investigation Division
Aircraft Accident Report No. 1/87

Operator

: Lufthansa German Airlines

Aircraft Type

:

Boeing 747

Model

:

230F

Nationality

:

Federal Republic of Germany

Registration

: D-ABYU

Place of Accident

Date and Time

:

Hong Kong International Airport
Latitude

:

22°19 r 07 lf N

Longitude

:

114 0 12 f OO M E

: 18 October 1983, at 1307 hours

All times in this report are UCT
(Hong Kong Standard Time is 8 hours ahead of UCT)

SYNOPSIS
The accident was notified to the Accident Investigation Division
of the Hong Kong Civil Aviation Department by the air traffic services
supervisor shortly after it occurred and an investigation was commenced
immediately. The Accident Investigation Branch of the UK Department of
Transport, (AIB), provided operations and engineering advisers to assist in
the investigation, and Accredited Representatives were nominated by the
State of Registry and the State of Manufacture.
During a night take-off from Hong Kong International Airport a
malfunction of the No. 2 engine occurred, and the take-off was subsequently
rejected from a high speed. In the later stages of the deceleration the
aircraft veered off the paved surface of .the runway onto soft ground and
suffered substantial damage. There were no injuries among the crew, who
were the only occupants.
The report concludes that the accident was caused by the take-off
being rejected at high speed, probably in excess of Vj, at a point where
the remaining runway length was insufficient to ensure a safe stop. The
reason for the aircraft leaving the runway paved surface has not been
determined.

1.

FACTUAL INFORMATION

1.1

History of the flight
Flight LH683 was a scheduled cargo flight from Hong Kong to
Frankfurt via Dubai. The aircraft, D-ABYU, was a Boeing 747F
freighter having an operating crew of three,
D-ABYU had arrived in Hong Kong at 0950 hours on the 18
October 19'83 with recorded remaining fuel of 16,500 kg. When the
operator's station engineer checked the fuel contents about 30
minutes later he found that the flight deck fuel gauges totalled
15,700 kg, the anxiliary power unit (APU) was running supplying
full electrics and two air-conditioning packs. Under these
conditions the normal APU fuel consumption is approximately 800 kg
per hour. The station engineer had been informed by the flight
engineer that the required fuel for the flight to Dubai was
107,000 kg 3 and the required fuel uplift was accordingly
calculated as 9.1,300 kg. For the benefit of the refuelling
company this was converted into US gallons (using a Specific
Gravity of 0.78), the resulting requirement being 30,949 US
gallons. (This figure was calculated by the station engineer by
dividing the uplift in kg by a factor of 2.95.)
Although this calculated uplift was entered on the Fueling
Order the actual instruction given to the refuelling company was
to fill until the gauges read 107,000 kg. After refuelling to
this amount, as indicated on the flight deck gauges, it was noted
that 31,941 US gallons had been uplifted. That is to say there
was a discrepancy of 2,925 kg between the expected uplift and the
actual uplift. The operator's Operations Manual requires that if
this discrepancy exceeds 3,000 kg the fuel tanks must be "dipped"
to establish the correct contents figure. Following discussion
between the station engineer and the flight engineer it was
decided that as the APU had been running for about 2 hours at that
time, with still a half hour to departure, and would already have
consumed about 1,600 kg of fuel, no dip was necessary.
The loadsheet for the flight therefore indicated a fuel load
of 107,000 kg. The calculated take-off weight was 372,726 kg
which was 74 kg less than the regulated take-off weight (RTOW)
calculated by the crew as being applicable to the particular
runway and ambient conditions.
The Automatic Terminal Information Service (ATIS) at Hong
Kong Airport at the time the crew was carrying out pre-flight
checks included the information that the surface wind was 090°/5
knots and the runway in use for take-off was 13. Initially the
crew misheard this wind as 290°/5 knots, and there was some
flight-deck discussion regarding the aircraft being overweight for
take-off due to the tailwind component, However, it was decided
that the flight would proceed and engine statt was initiated
during pushback, at a time of 1252, after a short delay for air
traffic control reasons.

Taxi was commenced at 1256, during which there was further
discussion regarding the surface wind. In response to a request
from the co-pilot ATC advised that this was 090°/6 knots and the
information seemed to clear up any doubts the crew had regarding
the aircraft take-off weight. At 1305 D-ABYU was cleared to line
up and hold on runway 13, At this point the captain handed over
control of the aircraft to the co-pilot, who was to carry out the
take-off, and at 1306 take-off clearance was issued by ATC.
In accordance with normal Company procedures a rolling
take-off was initiated as the aircraft turned onto the runway and,
based on eyewitness, Cockpit Voice Recorder (CVR), Flight Data
Recorder (FDR) and Performance and Maintenance Recorder (PMR)
evidence the aircraft was aligned with the runway heading at a
speed of approximately 10 knots and with power being applied at
a position where the nose landing gear (NLG) was some 120 metres
from the start of the runway. The CVR shows that the captain was
concerned not to lose speed or distance during the turn onto the
runway, and instructed the co-pilot accordingly.
The calculated VI for the take-off was 157 knots, and VR 168
knots.* Take-off was initiated using manual throttle control with
the flight engineer operating the throttles. In the early stages
of the take-off run all engine parameters were normal. However
FDR data shows that at about 56 knots indicated air speed (IAS)
the exhaust gas temperature (EGT) indications for No. 2 engine
started to rise above that of the other three engines, accompanied
by a rise in Nj_ (engine RPM) on this engine which was subsequently
corrected by the flight engineer. From 65 knots onwards No. 2
engine "EGT was consistently higher than that of the other three
engines. At 80 knots No. 2 engine EGT had risen to 960°C, with
the others around the'900°C level. (The captain stated that the
No. 2 engine EGT warning light*"- illuminated at about 120 knots.)
By 120-125 knots No. 2 engine EGT was in excess of 990°C, at which
temperature the engine should be shut down, flight conditions
permitting. Between 132 and 145 knots No. 2 engine Nj reduced in
response to throttle adjustments by the flight engineer, and also

* VI may be defined as the take-off decision speed; the speed at
which, following an engine failure, the distance required to
continue the take-off will not exceed the distance available; and
the distance required to bring the aircraft to a stop will also
not exceed the distance available. (But also see paragraph 2.6)
VR is the speed at which the aircraft nose is raised for take-off,
** The operators flight manual limitations on take-off EGT are 945°C
for 5 minutes with a 2 minute acceleration limit of 960°C (Para.
1.6.8.) The EGT gauge has a red band in the sector between 945°
and 960°. The flight manual states "Note: The amber engine
maximum indication lights for EGT will illuminate when the EGT
reaches 945°C. Operation in the red band zone will not normally
require crew action.11

due to decreasing engine efficiency, by which time EGT had risen
further to a level which could not be recorded by the FDR or PMR.
The EGT gauge "tell-tale" indicated that approximately 1100°C was
reached during the take-off, which is consistent with the one
single reading of 1082°C recorded by the PMR at this time. The
flight engineer stated that EGT stabilised for a very short time
at 960*C in response to his power reduction; then Nj and N2
started to decrease slowly without further throttle movement and
EGT rose again. He advised the captain of this and the captain
called "STOP" (the command for the take-off to be rejected) when
NI was 102%.
The CVR, (transcript at APPENDIX 'A1), shows that at
1307:10* (137) the flight engineer expressed concern regarding the
No. 2 engine with the query "What's going on there?" The captain
said "What?" (142) to which the flight engineer responded "What's
about the engine there?" (145). At 1307:15 there is an ^
unintelligible word, possibly a response from the captain, and at
1307:16 the flight engineer said "No, that's nothing, Halt, Stop",
(154). The captain then commanded "Stop", (160). No VI call was
made. The FDR shows that just before the Stop call a
backward movement of the control column had been initiated,
.resulting in an aircraft nose-up pitch change from -0.5° to a peak
of +2.7°. This backward column movement reverses about the time
of the Stop call. It has not proved possible from the FDR to
accurately determine the speed at which the Stop call was made
because of the need to allow for cumulative recording system
errors (see paragraph 1.11). Allowing for a possible _*i second
error in CVR/FDR synchronisation the call was made at an IAS of
between 160 and 163 knots. When possible IAS errors are taken
into account however all that can be said is that the call was"
made at a speed between 156 and 167 knots IAS.
Virtually simultaneously with the Stop call the throttles
were closed and reverse thrust selected by the captain, who
assumed control of the aircraft in accordance with standard
company procedures. Brakes were fully, applied about 2.5 seconds
after throttle closure.
The captain and flight engineer both stated that at first
everything appeared normal and they thought the aircraft would
stop safely. Full reverse thrust developed on all engines. In
fact the FDR indicates that No. 2 engine did not develop full
reverse thrust, and the EGT decreased to within limits when the
throttle was retarded. The aircraft continued to decelerate, and
at a speed of about 90 knots a swing to the left developed which
culminated in the aircraft running off the runway onto the grass
on a heading of about 100°M, and at a speed of around 55 knots. In
the later stages of the deceleration the co-pilot had doubts
whether the aircraft would stop before the end of the runway. The
flight engineer had similar doubts when the aircraft started to
veer left.
The figures in brackets show the airspeed to the nearest knot
recorded by the FDR at that time.

The captain stated that he was unable to stop the swing
because of the need to maintain full braking. The aircraft came
to a stop on soft ground, some 150 m before the end of the paved
runway surface. All landing gears collapsed and the fuselage and
engine nacelles settled onto the ground. There were no injuries
to the crew, nor was there'any fire.
The crew completed shut down checks and left the aircraft
about eighteen-minutes after the accident, evacuating by the upper
deck door and a ladder provided by the fire services.
'The accident occurred at night, at a time of 1307 GMT,
1.2

Injuries to persons

Injuries

Grew

Fatal

Nil

Nil

Nil

Serious

Nil

Nil

Nil

Three

Nil

Mi nor /None

1.3

Passengers

Others

Damage to aircraft
The aircraft suffered substantial damage. Failure of the
main landing gear (MLG) and body landing gear (BLG) caused severe
local damage to the fuselage undersurface and to the inboard
trailing edge flaps. Nose landing gear (NLG) failure resulted in
severe forward fuselage damage, including gross disruption of the
main cabin floor and of the"Main Electrics and Electronics
Equipment Centre underfloor. The forward fuselage undersurface
sustained extensive crushing and shearing which contributed to
floor and Equipment Centre disruption, and also resulted in a
small breach of the centre fuel tank. The forward fuselage also
suffered minor buckling due to bending overload.
The undersurfaces of all four engine nacelles were
moderately damaged and both inboard engine pylons were displaced
upwards, with resultant wing leading edge and pylon damage.

1.4

Other Damage
Minor damage was caused to the airfield runway lighting and
to the grass surface where the aircraft veered off the runway.
Additionally there was some damage to the asphalt surface of the
parallel taxiway caused by fuel leakage during the subsequent
aircraft recovery.

1.5

Personnel Information
1.5.1 (a) Captain

Male, aged 50 years

Licence

Valid Airline Transport Pilot
Licence with current B747 aircraft
rating.
Valid medical certificate with no
waivers or limitations*

Flying Experience

Total, all types
Total, Boeing 747
Total, last 30 days

(b) Go-Pilot

12,859 hours
959 hours
71 hours

Male, aged 31 years

Licence

Valid Commercial Pilot Licence with
current B747 aircraft rating.
Valid medical certificate with no
waivers or limitations.

Flying Experience

Total, all types
Total, Boeing 747
Total, last 30 days

(c) Flight Engineer

5,661 hours
861 hours
13 hours

Male, aged 42 years

Licence

Valid Flight Engineer Licence with
current B747 aircraft rating.
Valid medical certificate with no
waivers or limitations.

Flying Experience

Total, all types
Total, Boeing 747

10,323 hours
988 hours

1.5-2 Rest and Duty Periods
Each flight crew member had a 48-hour rest period prior
to the accident flight, and at the time of the accident had
been on duty for approximately li hours.
1.6 Aircraft Information
1.6.1

Aircraft Details
Manufacturer
- Boeing Commercial Airplane Co.
Type
— Boeing 747-230F
Serial No.
- 22668
Date of Construction - 1981
Registration
- D-ABYU
Date of Registry
11 September 1981
Engines
- General Electric CF6-50E2
At the time of the accident total aircraft time and
cycles were : 10,223 hours/1,659 cycles.

1.6.2

Certificate of Airworthiness
Transport of Cargo Category issued 11 September 1981.

1.6.3

Maintenance
It was a condition of the Certificate of
Airworthiness that the aircraft be maintained under a
Continuous Maintenance Programme approved by the nation
authority.
Maintenance records indicated that on 22 September
1983 No. 16 tyre was found to have experienced rubber
reversion, and a tyre change was made. On the 30
September 1983 complaints were made of air leakage from
Engine 1 and Engine 2 bleed air pre-coolers, but
maintenance checks did not find any leaks.

1.6.4

Aircraft Loading
The Flight Manual gave the following information:Maximum take-off weight
(MTOW)
Maximum landing weight
(MLAW)
Maximum zero fuel weight
(MZFW)

377,800 kg )
)
285,800 kg ) Structure
) Limits
267,600 kg )

The Captain stated that the RTOW for this flight was
calculated using zero wind component and a temperature of
+28°C, giving a weight of 372,800 kg, as against a total
loadsheet weight of 372,726 kg. The crew subsequently
recalculated RTOW using a temperature of 27°C, giving a result
of 373,300 kg, and this is the weight which was shown on the
take-off data card. The surface wind passed to the aircraft
immediately prior to take-off was 090/06 knots, with a
temperature of 27°C. These conditions would give an RTOW of
376,421 kg.
The gross traffic load was recorded on the loadsheet as
112,826 kg and this included the weight of cargo at 105,460 kg
together with the weight of cargo pallets, restraining nets
and containers. After the accident the damage to the main
cargo deck, particularly in the area above the nosewheel,
meant that cargo at the front of the aircraft had to be
removed from the damaged pallets and containers and it was not
possible to reweigh the total load in the form that it had
been loaded. Therefore the net cargo was reweighed, resulting
in a weight of 103,488 kg.

The apparent discrepancy of 1,972 kg can be partially^
attributed to the fact that some cargo was damaged and difficult
to weigh, that different scales were used and that the scales only
indicated in increments of 2 kg.
The aircraft automatic weight and balance system was
reported to be unserviceable, therefore it was not possible for
the crew to cross-check the correct loading of the aircraft by
this method.
The load and trim sheet showed that the Centre of Gravity
fell at 20.1%'of the mean aerodynamic chord (MAC), which is within
normal limits. It was not established if the load was distributed
in accordance with the load sheet.
The weight of take-off fuel shown on the loadsheet was
106,000 kg. Allowing for 1,000 kg of fuel for start-up and
taxying this conforms with the instructions given to the fuelling
company to load until a total of 107,000 kg was on board the
aircraft (see paragraph 1.1). However, it was noted that when the
ground refuelling panel was opened after the accident the total
fuel registered was 107,500 kg. Electrical power is removed from
these gauges once the panel is closed, they would therefore
indicate the fuel contents at the completion of refuelling and
might suggest that the aircraft had been overfuelled by 500 kg.
However, this overfuelling would allow for the continued operation
of the APU until the time that the main engines were started. It
is also recognised that these gauges are repeaters for the
aircraft's primary fuel contents gauges on the flight deck and it
is possible that discrepancies might occur between the contents
readings.
After "the accident the readings on the flight deck gauges
were noted. It was found that the fuel totalisers indicated that
1,250 kg of fuel had been used during start, taxi and take-off.
The aircraft instantaneous weight and fuel remaining gauge
readings were 374,,OQO kg and 107,400 kg respectively. If taken at
face value, this could lead to the assumption that the aircraft
was in excess of the weight shown on the load sheet but it is
probable that the fuel contents measuring system was indicating
erroneously during the deceleration at the time that the power
supply to the instruments was disrupted. This belief is
reinforced by the fact that the contents of tanks 1A and 4A
indicated in excess of the maximum capacity of those tanks .
1,6,5 R747 Landing Gear
The B747 landing gear consists of four main undercarriage
legs and -one nose undercarriage leg. All five are retractable,
When retracted the nose gear is housed in a wheelwell in the
underside of the fuselage. The four main legs are known as
the body gear (2), and the wing gear (2). The body gear is
housed in two wells in the lower fuselage whilst the wing
gear is housed in two wells in the lower wing root.

The nose gear has two wheels fitted side by side. Each
of the four main gears is fitted with four wheels} two
wheels on each of two axles. Total wheels are therefore 16
main wheels and' 2 nosewheels.
The nosewheels and body gear are steerable using
hydraulic power. The wing gear is not steerable,
1.6.6 B747 Landing Gear Steering
The nose and body gear are steerable from either pilot's
' position by a tiller situated in either side wall of the
flight deck. Each tiller is about 10 inches long, pivoted
at its lower end and normally found in the vertical
position. To turn the aircraft to the left from the left
hand seat the tiller is moved aft, whilst if control is
being exercised from the right hand iseat the tiller is moved
forward. To turn right the reverse applies. The radius of
turn varies with the amount of tiller movement. A very
gentle turn requires only a few degrees of movement whereas
a tight turn could require the full 90 degrees.
When the tiller is moved hydraulic power turns the
nosewheels in the appropriate direction. Centralising the
tiller will recentre the nosewheels.
If the tiller is moved
and then released it will immediately return to centre and
the nosewheels will do likewise. A limited amount of
nosewheel steering (7° either way) is also available by use
of the rudder pedals. This facility is known as "nosegear
rudder pedal steering11.
The body g-ear steering is normally used only during
taxi and is disconnected once lined up on the runway.
1.6.7 B747 Braking System
All sixteen main wheels on the B747 are fitted with
hydraulically operated multi-disc brakes fitted with
anti-skid units.
Manual braking is achieved by either pilot depressing
the brake pedals, which form the upper part of the rudder
pedals, with his feet. Antiskid units prevent the wheels
from locking.
1.6.8 General Electric CF6-50E2 Engine ,
The CF6 engine is a dual rotor, axial flow turbo fan
powerplant having a high bypass ratio. The 14 stage high
pressure compressor is driven by a 2-stage high pressure
turbine, and the integrated front fan and low pressure
compressor is driven by a 4-stage low pressure turbine,
Reverse thrust for deceleration is supplied by the fan
reverser system.

The limitations section of the AFM gives the following
limits for engine EOT:Operating
Condition

Temperature
Limit °C

Time
Limit

Take-off

945

5 minutes*

Max. Continuous

910

Continuous

Max. Climb

885

Continuous

Max. Cruise

885

Continuous

Starting

900
750

Max. Trans
Unlimited

Acceleration

960

For any 2 minutes of
Take-off Thrust Application

*In case of engine failure the time limit of 5 min. may be
exceeded up to a total of 10 min.
Note

The two minute acceleration limit is intended only to
allow for transitory EGT conditions.

1.6.9 Type of Fuel
The fuel used was JET-A1.
1.7

Meteorological Information
At the time of the accident a weak ridge of high pressure
covered south-east China with a slow moving trough of low pressure
lying west to east across central China. In the vicinity of Hong
Kong the winds were light and the weather was generally fine.
A routine weather observation taken at 1300 hours at Hong
Kong Airport gave the following-: ~
Surface wind

100°/03 knots

Visibility

10 km

Cloud

1 okta at 1,500 feet
3 oktas at 1,800 feet

Temperature

27°C

Dew point

24°C

QNH

1,014 mb

QFE

1,014 mb

10

A special observation taken at 1-320 hours gaverSurface wind

100°/02 knots

Cloud

2 oktas at 1,400 feet

All other factors were unchanged from the 1300 hours observation.
The accident occurred 3 hours and 11 minutes after sunset,
on a dry runway.
Prior to take off the wind passed to the aircraft by air
traffic control was 090°/06 knots.
1.8

Aids to Navigation
Not relevant.

1.9

Communications
All radio and telephone communications (except as noted
below) were recorded, and transcripts made. The aircraft,
callsign LH683, was initially in contact with the Ground Movement
Controller, callsign Hong Kong Ground, on a frequency of 121.6
MHz. Clearance to start engines, the en route airways clearance
and taxy clearance were all passed on this frequency until at 1303
hours the instruction to contact Hong Kong Tower on 118.7 MHz was
given. Take-off clearance was passed on this frequency at
1305:43.
At 1307:57 the first of three R/T calls was made by Hong
Kong Tower to try to re-establish contact with the aircraft, with
no result. At 1308:24 a telephone call was received at the
control tower from the sub-fire station near the south-eastern end
of the runway stating that the aircraft appeared to have stopped
at the end of the runway. The crash alarm was then sounded and
fire and rescue units proceeded to the area. The
officer-in-charge of the sub-fire station stated that he also
informed the main fire station by direct line. There is no
recording facility on this line.
LH683 then remained in contact with Hong Kong Tower on 118.7
MHz until the crew evacuated the aircraft at approximately 1325.
A short exchange of communications was also made between
LH683 and Rescue Control from 1321:07 until 1322:39 on 121.9MHz.

1.10 Aerodrome

Information

The single runway (13/31) at Hong Kong International Airport
is built on a promontory of reclaimed land which protrudes in a
south-easterly direction into Kowloon Bay. A single parallel
taxiway runs the full length of the promontory on the eastern
side. The runway surface is asphalt except for 153 m at the south
east end, which is concrete, and all of it is grooved.
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The dimensions of the paved runway surface are 3,392.5 m
long x 61 m wide.
Runway 13 has the following declared distances :Take-off run available (TORA)
Accelerate-stop distance available (ASDA)
Take-off distance available (TODA)

3,331.5 m
3,331.5 m
3,444.5 m

At the end of the runway 13 TORA/ASDA there is a "buffer11 of
61 m of paved runway surface, and following this is an area of
paved but unstressed ground some 14 m long before the promontory
terminates in a seawall. The total distance from the start of
runway 13 to the top of the seawall is 3,406 m.
The-edges of runway 13 are lit by low and high intensity
lights which are red in colour for the first 550 m and then white
until the final 610 m where they become amber, (distances
approximate) . The runway is also equipped with high intensity
green centreline lighting. The end of the TORA/ASDA is marked by
a bar of red lights. The 61 m "buffer11 previously mentioned
extends beyond this red stop bar.
Green taxiway centreline lights lead from the parking apron
to intersect with the runway edge 66 m from the beginning of the
runway. A painted, but unlit, nose wheel guidance line intersects
with the runway centreline at a point 110 m from the start of the
runway, and the Hong Kong Aeronautical Information Publication
(AIP) contains the following statement:"The nose-wheel guidance line from Taxiway Al intersects
the runway centreline at a point 110 m past the start of
the TORA, ASDA, and TODA for RWY 13."
The main Aerodrome Fire Station is located some 400 m from
the runway opposite a position about one quarter of the total
runway length from the start of runway 13. From this station a
continuous visual and radio watch is maintained over the
manoeuvring area and the runway. A second (sub) Fire Station is
located opposite a position 600 m before the south-eastern end of
runway 13. Although this station is manned at all times no visual
watch is maintained.
The airport control tower is situated adjacent to the
north-western end of the runway.
1.11

Flight Recorders
1.11.1

Flight Data Recorder (FDR)
The aircraft was fitted with a Sundstrand Digital
Flight Data Recorder, type 981-6009-011, serial number
3521. This was a 25 hour duration re-cycling recorder,
using vicalloy metal type as a recording medium, which
formed part of an ARINC 573 standard system. There were

12

27 continuously varying parameters recorded plus 32
discrete (on/off) parameters.
The recorder was recovered undamaged from the
aircraft and sent to the Department of Transport
Accidents Investigation Branch (AIB) in the United
Kingdom where a successful replay was obtained.
Indicated airspeed (IAS) being clearly an important
parameter in the accident, the No. 1 Central Air Data
Computer (CADC) and the Flight Data Acquisition Unit
(FDAU) which together process the airspeed recording
were check-calibrated by the operator under the auspices
of the LBA. (The national civil aviation authority of
the Federal Republic of Germany.) Other units checked
in similar manner were the FDAU/engine Nl indicator and
FDAU/rudder pedal position recording systems. Also,
small datum corrections were made to the longitudinal
accelerometer readings.
Airspeed data was corrected for the post accident
calibrations and residual position errors (which were
derived from the fine scale altitude measurements).
From this data, distances from start of take-off run
were derived and so the captainf-s IAS against times and
distances could be deduced. As a comparison the same
data was derived from the longitudinal acceleration
using the reported wind and assuming a rolling start at
6 knots groundspeed* The comparison was reasonable with
a maximum discrepancy of 4 knots in airspeed. The
accuracy of airspeed measurement is estimated to be
^ 4 kno t s.
L.I 1.2

Performance and Maintenance Recorder (PMR)
There was also a "quick-access11 performance and
maintenance recorder on board the aircraft which
recorded the same parameters as the FDR. This was
processed by the operator and the print-out.made
available to the investigating team.

1.11.3

Cockpit Voice Recorder

(CVR)

A Fairchild A100 Cockpit Voice Recorder, Serial
Number 15073, was installed in the aircraft. This was
the usual re-cycling recorder of 30 minutes duration
recording onto 4 tracks, the recording medium being of
the plastic based type.
The track allocation was as follows :Track
Track
Track
Track

1
2
3
4

-

13

Co-pilot tels audio
Cockpit area microphone
Captain tels audio
Flight engineer tels audio

The undamaged recorder was sent to the AIB where it
was replayed. As the system did not have 'live' crew
microphones, all inter-cockpit speech had to be deduced
from the area microphone trackTwo copy tapes were produced, one was sent to Hong
Kong to assist the initial investigation and the other
was sent to LBA in Germany for transcript and
translation, as most of the cockpit speech was in the
German language.
1.11.4.

Data Analysis
The CVR information was synchronized with the FDR
data by making use of the press-to-transmit switch
position which was recorded on the FDR, and comparing
this with the timing of transmissions from the aircraft
which were recorded on the CVR. This correlation was
estimated to be accurate to within +_ i sec.
Appendix B shows a corrected distance/time plot.
The plot also contains speeds, aircraft heading, and
other pertinent information. The distance is derived
from both airspeed and accelerometer measurements , and
is-plotted as distance before nosewheel collapse,
.(indicated by a vertical flg-spiken on the FDR
accelerometer trace). The tolerances applicable to
distance are estimated at J^.200 feet at maximum
distance, over and above the spread indicated between
the airspeed and accelerometer derived distances,
reducing to zero at the zero distance point. Also
•indicated on the plot are significant extracts from the
CVR transcript.

1.12

Wreckage and Impact
1,12.1

Information

Runway and ground markings
Tyre tracks on the runway were measured and .
recorded by aerial photographic survey. Relevant events
established from the marks, with distances from the
start of the runway, are described in detail in Appendix
C, depicted in Appendix -Cl,.and summarised in the table
below :Point Distance

Event

1

2,460 m

First identifiable marks, consisting of
two parallel tracks made by outboard
wheel of RHWLG.

2

2,630 m

Above tracks became double.

3

2,850 m

All ten wheel tracks positively
identified.

14

4

2,940 m

Tyre tracks commenced deviation to left
of runway centreline.

5

3,140 m

NLG tyre marks became sinusoidal.

6

3,170 m

NLG tyre marks departed runway edge.

Very deep troughs were made by all landing gear
wheels in the comparatively soft ground immediately
adjacent to the runway edge, the depth increasing to the
point of landing gear failure.
1.12,2

Aircraft damage
The aircraft remained essentially intact with the
exception of the fixed core exhaust nozzles from engines
1, 2 and 3, and the No. 3 engine left-hand fan reverser
translating cowl. All these items were found lying on
the grass adjacent to the aircraft.
All engine nacelles suffered moderate undersurface
damage due to ground contact. Engine pylons 2 and 3
forward attachment struts failed in compression,
allowing both nacelles to rotate approximately 20° nose
up. The grass area aft of each engine was scorched,
indicating the engines were running when the aircraft
came to rest.
All landing gears failed aft in a manner consistent
with rearward overload. MLG failures resulted in damage
to associated hydraulic pipes and electrical cables, in
secondary impact damage to the fuselage undersurface in
the area of the wing trailing edge, and to the inboard
trailing edge flaps.
The NLG collapse resulted in severe forward
fuselage damage. The B747 NLG main trunnions and drag
struts are attached to underfloor fuselage bulkheads at
Sta. 400 and 340 respectively. These bulkheads form the
ends of the nose landing gear "doghouse11, a relatively
strong structural box beneath the main cabin floor. As
the NLG wheels were forced rearwards the gear remained
attached to the doghouse which, together with the main
cabin floor and fuselage underfloor structure between
Sta. 340 and 400, rotated some 55° nose down relative to
the rest of the fuselage. The NLG leg and wheels were
buried into the fuselage undersurface virtually flush
with the fuselage profile.
The forward fuselage undersurface experienced
extensive vertical crushing and localised longitudinal
shear. This, together with the NLG impaction, caused
gross vertical displacement of a number of vertical
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structural members fitted between the fuselage skin and
cabin floor at the aft face of the Main Equipment Centre
(MEG), the main electrical and electronic equipment bay
on the aircraft. Lower ends of these members were also
displaced aft by a significant amount.
This displacement, coupled with the doghouse
displacement, caused major disruption of the MEG and
severe disruption of the main cabin floor between Sta.
220 - 520. Little evidence of electrical arcing or
sparking was found, in spite of the severe MEG
disruption. A considerable degree of electrical
component damage resulted, but almost invariably live
components remained insulated from intruding structure
by non-conductive trim panels. Electrical system damage
did not prevent flammable fluid insolation valves from
operating post-accident. A section of cargo container
pushed into the ceiling by main floor deformation
locally penetrated the flight deck floor aft of the
flight engineer's position. A number of cargo container
restraints in the area of the main floor disruption were
found to have failed, but no evidence of significant
cargo movement was found, other than the floor
penetration noted above.
The lower bulkhead attached to the wing
centre-section front spar collapsed rearwards leading to
failure of a number of vertical stiffener fasteners in
the spar which forms the front wall of the centre fuel
tank. The failed fasteners in general remained in situ,
precluding fuel leakage, but in a few cases the fastener
pulled out of the spar leaving an open hole thus
breaching the tank and enabling fuel to leak onto the
ground.
1.1-2.3

Engines
No evidence of pre-impact malfunction of engines 1,
3 and 4- was found, and analysis of PMR data found no
evidence of abnormal performance for these engines.
PMR data indicated that engine 2 experienced very
high EGT and reduced thrust during part of the take-off
acceleration. Heavy metal contamination of the master
magnetic chip detector (MCD) and C sump scavenge screen
was found together with metal spatter deposits on some
blades and nozzles of both turbines. The engine
manufacturer considered these effects to be consistent
with a No, 5' (HP turbine roller) bearing malfunction and
also considered that such a malfunction was consistent
with the PMR data. The operator's performance trend
monitoring, MCD monitoring and routine engine sampling
oil analysis programme (SOAP) results did not appear to
indicate any previous anomaly for engine No. 2.
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When the No. 2 engine was removed from the aircraft
a small piece of metal tubing was found jammed in the
stage 4 and 5 variable stator vane (VSV) actuator
mechanisms. Heavy .peening of the fractured ends clearly
indicated that it had been in place for some time before
the accident.
Engine 2 pre-cooler showed damage to the first two
layers of matrix tubes, with a total of three sections
of tube missing. The damage had clearly occurred
pre-crash. This is not unusual, a number of such
failures having occurred as a result of foreign object
impact according to the aircraft manufacturer, but
engine performance loss as a result could be expected to
be very minor.
1.12.4

Wheels, brakes and tyres
The brake system anti-skid switch in the cockpit
was found in the ON (gated) position. The captain's
rudder/brake pedal adjustment was 5% of full travel aft
of full forward.
Tyre 16 was worn through in one place and the wheel
outboard flange abraded. These effects were consistent
with the marks on the runway, and the evidence indicated
that the wheel had locked3 and the tyre worn through and
deflated, by the AID turn-off (Point 1, Appendices C and
Cl) and subsequently remained locked throughout the
run. All fusible plugs in wheel 16 were found intact
and the wheel rotated freely after the accident. It was
noted that one month previously tyre 16 was changed
because of rubber reversion (para. 1.6.3).
None of the brakes showed evidence of high
temperature or excessive wear, although all main wheels
except No. 16 experienced fusible plug release. It was
estimated from the Operations Manual Brake Cooling
Schedule Chart that an aborted take-off from 165 knots
to 60 knots using two thrust reversers would generate
approximately 48 x 10^Ft/lb/wheel. With allowance for
one brake inoperative this energy represented only about
60% - 65% of the rated absorption capability of the
brakes fitted to D-ABYU.
Inspection of mechanical, electrical and hydraulic
systems associated with the aircaft braking system
revealed no evidence of pre-crash defects.

1.12.5

Steering
Field inspection did not reveal any evidence of NLG
steering or rudder system malfunction. All four BLG
steering actuators were found in the neutral position
and the BLG steering switch in the cockpit was in the
DISARM (gated) position.
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1.12.6

Aerodynamic surfaces
1.12-6.1

Flaps
Trailing edge flaps were in the 20°
position. Drive was by means of screw jacks
and flaps would not be susceptible to movement
under impact loads.

1.12.6.2

Spoilers
Eyewitness evidence indicated that all
spoilers were found extended after the
accident. Some were only partially extended,
probably consistent with effects of aileron
demand and/or normal actuating jack hydraulic
pressure leakage. No evidence was available
to confirm full deployment of all spoilers.

1.12.7

Fire handles
Fire handles were reportedly operated shortly after
coming to rest* The battery switch was found off but it
was not known at what point this was operated. All
engine hydraulic pump suction shut-off valves and all
engine low pressure fuel shut-off valves were found
closed. All four engine fire extinguishant bottles had
been discharged.

1.13

Medical and pathological information
No medical tests were carried out.

1.14 Fire
There was no fire.
1.15

Survival aspects
The airport control tower is approximately 3000 m from the
point on the runway at which DABYU would be expected to become
airborne. It was not immediately apparent to the aerodrome
controller that an accident had occurred. The aircraft had
disappeared from view and initially he thought that its
navigation lights had failed. He then tried to get confirmation
from radar that the aircraft was airborne. The first indication
of the accident came at 1308:24 when the sub-fire station at the
south-east end of the runway reported to aerodrome control that
the aircraft was stationary at the end of the runway. This
sub-station is permanently manned with radio and telephone links
to the main fire station and aerodrome control but no visual
watch is maintained. However3 the senior officer on duty
happened to be in an office overlooking the runway when his
attention was drawn by an unusually loud engine noise, D-ABYU
moved across his window very quickly with what to him sounded

like very loud reverse thrust and he assume-d it to be a landing
aircraft in difficulty. His visibility was reduced by
reflections of the office lights in the windows and by the time
he had switched the lights off the aircraft had disappeared from
view until, with the aid of binoculars, he saw it with all lights
extinguished on what he thought was the taxiway near the far end
.of the runway. After raising the alarm he attended the accident
scene with three appliances.
At 1308:48 the crew reported to aerodrome control that the
^take-off had been aborted, the aircraft was on the grass, and the
fire and rescue services were requested. The crash alarm was
then sounded at 1309:03, one and a half minutes after the
accident,
ATC then contacted Rescue Control situated in the main fire
station on the emergency frequency 121.9 MHz with the instruction
"proceed to the runway end of runway 13, proceed to the runway
end of runway 13, there is one Lufthansa Boeing 747 at the runway
end".
Although all communications to or from ATG were in the
English language, communications between the various units of the
fire services were conducted in a mixture of English and
Cantonese. It soon became apparent to ATC that the fire service
vehicles were leaving the main fire station and proceeding to the
north-western end of the runway. A call was accordingly made to
advise Rescue Leader that the aircraft was at the south-east end
of the. runway, and this was followed with a location reference
using an alpha-numeric grid system.
It later transpired that the reason for this confusion was
that some personnel of the Airport Fire Service were under the
impression that the runway identifier changed at the mid point of
the runway, the north-western end being designated 'runway 13f
and the south-eastern end 'runway 31 f . Therefore when directed
to the end of runway 13 they proceeded to the threshold of the
runway rather than the upwind south-eastern end as was intended.
At 1312.20 the units from the sub-fire station reported the
location of the aircraft and advised that the landing gear had
collapsed but that there was no fire.
All crew members were uninjured; there had been no
disruption of the forward part of the flight deck, and the crew
seats and harnesses were undamaged. Emergency evacuation drills
were accomplished, including discharging the aircraft engine fire
extinguishers, but the crew did not evacuate the aircraft
themselves until about eighteen minutes after the accident when
they left from the forward right-hand flight deck door using
ladders provided by the airport fire service.
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1.16

Test and Research
1.16.1

Flight Simulator trials
Early trials were carried out at Hong Kong using a
Boeing 747 flight simulator. This simulator was
•representative of D-ABYU except that it was programmed
for different engines. For this reason it was not
possible to evaluate the aircraft's performance during
acceleration and deceleration but it was possible to
consider the reasons which might have caused the
aircraft to veer off the runway.
It was noted from the captain's statement that he
felt that he could not control the aircraft's swing to
the left because he wished to maintain full braking, and
that, at that moment, he believed that the aircraft
would stop before the end of the runway. The FDR shows
that the rudder pedals were displaced to stefcr the
aircraft to the right but the maximum deflection used
was only 5i° while the full range of movement possible
was 21°. The pilot's seats on this aircraft are
adjustable in the fore and aft direction and can be
mechanically locked in a number of pre-set positions.
Ideally, each pilot wall adjust the seat to his own
optimum position where he can simultaneously apply full
rudder pedal movement and full brake application on both
brake pedals.
It was found during trials in the Boeing 747 flight
simulator that if the left hand seat was moved rearwards
from this optimum position by 2 'notches' (or 5 cm) and
the occupant attempted to move the rudder pedals while
maintaining full braking pressure on the toe pedals,
then a position was reached between 1/4 and 1/2 of
rudder pedal travel where it was difficult or impossible
to move the rudder pedal further without releasing the
brake pressure on that side.
Aborted take-offs were carried out with the
captain's seat in both the correct position and 5 cm aft
of the correct position. The co-pilot's nosewheel
steering tiller was then used to cause the aircraft to
veer to the left as the aircraft decelerated through 100
knots. It was found that only small movements of the
tiller were required to create a- turning force that
could not be resisted by the pilot even if seated
correctly and using full rudder.

1.16.2

Marks on the runway
The aircraft manufacturer was asked to assess the
nose gear steering angle during the veer from the runway
on the basis of the roughly sinusoidal lateral
oscillation exhibited by the NLG tyre tracks on the
paint striped area of the runway. The- response was that
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using the measured 31.4 inch spacing between the nose
tyre tracks, as compared to a normal spacing of 36
inches between wheels on the axle, the nose axle angle
with respect to the line of advance of the aircraft was
estimated to be 29°. It was concluded that the
oscillating nose tyre tracks resulted from the nose
strut being at an angle to the left of the line of
advance. The tyres assumed a yawed roll condition
deflecting tyres, strut, and structure until the
footprint areas could no longer support the side load.
The tyres slipped to the right at this point, thus
relieving the strut deflection and side load, and the
tyre footprints then secured a new hold on the runway
thus repeating the cycle.
The rudder pedal disconnect mechanism was properly
engaged and is not considered to have contributed to the
veer. There would have been a very slight turn input
from the blown No. 16 tyre, but the effect could have
been easily corrected by steering and rudder control.
The aircraft manufacturer's conclusion was that the
primary disturbance driving the aircraft off the runway
was a left turn nose gear angle.
1.16.3

NLG tyre examination
The tyres from the NLG were visually inspected by
the tyre manufacturer who reported that all ribs on both
tyres were heavily worn on the right hand edge. These
scrub marks clearly indicated that the tyres were
skidding towards the'right side in respect to their
centreplane, or conversely that they were pointing to
the left with respect to their direction of forward
movement. Without the exact maximum load on the right
hand tyre being known it was difficult to determine an
exact angle required to make the retread edge of the'
tyre touch the ground, (as it had done), but the angle
was estimated to be at least 10 degrees.

1.16.4

No. 2 engine examination
Disassembly inspection of the No. 2 engine was
carried out at the engine manufacturer's facility at
Ontario, California. This revealed that a 195 mm seal
arm segment of the HPT stage 1 blade retainer separated
resulting in heavy damage to the HPT stage 1 blades in
the area of retainer separation and rotor unbalance.
The separated segment of the stage 1 blade retainer was
lodged between the stage 1 nozzle inner vane band and
the air baffle within the engine. The stage 1 and 2 HPT
turbine nozzles were damaged. The No. 5 roller bearing
was damaged by the imbalance resulting from the HPT
rotor distress.
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The EGT exceedance of Che No. 2 engine during the
take-off roll resulted from the separation of the 195 mm
segment of the seal area of the stage 1 blade retainer.
The turbine efficiency decreased and the EGT increased
as the HPT rotor deteriorated. The HPT rotor
deteriorated due to the stage 1 blade retainer
separation which caused a rapid loss of stage 1 HPT
blade cooling air and a rotor imbalance. Subsequently,
there was a further HPT rotor deterioration due to a
loss of stage 1 blade airfoil resulting from the loss of
blade cooling air, mechanical damage to the blades and a
heavy tip rub from the rotor imbalance. The No. 5
roller bearing distress was the result of the HPT rotor
imbalance induced by the stage 1 blade retainer
separation and the loss of blade airfoils.
Investigation as to the cause of the stage 1 HPT
blade retainer segment separation has proved
inconclusive.
It was determined that the piece of tubing jammed
in the VSV actuator rings was a piece of the aircraft
environmental control system (ECS) pre-cooler and that
it probably did not affect the operation of the VSV
system.
1.16.5

Aircraft performance
1.16.5.1

General
A number of questions were put to the
aircraft manufacturer with the aim of
establishing whether aircraft acceleration and
deceleration were normal, given the prevailing
circumstances, and how aircraft performance
compared with the computed Aeroplane Flight
Manual (AFM) performance. A summary of the
answers is given at Appendix D.

1.16.5.2

Deceleration
Using the event times shown at Appendix
D, Attachment 1, the manufacturer also
calculated braking friction coefficient from a
balance of longitudinal forces. Thrust was
derived from Nl and thrust reverser position,
and lift and drag were derived as a function
of spoiler position. It was assumed that all
four thrust reversers were in the deployed
position at 1307:21.5.
The manufacturer concludes from this
evidence that the initial deceleration was the
result of the throttle cut, autospoiler
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deployment:, and thrust reverser deployment,
with no significant braking until about 2,5
seconds after throttle cut,
1.16.6

Rudder pedal transducer
In order to confirm the validity of the rudder
pedal position recording on the PMR/FDR print-out the
rudder pedal transducer and FDAU which feed this
information to the recording system were calibrated in
accordance with the procedure contained in the Lufthansa
B747 maintenance manual. The calibration was carried
out in Hong Kong under the supervision of the
investigating team and indicated that the recording of
the rudder pedal position signals was accurate,

1.16.7

Engine Nl Gauges
Because the tests conducted by the manufacturer
into aircraft acceleration (para. 1.16.5,1) indicated
that target Nj was not achieved on Nos. 1, 3 and 4
engines checks for PMR/FDR - Nl recording accuracy were
carried out by Lufthansa technical inspection personnel
in Germany* The tests showed that the recording error
was in all cases negative, i.e. the recorded value was
less than the value displayed on the Nl indicators, and
that the error was generally of the order of -0.5% Nl to
-0.6% Nl between 100% Nl and 120% Nl. The tests also
showed that the Nl indicators over-read generally by
0.1% to 0.2% as compared with the actual engine speed.

1.16.8

No. 2 Engine EGT gauge
The No. 2 engine EGT gauge was calibrated and
tested in Hong Kong. The digital display indicated
slightly outside the allowed tolerance band (reading
high) from 650°C - 750°C but elsewhere was within
limits.
The thermocouple system from which EGT indicator
information is derived was also checked (by the engine
manufacturer) and found to be within normal limits.

1.16.9

Steering
The NLG, BLG and rudder steering components listed
hereunder. were tested either by the operator, or under
arrangements made by the operator, under LBA control and
supervision:(i)

NLG steering metering valve, NLG steering actuators,
and NLG steering disconnect actuator;

(ii) BLG steering actuators, BLG steering metering
valves, and BLG control unit;
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(iii)rudder 'ratio changer linear actuators, rudder
ratiocontrol units, and rudder ratio changer
comparator;
(iv) yaw damper computers.
In addition the rudder power control units were
tested by Sabena (ATLAS group).
In no case was there any evidence of significant
malfunction of the components.
1.16.10

Brakes and anti-skid system
An in-situ test of the braking system was carried
out to the extent allowed by system damage. The rigging
of the mechanical systems linking brake pedals to normal
Brake Metering Valves (BMVs) in the BLG bays was within
limits except that :(a)

tension in all cables at around 82 - 85 Ib at 80°F
was below the maintenance manual requirement of 114
- 124 Ib, but this was consistent with the effects
of fuselage buckling deformation at around STA 520.

(b)

the LH normal metering valve plunger clearance with
3000 psig system pressure applied and brake pedals
released slightly exceeded the maintenance manual
requirement.

A check of normal BMV output pressure vis-a-vis
brake pedal force and angle for both sets of pedals
indicated that all parameters were within limits. It
was noted qualitatively that the foot movement required
for full pedal application was considerable, and that
simultaneous full symmetric brake and full rudder
application capability would require relatively close
seat to pedal distances for individuals of average size,
A visual brake system electrical wiring continuity
check was completed as far as possible. All the wiring
left in situ on the aircraft was satisfactory, but not
all of it was intact, due to impact damage. The brake
system mechanical run was checked visually end to end
and was intact with no deficiencies. The tiller
mechanical control system was serviceable. All sixteen
brakes were dismantled for visual inspection In Hong
Kong. No brake showed any deficiency which would have
affected performance significantly.
The anti-skid control unit, the right hand wing
gear anti-skid module, and No, 16 wheel transducer drive
assembly and shuttle valve were examined by the operator
under LBA supervision. This test indicated that due to
a lack of brake pressure reduction on the appropriate
valve the anti-skid and locked wheel function on wheel
No* 16 was not working.
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A test of the right hand body gear anti-skid module
showed that a similar deficiency existed with regard to
No. 12 wheel.
1.16.11

Pitot static system
Piping between pitot heads and aircraft systems was
disrupted by forward fuselage damage. An in-situ check
calibration of both air speed indicators was made by
applying test pressures to fractured pitot pipes in the
flight deck floor region. Calibration error was
minimal.

1.16.12

Forward fuselage damage
A similar mode of nose landing gear failure to that
experienced in this accident, involving major
displacement of the doghouse relative to the remainder
of the fuselage, has reportedly occurred in previous
cases of B747 landing gear collapse.

1.17 Additional Information
1.17.1

Operations manual
The following extracts are taken from the
Flight Operations Manual:1f

Flight Per fo rmanc e
Take-Off

a)

Calculation of Take Off Data
1) Prior to every departure the take off
data shall be calculated in accordance
with the procedures given in the
respective TFV/AOM. This calculation,
based on the latest available
meteorological data including trend until
take off time, is normally performed by
the CM2 (co-pilot) and shall always be
checked by another crew member.
2) Immediately prior to take-off the
take-off data shall be rechecked taking
into account the actual take-off
conditions and the actual runway being
used.

f)

Commencement of Take-Off Roll
1) The take-off shall normally be
commenced at the beginning of the runway.
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3) To reduce noise and in Che interest
of expediting traffic, rolling take-offs
are recommended whenever possible.
g)

Aborted Take-Off
1) The reasons justifying an aborted
take-off diminish with increasing speed.
When approaching VI, take-off should only
be discontinued in case of serious
malfunctions, e.g. engine failure
2) Only those malfunctions shall be
called out during take-off run which may
have a direct bearing on the decision to
discontinue the take-off.
3) The decision to abort a take-off
rests solely with the pilot in command
who, if he so decides, shall anounce his
intention by the command 'Stop'. If CM2
is performing the take-off, CM1 (Captain)
shall assume control of the aircraft at
the command 'Stop 1 . Thus the following
procedure shall be applied during
take-off: After take-off power has been
set only CM1 shall have his hand placed
on the throttles until reaching VI in
order to close the throttles immediately
in case of an aborted take-off.
5) First and most important action
following the decision 'Stop' shall be
the application of full brakes. At the
same time throttles shall be closed and
all remaining actions shall be taken."

1.17.2

Flight crew training manual
The following are extracts from the operator's
Flight Crew Training Manual :
"
The recommended airspeed bug settings and
their use are as follows :
Take-off:

1.
2.
3.
4.

Bug
Bug
Bug
Bug

at
at
at
at

V2
V2 + 40kts
V2 + 60kts
V2 + SOkts 1

Take-off d e f i n i t i o n s

Normal take-off:
Airplane is held in position with brakes
until engines have stabilised in a 'vertical'
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thrust lever position, then brakes are
released and take-off thrust set during
acceleration prior to reaching 80 knots.
Rolling take-off:
Airplane is not stopped on the runway. A
'vertical 1 throttle position is selected as
airplane is aligned with runway centreline
and then advanced to take-off thrust when
engines are stabilised. Final take-off
thrust should be set prior to reaching 80
knots.
Static take-off:
Airplane is held in position with brakes
until take-off thrust setting is stablilised
then brakes are released and take-off roll
started."
"Take-off Roll
....Maintain appropriate taxi speed until
aligned with the runway centreline. During
take-off, use rudder pedal steering or
steering tiller and rudder for directional
control. In a crosswind, as the speed
increases during take-off, apply aileron as
required to maintain wings level. Avoid
large changes in control inputs. The
directional control from the rudder becomes
more effective than nose wheel steering at
about 50 knots. The transition from nose
wheel steering to rudder control is normally
completed by 80 knots. Guard the tiller
until directional control is established with
the rudder. Gradually release the pressure
on the tiller while establishing the required
amount of rudder. Then release the tiller
and shift the hand to the control wheel. The
Pilot Not Flying (PNF) will hold a light
forward pressure on the control column and
maintain the wings level during the initial
phase of the take-off roll.
At approximately 80 knots, when the Pilot
Flying (PF) has transitioned from steering
tiller to rudder control and has moved his
hand from the tiller to the control wheel he
should say "I have control11. At that time,
the PNF will release the control wheel.
Note: The optimum nose wheel steering angles
(steering tiller angles) for various
runway conditions are :Dry Runway = approx. 10° (20°)
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The PNF will call out "80 knots 11 , "Vl",
"VR", "V2", and "Positive Rate of Climb".
The PF should verify the speeds as they are
called out. The callouts are crosschecks not
commands,"
"Rejected Take-off
The take-off should be rejected if the
take-off warning horn sounds or any other
malfunction affecting safety of flight occurs
prior to VI. The take-off should be
continued if the condition occurs after VI.
The crewmember recognizing the malfunction
will call it out clearly and precisely. The
CM1 determines action to be taken.
Calculated stopping distances include flight
crew recognition and reaction time. For a
balanced field length, the rejected take-off
stopping distance is equal to the remaining
runway if the take-off is rejected at VI;
therefore, the rejected take—off procedure
must be accomplished expeditiously and
precisely to ensure a safe stop. Although
symmetrical reverse thrust is used, it is not
included in the certified stopping distance*
Rotation
Take-off and initial climb performance depend
upon rotating at the correct airspeed and
proper rate to the rotation target attitude.
Early, rapid or over rotation may cause aft
fuselage contact with the runway. Late, slow
or under rotation increases take-off ground
roll. Any improper rotation decreases
initial climb performance. For optimum
take-off initial climb performance, initiate
a smooth continuous rotation at VR to the
rotation target attitude
'f
1.17.3

Airplane Flight Manual
The following is an extract from the AFM:11

Re fused Takeoff

Conditions
Calculated accelerate-stop distances account
for demonstrated recognition and reaction
times, plus arbitrary time delays.
Reverse thrust was not used in establishing
these distances.
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Procedures
When an engine failure occurs, the takeoff
should .be aborted when the failure is
recognised prior to VI. If the takeoff is
refused for any reason, prior to VI, accomplish
the following procedure as rapidly as possible:
ANTI-SKID ON
Wheel Brakes
All Thrust Levers
Speed Brakes

-

MAXIMUM BRAKING APPLIED
IDLE
UP

ANTI-SKID OFF
(Not relevant to this accident)"
1.17.4

Aircraft performance certification
The State of the operator, the Federal
Republic of Germany, has chosen to use the system
of performance certification that is used by the
United States of America and known as Federal
Aviation Regulation Part 25. This requires, inter
alia, that on take-off the aircraft weight, and the
VI, VR and V2 speeds be arranged so that the
aircraft can accelerate with all engines operating
up to an -engine failure recognition speed of VI and
can then be brought to a halt within the
accelerate-stop distance available assuming that
the runway is smooth, hard and dry and that reverse
thrust is not used. For the purpose of this
calculation, demonstrated recognition and reaction
times are used together with arbitrary time
delays. The accelerate-stop distance is defined as
the sum of the runway length available and the
stopway length available. If no stopway exists (as
at Hong Kong International Airport) the
accelerate-stop distance available equals the
runway length available.

1.17.5

Air Traffic Control Instructions
The following is an extract from the aircraft
accident alerting procedures published in Hong Kong
air traffic control instructions:"3.2 Air Movements Controller
3.2*1 In the event of a crash on or
in the immediate vicinity of
the Airport, the Air Movements
Controller will operate the
civil crash alarm. The alarm

bells at the Airport Fire
Station and Sub Fire Station
will automatically ring for
approximately 27 seconds after
which time the switch will
reset,
3.2.2 Rescue Leader will establish
radio contact with the Tower
on 121.9 MHz as soon as
practicable after which the
air movements controller will
pass the alerting message, any
necessary instructions and
clearance to proceed. The
"Urban Area Crash Map"
phonetic alphabet and square
number will be used for
reporting crash positions,
e.g. "Rescue Leader, Tower,
aircraft crash position Urban
Papa Nine, I say again Papa
Nine, eight six persons on
board, Boeing 707, cleared
onto the runway".
3.2.3 Should the Airport Sub Fire
Station be the first to see an
aircraft accident, they will
(i)

activate the crash
alarms,
(ii) broadcast on 121.9 MHz
appropriate information,
and
(iii) telephone confirmatory
message to ADC giving
more precise details."
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2,

Analysis
2.1

General
It is evident' that this accident .was precipitated by the
partial failure of the No. 2 engine, indicated by the abnormal
rise in EGT, which culminated in a decision to reject the
take-off at a speed very close to VI, Flight recorder
evidence indicates that allowing for the possible +% second
error in CVR/FDR synchronisation, the STOP call was made at an
indicated airspeed of between 160 and 163 knots. When possible
IAS recording errors are taken into account the call took place
at a speed of between 156 and 167 knot IAS, as against a VI of
157 knots. The decision to reject the take-off seems to have
been delayed by the efforts of the flight engineer to bring the
No. 2 engine EGT back within limits, even though by 125 knots the
EGT was exceeding 990°C. The CVR shows that the flight engineer
expressed concern, though not in a precise manner, some 8 seconds
before the Stop call was made by the captain. These aspects,
together with general crew procedures, will be explored in more
detail later.
In .the later stages of the deceleration the co-pilot had
doubts whether the aircraft would stop before the end of the
runway, and the flight engineer had similar doubts when the
aircraft started to veer to the left. The precariousness of such
a situation is heightened at Hong Kong Airport where the runway
promontory terminates at the harbour sea-wall. In this accident
consideration of performance data and results of other studies
carried out by the aircraft manufacturer indicates fairly
conclusively that the aircraft would have over-run the sea-wall
into the water had it not veered from the runway and been halted
by soft ground.
In principle it should be possible for a take-off to be
rejected if appropriate action is taken at VI and the aircraft
brought safely to a stop within the runway distance remaining.
At Hong Kong there is a further 75 m of promontory remaining
between the end of runway 13 and the sea wall, 61 m of which is
paved surface. There are a number of possible reasons why the
principle did not operate in practice on this occasion, and these
are discussed later, as are the failure of the No. 2 engine and
veer off the runway.
The report also considers crashworthiness aspects of the
Boeing 747, the current concept of VI, and finally the
performance of the Hong Kong Airport crash and rescue services.

2.2

No. 2 engine failure
The stage 1 blade retainer separation was a rapid event and
resulted initially in a rise in N^ and EGT, followed by reducing
Ni due to throttle movements by the flight engineer and
decreasing engine efficiency. The EGT prior to the separation of
the stage 1 blade retainer was normal, and thus there was no
forewarning.
Similarly the likelihood of failure was not
detectable through an engine performance monitoring programme.
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2,3

Aircraft performance aspects
2.3.1

Runway declared distances
The intersection of the taxiway from the Runway 13
holding point to the runway is at 90°, with the green
taxiway centreline lights terminating at the runway edge
some 66 m inset from the runway end. The painted
nosewheel guideline intersects the runway centreline at
a point 110 m from the beginning of the runway, as
explained in the Hong Kong AIP. However, this line is
not always easy to see at night, particularly if the
runway is wet. (The green taxiway centreline lights
are now being extended along this line.) The line-up
manoeuvre can therefore, especially at night, result in
an appreciable loss of effective runway length. The
evidence shows that the crew of.DABYU were conscious of
this, and did their best to keep the loss to a minimum.
On the basis of eyewitness, CVR, and FDR evidence, DABYU
became aligned with the runway centreline with the
aircraft moving forward at about 10 knots at a point
where the nosewheel was 120 m from the start of the
TQRA.
On the other hand the aircraft take-off performance
data published in the AFM is based purely on the
empirically derived distance needed by the aircraft,
under a given set of conditions, to accelerate from a
standstill to VI and then stop again. It takes no.
account of any distance required by the aircraft to
accommodate the turn onto the runway.
It is felt there is a need for operators to address
this problem, and to ensure that their published
take-off performance calculations include a realistic
allowance for the loss of effective runway length
necessarily incurred in the line-up manoeuvre.

2.3.2

The "rolling take-off1 technique
It is this operator's policy to use rolling
take-offs whenever possible, and there are certain
advantages in so doing. Passenger comfort is enhanced,
runway occupancy time is minimized, and environmentally
the procedure is quieter in total than a standing start
take-off. However it is clearly less precise, and if
the aircraft needs to turn through a large angle at slow
speed, possibly using assymetric thrust, is then allowed
to move slowly forward while thrust levels are balanced
and then throttles advanced, valuable runway distance
can be used before take-off power is established.
In this accident the crew did their best to align
the aircraft with the runway centreline as early as
possible, and were conscious of the need not to lose
speed during the turn. Nevertheless the distance
penalty associated with this manoeuvre, as compared with
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a technique similar to that used to establish AFM
distances*, is calculated by the aircraft manufacturer
to be 33 nu
It is known that some operators prohibit rolling
take-offs on some runways If the take-off weight is
within .10,000 kg, (in the case of the B747), of the
maximum permissible for the particular conditions
prevailing, and there would seem to be some merit in
this practice.
2.3.3

Aircraft Loading
The total weight of the aircraft would have a
significant effect on take-off performance. If, for
instance, it was over the calculated weight it would
take longer and use more runway to reach VI and it would
take longer and use more runway in trying to stop. The
calculated take-off weight of DABYTJ was 372,726 kg,
whilst the maximum take-off weight (RTOW) calculated by
the flight crew for the prevailing conditions (using
zero wind) was 574 kg greater at 373,300 kg. However,
the surface wind given by air traffic control at the
time of take-off was 090°/06 knots. This equates with a
Flight Manual computed RTOW of 376,421 kg, giving a
safety margin of 33695 kg, or approximately 1%.
Although the cargo was reweighed after the accident
it was not possible to re-weigh 'the complete pallets as
some were damaged and could not be removed from the
wreckage. The net cargo weights were therefore checked,
and although tHere was a discrepancy due to a number of
possible factors this was on the conservative side .and
there appears to be no reason to suppose that the weight
•of cargo on the aircraft was greater than the loadsheet
calculated weight.
The fuel- situation is less clear. There was a
significant discrepancy of 2,925 kg between the
calculated uplift required to bring the- total fuel on
the aircraft to 107,000 kg, and the actual amount
uplifted intended to give a 107,000 kg indication on the
refuelling gauges at the wing refuelling station.
Because the discrepancy was less than 3,000 kg the fuel
tanks were not required to be dipped to ascertain the
actual weight of fuel on board. The 3,000 kg criteria
seems rather large, particularly in circumstances where

80% to 90% Nl set before brake release, target Nl
40 and 80 knots.
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set

the loadsheet weight is very close to the calculated
RTOW, such as pertained here. It may be there are
certain circumstances under which a much smaller
discrepancy should cause the tanks to be dipped. In
fact the amount of fuel uplifted actually raised the
indication on the wing gauges to 107,500 kg. Since the
APU operation would account for approximately 1,600 kg,
the real discrepancy is therefore only of the order of
825 kg. Differences of this order are not uncommon, for
a number of reasons. If there was indeed 107,500 kg of
fuel onboard on completion of refuelling the fuel
consumed subsequently by the APU, together with that
used for engine starting and taxying, would be
sufficient to ensure that at start of take-off the
loadsheet fuel figure of 106,000 kg was not exceeded.
There is therefore no reason to suppose that the
aircraft's weight at commencement of take—off was
substantially different from that shown on the
loadsheet.
2.3.4

Engine power settings
The PMR evidence indicates that the target Nl of
113.5%, which is the AFM setting for the prevailing
conditions and which the crew intended to use, was never
achieved on engines 1, 3 and 4. The reasons for this
have not been determined. The aircraft manufacturer
calculated 66 m as the distance penalty incurred due to
this factor, using PMR recorded Nl values. However,
based on PMR and FDAU calibration tests conducted
subsequently this figure was revised to 47 m by the
investigation team.
The distance penalty incurred due to the No. 2
engine thrust loss, as derived from calibrated Nl data,
is estimated at 70 m.

2.3.5

Possible late braking
The first, and most important action to be taken
following a decision to abort a take-off is to apply the
brakes. This is particularly important in the case of
an abort at or close to VI. The operator's B747 flight
crew training manual emphasises that in these
circumstances "the rejected take-off procedure must be
accomplished expeditiously and precisely to ensure a
safe stop'1. The Flight Operations Manual reiterates
that the first action is the application of full braking
and, ff at the same time, throttles shall be closed and
all remaining actions shall be taken".
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An analysis carried out by the manufacturer based
on FDR evidence suggests that in this accident the
initial deceleration was the result of the throttle cut,
autospoiler deployment, and thrust reverser deployment,
with no significant retardation from brake application
until about 2.5 seconds after throttle cut. It can
nevertheless be stated that the total deceleration
performance of DABYU, from the time the STOP call was
made to the time at which the aircraft left the runway,
was no worse than the stopping capability calculated by
the manufacturer using AFM data and assuming all four
thrust reversers and all sixteen brakes in operation.
2.3,6

Conclusion
It can be seen from the previous parts of this
section that a number of items related to the
performance of DABYU on this take-off, as compared .with
the empirical derivation of AFM performance, can be
quantified.
Firstly there is the line-up penalty; in this case
estimated at 120 m. Next is the penalty associated with
the use of the rolling take-off technique calculated to
be 33 m, and the thrust losses due to the problem with
the No. 2 engine, and the lower than planned Nl on
engines 1, 3 and 4, a total of 117 m. Collectively
these items mean that when the take-off was abandoned
the aircraft was 270 m further along the runway than it
would have been if the technique used for establishing
AFM distances had been followed.
The AFM accelerate-stop distance, assuming aircraft
weight in accordance with the loadsheet and wind and
temperature conditions as measured at the time of
take-off, is 3,152 m. Adding to this the penalty of
270 m previously calculated indicates that if the
take-off of DABYU was rejected at VI, and the subsequent
deceleration was equal to the AFM figure, the total
runway distance needed to accelerate and stop safely
would be 3,422 m. Since the total distance from the
start of the runway to the sea-wall at the far end is
3,407 m it can be seen that immediately the decision to
abandon the take-off had been made a marginal situation
existed.
This situation would in fact be alleviated to some
extent because AFM deceleration performance takes no
account of the effect of reverse thrust. In the case of
DABYU however this positive aspect would be partially
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negated by the No, 2 engine reverse thrust loss and the
loss of braking action from the No. 16 wheel. The
manufacturer has estimated that the straight ahead
stopping distance'of DABYU based on actual performance
would have been 45 m less than the established AFM
distance which would indicate a total runway distance
required of 3377 m. The stopping point in this case
would be on the paved surface. However all this is
based on the assumption of the take-off being rejected
at VI.
Because of the tolerances applied to the FDR
read-out it was not possible to determine the exact
speed at which the take-off was rejected. The aircraft
manufacturer however estimated that had the aircraft
remained on the runway it would have taken 583 m to come
to a stop, from the point at which it actually left the
runway surface, (Appendix D, Question 11.) (This
estimate could be affected slightly by assumption of an
incorrect surface wind.) This point was 3,170 m from
the start of the runway, meaning that che aircraft would
in theory have used a total distance of 3,753 m.
However it has already been concluded that if the
take-off was rejected at VI, and the subsequent
deceleration was at least equal to AFM performance which
• according to the studies carried out by the aircraft
manufacturer it was, the total distance needed would.be
3,422 m. The most likely explanation for this
discrepancy is that the take-off was not rejected at VI
. but at a speed in excess of VI. This supposition is
reinforced firstly by the backward movement of the
control column just prior to the Stop call, possibly
indicative of the start of a deliberate rotation due to
the co-pilot believing the aircraft was approaching VR
(168* knots); (it would take only about two seconds to
accelerate from VI to VR). Secondly by the very deep
wheel troughs made in the ground immediately adjacent to
the runway which indicate a major retardation at this
point. (The longitudinal acceleration in this area was
not recorded.)
Whilst it may be considered that none of this
evidence is absolutely conclusive, it is suggested that
there is nevertheless a strong probability of the speed
at which the take-off was rejected being in excess of
VI.
2.4

Crew aspects and procedures
The^take-off was to be carried out by the co-pilot sitting
in the right hand.seat. The captain was therefore the "Pilot Not
Flying"^and, in accordance with the flight crew training manual,
responsible for monitoring aircraft speed and making the
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appropriate calls at, inter alia, 80 knots and VI, The training
manual also stipulates that the take-off should be rejected if
any malfunction affecting safety occurs before Vl. The
crew-member recognizing the malfunction will call it out clearly
and- precisely, and the captain will determine the action to be
taken.
During the take-off roll the No. 2 engine EGT caution light
would have illuminated at around 60 knots as the EGT climbed
through 945°C into the red band zone on the gauge. This would
not cause any immediate concern, since the flight manual states
that operation in the red band zone will not normally call for
any action on the part of the crew. The higher EGT on the No. 2
engine as compared with the others was, at this time, accompanied
by a corresponding rise in NI thus retaining the normal EGT/N]_
relationship. This rise in NI was subsequently corrected by the
flight engineer. However from 90 knots No. 2 engine N^ was
virtually the same as that of the other engines, whilst EGT was
considerably higher than the others. It is suggested that this
departure from normal parameters constituted a clear indication
of a malfunction of the engine*
The FDR shows that by 122 knots the EGT exceeded 990°C. The
precise pattern of EGT thereafter cannot be determined, firstly
because of the sampling rate of the recorders which only sample
individual engine parameters every 4 seconds, and secondly
because the next three readings on both recorders are corrupt.
The next EGT recorded is 1082°C, which is consistent with the
reading of approximately 1100°C indicated by the EGT gauge
"tell-tale". The'AFM EGT limit for acceleration is 960°C for any
two minutes of take-off thrust application, but this is intended
only to allow for transitory EGT conditions. Otherwise the
take-off EGT of 945°C applies. The engine should be shut down on
reaching 990°C, if flight conditions permit.
It is necessary in the light of the above to determine why
the take-off was not rejected at an earlier stage when.the EGT
rose firstly past 960°C, and then past 990°C to an undetermined
level. The failure was unusual, and the flight engineer believes
he was misled by the initial rise in N]_ which maintained for a
short time the normal connection between NI and EGT. His first
reaction therefore was to try and lower EGT by reducing thrust.
It would appear he did not recognise clearly that a malfunction
had occurred until N]_ further decreased without any additional
thrust reduction on his part, accompanied by another rise in
EGT. Nevertheless the investigation team believes the flight
engineer should have recognised earlier that such a large EGT
excursion could only result from a significant engine
malfunction, and have reacted positively as required by company
procedures.
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The flight engineer first expressed concern at the
performance of the No. 2 engine at 1307:10, and at 1307:16 he
said, according the the CVR transcript, "No, that 1 s nothing,
Halt, Stop.11 The captain then ordered a rejected take-off. It
seems possible, although this can only be conjecture, that the
captain's attention having been drawn to the engine instruments
it was diverted from his primary function of speed monitoring and
he failed to appreciate that the aircraft was close to VI. It is
also possible that the use of the words "Halt, Stop", by the
flight engineer conditioned the captain into calling "Stop" when
otherwise he may have decided that it would be prudent to
continue the take-off. In the tenseness of the moment this would
be an understandable human reaction.
There is a further factor in this accident which may tend to
lessen the flight crew's speed awareness. The operator's policy
regarding the use of A.S.I, "bugs11* on take-off is to use them to
indicate V2, and higher procedural speeds based on V2.
So far as the investigation team are aware normal industry
practice is for operators to bug VI and VR, since these speeds,
particularly VI, are vital to the safe and correct performance of
any take-off by multi-engined public transport aircraft. The
fact that VI was not bugged on this take-off means that it would
be less readily apparent to the crew if, in fact, this speed had
already been reached at the time the take-off was abandoned.
Accordingly it is recommended that operators who do not currently
bug VI should re-examine their policy in this respect.
2.5

The veer from the runway
No abnormality or malfunction of the aircraft could be found
to account for the veer to the left which commenced when the
aircraft was decelerating through about 90 knots, other than the
bursting of the rear outer tyre of the right hand wing gear.
This would be unlikely to have any significant effect on either
steering or directional braking. Nevertheless the evidence from
the nosewheel tyres, and the nosewheel tyre marks on the runway,
clearly shows that the nosewheel was turned to the left during
the latter stages.

*'A.S.I. "Bugs" are movable indicators (usually four in
number) ,mounted on the periphery of the A.S.I, which the crew
can set to any chosen speed. It is immediately and clearly
apparent to the crew when the A.S.I, needle reaches the
"bugged11 speed.
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There is little doubt that had the aircraft not left the
runway to the side, and been stopped by the soft ground, it would
have gone off the end into the sea. There could be no criticism
of a pilot who, under these circumstances, made a split second
decision to steer the aircraft off the runway onto an unstressed
surface in the hope of getting jnore retardation and a longer
distance to the sea wall. The captain however has denied taking
such action and insists that he was trying to maintain the runway
centreline. The FDR indicates that at this time the rudder
pedals were offset to the right, but only to about 25% of the
full right rudder/nosewheel steering position* This evidence
therefore tends to confirm the captain 7 s statement, although it
is strange that with the aircraft veering rapidly to the side of
the runway he did not apply full pedal movement so as to gain
full benefit from the rudder pedal steering. The captain further
stated that he could not stop the swing because of the need to
maintain full braking. However, it should be possible, if the
pilots' seats are correctly positioned, to maintain full braking
at any rudder pedal position. It would also have been reasonable
for the captain to attempt to utilize the tiller under such
extreme circumstances.
The actual position of the pilot seats at the time of
take-off could not be ascertained. It was found during simulator
trials that with the seat set only 5 cm back from the ideal
position, and full braking applied, it was very difficult to make
any significant rudder input without releasing some of the
pressure applied to the brake. Whilst there-fore there is no
evidence that the captain's seat was incorrectly adjusted the
possibility exists that this was the reason for his inability to
arrest the aircraft's swing to the left using rudder pedals and
brakes.
Another possibility is that as the speed of the aircraft
decreased towards the 80 knot level the co-pilot replaced his
right hand on the nosewheel steering tiller. It was demonstrated
in the simulator that very little forward pressure on the tiller,
just enough to move it from the detent position, was sufficient
to override any rudder-pedal/brake input and cause the aircraft
to veer from the runway to the left. Again there is no evidence
to support such a hypothesis other than its demonstrated
feasibility, but it would be a perfectly understandable reaction
to the situation and one that might be so automatic as not to be
remembered afterwards.
2.6

The VI Concept
The generally understood concept of VI is that it is the
speed at which the crew have the option, following recognition of
an engine failure, to continue the take-off and reach the screen
height at the end of the Take-Off Distance Available, or to abort
the take-off safely within the Accelerate-Stop Distance
Available. It follows that recognition of an engine failure
prior to VI means that the take-off should be abandoned, whilst
an engine failure after VI means that the take-off must be
continued.
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The operators training manual partly reflects this
philosophy by stating that the take-off should be rejected if the
malfunction occurs prior to VI, and continued if after VI. .It
does not address the question of what should happen if a
malfunction occurs at VI. The AFM also does not address this
question specifically.
Note
Since this accident the operator has revised his definition
of VI as follows :"The speed to be used as a reference whether to reject or
continue the take-off. VI speeds are selected such that
the following applies:a)

If an engine failure is recognised before VI the
take-off must be rejected.
Note: A stop can be made within the available
accelerate-stop distance without the aid of reverse
thrust, provided reject actions are- initiated
promptly.

b)

If an engine failure is recognised at or above VI the
take-off must be continued.
Note: A height of 35 feet will be reached within the
available take-off distance,"

The US Federal Aviation Administration (FAA) state that VI
is also defined as the speed at which the first deceleration
device is initiated, and occurs not less than one second after
actual engine failure.
In the April-June 84 Boeing Airliner Magazine the following
statement appeared :11

If we realistically look at the airplane acceleration
rate around VI, the state of mind of the crew, the fact
that maximum effort braking (and) stopping is hardly ever
practiced in normal operations and the fact that clearing
slightly less than 35 feet at the end of the runway is
not nearly as detrimental as running off the end of the
runway, one might come to a conclusion that on a
runway-limited take-off the go decision may be better
than the stop decision."
The Boeing Company has also produced a graph which shows
that whereas a runway limited four engined jet transport aircraft
losing an engine 10 knots below VI and continuing take-off will
still attain a screen height of around 30 feet, i.e. only around
5 ^feet from where it would be with a VI engine failure, the same
aircraft aborting take-off at VI + 5 knots will go off the end of
the runway at between 60 and 80 knots depending on aircraft
weight (maximum braking, dry runway, no reverse thrust) .
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Whatever definitions and interpretations are placed on 71,
the concept is a method of defining a location on a runway such
that the aircraft can be safely stopped in whatever distance is
left at the time the aircraft reaches a particular speed. It
follows that on a balanced field length take-off, in order for
the concept to work, the aircraft must achieve at least the
acceleration performance on which the take-off calculations are
predicated, i.e. the AFM performance, otherwise it will be
further down the runway than it ought to be at the time VI is
reached. If this happens, as it did with DABYU, the concept
becomes invalid.
In view of these drawbacks it seems that until such time as
the VI concept can be replaced by an improved procedure a method
is needed of indicating to the flight crew that aircraft
acceleration on take-off is (or Is not as the case may be) equal
to or better than AFM predicated values.
2,7

The Boeing 747 - Crashworthiness
2.7.1

Nose Landing Gear Collapse
The damage arising from the collapse of the nose
landing gear is cause for concern. Firstly there is the
considerable fuselage deformation in the area of the NLG
doghouse. This was brought about by the fact that it
was the doghouse/fuselage attachments which failed,
rather than the design situation in which it is expected
that the NLG/doghouse attachments will fail, thereby
reducing the amount of consequential damage. In this
case there was gross disruption of part of the main
cabin floor and of the MEG.
Contributing to the severe disruption of the cabin
floor and MEC were impact forces transmitted by fuselage
structural members in the area of the lower fuselage
impacted by the nose gear. These members remained
relatively undeformed and transmitted fuselage
undersurface displacements through to the aircraft
interior.
Although the flight deck was locally penetrated'
these factors did not in this case result in any
injuries. Similar floor damage to that resulting from
the factors described in the preceeding paragraph, if
occurring in a passenger aircraft, could result in
injury and possibly hinder an emergency evacuation.
Similar floor damage to that caused by the failure of
the doghouse/fuselage attachments, occurring in a
passenger aircraft, would probably result in major
injuries and in evacuation being seriously affected.
The manufacturer has advised that a structural
change designed to reduce the amount of damage resulting
from collapse of the nose gear was incorporated in all
B747 aircraft from line position 580 onwards. (This
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aircraft was delivered in April 1983.) However it is
understood that this modification is not available for
retrospective incorporation into pre-line position 580
aircraft and it is recommended that the manufacturer
investigate the practicality of providing a similar
modification for these aircraft.
2.7.2

Fuel System
No evidence was found that any fuel tanks were
directly damaged by collapsing landing gears, or that
any aircraft or engine fuel pipes ruptured. However, a
small breach was made in the centre fuel tank. Although
the release rate must have been low, the consequences
could have been serious had the fuel ignited. Clearly
in this case no adequate ignition sources were
encountered, but whether or not this occurs during
impact involves highly variable factors and any
flammable fluid release is highly undesirable.

2.8

'Airport Crash and Rescue Services
Due to a number of factors it was not immediately apparent
to either aerodrome control or the airport fire services that an
accident had occurred. Firstly, the aerodrome controller did not
see the aircraft veer off the runway and stop. This happened
about 3000 m from him, and against a background of a multitude of
individual light sources of many colours. These same factors are
also relevant to the watchkeeper in the main fire station
although the distance is slightly less. In fact the first
indication that all was not well came from the sub-fire station,
which is about 600 m from the spot where DABYU came to rest.
There is no watch kept from the sub-fire station and it was
fortuitous that the officer in charge had his attention drawn to
the aircraft by what he perceived as an unusual engine noise.
However at first he did not realise anything was amiss since his
outside visibility was affected by the reflections in the windows
from the office lights. Having switched the lights off he
eventually located the aircraft and advised air traffic control
and the main fire station, by direct line, that it might have a
problem. At the request of air traffic control he then ordered
all appliances from the sub-fire station to proceed to the
aircraft to investigate. The crash alarm was sounded by air
traffic control on.receipt of the telephone call.
Arrival of the reinforcing appliances from the main fire
station was further delayed by them initially going in the wrong
direction* This action can be attributed to the ambiguous
instruction from air traffic control to proceed to the end of
runway 13, which did not, as required by local instructions,
include a- grid reference of the location.
Fortunately none of the above difficulties had any direct
effect on^the outcome of this accident, since there was no fire
and no injuries. However in other circumstances they may have
been contributory, although of course had there been a fire the
location of the aircraft would have been more easily pin-pointed.

3.

Conclusions
3.1

Findings
3.1.1

The aircraft had been properly maintained, was correctly
loaded, and all documentation was in order.

3.1.2

The crew were properly licensed and adequately
experienced to undertake the intended flight.

3.1.3

Shortly after the take-off run commenced the No. 2
engine EGT increased, as compared with the other three
engines, together with an initial increase in Nj. This
was due to separation of the stage 1 blade retainer for
the high pressure turbine rotor.

3.1.4

From about 65 knot.s onwards No. 2 engine EGT was
consistently higher than that of the other three
engines, and after 80 knots was in excess of the AFM
limit temperatures.

3.1.5

At a speed of between 120 knots and 125 knots IAS the
No, 2 engine EGT exceeded 990°C at which point the
engine should have been shut down.

3.1.6

From 132 knots No. 2 engine N]_ decreased due to a
combination of throttle adjustment by the flight
engineer and reducing engine efficiency caused by
deterioration of the high pressure turbine.

3.1.7

The captain ordered the take-off to be rejected when the
aircraft speed was in the vicinity of VI. The exact
speed at which this happened has not been determined but
was probably in excess of the VI of 157 knots.

3.1.8

Due to a number of factors the runway distance used by
the aircraft to accelerate to the speed at which the
take-off was rejected exceeded the distance scheduled in
the AFM.

3.1.9

The achieved deceleration was at least equal to AFM
scheduled performance data.

3.1.10

At a speed of approximately 90 knots IAS during the
rejected take-off the aircraft commenced a veer to the
left, and ran off the runway on a heading of about 100°M
and at a speed of about 55 knots IAS.
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3.2

3.1.11

All landing gears collapsed as the aircraft ran over
soft ground, allowing it to settle onto the four engine
nacelles and the lower fuselage.

3.1.12

The collapse of the nose landing gear caused severe
deformation of the forward fuselage, including the main
electrical compartment and the cabin floor.

3.1.13

There was no fire, and the crew who were the sole
occupants evacuated the aircraft unscathed, ,

Cause
The accident was caused by the take-off being rejected at
high speed, probably in excess of VI, at a point where the
remaining runway length was insufficient to ensure a safe stop*
A number of factors contributed to the aircraft having used more
runway distance to reach the reject point than that scheduled in
the Airplane Flight Manual, thus diminishing the available
braking distance. An attempt to remedy the problem experienced
with the Number 2 engine was responsible for the tak£ off not
being abandoned at an earlier stage. The reason for the aircraft
leaving the runway paved surface has not been determined.

4.

Safety Recommendations
It is recommended that 4.1

Operators ensure their published take-off performance
calculations include an allowance for loss of effective runway
length incurred by the line-up manoeuvre. Airport authorities
should publish all information necessary to enable appropriate
calculations to be made.

4.2

Operators consider prohibiting rolling take-offs if the aircraft
take-off weight is close to the maximum permissible for the
particular runway and prevailing conditions.

4.3

Operators who do not already do so examine the desirability of
bugging VI and VR prior to commencement of take-off.

4.4

Manufacturers and airworthiness authorities seek a method of
indicating to the flight crew whether achieved aircraft
acceleration on take-off is at least equal to AFM predicated
values.

4.5

The aircraft manufacturer investigates the practicality of making
available a retrospective modification designed to minimise
damage resulting from nosegear collapse in respect of pre-line
position 580 Boeing 747 aircraft.

I. Hutchinson
Inspector of Accidents
Accident Investigation Division
Civil Aviation Department

45

APPENDIX A

EXTRACT FROM COCKPIT VOICE RECORDER
TRANSCRIPT

L E G E N D

CAM

Sound or voice on Cockpit Area Microphone

RDO

Radio transmission from LH 683

INT

Communication on Interphone

- 1

Voice identified as Captain

- 2

Voice identified as First Officer

- 3

Voice identified as Flight Engineer

INT-G

Voice of ground crew on interphone

GC

Hong Kong ground control

TWR

Hong Kong tower

-

unintelligible word

^

non pertinent word

pause

(

)

((

))

questionable test

Editorial insertion

All times are,expressed in GMT.

SOURCE

.

CAiJ-3

INTRA-COCKP1T

AIR-CROUm)-COIUnJNICATIOH

TRAtlSLATIOH

of 21

Pack valvea cloccd
Ignition Flight Start
Body gear steering
Annunciator lights

1)06:03

CAH-1

.1306:04

CAIl-1

Hum Jetzt, rum Jetzt
wir so ...

indem wir una die power ochon eetzen .,
eonet warden wir zu langoam

1306:19

CAH-1

13^6:20

CAH-3

1306121

CAl-I-1

'1306:27

turn now, turn
we do like thin ...
when setting the power already
otherwise we'll slow down

Vir wollen ja in Bewcgung blelben.

We want to keep rooving*

Biochcn gerade.

now etraieht

In die Xante

Into that edge

(in die Kante) oo'n biechcn gerade und
dann fiof ja

(into the edge) a little bit straight and
than.

Kuhig gerade oetzen

How

CAH-1

of

((inqroaoing engine noloe))

1306131

cAii-i

1306132

CAM-1

'1306:35

CAJ1-3

1306:36

CAM-2

1306:38

CAJl-3

1506:40

CAH-1

1506:42

CAM- 3

throttle
OK, dao body gear oteering ie disarmed
*•
Annunciator light checked
checked
Autothrottle

Braitchen wir nicht denn.
Heo 7
Wir wollon Ja mit Hnnd machen.

t 306: 44

CAM- 3

We don't need that.

Allen klar.

We will do it manual.
All rlfrht.

TlllE

SOURCE

1306:45

CAIt-1

AIR-GnOU»n~COMMWMCATIOH

INTRA-COCKPIT

TRAUSLATIOH

Wan Iflt Ion?

What the matter?

Ach ao, da lot

A)»,

1506.J47

CAM-3

(ignition io JB jetzt)

1306:48

CAM-1

(Gut)

1306:49

CAM- 5

Ja, Ja

e 20 of

thore IP

(Good)

1306:51 CAM-1
1306:52

CAM- 3

(Ja, ,1as die ,., die )

1306:52

CAM-2

( * )

1306:53

CAM-3

Ja, ja

1306i54

CAH-1

eighty

1306 1 55:

CAM-2

checked

8

CAM-3

Indicator

1307s10

CAM-3

Waa let denn hler, engine

What*a eoing on there.

1307:12

CAM-1

Wae?

What?

1307s13

CAM-3

Was let denn mlt der engine loa da hier?

What's about the engine there?

1307:15

*

((Sound of click))

1307:15

CA>t-1

*

1307:16

CAH-3

Ja, nee, daa let nlchtr, (Halt), Stop

1307:18 CAM-1
1 307 1 1 9

((Sound of click))

No, that's nothing* Halt, Stop

TIME

SOURCE

1}0?i20

CAM-}

IHTnA-COCKPIT

AIR-GROUHD-COMHUHICATIOIf

F,ir:n 21 of

Stop
((Sound of click))

1507-.21
1)07:26

CAH-1

O07OO

CAH-3

(I have It)
Brake preosure stehfc
brnke preaoure stabilized
((Sound of rumbling))
((Sound of WARNING HORH))

1307s 38

1 307 i 40

TRANSLATION

End of recording

APPENDIX C
The following events were established from runway markings;
distances from the start of the runway are shown in brackets:Point 1 (2,460 m) -

Point of origin of first identifiable
marks, the initial track from this
point comprised two narrow parallel
rubber marks. These were positively
identified as originating from one of
the right hand wing landing gear (WLG)
outboard wheels, and were consistent
with one of these tyres sliding in a
non-rotating and deflated condition
(see"paragraph 1.12.4).

Point 2 (2,630 m) -

Each of these tracks became a double
track. Marks were consistent with one
of the right hand WLG outboard tyres
sliding on the runway after tread
wear-through, with four point contact
on tyre interior surfaces near the
bead, and on both shoulder remains
(see paragraph 1,12.4).

Point 3 (2,850 m) -

Earliest point at which all ten wheel
tracks (i.e. two from each landing
gear) could be positively identified.

Point 4 (2,940 m) -

Tyre tracks started to deviate to the
left from close to runway centreline.
Tracks continued veering left in an
arc of fairly constant radius of about
556 metres. Yaw increased from
approximately 3° left in the early
stages to approximately 6° left of
instantaneous track by Point 6.

Point 5 (3,140 m) -

NLG tyre marks suddenly became
sinusoidal. This commenced as the
right hand NLG tyre contacted one of
the painted "piano keys'1 runway marks
(see paragraph 1.16.2).

Point 6 (3,170 m) -

NLG departed runway edge, aircraft
tracking 16° left of runway centreline
and yawed 6° left of track. The
ground here consisted of an
approximately 0.13 m layer of dry sand
overlying dry moderate weight stony
soil.

APPENDIX C (page 2)

Point 7
(not shown on
diagram)

Start of intermittent aluminium
deposits on runway, consistent with
contact of right hand WLG outboard
wheel outboard rim contact.

Point 8
(not shown on
diagram)

Right hand BLG outboard wheels struck
small concrete manhole. After leaving
the runway the nose and main wheels
formed tracks through the soil of
gradually increasing depth. At the
point of collapse of each LG available
evidence indicated that the grooves
were about 0.5 m deep.

Thereafter

Note :

-

In turn the NLG, right hand WLG and
right BLG collapsed, engine nacelles 3
and 4 contacted the ground, the left
hand WLG and left hand BLG collapsed,
engine nacelles 1 and 2 contacted the
ground, the aircraft came to a stop on
a track 28° left of runway centreline
and yawed 11° left of track. The
aircraft's final heading was 096°M.

The off-runway markings were partially
obliterated by the recovery operation shortly
after the accident. Therefore details of
landing gear collapses could only be estimated,
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APPENDIX D
Responses provided by the Manufacturer
on 11.1.84 to questions posed by the Investigating Team

The event sequence referred to in the following response is illustrated
in Attachment 1.
Question 1

Answer

What is the estimated time and distance penalty for
actual initial takeoff technique used (i.e., assuming 10
kt. ground speed at designated start of takeoff point and
thrust application as indicated by FDR) compared to the
distance and time that YU would have taken using the
following techniques:
a.

Brake release with full target NX set.

b.

Brake release with 70% set and power then increased
linearly to full target NI over 8 sees.

The time and distance penalties for the alternative
techniques were :
a.

Relative to setting target Nj at brake release,
3.9 seconds and 42 meters (140 feet)*

b. .Relative to setting 70% NI at brake release and
target Nj within 8 seconds,
0.6 seconds and 33 meters (110 feet).
Question 2

Does YU's acceleration performance indicated by FDR
suggest any aircraft defect apart from Eng. #2 thrust
loss? (e.g. flat tyres, dragging brakes, spoiler
deployment, excessive flap, unlocked thrust reversers.)

Answer

No other aircraft defect is apparent, because the
acceleration performance correlates with the engine
thrust level used. The estimated distance from Point B
to Point G, from integration of the longitudinal
acceleration recorded on PMR, was 2025 meters (6640
feet). The computed distance, using AFM methods, is 1860
meters (6105 feet). The difference is explained by the
following :
(a) An estimated penalty of 33 meters (110 feet) was
incurred by slow initial thrust increase (cf.
Question 1).
(b) An estimated penalty of 66 meters (215 feet) was
incurred by setting NI lower than the AFM target
(cf..; Question 4) .
(c) An estimated penalty of 70 meters (230 feet) was
incurred by thrust loss on Engine 2 (cf. Question 5).
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Question 3

What stabilized N]_ indications (including full
allowances for tolerances) were achieved by Eng. #1,
3 S 4 during the acceleration? Is calibration of the
NI gauges and FDAU suggested?

Answer

At speeds of 75-85 knots IAS, the NI as recorded on
the PMR for Eng. #1, 3, 4 were 111.97%, 111.43%, and
111.43%, respectively. The RSS tolerance (indicator
plus FDAU) of the recorded NI is +0.65% N I > which
gives the following range of actual Nj f s inferred
from the PMR recording:
Engine

Min

1
3
4
Mean

111.32%
110.78%
110.78%
110.96%

RecordedNi
111.97%
111.43%
111.43%
111.61%

Max. NI
112.62%
112.08%
112.08%
112.26%

Since these PMR N]_ values are less than the AFM
target of 113.5% N^, calibration of the NI gauges
and the FDAU is suggested.
Question 4

If probable stabliized N]_ for Eng. #1, 3 5 4 shows a
significant shortfall, what distance and time penalty
for YU's acceleration from Pt. B to Pt". G, i.e., the
distance that YU would have used with all engines at
probable N^ compared with the distance YU would have
taken with all engines at target N|?

Answer

The mean power setting of Engines #1, 3, 4 at an
indicated airspeed of about 81 knots, as recorded on
the PMR, was 111.61% Nj +0.65% Nj. The AFM target
power setting was 113.5% N^, This shortfall would
result in a thrust decrement of 2.28% to 4.84% at 135
knots true airspeed. The time and distance penalties
from Point B to Point G, computed by AFM methods with
the above thrust deficits applied to- 3 engines, were:
Power Setting

113.50 (AFM)
112.26 (Max.Tol.)
111.61 (PMR)
110.96 (Min. Tol.)

Time Penalty
(Sec.)
(Ref.)
0.9
1.4
2.0

Distance Penalty
(Meters/Ft.)
(Ref.)
42/135
66/215
91/300

Question 5

What is the computed time and distance penalty
resulting from Eng. #2 thrust loss during the
acceleration? (i.e. the estimated distance between
points B and G for a) actual YU performance, b) YU
performance had Eng. #2' Nj remained at value set.)

Answer

The computed time and distance penalties from Point B
to Point G due to the thrust loss on Engine #2 were
0.9 seconds and 70 meters (230 feet).
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Question 6

What is the event time history assumed for AFM abort
technique; abort initiation, forward thrust
reduction, brake application, spoiler initiation?

Answer

The AFM aborted takeoff event sequence is :
Event
Engine Failure
Abort Initiation (Brake Appl.)
Throttle Cut
Spoilers Initiated (Reverse Detent)

Accumulative Time
0.00
1.00
2.36
4.24

seconds
seconds
seconds
seconds

The sequence and its derivation from flight tests, is
sketched in Attachment 2.
Question 7

What is the definition of V]_?

Answer

V]_ is the take off decision speed; the speed at
which, when an engine failure is recognized, the
distance to continue the takeoff to the screen height
will not exceed the usable takeoff distance; or, the
distance to bring the airplane to a full stop will
not exceed the accelerate-stop distance available.
Vi must not be less than the Ground Minimum Control
Speed, V^QQ, or greater than the Rotation Speed,
VR, or greater than the Maximum Brake Energy Speed,
V
MBE• .
If a- takeoff is aborted at any speed less .than V]_,
the airplane can be brought to a full stop within the
available accelerate-stop distance.
If an engine failure occurs at any speed greater than
V^, "the takeoff can be safely continued to reach 35
feet screen height within the usable takeoff
distance.

Question 8

How does assumed time history of Points G, G4, G5,
compare with results typically achieved?

Answer

The assumed time history falls within the range
typically achieved. *Throttle cut, brake
application, and spoiler initiation appear to have
been achieved within a span of 1.7 seconds, compared
with the AFM sequence of 3.24 seconds. Reverse
thrust initiation and engine acceleration occurred
within an additional time span of 4.3 seconds,
compared with a standard sequence of 5.0 seconds used
by Boeing.
The AFM sequence illustrated in Attachment 2 has been
synthesized by adding arbitrary delays to

* See page 6 of this Appendix
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demonstrated failure-recognition and pilot reaction
times. The AFM sequence of 4.24 seconds from engine
failure to spoiler initiation (reverse thrust
detent)5 for example, was derived from a demonstrated
time of 1.24 seconds. The demonstrated failure
recognition time of 0.36 seconds was increased to
1.00 second,-and the demonstrated times for throttle
cut and spoiler initiation each had 1,00 second
delays added. The intent is to have the AFM reflect
performance achievable by line pilots under
operational conditions, rather than that achieved by
test pilots under controlled conditions.
Question 9

What is the computed distance and time penalty
resulting from burst of tyre 16 at Point G3 and Eng.
.#2 Rev. Thrust decrement? (i.e., comparison of
distance between Point G and predicted stop using
actual YU performance - estimated where necessary and (b) predicted YU performance had tyre 16 braked
normally and Eng. #2 behaved similarly to the other
three engines during deceleration).

Answer

The distance and time penalties for the loss of 1
effective brake at Point G3 and the reduced N^ of
Engine 2 were 69 meters (225 feet) and 1.5 seconds.

Question 10

Does YU's deceleration performance indicated by FDR
suggest any defect" apart from tyre 16 loss and Eng.
#2 Rev. Thrust Loss?
(e.g. poor brake
effectiveness? Spoilers not deployed?)

Answer

No other aircraft defect was indicated by YU's
performance. The deceleration recorded on the PMR
ranged from -0.40g initially to ~0.25g at the point
the swerve occurred. This compares with the
deceleration that would be computed by AFM methods,
which averages about -0.29g.

Question 11

What is the estimated distance from Point P to a
straight ahead full stop (assuming infinite-runway)
assuming 3.8 Rev. Thrust and 15 brakes to standstill?

Answer

The estimated distance would be 583 meters
feet) beyond Point P.

Quest-ion 12

Are Eng. .#1, 3, 4, Nj's achieved during Rev. Thrust
significantly different from what should have been
achieved?

Answer

The NX'S apparently achieved by engines #1, 3 and 4
were not significantly different from what should
have been achieved. Engines #1, 3, and 4 reached
97.2% NI to 103.6% NI in reverse thrust, according to
PMR recording. The maximum Nj recommended for
reverse thrust is 100%.

(1910
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Question 13

:

What is AFM prediction of accel-stop distance for
conditions as Attachment 1 with abort initiation at
157 knots?

Answer

:

The distance read from the AFM charts with
Vi - 157 knots at the conditions of Attachment 1
is 3152 meters (10,340 feet).
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The manufacturer subsequently concluded that brake
application took place 0.8 seconds later than originally
estimated, but this did not have any significant effect
on the penalties described in the answer to Question 9.
In the light of this revision the manufacturer was asked
a further question3 and responded on 17 January 1986,
viz. :Question
What is the distance comparison between Point G and
predicted stop using
a) actual DABYU performance - estimated where
necessary; and
b) AFM predicted performance for the actual
conditions, (temperature 27°C, surface wind
090°/06 knots).
Answer
The ground speed at the abort point (G, at GMT of
1307:19), estimated from integrated longitudinal
acceleration data recorded on the PMR, was 157.5
knots. The estimated straight-ahead stopping
distance for D-ABYU for the conditions quoted would
have been 1493 meters (4900 feet). The AFM stopping
distance from the same abort speed is 1538 meters
(5046 feet). The assumptions used to compute the
actual stop are :
o
o
o
o

15 brakes operating.
Event sequence of Attachment 1 except brake
application 0.8 second later,
Reverse thrust reduced due to low N* RPM on
Engine 2.
Reported wind 090M/6 knots.

The assumptions used to compute the AFM stop are :
o
o
o
o

16 brakes operating.
AFM event sequence (see Question 6).
No reverse thrust used.
50 percent of reported headwind.

ATTACHMENT 1 to
APPENDIX D

The event sequence used in estimating the various performance items
follows:

Point

Event

PMR~ GMT

"Arbitrary Time'f
(Sec.)

B

Start @ 120M past threshold

1306:30

23

C

Full power achieved

1306:43

36

D

EGT 2 indicator light

1306:57

50

E

Noticeable Eng. 2 NI drop

1307:09.5

62.5

G

Abort (throttle cut)

1307:19

72

G2

Spoiler deployment

1307:20

73

*G3

Brake application

1307:20*7

73.7

G4

Start reverser deployment

1307:21

74

G5

Full reverse thrust achieved

1307:25

78

P

Start of veer

1307:31

84

W

Est. straight-ahead stop

1307:54.1

107.1

Event MW" was estimated from calculations done for Question 11. The
other events were estimated from recorded data plotted by A.I.E.

''Arbitrary Time11 is zero at a GMT of 1306:07.

*

The manufacturer subsequently revised this estimate to
1307:21.5 GMT and 74.5 H Arbitrary Time" - see paragraph 1.16.5.2

Attachment 2 to Appendix D

THE A B O R T E D - T A K E O F F EVENT SEQUENCE FOR MODEL 747,
AS DEMONSTRATED IN FLIGHT TESTS IS;

BRAKE
APPLICATION
SPOILER
ACTUATION

ENGINE
FAILURE
,36s

REMAINING
ENG-CUT
.23$

.35s

THE EVENT SEQUENCE USED IN AFM CALCULATIONS, SHOWN BELOW,
Y/AS DERIVED BY
(a)

USING THE GREATER OF 1 . 0 0 SEC. OR THE DEMONSTRATED
FAILURE RECOGNITION TIME AS THE INTERVAL T O - T H E FIRST
PILOT ACTION (BRAKE A P P L I C A T I O N ) , AND

(b)

ADDING A DELAY OF 1/00 SEC, FOR EACH SUCCEEDING PILOT
ACTION TO THE DEMONSTRATED EXECUTION TIMES.

BRAKE
APPL* (

ENGINE
FAILURE

SPOILER
ACTUATION

REMAINING
ENC-CUT

1.00s

1.36s
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