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ACCIDENT TO VISCOUNT 720C AIRCRAFT VH-RMQ

NEAR PORT HEDLAND, WESTERN AUSTRALIA,

ON 31ST DECEMBER, 1968.

1 - INVESTIGATION

1.1 HISTORY OF THE FLIGHT

At 0830 hours Western Standard Time on 31st December, 1968, a
Viscount 720C aircraft, registered VH-RMQ, was scheduled to commence a
regular public transport service, designated Flight 1750, from Perth to Port
Hedland in the State of Western Australia. The aircraft was owned by Ansett-
ANA and was being operated by MacRobertson-Miller Airlines Pty. Ltd., who
hold an airline licence issued by the Director-General of Civil Aviation. The
aircraft was under the command of Captain B.B. Bayly and the crew consisted
of First Officer M.J. Nelson, Senior Hostess G.F.J. Bradshaw, and Hostess
G.P. Sweetman. There were 22 passengers on board the aircraft including
Miss K.M. Aubrey who, although travelling on a passenger ticket issued by the
Company, was on board as part of familiarisation training as an air hostess.

A flight plan for the intended flight to Port Hedland, 724 miles to
the north, was submitted to the Perth Operational Control Centre by Captain
Bayly at 0749 hours. This plan indicated that the flight would occupy a total of
189 minutes and that the aircraft would cruise at Flight Level 170 (i.e., a height
of 17, 000 feet indicated on the altimeter with the pressure datum set at 1013. 2
millibars). The plan also indicated that the aircraft had sufficient fuel onboard
for 295 minutes of flight which was 33 minutes in excess of the minimum per-
missible fuel endurance for this flight.

The flight crew started the aircraft at 0829 hours and, whilst taxy-
ing for take-off on Runway 02 at Perth Airport, received and acknowledged an
air traffic clearance communicated by Perth Tower. Of the alternative clear-
ances offered, the Captain elected to proceed via the 030 degrees radial of the
Perth Very High Frequency Omni-Range (VOR), to Ballidu, whilst climbing to
Flight Level 170. Take-off was normal and, when the aircraft was established
on the departure track, the crew reported the time of departure as 0836 hours.

At 0839 hours Captain Bayly reported that he was climbing at an
indicated airspeed of 155 knots, instead of the 175 knots proposed in the flight
plan, because of turbulence which he first encountered at 1,500 feet. Twelve
minutes later Captain Bayly said " the turbulence is light with patches up
towards moderate to about 8,000 feet - we're still getting slight turbulence at
ten but there are a couple of nasty patches round about five".
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During this climb First Officer Nelson also advised Perth that the
aircraft would continue its climb beyond the proposed Flight Level 170 and
cruise at Flight Level 190. Apart from these minor changes to the flight plan
the aircraft continued normally along the intended route with position reports
being transmitted as scheduled to Perth Flight Service Centre, Meekatharra
Flight Service Unit and Port Hedland Flight Service Centre. At 1114 hours the
aircraft advised Port Hedland that it was then abeam Wittenoom Gorge at Flight
Level 190 and it's estimated time of arrival Port Hedland was 1142 hours. At
this point a request was also made to Port Hedland for advice of the forecast
winds for the return flight to Perth, presumably so that the flight crew could
commence preparation of the new flight plan.

At 1117 hours Port Hedland advised VH-RMQ that a Cessna 310
aircraft, VH-DTJ, had left Port Hedland at 1112 hours for Mount Newman and
was climbing to a cruising altitude of 9,500 feet. The captains of the two air-
craft then satisfied themselves by direct radio communication that the routes
being followed were not such as to induce any collision risk. At 1120 hours
VH-RMQ advised that it would be commencing its descent from Flight Level 190
in three minutes and Port Hedland then passed the forecast winds for the return
flight to Perth, which had been requested earlier. At 1134 hours VH-RMQ re-
ported that it was then 30 miles by Distance Measuring Equipment (DME) south
of Port Hedland and had left 7,000 feet on descent. This was the last message
received from the aircraft. The Flight Service Officer at Port Hedland ack-
nowledged the receipt of this last report by transmitting the surface wind and
temperature conditions and the altimeter setting for landing at Port Hedland.
When this communication was not acknowledged further calls were made but
no further communication from VH-RMQ was heard or recorded.

At about the time that VH-RMQ failed to respond to these radio
communications, two persons, each in different positions, saw the aircraft
descending rapidly and steeply although these observations were made from
distances of 4-| and 6| miles respectively. Neither of these eye-witnesses was
able to observe any impact with the ground because of intervening high terrain.
At 1212 hours a Cessna 337 aircraft left Port Hedland to search along the route
which VH-RMQ had been expected to follow and, eleven minutes later, the pilot
of the search aircraft saw the burning wreckage of the Viscount aircraft, close
to the intended route. The position was later determined to be 28.1 miles on a
bearing of 184 degrees True from Port Hedland Airport. Approximately one
hour later a ground party from Port Hedland reached the scene of the accident
and ascertained that none of the aircraft occupants had survived the impact.

1.2 INJURIES TO PERSONS

Injuries Crew Passengers' Others

Fatal
Non-Fatal
None

4
0
0

22
0
0

0
0
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1.3 DAMAGE TO THE AIRCRAFT

The aircraft was destroyed by severe impact forces and the major
portion was also affected by an intense post-impact fire.

1.4 OTHER DAMAGE

The aircraft struck the ground in open spinifex-grassed country
and there was no damage to property other than that carried on the aircraft.

1.5 CREW INFORMATION

Captain Brian Beverly Bayly, aged 47 years, was first issued with
a first class airline transport pilot licence on 14th November, 1947, when he
was employed by Australian National Airways. He joined MacRobertson-Miller
Airlines in 1954 and flew with this company as a captain on Douglas DCS and
Fokker F27 aircraft. Captain Bayly became a captain on Viscount 747 aircraft
on 8th July, 1968, and his licence was endorsed for Viscount 720C aircraft on
19th September, 1968. His total flying experience at the time of the accident
was 19,129 hours of which 17, 877 hours had been flown in command, including
367 hours on Viscount type aircraft. He also possessed a valid first class
instrument rating and a radio telephone operator's licence. Captain Bayly's
proficiency in command of Viscount aircraft was last checked on 26th and 29th
October, 1968. On both these occasions the examining check captain assessed
his performance as sound. On 16th October, 1968, Captain Bayly successfully
underwent a medical examination for renewal of his pilot licence and there is
no evidence that he was in other than good health at the time of the accident.

First Officer Michael Johannes Nelson, aged 31 years, was first
issued with a second class airline transport pilot licence on 20th August, 1965,
shortly after joining MacRobertson-Miller Airlines Pty. Ltd. He served as a
first officer on Douglas DCS and Fokker F27 aircraft until 1st October, 1968,
when he became a first officer on Viscount 720C aircraft. At the time of the
accident he had a total flying experience of 2,660 hours of which 620 hours had
been flown in command. First Officer Nelson's experience on Viscount type
aircraft was 143 hours as a first officer and the last check of his proficiency
in this capacity on Viscount aircraft was on the 23rd November, 1968. The
examining check pilot recorded that all exercises were carried out to a good
standard. On 5th December, 1968, First Officer Nelson successfully under-
went a medical examination for renewal of his pilot licence and there is no
evidence that he was in other than good health at the time of the accident.

The Senior Hostess on board the aircraft was Georgette Frances
Bradshaw who was a training hostess and had more than two years experience
of these duties with MacRobertson-Miller Airlines. Gail Patricia Sweetman,
the other operating hostess on board, had almost completed twelve months of
employment in this capacity with MacRobertson-Miller Airlines, and she had
been promoted to the position of Senior Hostess. Both hostesses had satisfact-
orily completed their emergency and flight training for Viscount type aircraft.
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1.6 AIRCRAFT INFORMATION

History

The aircraft involved in this accident was a Vickers Viscount 720C
aircraft constructed at Weybridge, United Kingdom, in 1954 for Trans Australia
Airlines, and allotted the manufacturer's Serial No. 45. It was first entered
on the Australian Register and allotted the letters VH-TVB whilst it was being
operated in this country by Trans Australia Airlines. The aircraft was purch-
ased by Ansett-ANA on 1st November, 1962, and allotted the letters VH-RMQ.
On 12th September, 1968, the aircraft was transferred to Western Australia
where it was operated by MacRobertson-Miller Airlines Pty. Ltd., until the
accident occurred.

The aircraft was an all metal low wing monoplane with a retractable
tricycle landing gear; it was powered by four Rolls Royce Dart 510 gas turbine
engines each of which uses aviation kerosene fuel and drives a four-bladed,
constant-speeding, fully-feathering propeller. The aircraft was crewed by two
pilots and two hostesses, whilst the passenger cabin was equipped for the carr-
iage of up to 48 passengers.

The Viscount fuselage is an aluminium alloy stressed skin struct-
ure with frames and stringers. The inner and outer wing construction consists
of a single main spar, leading and trailing edge members and a stressed skin.
The main spar is an T section composed of upper and lower tapering 'T1 sect-
ion booms and a stiffened plate web. The booms are machined from a stretched
and precipitated extrusion of aluminium alloy to specification DTD 363A or
DTD 5074. A photograph of the main spar lower boom and the inner wing con-
struction is at Appendix H. This single main spar is designed to carry 90%
of the overall wing bending moment and shear force.

At the time of the accident VH-RMQ was properly registered and
had a valid certificate of airworthiness. It had flown a total of 31,746 hours
since new and this involved 25,336 landings. The aircraft had flown7,188 hours
and had made 6,429 landings since the last occasion on which it was completely
overhauled. The installed Nos. 1, 2, 3 and 4 engines had completed 15,198,
19,276, 18,189 and 18,029 operating hours respectively since new and 2,349,
273, 1, 632 and 3, 045 operating hours respectively since last being overhauled.

VH-RMQ had been properly maintained in accordance with a main-
tenance system approved by the Director-General of Civil Aviation. All of the
components of the aircraft were operating within their approved lives and, at
the time of its departure from Perth on the morning of 31st December, 1968,
there were no known defects in the aircraft.

Loading

Prior to the departure from Perth, Captain Bayly inspected the
aircraft load statement, which had been prepared, and signed it signifying that
he had satisfied himself that the loading of the aircraft was satisfactory. The
aircraft's maximum permissible gross weight for take-off was 62, 000 Ib and



5.

the load sheet prepared for this flight indicated that the take-off weight would
be 58,791 Ib. The aircraft's maximum permissible gross weight for landing
was 57,500 Ib and the load sheet indicated that the landing weight would be
50,691 Ib. The investigation revealed that there had been an arithmetical error
in the addition of the passenger baggage weights and no allowance had been
made for consumption of fuel during start up and taxy-ing for take-off. When
the required net adjustment of +50 Ib is made, it is probable that the gross
weight of the aircraft at take-off was 58,841 Ib and the estimated landing weight
should have been 50,741 Ib.

It is estimated that the centre of gravity of the aircraft at the time
of the take-off from Perth was positioned at 20.8% standard mean chord and at
the time of the accident it was at 19% standard mean chord. At these positions
the aircraft's centre of gravity was well within safe limits during the whole of
the flight.

The freight, including the mail and passenger's baggage on board
the aircraft, was distributed such that there was 1, 391 Ib in the forward belly
locker, 951 Ib in the aft belly locker, and 880 Ib in the rear locker. There was
no dangerous cargo listed on the manifest and there is no evidence that any
dangerous cargo was in fact carried on the aircraft.

1.7 METEOROLOGICAL INFORMATION

A weather forecast for the route to be followed by VH-RMQ was
prepared, by Perth Airport Meteorological Office and handed to Captain Bayly
before he completed his flight plan. This forecast indicated that the weather
conditions throughout the flight would be fine and the only significant feature
was the expected presence of moderate turbulence below 5-6, 000 feet. A post
flight analysis of the en route weather carried out by the Perth Office of the
Bureau of Meteorology indicates that the weather along the route was generally
as forecast with the exception that the wind profile above Perth airport showed
marked shear in the lower levels and this produced turbulence up to 8, 000 feet
which may have been severe in the layer immediately above 5, 000 feet.

The report made by Captain Bayly whilst the aircraft was climb-
ing after take-off indicates that the turbulence encountered by VH-RMQ was
at least of moderate intensity in patches and this assessment is confirmed by a
reading of the vertical acceleration trace on the aircraft's flight data recorder.
This trace shows that moderate turbulence was encountered in the layer from
2, 000 feet to 7, 000 feet during the climb, but there was no significant turbul-
ence recorded during the remainder of the flight.

The weather in the area of the accident at the time it occurred was
fine, there was no low cloud, the visibility was slightly restricted by haze and
the surface wind was 5 to 8 knots from approximately 340 degrees. The Port
Hedland QNH altimeter setting was 1006 millibars.
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1. 8 AIDS TO NAVIGATION

At the time of the accident, the aircraft was operating in visual
meteorological conditions, its radio compass was tuned to the Port Hedland
non-directional radio beacon and its distance measuring equipment was int-
errogating the Port Hedland DME responder beacon. During the whole of the
period within which the aircraft could have been flying by reference to these
facilities, they were operating normally.

1.9 COMMUNICATIONS

Prior to its departure from Perth, the aircraft's high frequency
(HF) and very high frequency (VHF) radio communications equipment was tested
on the ground and found to be operating normally. During the flight all comm-
unications between the flight and ground stations were made on VHF. At the
appropriate stages of the flight there was radio communication between the
aircraft and Perth Tower, Perth Control, Perth Flight Service Centre, Meeka-
tharra Flight Service Unit, and Port Hedland Flight Service Centre. All of the
transmissions between VH-RMQ and these ground stations, with the exception
of those to and from the Meekatharra Flight Service Unit, were recorded on
magnetic tape. Each of these ground stations also maintained a flight progress
strip in respect of VH-RMQ on which the ground operator recorded the details
of the passage of the aircraft over the reporting points specified for the route
and other information pertinent to the conduct of the flight.

An examination of the tape recordings and flight progress strips
relating to the movement of VH-RMQ on this day has revealed no abnormality
in the conduct of the flight up to the time at which the accident occurred. It is
apparent that all of the services provided to the aircraft by the ground stations
were provided in accordance with established procedures.

1.10 AERODROME AND GROUND FACILITIES

Aerodrome and ground facilities were not factors in this accident.

1.11 FLIGHT RECORDERS

Flight Data Recorder

The aircraft was equipped with a United Control Corporation Type
F-542B flight data recorder, which records the aircraft's pressure altitude,
indicated airspeed, heading, and vertical acceleration against a time base by
means of engravings made on a moving Inconel alloy tape. The recorder was
mounted in the rear fuselage, under-floor area of the aircraft and, although
subjected to impact damage which distorted the outer case, the recorder was
not affected by fire. When the recording tape was removed for examination it
was found that the impact damage had induced some distortion of the tape and it
was torn diagonally across the engravings of aircraft altitude. Some difficulty
was encountered in matching the torn edges because of tape distortion but a
satisfactory read-out of aircraft altitude was finally obtained. Damage to the
tape did not seriously affect the engravings of the other parameters recorded.
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At Appendix C there is a representation of the flight data record in
respect of the four operating parameters recorded during the last 100 seconds
of flight prior to ground impact. Since the re is an altitude trace down to ground
level in the area of the accident it is apparent that the recorder continued to
operate right up to the point of ground impact. It may also be seen from the
altitude trace that, prior to reaching 7, 000 feet in its descent towards Port
Hedland, the aircraft lost height normally at an average rate of approximately
1,070 feet per minute. When a height of 7,000 feet was reached, however,
gross variations occurred in the aircraft's vertical acceleration, heading and
indicated airspeed whilst the rate of descent increased to an average of 14, 000
feet per minute which was maintained until the aircraft reached ground level.

During the read-out of the indicated airspeed record it was noticed
that the speeds recorded were significantly higher than those prescribed for
the operation of Viscount aircraft. A careful examination of other evidence
indicates that, at some time, probably during the last overhaul or installation
of the recorder, the airspeed stylus was inadvertently displaced 0.015 inches.
Due to this displacement, the record of indicated airspeed was approximately
12 knots higher than the actual airspeed of the aircraft as displayed on the
cockpit instruments whilst the aircraft was operating in the cruise and descent
modes. The presentation of indicated airspeed at Appendix C therefore shows
the read-out of the actual record as a broken line and the corrected airspeeds
as a solid line.

The recorded aircraft headings were appropriate to the route being
flown and show normal navigation corrections up to the point at which the air-
craft reached 7, 000 feet on its descent. Thereafter, gross and rapid changes
of heading were recorded which could only be consistent with a complete loss
of control.

The trace of the aircraft's vertical acceleration showed that, in the
first eight minutes of the aircraft's climb aftertake-off from Perth, turbulence
was encountered and acceleration excursions ranging from 0.44g positive to
0.45g negative were recorded. There were no further significant recordings
of vertical acceleration during this flight until the aircraft reached 7, 000 feet
on its descent into Port Hedland. Beyond this point and until the aircraft struck
the ground, very large excursions in vertical acceleration, ranging from 2. 95g
positive to 2.85g negative, were recorded.

Cockpit Voice Recorder

The aircraft was also equipped with a United Control Corporation
V-412 cockpit voice recorder which provides a record of radio communications
traffic between the aircraft and ground stations and of cockpit conversations
occurring during the last 30 minutes of flight. The recorder was mounted in
the rear fuselage, under-floor area adjacent to the flight data recorder. It
was ejected from its mounting during the aircraft's impact with the ground and
suffered substantial heat damage to the outer case in the subsequent ground
fire. When the tape magazine was removed from the recorder, it was found
that the fire protection material between the outer case and the magazine had



protected the tape from serious heat damage but it was severely crushed and
torn as a result of impact damage. The combined effects of pressure and heat-
ing had resulted in the oxide coating of some sections of the tape adhering to
the magazine case and it was not possible to preserve this area of the record
during the removal of the tape from the magazine.

Despite the damaged condition of the tape an almost complete read-
out was obtained of those channels recording radio communications and the
cabin announcement system. On the other hand, great difficulty was encount-
ered in interpreting the record of cockpit conversation, because of damage
to the tape and the very high ambient noise level present in the cockpit area.

It is apparent that the cockpit voice recorder continued to operate
until the aircraft struck the ground. That part of the cockpit conversation
which could be deciphered in the period prior to the aircraft reaching 7, 000
feet in the descent, indicates that the operation of the aircraft was completely
normal and that the flight crew received no warning of the event which obviously
induced a complete loss of control on reaching 7, 000 feet. Between this point
and the completion of the recording at ground impact, there is no record of
any cockpit conversation but, at 7, 000 feet, a distinct change in the frequency
and volume of background noise in the cockpit can be heard, and this continued
until the ground impact occurred. The ambient noise recorded in this period
seems to be consistent with that which might be produced by an aircraft moving
at high speed and out of control.

The evidence obtained from both the flight data and cockpit voice
recorders indicates clearly that the aircraft's operation was normal during
the whole of this flight until it reached a height of 7,000 feet on its descent
into Port Hedland. At 1134 hours and 1 second the first officer commenced
his report to Port Hedland that the aircraft was 30 miles south of the aero-
drome and had left 7,000 feet on its descent. Approximately 4 seconds after
that message had been completed, or at 1134 hours and 12 seconds, there was
obviously a catastrophic event affecting the aircraft and inducing a complete
loss of control. At 1134 hours and 38 seconds the aircraft struck the ground
and all recordings were terminated.

1.12 WRECKAGE

At the Accident Site

The principal impact of the aircraft occurred 1.2 miles west of the
planned flight path to Port Hedland and at a point 28.1 miles on a bearing of
184 degrees True from the Port Hedland Airport. The terrain at this point
is approximately 250 feet above mean sea level. The principal impact occur-
red on hard rocky level ground covered with spinifex grass and a few stunted
trees. Although the major portion of the aircraft impacted at the position de-
fined above many other components, including some major items, were found
throughout an area extending in a south westerly direction from the principal
impact point, for a distance of some 7, 750 feet and over a width of 2, 500 feet.
Items of wreckage were scattered on either side of a sharp rock ridge which
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approximately bisected the minor dimension of this area. At Appendix D there
is an aerial photograph of the area over which the wreckage was distributed
which also shows the points at which major items were found.

The most significant feature of the wreckage distribution was the
fact that the whole of the starboard wing outboard of the inner or No. 3 engine
and including the No. 4 engine, its propeller and supporting nacelle structure,
were found close together, but separated from the point of principal impact
by some 3,000 feet. None of these components had been affected by fire and,
although the No. 4 engine, the nacelle structure and the inboard portion of the
wing had been severely damaged by ground impact, there was relatively little
damage to the outer wing section. A photograph of these items of wreckage
is at Appendix F. Nos. 1, 2 and 3 engines were also found at separate locat-
ions and, generally, they lay between the point where the starboard outer wing
was found and the point of principal impact. Some of these items of wreckage
were affected by grass fires started by the accident. The tail section and rear
fuselage of the aircraft was also found at a point some 1, 600 feet south of the
main wreckage. The earliest items in the wreckage trail, having regard to the
aircraft's direction of movement, were sections of flap and secondary structure
originating from the structural area close to the point of separation of the star-
board wing from the aircraft. More than 90 significant items of wreckage were
recovered outside the impact areas of the major assemblies already referred
to. It was quite apparent from the distribution of wreckage that the aircraft
structure had failed in flight.

All of the fuselage encompassing the cabin and cockpit areas, to-
gether with the port wing, the inboard section of the starboard wing and the
undercarriage units, were found in the main impact area. Nearly all of these
components had been severely affected by a fire which raged through this area
after the impact. An aerial photograph illustrating the severity of destruction
by impact and fire in this area is at Appendix E. Although there was smoke
staining and paint blistering on some external surfaces, including those of the
tail section, which apparently resulted from a flash fuel fire at the time of wing
separation in the air, there was no evidence that any in-flight fire occurred
in the aircraft prior to the structural failure.

The examination of wreckage at the accident site was carried on
for almost three weeks under the extreme climatic conditions which are charac-
teristic of this area in mid-summer. The principal objectives in this phase of
the investigation were to ensure that no significant item of wreckage remained
undiscovered and that a proper record was made of any evidence which might
be lost or affected in the processes of lifting and transporting the wreckage
to locations where better engineering facilities were available and where more
amenable climatic conditions existed. During this period several structural
components and other items of great significance in the investigation, such as
the flight recorders, were transported to appropriate laboratories as soon as
they were recovered. At the conclusion of the field investigation period the
remainder of the wreckage was removed from the accident site, some items
for further examination in Melbourne and others for secure storage either in
Perth or in Port Hedland.
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The examination of the tail section and rear fuselage showed that
all failures had been produced by overload and there was no evidence at any
point of prior defect. The starboard tail plane and elevator, which were sep-
arately located, had failed in flight as a result of being struck by sections of
the separating wing structure. Similarly, all of the engine nacelle failures
were produced by overload and no evidence of any prior defect was found.

An intensive search was carried out in the wreckage of the separated
starboard wing to discover the point of primary failure in the wing spar. All of
the fracture surfaces evident on the sections of main spar boom visible above
the ground displayed overload failures consistent with the ground impact but,
immediately adjacent to the wreckage of No. 4 engine, there was a large ground
indentation from which three sections of main spar.boom protruded. After a
digging operation lasting two days, three sections of boom were recovered from
very hard rocky ground and one section, which had been driven approximately
three feet into the ground, was identified as being the most inboard section of
the lower spar boom in this group of wreckage. Despite considerable damage
as a result of being driven into the ground, unmistakable signs of metal fatigue
on the fracture face were apparent. This section of spar boom, which may be
seen as the upper illustration in Appendix G, was immediately taken to Melb-
ourne for a detailed metallurgical examination in which the assistance of the
Aeronautical Research Laboratories of the Department of Supply was enlisted.

At the point of principal impact, sections of spar boom were again
found to have been driven deeply into the hard rocky ground. After a further
excavation effort, lasting several days, the fracture face mating with that found
nearthe starboard wing was recovered remarkably undamaged consideringthat
it had been driven, with this face leading, some five feet into the ground. This
fracture surface showed, even more clearly, signs of metal fatigue as can be
seen in the lower illustration of Appendix G and the component was also sent
immediately to Melbourne for further examination. Other sections of the spar
boom were subsequently excavated in the main wreckage area using a power
drill and explosives to a depth of ten feet.

It was determined that the fatigue cracking and primary failure of
the starboard inner wing main spar lower boom occurred at Station 143 which
almost coincides with the outboard edge of No. 3 engine nacelle. A general
view of the internal wing structure and an inset view of the main spar lower
boom at Station 143 are at Appendix H. The components of the starboard wing
in this area were re-assembled in Melbourne and, although the work was lim-
ited by the considerable damage sustained by these components, no evidence
of any prior defect was found other than that which occurred at Station 143 in
the main spar lower boom.

The fatigue cracking and subsequent failure at Station 143 had occ-
urred through the rear bushed hole of a group of five in the boom at this point.
The inset view in Appendix H depicts these five holes but they are normally
hidden from view by the lower wing skin and other components. The five bolt
holes, of which the rearmost is at Station 143, are to permit attachment of
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the No. 3 engine nacelle outboard lower tube attachment fitting which is bolted
to the lower boom at this point. The holes are of 7/16 inch diameter and con-
tain steel bushes which accommodate five of the seven 5/16 inch diameter bolts
attaching the nacelle tube fitting to the wing structure.

The nacelle tube attachment fitting which had been attached at Stat-
ion 143 was found some 530 feet away and on the other side of the rock ridge
from the starboard wing. The Station 143 attachment bolt was still in place
in the fitting together with the nut, washer and steel bush. The other four bolts
which normally attach the fitting to the boom had sheared in a plane level with
the bottom surface of the boom. The head and shank portions of these bolts
were retained in the fitting.

The Fracture Surface and Hole at Station 143

The metallurgical examination of the fracture surfaces of the boom
at Station 143 was carried out in the Aeronautical Research Laboratories and
the report on this examination is contained in a document entitled "Accident
to Viscount Aircraft VH-RMQ - Metallurgical Examination of Components from
the Wing Structure" and referenced as Report ARL/APP.66. This report con-
firms that a fatigue crack, extending over some 85% of the, cross-sectional area
of the spar lower boom, existed at the time of failure. The examination also
showed that fatigue cracking had initiated at a number of points in the bore of
the hole and that these initiations were not associated directly with corrosion,
fretting, or metallurgical defects.

The retirement life for the main spar lower boom had been deter-
mined by the manufacturer and the primary certificating authority, the Air
Registration Board of the United Kingdom, as 11,400 flights. Nevertheless,
the boom failed after only 8,090 flights since new and the investigating officers
directed their efforts to the discovery of any condition of design, construction,
maintenance or operation which might have induced this unexpected and early
failure. A close visual examination of the hole in the boom at Station 143,
from which the fatigue crack propagated, revealed that significant differences
existed between the surface features in the bore of this hole and those apparent
in other bushed holes of the boom. An examination of the manufacturer's draw-
ings and process specifications showed that the steel bushes are designed to be
inserted with an interference fit in the aluminium alloy boom of between 0.0015
and 0. 0029 inches on diameter. The bushes are required to be cadmium plated
and the hole surfaces anodised before insertion of the bush; a chromate anti-
corrosion compound to specification DTD 369 is applied when the bushes are
inserted. The bushes are normally inserted in the boom from the lower surface
until they are flush with that surface, and the length of each bush is arranged
so that, at any point in the tapering spar boom, the bush will be slightly shorter
than the hole. The amount of interference between the bush and boom is taken
up by elastic deformation of the bush and of the surrounding material. The
bushes prevent fretting between the bolts and the boom \yhilst the insertion
with an interference fit is designed to improve fatigue resistance properties
of the boom by introducing local compression stresses into the surface of the
boom material. i
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The observed differences between that part of the hole at Station
143 which had been occupied by the bush and other similar holes examined in
the same boom were as follows -

(a) No anodised material was evident on the wall of the hole.

(b) No anti-corrosion compound was evident on the wall of
the hole.

(c) The hole surface had a bright burnish over-laying some
circumferential grooves. !

(d) There were heavy score marks on the surface of the hole
parallel to its axis. :

(e) Metal had been broached from the walls of the hole such
that its mean diameter was in excess of the maximumi
allowable diameter by 0.008 inches at the lower end and
0.006 inches at the upper end. j

(f) A circular lip of metal had been formed around the circ-
umference of the hole at a position corresponding with
the upper or chamfered end of the bush. I

(g) A plastic flow of metal had taken place in the direction of
bush insertion and this was evident over all that portion
of the hole occupied by the bush. The s|igns of this def-
ormation were evident to a depth of 0.0043 inches beneath
the surface.

i
Not only were these differences noticed but it was also apparent

that the diameter of that portion of the hole which had not been occupied by the
bush was in accordance with the manufacturing specification. Both anodised
material and anti-corrosion compound were evident in the circumferential metal
lip and in that portion of the hole not occupied by the bush and it could be seen
that the bush had been inserted from the lower face| of the boom, which is the
direction adopted by the manufacturer.

The Bush at Station 143

Attention was next directed to close examination of the steel bush,
from the Station 143 hole, which had been recovered still on the bolt in the
fitting which normally attaches the No. 3 nacelle outboard lower tube to the
wing structure. The physical dimensions and characteristics of the bush were
determined using the very precise measuring equipment possessed by both the
Aeronautical Research Laboratories and the Defence Standards Laboratories
of the Department of Supply. The results of this work have been published in
the report ARL/APP.66 already referred to and also in a document entitled
"Measurements of Components for Viscount Aircraft VH-RMQ" prepared by .the
Defence Standards Laboratories and containing reports referenced M.51487,
M.51487A and M.51487B. !
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In comparing the found dimensions of the Station 143 bush with those
prescribed by the manufacturer in Drawing No. 70103/3345 issue Bin for pro-
duction of these bushes a number of differences was noticed as follows -

|
(a) The external chamfer angle was 40 degrees to the long-

itudinal axis of the bush and not 15 degrees |as specified.

(b) Although not called for in the manufacturer's drawing,
chamfers existed at both ends of the bore of the bush.
In addition, a metallographic examination showed distinct
signs on both of these chamfers that, at least in part, they
had been produced by the impact of some form of conical
tool rather than by a machining process.

(c) At the externally-chamfered end of the bush, and for a
distance of approximately 0.055 inches along the parallel
part of its length, the bush had been flared to a mean ext-
ernal diameter of 0.4437 inches which is 0.0038 inches
greater than the maximum specified. The initiation of the
flare was quite sharply defined.

(d) The mean external diameter at the mid-length of the bush
was 0.0005 inches less than the minimum specified in the
manufacturer's drawing. The mean external diameter at
the other end was 0.0023 inches greater than the maximum
specified but, in respect of this dimension, there was a
pronounced ovality of the bush at this end, probably aris-
ing from abnormal loadings occurring at the1 time of wing
separation which could have produced some or all of this
increase in mean diameter. |

In addition to these dimensional discrepancies the grinding and tool
marks on the bush were examined and, although in machining mark pitch they
were somewhat different from a number of other bushes recovered from the
same boom, they were substantially similar in this respect to at least two
other bushes from the same boom. They were also similar in this respect to
a production bush examined at the manufacturer's premises. In addition, it
was noticed that the cadmium plating on the surface of the bush was of uneven
thickness and, in places, had come away from the surface, indicating that ad-
hesion was poor. This condition was not evident on other bushes examined.
A photograph of this bush, taken before the cadmium plaiting was stripped from
the external surface is at Figure 1 in Appendix I.

When the internal surface of the bush was examined it was noticed
that, on one side of the bore and commencing at the lower end as installed in
the aircraft, there were relatively coarse machining marks which had removed
the cadmium plating and 0.006 inches of bush material. These marks were
consistent with the bush having been counter-drilled from its lower end, subse-
quent to manufacture. These counter-drilling marks areiillustrated in Figure 2
of Appendix I. Similar signs of post-manufacture counter-drilling were found
in bores of two other bushes in the group of five located at and about Station 143.
In these bushes the amount of material removed was 0. Q06 and 0.015 inches.
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In considering the reasons why this counter-drilling may have been
necessary, a close examination was made of the engine nacelle attachment fit-
ting which is joined to the spar boom at Station 143. | The fitting was one which
was supplied by the manufacturer to Trans Australia Airlines for the purpose
of carrying out a spar boom change in this aircraft in 1958, at which time it
was being operated by that airline. The fitting was supplied without boom att-
achment holes and the hole drilling would have been carried out in workshops
of Trans Australia Airlines. By the time the second boom change became due
in 1964 the manufacturer had amended the procedures to permit the re-use of
the engine attachment fitting removed from the aircraft. Thus, the Ansett-ANA
procedure in 1964 involved a re-installation of the fitting originally drilled and
installed by Trans Australia Airlines in 1958. A dimensional check of this
fitting was carried out during the investigation and jit was found that the hole
spacing would have been incompatible with any new spar boom to the extent that
not all of the five bolts could have been entered into! the bushed holes through
the nacelle attachment fitting. In this situation it is conceivable that some
attempt might have been made to improve the alignment of some of the holes
by passing a 5/16 inch drill through the fitting into the bushed hole from below.

Other Boom Holes in VH-RMQ I
i

Apart from some small sections which we're badly affected by fire,
all of the other bushed holes in the flanges of the starboard inner wing lower
spar boom of VH-RMQ, as well as those in the starboard outer wing and port
inner wing lower booms, were broken open and examined at the Aeronautical
Research Laboratories for any signs of fatigue cracking. The lower boom in
the starboard outer wing had completed 13,449 of the 19,000 flights specified
as its retirement life. The port inner wing lower boom was installed at the
same time as that in the starboard inner wing and had1 completed 8,090 flights.
Almost 300 bushed holes of 3/8 inch and 7/16 inch diameter were examined
with the following results - I

I
(a) At Station 34 and 88.5 in the port inner boom fatigue

cracks were found which commenced in the bores of
bushed holes. The maximum depth of crack in each
hole was 0.010 inches and 0.008 inches respectively.

(b) In the starboard outer boom at Station 274.6 a fatigue
crack was found which had initiated from ;a corner of
a bushed hole and had grown to a maximum depth of
0.015 inches. j

These fatigue cracks were, in each case, associated with typical anodised holes
with anti-corrosion compound present. There was no sign of any other signif-
icant defect or of broaching of metal in any of the holes, examined.

The lower boom of the main spar centre-section contains a number
of unbushed holes for attachment of the centre-section spar webs. These holes
were broken open and examined but no evidence of fatigue cracking was found.
This boom had completed 19,417 of the 20,500 flights 'specified as its retire-
ment life.
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The main spars in both tailplanes and the j main spar in the fin of
VH-RMQ were also examined for any signs of fatigue jcracking. These com-
ponents had been with the aircraft since new and had Completed 25,336 of the
30, 000 flights specified as their retirement lives. The web attachment holes
in the inboard 50 inches of the upper boom in each tailplane and in the lower
70 inches of both booms in the fin were broken open and examined but no cracks
were found. j

1.13 FIRE

The smoke staining and paint blistering on some sections of the
aircraft, and the evidence of one eye-witness that there was a puff of black
smoke visible in the air indicate that some of the fuel, which would have been
released from the fuel tanks at the time of wing separation, burned in the air,
momentarily. There was no evidence that any fire had occurred prior to wing
separation or that any other form of fire had occurred prior to ground impact.
The major portion of wreckage found in the area of principal impact had been
severely affected by fire which undoubtedly commenced at impact. The wreck-
age of No. 2 engine was affected in a minor way by a grass fire which burnt
through the area where it was located at some time after it struck the ground.
A small fire broke out post-impact in the vicinity of No. 3 engine as a result
of the spillage of fuel from a broken filter case but this fire did not spread and
did not significantly affect the wreckage of the engine. None of the other items
of wreckage was affected by fire.

A Department of Civil Aviation fire fighting vehicle left Port Hed-
land Airport at 1230 hours, which was seven minutes after the wreckage of
VH-RMQ was first sighted from the air. After covering the intervening 46
road miles the vehicle arrived at the accident scene at 1330 hours, or almost
two hours after impact, to find that most of the fire damage had already been
done.

1.14 SURVIVAL ASPECTS

The evidence points to the probability that, with the possible ex-
ception of the two hostesses, the occupants of the aircraft were seated with
seat belts fastened at the time of the wing failure. The severity of the ground
impact,however, eliminated any possibility of a person surviving this accident.
The pathological evidence indicates that none of the occupants of the aircraft
was exposed to the effects of smoke, fire, flame, fuel mist or explosion before
the ground impact.

1.15 TESTS AND RESEARCH

Bush Insertion Experiments

A large range of experiments was carried out, both in the United
Kingdom and in Australia, in an attempt to reproduce the conditions found in
the hole at Station 143. The experimental work in Australia was carried out
in the Aeronautical Research Laboratories and is described in the document
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ARL/APP.66. The experiments were undertaken with bushes having different
diameters, surface finishes, entry chamfer angles and flared shapes in com-
bination with boom holes having different diameters and surface treatments.
Many of these experiments were unsuccessful because all of the conditions
found in the Station 143 hole of VH-RMQ were not 'accurately reproduced or
the experimental situation introduced some new factor which had obviously not
occurred in VH-RMQ.

I
The best replica of the VH-RMQ bush characteristics were obtain-

ed by inserting a nominal size, 40 degree, chamfered, cadmium-plated bush
into an anodised hole of normal production specifications. Insertion of the bush
was continued until 0.040 inches of the parallel portion at the chamfered end
protruded beyond the hole in the aluminium alloy test piece. Whilst still in
the hole, and using a 65 degree included angle conical tool, the bush was flared
until its largest diameter was 0.4464 inches (i.e. 0.002 inches in excess of the
largest diameter found at the flared end of the VH-RMQ bush). The flared bush
was then pushed out of the hole in the same direction -as it had been inserted.

Two experiments were then carried out using bushes produced this
way. In the first experiment the bush was re-inserted, using anti-corrosion
compound, in the same direction and into the same hole from which it had been
extracted after flaring. In the second experiment the flared bush was inserted
into a new standard anodised hole, again using anti-corrosion compound. Both
experiments reproduced closely the conditions of hole | and bush found at Station
143 in VH-RMQ. The diameter of the bush after insertion in each case was
approximately the same as that of the VH-RMQ bush!, (i.e. the flared end of
the bush had crushed by approximately 0.002 inches during the insertion pro-
cess) . In both cases there was a uniform broaching of the anodised material
in the holes and approximately the same amount of mdtal was rolled up to form
a lip ahead of the bushes. In both of these experiments there was also a uni-
form plastic flow of surface material in the holes to approximately the same
depth as was found in the VH-RMQ bole. It was noticed, however, that the first
of these two experiments produced a closer resemblance of the condition found
in the bore of the VH-RMQ hole, (i.e. the condition of the hole was not simul-
ated exactly unless the anodic film had first been damaged by prior bushing).
These two experiments carried out in Australia were later repeated in the
United Kingdom using the manufacturer's hydraulic bush insertion tool. These
later tests produced similar conclusions to those carried out in Australia.

Flared Bush Fatigue Tests j

Since the characteristics of the flared bush and of the hole at Stat-
ion 143 in VH-RMQ had been precisely defined and a means of accurately and
consistently reproducing these conditions had been discovered and, since it
was thought likely that these conditions were associated with the premature
fatigue cracking which had occurred at this location, it was apparent that tests
could and should be carried out to determine, quantitatively, the effect of the
insertion of a flared bush on the fatigue endurance of the spar boom. The
manufacturer of the aircraft, the British Aircraft Corporation at Weybridge
in the United Kingdom, already had considerable experience in the conduct of



17.

fatigue tests relevant to Viscount spar booms and possessed fatigue testing
equipment having a suitable capacity which was not available within Australia.
Accordingly, the manufacturer agreed to carry out an extensive programme of
fatigue tests which would compare the fatigue endurance of test specimens made
from DTD 363 material, having normally bushed holes, with that of similar
specimens incorporating flared bushes such as that found in VH-RMQ.

Thirteen specimens were tested and each w,as machined from new
DTD 5074 boom extrusions, this being the current material specification equiv-
alent to the now-superseded DTD 363 specification. The first five specimens
were manufactured with four 3/8 inch diameter holes fitted with standard para-
llel bushes, since holes of this dimension are used widely throughout the boom
and are representative of earlier fatigue specimens. The next six specimens
each incorporated four 7/16 inch diameter holes in two of which were fitted
standard parallel bushes, the other two containing flareii bushes such as were
found at Station 143 in VH-RMQ. The final two test specimens each contained
four 7/16 inch diameter holes fitted with standard parallel bushes.

Each test comprised a series of programmes, each programme
consisting of a ground-air-ground cycle ranging from 4,7 00 lb/in2 compression
to the Ig mean stress of 13,500 Ib/in2 tension, followed by seven cycles of
alternating stress of ± 6,300 lb/in2 about the Ig mean. In respect of test spec-
imens Nos. 5, 6 and 8 the fatigue test was stopped before final failure occurred
and the specimens were broken by static overload in order to provide residual
strength data. The test details and results are described in a report published
by the British Aircraft Corporation entitled "Data Report on Fatigue Tests
Carried out on Specimens Representative of Viscount Lpwer Inner Mainplane
Spar Boom Flanges (Material DTD 5074 (DTD 363) )"and referenced as Aircraft
Laboratories Report No.AL/MAT/3054. The British Aircraft Corporation also
provided "An Assessment of the Effect of the Installation'of 'Belled' Bushes in
Viscount Spar Booms on Fatigue Life" in their Design Office Note DTD/DJ/413
of llth July, 1969.

The table on the following page summarises the main test results
and the comments hereunder are relevant to the table -

.. Some doubt exists as to the validity of the results obtained in respect
of specimens Nos. 2 and 3. Post-test examination of these spec-
imens showed that the bottom wedge grip pattern could have resulted
in asymmetric loading in the test section of the specimen. Accord-
ingly, the results from these two tests have not been included in the
graphical presentation of crack propagation rates. I

.. The "Residual Strength" values are based on net area and an ultimate
tensile strength of 38 tons/in2 obtained from the material specifi-
cation.

.. In test specimens Nos. 6 to 11 inclusive the primary cracking init-
iated from a hole containing a flared bush.
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Specimen
Number

1

2

3

4

5

6

7

8

9

10

11

12

13

Programmes
to Failure

51,043

15,850

17,227

34,669

76,296

15,377

19,357

31,285

19,496

24, 860

32,643

39,356

85, 000
Unbroken

Falling
Load (tons)

36.8

36.8

36.8

36.8

103.5

75.5

36.8

48.0

36.8

36.8

36.8

36.8

Fatigue Cracking

Area (in.2)

1.865

0.285

0.560

1.050

0.090

0.450

0.768

2.722

0.915

1.135

1.675

0.890

% of
Total Area

45.0

6.89

13.5

25.35

2.06

11.1

18.9

67.0

22.6

28.0

41.5

22.0

Residual
Strength
<%Ult.)

23.3

23.3

23.3

23.3

65.6

49.2

24.0

31.2

24.0

24.0

24.0

24.0

Estimated Start of
Measurable Propagation
Number of

Programmes

66, 000

9,500

12,000

25,000

13,000

18,000

24, 000

25,000

% of Total
Programmes

62

67

72

74

64

On completion of these tests the British Aircraft Corporation con-
cluded that "the results of this series of tests show that the installation of a
'belled' bush in the Viscount spar boom in lieu of a parallel bush has a signif-
icantly adverse effect on the fatigue life of this spar. The reduction of life
could well be of the order of 50%". This conclusion was based upon a com-
parison of log mean endurance values of the specimen groups.

The manufacturer's report AL/MAT/3054 provided, in a number
of cases, fatigue crack micro-progression rates in terms of the number of
programmes per 0.001 inches progression at known crack lengths. These have
been integrated and re-plotted with a common origin in Appendix J and provide
a comparative estimate of crack propagation rates between holes with flared
bushes and holes with normal bushes. Although there is a degree of estimation
in this graph, particularly in respect of the determination of time of actual
crack initiation, the results show under the test conditions used that, up to a
crack length of approximately 0.25 inches, the crack propagation rate for a
specimen with flared bushes approaches twice that of a specimen with normal
bushes. It was also estimated from extrapolation of the crack propagation data
that, in each case considered, the crack started to propagate measurably at
about two-thirds of the life to failure under the test cycle loading. The crack
propagation rates which were obtained using electron microscope fractographs
of the fracture surface in the VH-RMQ boom over a distance one to six milli-
meters from the crack origin are listed in the report ARL/APP. 66. At similar
crack lengths the relative crack propagation rates given in that report show
good agreement with the crack propagation rate curve for flared bush speci-
mens presented in Appendix J.

An attempt has also been made to relate the crack propagation data
obtained from the specimen tests to actual aircraft flights. An approximate
relationship between test programmes and flights was obtained by making use
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of the known flights to failure of VH-RMQ. Test specimen No. 9 was chosen
for this purpose because it was close to the mean endurance of flared bush
specimens and its crack origin and direction of primary crack propagation pro-
vided the closest representation of the cracking which occurred in VH-RMQ.
The factor obtained in this manner was 2.44 programmes per flight and the
crack propagation curves derived on this basis are shown in Appendix K.

1.16 OTHER INFORMATION

Viscount Wing Spar Development

Vickers Viscount 700 Series aircraft were certificated for airline
use in 1953 and in the following year the first of the 720 models were introduced
onto Australian airline routes. In all, over 440 Viscount aircraft were manu-
factured, the great majority of which are still being operated by airlines on
passenger carrying services.

The structural testing of the Viscount wing extended over more than
ten years prior to the VH-RMQ accident and comprised a wide range of static
and fatigue tests both on complete wings and on boom specimens. The first
fatigue test took place in 1953 on a wing which was representative of the first
36 production aircraft in the 700 series in which all the holes in the inner wing
main spar lower boom were unbushed. The fatigue test programme applied
to the wing consisted of a single load level equivalent to a positive and negative
10 ft/sec gust alternating about a mean load corresponding to Ig steady flight.
This level of load was estimated to produce the maximum fatigue damage in
the wing. The aim of the test was to determine the crack and failure locations
in the wing; together with the applicable number of cycles of alternating stress.

The experience gained in these early tests led to a number of mod-
ifications of the spar boom installation, not the least of which was the decision
to reduce fretting between the skin attachment bolt and the holes in the spar
boom by the insertion of steel bushes in each bolt hole. The adoption of an
interference fit for these bushes also had the advantage of further improving
the fatigue resistance of the boom.

In order to gauge the effect of bushing these boom holes a test pro-
gramme was commenced in 1954 involving 81 test specimens containing bushed
and unbushed holes of two different diameters and various grouping arrange-
ments. Each test specimen in material, shape and gross cross-sectional area
was representative of the lower boom flange at Station 131 which was a fatigue-
critical area. These tests were carried out over a wide range of mean and
alternating stresses and the results showed that bushing the specimens had
increased their fatigue lives by an amount of between 2.1 and 10.7 times that
of the unbushed specimens according to the stress level. An improved lower
boom was then designed incorporating interference-fit, steel bushes for all
bolt holes in the flange and reducing the number of holes in each skin attach-
ment group. Some minor dimensional changes were made but no change in
material was called for. This new boom was introduced by Modification D. 562
raised in 1954.
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The next step in development of the Viscount wing was to assess,
by means of a full-scale wing fatigue test, the performance of the improved
lower boom manufactured to the modification D.562 standard. In this test a
similar single-level load programme was applied as in the previous full-scale
wing tests and, finally, a fatigue fracture of the lower boom at Station 131
occurred after 518,787 cycles of load. It was found that this failure initiated
at a point of fretting between the wing skin and the spar boom and signs of
similar fretting were also found at various other points along the boom. No
damage of any kind was, found at the bolt holes and it was apparent that the
introduction of interference-fit, steel bushes, together with the other impr-
ovements incorporated, had almost doubled the fatigue life of the test wing.

In order to eliminate the fretting occurring between the spar boom
and wing skin a strip of linen-based plastic material called "Formapex" was
inserted between the boom and the lower skin. A further full-scale wing fatigue
test was carried out in which the value of this precaution in improving the fat-
igue life of the boom was clearly demonstrated. Modification D. 956 which was
promulgated in 1955 introduced the Formapex strip to production wings and to
replacement booms. The booms fitted to VH-RMQ incorporated the steel bush-
es to Modification D.562 and the Formapex anti-fretting strips to Modification
D.956.

Determination of Wing Safe Life

The retirement life applicable to the inner wing spar lower booms
installed in VH-RMQ at the time of this accident was 11,400 flights. This life
was proposed by the manufacturer, approved by the Air Registration Board
in the United Kingdom and agreed to by the Australian Department of Civil
Aviation in 1960. This figure was promulgated in the manufacturer's Viscount
Overhaul Manual and adopted in the engineering documents of Ansett-A.N.A.
having direct relevance to the aircraft VH-RMQ.

The procedure used by the manufacturer in estimating the safe life
of the boom was to establish, using special instruments installed in a large
number of airline aircraft, the spectrum of loads experienced by the spar boom
in flight and then calculate the resulting airborne fatigue damage rate. The
damage caused by the ground-air-ground cycle was determined and added to
the airborne damage giving the total damage per flight. This information, in
conjunction with the results of the fatigue tests, enabled the mean lives to fail-
ure to be calculated for the required range of operational environments and
spar boom modification status. Airworthiness standards require that, in es-
tablishing a safe retirement life for a component such as a main spar boom,
agreed factors must be applied to the estimated mean life to failure to allow
for such contingencies as variations in material quality, production process,
climatic environment, flight condition and for the degree of estimation involved
in the determination of the mean and variance of a set of test results. In the
case of the Viscount inner wing lower boom a factor of 5 was used in calculat-
ing the airborne damage and a factor of 3.5 in calculating the more accurately
definable ground-air-ground damage. The recommended retirement life, ob-
tained by combiningthe factored airborne and ground-air-ground damage rates
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was expressed inflights rather than hours because the ground-air-ground cycle
contributes over half of the total damage and the majority of the airborne dam-
age occurs during climb and descent. In the case of Australian Viscount Type
720 aircraft, the flight spectrum used was derived from Strain Range Counter
records obtained from some 14, 000 Viscount flights carried out in Australia
prior to 1961.

Viscount Booms in Service

Subsequent to the modification of Viscount lower booms in 1954, by
the introduction of steel bushes to the wing skin attachment bolt holes, the
manufacturer undertook a programme of examining retired booms by breaking
open bushed holes and inspecting for fatigue cracking. Detailed examinations
of this sort were carried out on 47 inner wing spar lower booms and on a num-
ber of centre-section and outer wing lower booms. Although no cracks were
found, the majority of inner wing booms examined had only completed approx-
imately 6,000 flights, this being the approved retirement life for the spar boom
at this stage in its development.

At the time of this accident a total of 252 booms of DTD 363 mater-
ial had been retired, of which 64 had exceeded 8,000 flights and 27 had achieved
11,400 flights. One hundred and forty booms of this type were still in service
and no doubt a proportion of these had already exceeded 8,000 flights. Prior
to this accident there was no case of a wing spar fatigue failure in a Viscount
aircraft or of discovered fatigue cracking in a boom modified by the insertion
of steel bushes.

As a consequence of this accident the British Aircraft Corporation,
with the approval of the Air Registration Board in the United Kingdom, reduced
the retirement life of all DTD 363 inner wing lower booms to 7,000 flights.
This gave rise to a need for immediate boom changes in a large number of
Viscount aircraft operating in many countries. The replaced booms were ob-
tained and examined by the manufacturer by breaking open the bushed holes
at four critical stations in each boom. Within three months of the accident
421 holes in 19 booms had been examined and 37 holes with small fatigue cracks
were discovered in 16 of these booms. The depth of these cracks varied from
0.054 inches to less than 0.001 inches and the larger cracks are plotted in the
graph of crack propagation rates at Appendix K. The number of flights achiev-
ed by the booms examined ranged from 7, 282 flights to 12, 897 flights.

2 - ANALYSIS

There are a large number and variety of factors which may contri-
bute to such a catastrophic accident as occurred toVH-RMQ near PortHedland
on 31st December, 1968. Nevertheless, and despite the fact that there were no
survivors, the investigation has succeeded in eliminating a great number of the
potential factors and has adduced evidence which can be relied upon with some
confidence in the determination of the sequence of events which culminated in
this tragedy.
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The aircraft was designed and manufactured by the British Aircraft
Corporation who have outstanding reputation and experience as aircraft con-
structors . Over 440 Viscount aircraft were built and have operated with a high
record of safety under a great variety of conditions during the past 17 years.
VH-RMQ had been operated in Australia throughout the whole of its life, ex-
tending over some 14 years, where it had experienced the high standards of
operational and maintenance efficiency to be found in the Australian aviation
industry. The aircraft had been overhauled and maintained in accordance with
a system approved by the manufacturer and by the Department of Civil Aviatioa
On the morning of 31st December when VH-RMQ left Perth for Port Hedland
there were no known defects in the aircraft and all of its components were
operating within their approved lives or overhaul periods.

The flight and cabin crews assigned to this flight were properly
trained and were competent for the tasks to which they were assigned. Captain
Bayly was a pilot of considerable experience and an aircraft commander of
high reputation. He had not been involved in any previous civil aircraft acc-
ident, he had passed all of the regular medical checks for renewal of his pilot
licence and the record of regular proficiency checks which he underwent refl-
ects the high standard of his skill as a pilot. Similarly, First Officer Nelson,
although a younger and less experienced pilot, was undoubtedly fit and compet-
ent to carry out his duties to the high standard which he had exhibited in the
regular checks of his proficiency. All the evidence points to the fact that the
aircraft was carefully and competently flown and it is apparent that the wing
separation occurred without warning. From the moment the wing separation
occurred in flight there was no action which the flight crew might have taken
which could have altered, in any way, the subsequent events.

With 22 passengers on board as well as baggage and freight the
aircraft was loaded well within the safe limits prescribed by the manufacturer
and the Department of Civil Aviation. There is no evidence that the action of
any passenger or the nature of any item carried in the aircraft contributed in
any way to this accident.

The weather conditions along the route followed by VH-RMQ were
fine, with no cloud and light to moderate winds prevailing. The aircraft did en-
counter some turbulence during the climb to cruising altitude just after leaving
Perth, but the flight data record indicates that it was by no means severe and
could not be regarded as making any significant contribution to this accident.

The aircraft was in communication with a number of air traffic con-
trol and flight service stations during the flight and they issued the necessary
clearances, followed its progress by recording the position reports regularly
provided and offered such information as was requested or was significant to
the proper conduct of the flight. When the aircraft failed to respond to radio
communications during the descent towards Port Hedland, timely action was
taken by the flight service officer on duty in an attempt to re-establish comm-
unications and then to initiate the search action which soon located thewreckage
of the aircraft. It is apparent that no action by any of the ground stations made
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any contribution to this accident nor was there any other action which they
could or should have taken which might have been more effective in the inter-
ests of the safety of the aircraft.

The investigation was considerably assisted by the availability of
a flight data record relating to the whole of this flight and to all of the previous
flights carried out since the aircraft was transferred to MacRobertson-Miller
operations. The availability of a cockpit voice record relating to the last 30
minutes of flight was also of assistance, although the intelligibility of the rec-
ording left something to be desired. The flight data record indicates that the
aircraft was competently navigated and flown within the prescribed safe limits.
There is no record of any voluntary manoeuvre or other event affecting the
aircraft during this flight which could have contributed to the accident. The
cockpit voice record also indicates that the aircraft was properly flown by the
flight crew and that there was nothing in the performance of the aircraft which
provided any warning of the impending disaster.

The evidence that VH-RMQ experienced a structural failure inflight
in which the whole of the starboard wing outboard of No. 3 engine separated
from the remainder of the aircraft is irrefutable. The distribution of items of
wreckage on the ground, the evidence given by eye-witnesses and the flight data
record of the aircraft behaviour, all support this conclusion. The evidence
derived from the two flight recorders also points to the probability that this
event occurred at 12 seconds past 1134 hours. There is no evidence that this
wing failure was induced by any preceding unusual manoeuvre of the aircraft
or by any collision with another object. The wreckage examination established
that the primary failure in the wing occurred at Station 143 in the lower boom
of the main spar which is the principal load bearing component of the wing
whilst the aircraft is in flight. The separation of the wing would have been
almost instantaneous, following failure of the main spar lower boom and, as
the flight record illustrates, the aircraft would have immediately commenced
violent and uncontrollable movements. It is apparent that these movements
were violent enough to cause the remaining three engines, as well as the rear
fuselage and tail section, to separate from the main structure in flight. It is
clear from the examinations conducted at the Aeronautical Research Laborat-
ories that the final failure of the boom at Station 143 was preceded by fatigue
cracking at this point such that some 85% of the cross-sectional area of the
boom was affected. The signs of progressive failure under cyclic loads are
unmistakable, even to the naked eye, and the residual strength of the boom
in its final state would have been such that it may well have failed under steady
Ig flight loads.

At least four small fatigue cracks initiated within the bore on the
rear surface of the bolt hole at Station 143 and they propagated towards the
trailing edge of the boom. These several small cracks joined together and the
propagation continued as a single fatigue crack. At some later time, multiple
cracking also commenced on the forward surface of the hole and again these
joined to form a single crack propagating towards the leading edge of the boom.
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Not enough is known about the propagation rates of these fatigue cracks, part-
icularly in their earliest stages, to do more than estimate that the cracking
probably commenced to propagate measurably when VH-RMQ had completed
some 5,000 flights after installation of this boom.

Quite apart from the physical difficulties involved in inspecting the
boom at Station 143 it is clear that this crack could not have progressed to the
point of being externally visible when the boom was last inspected in the Ansett-
ANA workshops in May, 1968, after having completed 7,169 flights since the
boom was installed. Visual inspections of such components as this wing spar
boom can only be carried out in conjunction with a major disassembly of the
wing structure, and thus the continued serviceability of the boom depends pri-
marily upon the proper prescription of a safe retirement life. Prior to this
accident the possibility of fatigue cracking in this boom within its safe life had
not arisen and hence the need for any inspection of this component had not been
contemplated. Even if such inspections had been thought necessary the use of
radiographic or ultrasonic-techniques would not have been capable of detecting
the onset of this fatigue cracking in view of the complexity of the structure
involved and the inherent limitations of these methods.

In the context of operations in many countries by hundreds of Vis-
count aircraft without there being any suggestion of wing spar boom fatigue
cracking in service, this case of fatigue failure at about 70% of the specified
retirement life was difficult to understand and there was an obvious need to
look carefully for any condition or circumstance which was peculiar to this
aircraft and which might explain this paradox.

The observance of unusual conditions in the hole at Station 143 led
to an intensive examination of the associated bush and to the discovery of the
flaring action to which it had been subjected. The successful experimental
programme carried out in Australia established, beyond reasonable doubt_, that
the unusual conditions of the Station 143 hole arose from the insertion of this
flared bush. It was also found that the flared bush had probably been inserted
in the boom after a normal bush had been removed. The examination of the
bush also established the probability that it was manufactured in the United
Kingdom but, having regard to the nature of the deformation, it is apparent
that the flaring did not occur in the normal machining and grinding processes
involved in its manufacture. The flaring of the bush at its chamfered end took
place whilst the bush was externally restrained and the flaring was carried
out by blows imparted by a tool having an included angle of some 65 degrees
being applied to the bore of the bush. It is also apparent that this or a sim-
ilar tool was applied to the bore of the same bush at its unchamferedend. The
other unusual feature of this bush was the evidence of post-manufacture drilling
in the bore, progressing from its lower end. Similar evidence was found in
the bores of two other bushes from holes closely adjacent to Station 143.

The investigating officers made some considerable, although un-
successful, efforts to discover when, why and by whom the Station 143 bush
was flared and inserted in this spar boom. These efforts were hampered first
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of all by the fact that the boom was manufactured in 1963 in the United Kingdom
and installed in VH-RMQ by Ansett-ANA in 1964. Neither the records of the
organisations involved nor the recollections of their personnel were of assist-
ance in defining the detail of work that was done on these occasions or by whom
the work was carried out. The second difficulty was to imagine a situation,
arising either in manufacture or in the installation of the boom, which would
induce any responsible tradesman to use the type of tools or to follow the prac-
tices that the physical evidence reflects. Although some important facts about
the flaring of this bush have been established, after an elapse of four to five
years there does not seem to be any strong prospect of establishing respons-
ibility for this action.

Enquiries were also made in connection with the post-manufacture
drilling in the bores of the three bushes at and close to Station 143. The nacelle
support tube fitting must accommodate the five bolts which pass through the
bushed holes in the spar boom at and about Station 143. This fitting was exam-
ined and the spacing of the holes was sufficiently different from the spacing
consistently established in new spar booms to indicate that some difficulty must
have been encountered, during the spar boom change in 1964, when it became
necessary to secure the fitting to the wing structure by passing the five bolts
through it, through the doublers and wing skin and through the lower boom of
the spar. The misalignment of the holes was such that the 5/16 inch bolts
could not have been passed through all of these components unless some action
was taken to improve the alignment. One of the possible remedies for such a
situation would be to pass a 5/16 inch drill through the holes from beneath the
fitting so as to remove some of the material in those bushes which were pre-
venting'the passage of the bolts. Although it is probable that this difficulty
was encountered in 1964 and led to the drilling marks in the bores of these
three bushes, the identity of the person carrying out this action could not be
established and the leading hand, in charge of the boom change project, was
unable to recollect that this difficulty had even arisen.

The insertion of the flared bush at Station 143 obviously produced
features of the hole, such as removal of the anodised layer and scoring of the
walls of the hole, which might reduce the fatigue resistance of the material in
this area. More importantly, the broaching of metal from the hole effectively
removed the interference fit between the bush and the boom which the manu-
facturer had sought and relied upon as a means of improving fatigue resistance
in this area. On the other hand the insertion of this bush had produced some
features which conceivably could have improved the fatigue resistance of the
material, these being the burnishing of the hole surface and the production of
a metal flow in the surface material. The extensive programme of fatigue
testing carried out by the British Aircraft Corporation between February and
July of 1969 on behalf of the Australian investigation was designed primarily
to evaluate the net effect of the particular features of the hole at Station 143
upon the fatigue endurance of the boom. The Aircraft Laboratories Report
No. AL/MAT/3054 published by the British Aircraft Corporation describes the
detail of these tests and their results. After their completion the manufacturer
concluded that the installation of a 'belled' or flared bush in the boom in lieu of
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a parallel bush has a significantly adverse effect upon the fatigue life of the
spar and the reduction of its fatigue endurance could well be of the order of
50%. It was also apparent that the flared bush induced earlier crack initiation
and more rapid crack propagation. The illustration at Appendix J is based on
the information derived from these tests and demonstrates the higher crack
propagation rate in booms containing a flared bush.

The knowledge that the insertion of a flared bush in a boom could
be expected to reduce its fatigue endurance by approximately 50%was certainly
a significant finding but, on its own, it does not provide a complete explanation
for the failure of the VH-RMQ boom at 8, 090 flights, or some 70% of its spec-
ified retirement life. Considering the fact that determination of the retirement
life involved an estimation of mean life to failure based upon the results of
earlier fatigue tests and the division of this figure by a factor of approximately
5 to produce the specified safe life, it is not immediately apparent that the re-
duction of fatigue endurance by 50% should necessarily have caused this boom to
fail before 11,400 flights had been achieved. The possibility that the VH-RMQ
boom was an extreme case in the normal scatter about the mean life to failure;
or that the flight load environment was abnormally severe; or that some other
defect was present in the aircraft; or that the mean life to failure determined
on the basis of the earlier fatigue tests was incorrect, all had to be explored.

The investigating officers were unable to discover any other defect
in VH-RMQ which might have reduced the fatigue endurance of the boom. Fur-
thermore, calculations have shown that, although the flight load environment
which the aircraft experienced during its Western Australian operations was
more severe than that which applied to earlier Viscount operations in the east-
ern states and was used in the establishment of the boom retirement life, the
period of the Western Australian operation was not long enough to significantly
affect the fatigue endurance of the boom.

Whilst the investigation of this accident was in progress, the man-
ufacturer undertook an extensive programme of inspecting retired booms for
evidence of fatigue cracking. The precautionary reduction in the retirement
life for inner wing lower booms to 7, 000 flights soon had the effect of making
available a number of retired booms whose lives ranged between 7, 000 and
13, 000 flights. These booms, from aircraft which had operated in Europe or
Canada, were returned to the manufacturer and inspections for fatigue cracks
were made at four critical stations in the boom, including Station 143. A sig-
nificantly large number of fatigue cracks was found and, although for the most
part they were quite small, some 90% having a maximum crack depth of less
than 0.010 inches, some larger cracks up to 0.054 inches in depth were also
found and the manufacturer, in conjunction with the Air Registration Board,
decided to confirm the new safe life of these booms at 7, 000 flights. It is also
of interest that none of the holes inspected in this programme was irregular
or contained a flared bush such as had been discovered in VH-RMQ.

Appendix K depicts crack propagation rates in terms of flights both
for the VH-RMQ boom and for other booms in which cracking has been discov-
ered. On the basis of the known failure of the VH-RMQ boom at 8, 090 flights,
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a crack propagation rate curve has been drawn, derived from the crack prop-
agation results for the flared bush specimens. It may be seen that the crack
probably commenced to propagate measurably when about 5,000 flights had been
completed. This Appendix also depicts the larger cracks discovered in the
programme of boom inspection. The crack propagation rate for normally bush-
ed specimens derived from the tests has been applied to the largest of these
cracks, which had a maximum depth of 0. 054 inches and was found at Station
26 in a boom retired after completing 8,194 flights. It may be seen that this
curve also fits very closely a number of smaller cracks discovered in booms
which had completed approximately 7,500 flights. It is apparent that these
booms, which had normal bushes, would have suffered a significant reduction
in strength before reaching a life of 11,400 flights. It could also be said that,
if the evidence that is now available had been available when the boom retire-
ment lives were established, the number of flights to retirement would have
been set at a lower figure.

There can be no doubt that insertion of a flared bush in the VH-RMQ
boom brought about a substantial reduction in its fatigue endurance and made
a significant contribution to this accident. It is also apparent that a number of
other DTD 363 booms which were in service at the same time would have failed
before achieving their retirement lives if they had contained a bush flared as
in VH-RMQ. It was noted, however, that the airworthiness requirements re-
lating to the specification of retirement lives for "safe-life" items of this type
are not intended to allow for unpredictable gross defects of this nature. Never-
theless, it is now apparent that the insertion of the flared bush in the VH-RMQ
boom and the small margin of safety which actually existed in the specified
retirement life, was the combination of factors which constitute the cause of
this accident.

3 - CONCLUSIONS

From the evidence available it is possible to reach the following
conclusions in respect of this accident.

3.1 At approximately 1134 hours Western Standard Time on the 31st
December, 1968, Viscount 720C aircraft VH-RMQ, registered in the name of
Ansett-ANA and operated by MacRobertson-Miller Airlines Pty.Ltd. experien-
ced a structural failure in flight and struck the ground at a point 28.1 miles on
a true bearing of 184 degrees from Port Hedland Airport in Western Australia.

3.2 At the time of the accident the aircraft was engaged on a regular
public transport service from Perth to Port Hedland, designated as Flight 1750
and authorised by an airline licence issued to the Operator.

3.3 The aircraft was under the command of Captain Brian Beverley
Bayly with First Officer Michael Johannes Nelson, Training Hostess Georgette
Frances Bradshaw and Senior Hostess Gail Patricia Sweetman as crew memb-
ers. In addition to the crew there were 22 passengers on board the aircraft.
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3.4 The remains of all 26 persons on board the aircraft were recovered
in the area of the accident and post-mortem examinations revealed that all had
died as a result of impact forces.

3.5 The aircraft, together with its contents of freight, mail and bagg-
age, was destroyed by impact forces and subsequent fire but the damage to
other property was negligible.

3.6 The aircraft had a valid Certificate of Airworthiness and had been
properly maintained in accordance with a system approved by the Director-
General of Civil Aviation. All components of the aircraft were operating within
their approved lives or overhaul periods and, at the time of its departure from
Perth on the flight which culminated in this accident, there were no known
defects in the aircraft.

3.7 The aircraft was loaded within permissible limits and there is no
evidence that any element of the load contributed to the accident.

3.8 Captain B.B. Bayly was the holder of a valid first class airline
transport pilot licence endorsed for Viscount 720C type aircraft and he had a
valid first class instrument rating. The evidence indicates he was properly
qualified and competent to undertake the responsibilities of pilot-in-command
of this aircraft and there is no evidence to suggest that he was not medically
fit to do so.

3.9 First Officer M.J. Nelson was the holder of a valid second class
airline transport pilot licence endorsed for Viscount 720C type aircraft and
he had a valid second class instrument rating. The evidence indicates he was
properly qualified and competent to undertake the responsibilities of first offi-
cer on this flight and there is no evidence to suggest that he was not medically
fit to do so.

3.10 Captain Bayly was adequately informed on the expected weather
conditions prior to commencing the flight and it was conducted in fine, visual
meteorological conditions. In the area of the accident there was no element
of weather which might have contributed to it.

3.11 All the airways and airport facilities pertinent to the flight were
functioning correctly and the information and advice given to the flight by the
Air Traffic Control and Flight Service Units were in accordance with approved
procedures.

3.12 VH-RMQ took off at Perth Airport at 0836 hours and climbed to
Flight Level 190 for the planned 189 minutes of flight to Port Hedland. The
evidence from the flight data record and, in the last 30 minutes of flight, from
the cockpit voice record indicates that the aircraft reached Flight Level 190 at
0925 hours and continued at this level with the automatic pilot engaged until
1123 hours, at which time the aircraft commenced its descent for the landing
at Port Hedland Airport. At 1134 hours the first officer informed the Port
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Hedland Flight Service Centre that the aircraft was 30 miles south of Port Hed-
land Airport and had reached 7,000 feet in its descent. The evidence indicates
that no irregularity in the operation of the aircraft presented itself to the flight
crew during this stage of the flight and it had been conducted in accordance
with procedures prescribed in the Operations Manual.

3.13 At 1134 hours and 33 seconds VH-RMQ failed to acknowledge landing
information passed by the Port Hedland Flight Service Centre and it is appar-
ent from the flight data and cockpit voice records that control of the aircraft
was suddenly and unexpectedly lost 21 seconds prior to that time.

3.14 Consideration of the wreckage distribution and the evidence offered
by components of the wreckage itself indicates that the starboard wing of the
aircraft, outboard of Station 143 and including the No. 4 engine installation,
separated from the aircraft in flight and the cockpit voice record shows that
this occurred at 1134 hours and 12 seconds without any prior warning being
perceived by the flight crew. Immediately following this failure some compon-
ents of the starboard wing struck the starboard tailplane and elevator causing
the outboard portions of these two components to fail and the tail section and
rear fuselage to separate from the aircraft. At the same time fuel released
into the air from the ruptured fuel tanks burned momentarily and affected,
superficially, some external surfaces of the aircraft.

3.15 The gyrations of the aircraft subsequent to the wing failure were
violent enough to cause the other three engine installations to separate inflight.
The remainder of the aircraft, comprising the cabin, cockpit, port wing and
the inboard portion of the starboard wing, struck the ground at 1134 hours and
38 seconds.

3.16 The starboard inner wing had failed in upward bending at Station
143, where the strength of the lower boom of the main spar had been substanti-
ally reduced by fatigue cracking extending over some 85% of its cross-sectional
area. It is probable that, at the time of the failure, flight loads close to Ig
steady flight loads were being applied to the wing.

3.17 The fatigue cracking at Station 143, which preceded the final failure
of the lower boom, commenced at a number of points within-\the length of a
bushed hole in the flange of the lower boom. This hole is designed to accomm-
odate the rear bolt of a group of seven attaching the No. 3 engine nacelle lower
outboard tube attachment fitting to the wing structure. The fatigue cracking
commenced to propagate measurably towards the trailing edge of the flange
when the boom had completed approximately 5,000 flights subsequent to its
installation. At a later time, further fatigue cracking initiated and propagated
towards the leading edge of the boom and the final failure occurred after the
cracking had progressed over most of the boom cross-sectional area and when
the aircraft had completed 8, 090 flights since the boom had been installed. At
the time of this accident the safe life specified for the inner wing spar lower
boom was 11,400 flights.
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3.18 The 7/16 inch hole in the boom flange at Station 143 contained a
steel bush intended to be an interference fit so as to improve fatigue resistance
around the hole. The bush is also intended to prevent fretting between the boom
and the 5/16 inch bolt attaching the nacelle fitting to the boom. The bush at
Station 143 in the VH-RMQ boom had been deformed before final insertion and,
in its found condition, the mean diameter at its leading or chamfered end was
0.0038 inches greater than the maximum specified.

3.19 Insertion of the bush at Station 143, which probably took place after
a normal bush had been inserted and removed, caused metal to be broached
from the hole over almost its entire length. This broaching action removed
the anodised surface and the anti-corrosion compound and virtually eliminated
the designed interference between bush and boom. The evidence indicates that
the bush was flared at its leading or chamfered end by the application of a con-
ical tool to the bore of the bush at this end. There is also some evidence that
a similar tool was applied to the bore of the bush at its other end.

3.20 It has not been possible to establish why, when, or by whom this
bush was flared and inserted in the boom. This action must have taken place
at least four years prior to the accident and the investigation has been unable
to develop even a satisfactory hypothesis as to the reason for such actions or
the circumstances in which it could be carried out without being recollected by
the persons responsible or recorded in engineering records.

3.21 Three of the bushes associated with the attachment of the No. 3
engine nacelle fitting to the lower boom, including that at Station 143, had mat-
erial drilled from their bores subsequent to manufacture. It is probable that
this action took place whilst the lower boom was being installed in VH-RMQ in
1964 and arose from the fact that an imperfect placing of the holes in the nac-
elle attachment fitting resulted in misalignment between these holes and those
in the spar boom. The investigation has been unable to determine who under-
took this drilling or to conclude whether or not it had any relation to the flaring
of the bush at Station 143.

3.22 The spar boom is a "safe-life" item and as such is not subject to
in-service inspections for fatigue cracking nor can such inspections be carried
out without major disassembly of the structure. Although an inspection of the
visible portions of the spar was carried out by Ansett-ANA, 922 flights prior
to this accident as part of the routine maintenance of the aircraft, it is appar-
ent that it would not have been possible to detect the fatigue cracking at Station
143 during this inspection.

3.23 Fatigue tests carried out by the manufacturer on representative
boom sections show that a reduction of approximately 50% in mean life to fail-
ure of the boom can be expected as a result of inserting a flared bush of the
type found at Station 143 in VH-RMQ.



31.

3.24 Examinations and tests, carried out as a.result of this accident,
suggest that the original fatigue life substantiation was less conservative than
had previously been believed. Nevertheless, the method of substantiation con-
formed with accepted engineering practice at the time the aircraft type was
being developed and the subsequent service experience of Viscount aircraft
throughout the world supported its adequacy. Up to the time of the accident no
evidence was available to suggest that the approved retirement lives were any-
thing other than conservative.

3.25 The retirement life for DTD 363 booms was specified prior to this
accident as a greater number of flights than probably would have been specified
if the evidence that has become available since the accident had been available
at that time.

3.26 The real safety margins in the boom fatigue lives, specified at the
time of this accident, were not necessarily sufficient to ensure that a boom
would achieve the nominated retirement life when a defect such as was intro-
duced to VH-RMQ was present. The airworthiness requirements relating to
the specification of retirement lives are not intended to allow for a defect of
this nature.

3.27 The extent of fatigue cracking in booms retired and examined sub-
sequent to this accident indicates that a number of these booms would have
suffered a significant reduction in strength before reaching a life of 11,400
flights. All of these booms and a number of others found to contain cracks
would probably have failed before reaching their specified retirement lives if
they had contained a bush flared as in VH-RMQ.

3.28 The cause of this accident was that the fatigue endurance of the
starboard inner main spar lower boom, was substantially reduced by the in-
sertion of a flared bush at Station 143 when the margin of safety associated
with the retirement life specified for such booms did not ensure that this boom
would achieve its retirement life in the presence of such a defect.
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GRAPH OF FLIGHT DATA RECORDER READINGS

VISCOUNT 720C, VH-RMQ
Appendix C 31st December 1968

(United Data Control Recorder, Serial No. 1998)
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Appendix G

Outboard (upper) and inboard (lower) faces of the fracture at Station 143
of the starboard inner wing lower spar boom. (Approx. actual size)



Appendix H

Viscount inner wing
construction viewed
from below after re-
moval of lower wing
skin. ( Inset shows
group of five bushed
holes in lower spar
boom at Station 143)



Appendix I

Flare

Figure 1 Flared bush from Station 143, starboard inner wing
lower spar boom. (Magnification 5 diameters approx.)

Flare

Counter
drilling

Figure 2 Counter-drilling in bore of bush as seen after sectioning



2,000 4,000 6,000 8,000 10,000 12,000 14,000

ESTIMATE OF PROGRAMMES FROM START OF MEASURABLE PROPAGATION

COMPARISON OF CRACK PROPAGATION RATES
FLARED AND NORMAL BUSHES



APPLIED FACTOR, 2.44 TEST PROGRAMMES/FLIGHT
OBTAINED FROM TEST No. 9

APPENDIX K

0.6

0.5

0.4

o

:*:
u

" Estimated crack propagation
curve for boom with flored
bush hole condition drawn to

~ tit VH-RMQ roi/ure

Estimated crack propagation
curve for boom with normal

_ bushed holes drown through
service crocks.

Approximate Limit Load Residual Strength . •',.

0.3

0.2

0.1

_L_L

2,000 4,000 6,000 8,000

FLIGHTS

10,000 12,000

ESTIMATED CRACK PROPAGATION RATES APPLIED TO
DTD 363 INNER WING SPAR BOOM SERVICE CRACKING




