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"This accident was investigated to provide guidance toward the prevention
. . of a recurrence. The content of this report is confined to relewvant
circumstances and is published for accident prevention purposes only."

REPCRT # H80003
ATRCRAFT ACCIDENT
ATIRWEST AIRLINES LTR
DE HAVILLAND DHC6-200 (FLOATS)
REGISTRATION CF-AIV
VANCOUVER HARBCUR, BRITISH COLUMBIA
00:42 GMT, SEPTEMBER 3, 1978

SYNOPSIS

A visuval approach was being made to Vancouver Harbour.
When at 175 ft above the surface and approximately 2500 ft from

the intended landing area, the aircraft suddenly rolled left and
plunged into the water.

This accident was investigated and this report was prepared by the Aviation
Safety Investigation Division, Aviation Safety Bureau, Transport Canada.
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Honourable the Minister of Transport

This Accident Investigation and this Report have been audited by the
Aircraft Accident Review Board. The Becard has considered all infermation
available including that from involved parties. The Board agrees with

the contents of this Report for release as public information.

Adlrcraft Aceident Review Beoard
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ERRATA

Index 1.16.7 Flat should read flap

Page 2 1.1 Victorial should read Victoria

Page 7 1.12.1 2nd sentence - tower should read lower

116.7  Title para 1 - Flat should read Flap
Page 2] 1-1% orack should read crack
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FACTUAL INFORMATION

History of the Flight

Twin Otter CF-AlV, operating as a Scheduled VFR f£light
departed Victorial Harbour, B.C. at 00.18%*, 3 September 1978, with
Vanconuver Harhour water—aerodrome as destination. The estimated

time en route was 20 minutes.

The flight proceeded normally and reported by Aétive Pass at
20600 ft. This altitude was maintained in order to cross the
Vancouver Control Zone in accordance with standard procedure; once
out of the control zone, a slow descent ﬁas begun towards

Vancouver Harbour.

Normal radio procedures were followed as the flight reported
by standard visual reporting points. Just before joining final
approach, the transmission, "AIV, Third Beach”, was made and
landing clearance was given to the flight by the Harbour Tower.
The approach continued, and when the aircraft reached
approximately 175 feet above the surface, niné ground witnesses
heard a loud noise from the aircraft. Two surviving witnesses
alsc heard a noise. Power was subsequently applied and CF-ATIV
yvawed left, rolled in the same direction and plunged into the
harbour in a left-wing and nose—down attitude, 2500 feet from the

intended landing area.

* All times in this report are GMT which is Pacific Daylight

Time +7 hours.
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An ELT, (Emergency Locator Transmitter), tone was heard by

the tower controller 534 seconds after the radio call at Third

Beach. The controller called the aircraft several times but there

waLs No UTesDOnSe.

The flight had been of 24 minutes duration.

1.2 Injuries to Perscns
Injuries Crew Passengers Others
Fatal 2 9 -
Serious - 7 % -
Minor/None - = -
1.3 Damage to Aircraft

The aircraft was destroyed on impact with water and the

wreckage was confined to a small area.

1.4 Other Damage

Nil.
* QOne, a pilot with 300 hours experience, employed as 2nd officer

on 747 aireraft. One, a tour—guide.
evsf/3 Pagetof7s
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Personnel Information

(a) The pilet in command was 27 vears old and held a valid
Airline Transport rating. He had been working for the Company
sinee 1974 and had accumulated in excess of 6,000 hours flight
time cof which 3,600 were on the Twin Otter. His last medical,
June 27, 1978, was assessed as Category I, with no restrictions.
Transport Cana&a medical records indicate that his first
examination for a pilot's licence was in 1967 when it was noted
that he had preyiously experienced back pains for two vears,
diagnosed by an orthepaedist as epiphysitis. The records show no
indication of physical problems thereafter except for a tormn

ligament in his left ankle in 1968.

Because of the previous diagnoses, enquiries were made of
Company personnel and of wvarious physicians who had examined him.
It was found that his disabilities during previous employment had
prevented him from doing any heavy work such as lifting, and he
would not load aircraft. Information was also obtained that on
one occasion while employed by another company, he was in so much
pain following a flight, that he had te be lifted from the cockpit
and out of the aircraft. Enquiries did not reveal a firm
diagnosis but evidently he had been complaining of pains in the
back and swelling and pain in the left and/or right foot,
periodically since 1964. A diagnosis of gout had been considered

at one time.

.._ﬁ'a@esof?a
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On the day of the accident he had flown 3.5 hours which

consisted of two flights to Nanaimo and three fiights to Victoria
Barbour. The first (to Nanaimo) commenced at 1503 hours, the
accident occurring cn the return leg of the third flight to
Victoria Harbour. His activity during the day appeared to have
been normal although he was observed to have rested supine on a
counter top in the Vancouver office before his last flight to

Victoria.

(b) The Cabin Attendant was 23 years old and held a valid
Commercial Pilot's licence. He began flying iﬁ 1974 and had
acquired over 450 hours of flying time. Normally he sat in the
right hand pilot seat but was not authorized by the Company or

Transport Canada to handle the controls of the aircraft on revenue

flights. Discussions with other Company pilots, however,
indicated that this Captain allowed him to fly the aircraft on
occasion and a survivor stated that he did so during the cruise
segment of the accident flight. His last medical examination was
in March 1 1978 and he was granted a medical Category I with no
restrictions. He was employed by the Company in April 1977 as a
ticket agent but later transferred tc the position of Cabin

Attendant on Twin Otters.

1.6 Company/Aircraft Information

The aircraft was operated as a Class II1 service. The .

Vancouver Harbour to Victoria Harbour segment of the company's

veslD Page 9 of 73
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operation is classed as Scheduled VFR (floats). For this type of
operation the company uses a crew complement of a captain and one
cabin attendant; the latter was permitted by Tranmnsport Canada to

occupy the first officer's station.

The aircraf;, Serial No 215, was manufactured in 1969 by |
de Havilland Aircraft of Canada Ltd and powered by two Pratt and
Whitney PT6A-20 engines. The maximum authorized take—off weight
was 11,600 1bs; the weight and centre of gravity of CF-AIV, at the

time of the accident were within limits.

The maintenance facilities, records and practices were

y

examined and no deficiencies were found. However, the maintenance .

procedures in effect at the time, precluded adequate inspection of

the installed flap control rods. N
a

1.7 Meteorological Infeormation

The weather at the time of the accident was VMC*, The post
weather sequence, recorded at 00,52%, showed 1500 feet
scattered, 4000 ft scattered, estimated 7500 feet broken, 9000 ft
overcast. The visibility was 12 miles, temperature 16°C, dewpoint

14°C, wind 050° at 3 knots.

¥ Visual Meteorological Conditions
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Pilots flying in the area at the time of the accident

reported no significant turbulence.

1.8 Aids to Navigation

There are no aids to navigation serving the Vancouver

Harbour water aercdrome.

1.9 Communications

The aircraft's communication equipment was selected to

appropriate local frequencies and ocperated correctly.
Communications with Air Traffic services and company dispatch were

normal and routine.

Because of the location of the Vancouver Harbour tqwer it
was impossible for controllers to view continuocusly aircraft
landing from the west until on short final; because of this, the
first indication of a crash was the transmission of the ELT tone.
Confirmation of the accident was obtained by communication with
the pilot of ancother aircraft who observed the impact. The
controller immediately notified the Vancouver Marine Traffic.

Centre in accordance with Vancouver Harbour emergency procedures.

---/?
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1.10 Aerodrome

The water aerodrome is situated 49°18'N 123°07'W, is
generally well sheltered and has a tidal range of 14 feet. The
alighting area is 4 miles long in an east/west direction and one
mile long, north/south. A note of caution on the chart which
depicts the water drome states "Aireraft arriving Vancouver from

the west are to approach over Beaver Lake in Stanley Park."”

1.11 Recorders

There was neither a voice nor a flight data recorder on

board, nor was there a requirement for either.

1.12 Wreckage and Impact Information

1.12.1 Power Plants

Left Engine-PT6A-20, Serial Number PCE 20786

The engine had separated from the wing at the firewall area.
The tower area of the cowl and nacelle had received impact forces
in an outboard direction. The inboard side of the engine support

structure had been in tension while the outboard side was in

«asfB
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1.12,2

l1.12.3

Document disclosed by the ATIP Branch of Library and A

compression. Engine control cables had failed in tension. A
section of the propeller control linkage (from firewall to cambox)
was found in the nose of the left flocat. The propeller and engine

were recovered as a unit.

Right Engine—PTbA-20, Serial Number PCB 21873

This engine separated from the wing at approximately the
same location as the left. Examination of the support structure
showed failure from torsional forces opposite to the direction of
rotation. This was probably a reaction from the propeller
striking the heavier fuselage structure of the cockpit. Engine
control cables had failed in tension. The propeller and engine

were recovered as a unit.

Left Propeller — Hartzell Model HC-B3TN-3#%* Serial BUS77

Two blades were bent aft at mid;span_and the third had a
slipght forward bend near mid-span then an aft bend near its.tip;
there were no nicks or gouges. The latch pins of two blades were
corroded in the recessed position} the pin of the third blade held
the piston and the other two blades at the zero thrust angle; when
the latch was depressed the propeller piston and blades travelled
to the “feather” position. The spinner, which had impacted onto
the piston and counterweight assemblies, was ruptured, and

provided nec valid information.

* See app. "A" {(Description of propeller function)

vas/9
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Externally there was visible damage to the propeller
hub/spider assembly. The blade links, attaching the blade/clamps
to the piston, appeared compressed; the guide collar had been
impacted by all three of the blade-link pins and/or zero thrust
latech cams; also some damage to the guide rod bushing cirelips was
evident. It was therefore apparent that the piston at some time

during impact had moved to the full reverse pesition.

1.12.4 Right Propeller — Hartzell HC-B3TN-3 Serial BU1492

All three blades had been bent in a forward direction, the
centre of the bends being about mid-span. Two blades had !
sustained severe tip damage resulting in loss of metal; the third

blade was intact. The piston was in the feathered position. The

spinner had impacted onto the piston and counterweights but no -

useful information was gained from the spinner damage.

1.12.5 Engine Control {Overhead) Conscle

The engine control console was virtually destroyed by impact
forces. Power levers, the right propeller lever, fuel levers and
their respective pulleys were shattered or broken out of the
console; the left propeller lever was not recovered. The right
propeller mechanical stop appeared to have been out of rig by

comparison with other adjacent stops. Mod 6/1223 (Prop/Power 5

Page 14 of 73
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lever interlock) had been fitted. The power—-lever microswitch,

was removed, tested and found to be serviceable. No pre-impact

lever . positions could be determined bacause of extensive damage.

1.12.6 . Fuel System

The fuel cells were ruptured on impact which precluded
determination of the quantity or qhality of the fuel. It was
reported that a substantial amount of fuel was present on the
water after the accident. Weight and balance calculation showed
that there should have been approximately 310 pounds of fuel
remaining. The fuel ejectors and motive line check-valve (with
finger §trainer) from the aft tank (left engine) were checked and

found to be clean and serviceable.

1.12.7 Structures

During recovery attempts to lift the aircraft from the water
and to remove the passengers, the fuselage suffered further
damage. A cable had been attached to the empennage and the
wreckage had been dragged over the harbour floor, tearing away

pieces of sigunificant value.

The fuselage was lifted from the water, taken by barge to a
dock and transported by flatbed to Vancouver International

Airport. It was then placed in a storage area and impact damage

eealll
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was analysed to determine the breakup sequence. Initially safety
investigators considered that both right and left flaps were down
at impact. Some months later, a swaped portion of a flap
actuating rod, the fracture-face of which mated with the
fracture—face of a portion that was recovered with the aircraft,
was retrieved from the harbour. The wreckage was moved to a
warehouse and re-assembled on jigs to determine the direction of

initial impact forces and to re—assess the sequence of bhreakup.

Damage te the aircraft, supported by the injury pattern of
the passengers, Iindicated that the left wing tip impacted the
water prior te any other part of the aircraft. Damage examination
further indicated that the flaps were up on the left and down on

the right at the time.

(See Analysis of Sequence of Break—up Appendix “D".)

Autopsy and Biochemical Information

Captain

The autcpsy showed no evidence of disease which might have
impaired his flying performance and death was due to asphyxia due
to drowning. The injury pattern suggested that at impact the

pilot was thrown towards his left side and that his head contacted

vaa/l12
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the instrument panel. Also it would appear he either held the

control column neutral or slightly forward with his left hand,
while his right hand was above.his head in the area of the
overhead controls. The former conclusion was supported by contact
marks on the yvoke assembly which indicated a2 near neutral

position.

Injuries to his feet and an imprint on the socle of his right
shoe suggested that he was applying moderate pressure on the right
rudder with his right foot placed at an angle on the pedal with
his toes outward. This finding is compatible with foot movement

limited by pain and led to enquiries intec his medical history.

Biochemical tests on the blood, liver and urime did not show

the presence of any alcohol or drugs. A carbon monoxide
saturation Jevel of less than 107 was present in the blood and was

considered insignificant.

1.13.2 Cabin Attendant
Autopsy of this crew member showed no evidence of disease
which might have affeéted his duties. From his injuries it was
apparent that he had been struck by the right propeller during the
‘ crash sequence and died instantly. At the time he was leaning
forward and to the left.. The injury pattern does not suggest that

this person was handling any flight controls at the time of

impact. .
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Biochemical aralysis of blocd did not show any presence of

alcohol or drugs and less than 10% of carbon monoxide was found.

Passengers

The position of the eleven passengers in the aircraft was
determined from information provided by survivors. Of the nine
passenpers whco died in the acciHEnt cne was killed by impact
forces. This passenger was seated in the first row left hand
side. Two other passengers probhably lost consciousneés and died
of aspiration of watef. One of these two was seated in the third
row on the right hand window seat and suffered a fracture of the
skull and contusion of the brain. The other, sitting in the first
row right window, was found to have a small fracture at the flocor

of the skull and some fractured ribs. The injuries to the

remaining passengers did not appear sufficient to cause any'

unconsciougness and their deaths were due to drowning. O0f the two
survivors, one was in the front row centre seat and the other

occupied the rear seat. Both sustained serious injuries.

The skin on some bodies showed the effects of exposure to

fuel.

There was no fire.
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1.15 Survival Aspects

The accident was survivable.

All passengers sat at window seats except for the front row
survivor who sat in the middle seat; seat belts were used by all

on board.
The impact forces were not severe enough to produce failure
of seat attachments to the floor and wall, which are required to

withstand an ultimate acceleration of 9G forward.

There appeared to be a pfogression to the injury patterns,

being more severe to the forward passengers and diminishing toward
the rear. Also most of the injuries were more severe on each

persen's left side.

A survivor seated on the middle seat of the front row
suffered multiple injuries but, because of a break in the
fuselape, was able to swim free. The surviver occupying the rear
window seat imjured his back but managed to escape with difficulty

through the rear baggage door which had opened at impact.

The survivors' statements indicate that the standard

pre—take-off briefing described in Airwest's Operations Manual was

ves/15

Page 19 of 73

Document disclosed hy the ATIP Branch of Library and Archives Canada { Document divulgué par la direction générale de I'AIPRP de Bibliothégque st Archives Canada



not given in full. The actual briefing was given in Japanese, the
native tongue of all the passengers, by the tour guide
accompanying them, and included only the use of seatbelts and
smoking restrictions. Thus the emergency exits were not pointed
out nor was reference made to the safety informatiocn cards which

show the location of the emergency exits.

A survivor stated that there were several people standing
when he left the aircraft. Those passengers ﬁho may have been
conscious after impact but drowned, possibly did not escape
hecause they were unaware of the position of the emergency exits.
Although the main door waé jammed because of distbrtion; the main
emergency exit on the right side and one on top of the fuselage

were available for use and functicned properly.

1.16 Tests and Research

Voice Tdentification

The voice transmissions from the aircraft to the tower were
positively identified as those of the cabin attendant; they were
consistent with a routine approach to the Vancouver Harbour, with

no indication of concern or alarm.

The interval between the last transmissions and the ELT

signal was determined to be 54 seconds. The ELT transmitted for

e /16
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57 seconds. Analysis of the tape revealed no other significant

information.

1.16.1 Airspeed Indicator Analysis

The'pilot's airspeed indicator was severely damaged by

direct impact. The instrument case and face—glass were missing.

The dial, pointer and aneroid were all deformed and corroded by

sea-water. The.pointer was indicating 195 knots but no

corresponding impact imprints were found on the aial. However,

; when the deformations of the dial and pointer were matched, the

| pointer indicated 75 knots. Examination of the mechanism also |

showed that it was jammed in the 75 knot pesition; the sector gear

and pointer pinion did not reveal any marks which would indicate

their disengagement during the impact sequence.

1.16.2 Emergency Locator Transmitter (ELT)

The ELT was undamaged by impact forces but there was
evidence of the effects of having been immersed in sea-water.
This damage was limited to corrosion deposits on most terminal
posts and some staining of the circuit board and a number of

components.

The inertia switech had been triggered. Functional testing

of the switch to establish its trigger threshold was neot

n-o/l?
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considered practical. As received, the switch was unserviceable
because of the sea-water deposits and alfhough.removal of these
deposits aud re=turblshinge the switeh would have allowed
functional testing, it would probably have altered the switch
characteristics. 1t would.be equally reasonable to assume that
the inertia switch was within_required_tqlerances at the_time of
impact.. Wi;h this assumption, Fhe deceieration expgrienced by the
ELT aloqg the aircraft's longitudinal axis would have been greater

than 5 G.

1.16.3 Systems Examination

Left Propeller

The propeller dome (pispon), on examination showed a iight
impact mark ét +5°, (the blades latch at +2°) and a heavier and
more vaious mark at -9°. As discussed previously, the propeller
ﬁas found to have been in the full reverse position éo that it
must have struck the wéter at some angle above +5° blade angle,
and then the blades were progressively driven back to the reverse
position. When the turbine stopped rotafing the internal
propellerlspring drove the blades toward feather; they were,
however, trapped in the zero thrust position by the engagement_of

the serviceable latch.

1.16.4 Right Propeller

On examination it was determined that the blades were in

positive piteh (+23° at time of impact). (See App C)
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1.16.5 Propeller Operating 0il Pressures

To determine the propeller—oil operating pressures during a
wide range of power/propeller selections, tests were cdnducted
using é series 300 DHC6 powered by PT6A-27 engines fitted with an
0il line routed from an oil pressure source betweén the propeller
governor and the overspeed governors The o0il line terminatéd in a
0-1000-psi, (pounds per square inch), pressure gauge with 10 psi

graduations.

0il pressure indications were noted during start, taxi,
reverse, take—off, climb and descernt. The results showed very

rapid response in all rodes with maximum pressures being reachéd

during take~off, and minimun, at coarse-pitch constant speeding.

' Although these tests were carried out on a ~27 engine, the

results obtained are considered to apply also to the -20 engine.

1.16.6 Flap Control Tube

Failure analysis of the recovered portion of the rod was
conducted to determine possible pre-impact, impact and post—impact
conditions and a probable sequence of failure f'.or the separation
of the rod end (ASE Report LP 65/79, refers). Later scanning
electron microscope confirmation of aspects crucial to the
determined failure sequence is covered 1n ASE Repc;rt LP 23/80 .
(Appendix E). |
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From these analyses, it was concluded that prier to impact,
the flap control rod contained one major and other secondary
stress cé%rosion cracks. fﬁe main.fracture was 2—3/4'inchés in
length and extended longitudinally from %he opén end of the tube.
This craék aloﬁe Waé shown tolhave reached a sufficiently advanced
stage of.gréwth to bfiﬁg about.éepération.of the tube from the end
cap fitting ét less ﬁﬁaﬁ.aﬁﬁiiéd'loads from.the full flép setting
in tﬁé aﬁpro;ch configuration; In the easé of the accident
aircraft, the flaps were set af-tﬁe full doﬁn.ﬁositioﬁ during the

approach.

NOTE: Stress corrosion cracking (SCC) is a mechanism
of brittle fracture in a nominally ductile material
involving a combinaticon of electrochemical action

i

and éusﬁafned éensile.iéad.. Failure occﬁrs over a
period of timé'which is determine&lby the'seﬁerity
-of.the &oﬁditions which aré pferéquisites for scc,
namelg:. h
i a particular metallurgical requirement, or
susceptibilify in terms of the cémposition and
sfrﬁctu}e dflthe alloy;
ii | a sustaihed tensile sffeés, eithef aéplied or
residual in excess of some ﬁinimﬁm threshold

level below which SCC does not occur;

iii a specific corrosive environment.

For CF-AIV all three conditions for SCC were present:

i The 2024-T3 alloy of the flap control rod is known
to be highly susceptible to SCC and not recommended |
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for applications where high sustained tensile stresses

are likely to act in either the long or short transverse
grain directions;

1i The magneforming of the tube to the end fitting leaves ‘

residual tensile (hoop) stresses in the area of the
swaging of sufficient magnitude tc exceed the threshoid
stress level for SCC to occur in the 1§ng trénsverse
grain structure of the tube; |

{ii CF-AIV's normal working environment of sea air, coupled,
with sulphur-bearing gases in the ever present exhaust

fumes is a more than adequate corrosive environment to

support SCC.

1t should be noted that operationally induced loads
generally have a negligible effect on the stress corrosion cracks.
Accordingly, cracking is a function of calendar, not flying time,

through the sustained residual stresses in the swaged rod end.

Aircraft maintenance records show that inspections had been
done in accordance with approved inspection procedures. However,
detection of a crack at the swaged end of a contfol rod would have
been quite unlikely under the inspection requirements as detailed
in EMMA* checks, as they existed prior to the accident. Proper
inspection would require both physical and visual access to the
rod ends and this would entall removal of the paint for proper

penetrant checks.

* EMMA (Equalized Maintenance Maximum Availability)
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1.16.7 Flat Rod Tensile Tests

Tests were performed on sample flap push-rods to simulate
the effect of a longitudinal crack in the magneform tube end on
the load carrying capability of tl_le rod. It was found that there
is considerable variation in tensile separation load versus

pre—é'réck length from sample to sample i.e.:. -

1-1/2" ‘orack - 2400 1b.
2-1/4" crack ~ 510 1b.
2-1/2" crack - 610 1p.
2-3/4" crack - 1680 1b.

Manufacturer's tests showed that wheq two rods were cracked
in a manner similar to.the:'acr':ident case,. o.ne (2.5 in¢hes long),
failed at 825 Ibs and the other, (2.75 inches long), at 500 lbs.
It 1s considered that the difference in separation loads 1is . s
because of the variation in original clamping aétion (i.e. B
variation in .material strength, fit, residual stresses). The
manufacturer stated that the working loads on the rod during a
_n.ormal approach with flaps—down condition vary from 330 to 650
1bs, whereas the design breaking load is 8000 1b. and the nominal
breaking load’ is 11000 1b. The tests therefore clearly showed 4
that cracks 'greater than two inches (as found on the CF-AIV rod),
and which have progressed to the free end, could lower the
load—carrying capacity of the rod into the range of the actual |

"loads with flaps down. ' |

See App. "F" Metallurgical Analysis

See attached plctorial of Swaged—connection. Figure 3.
Page 26 of 73
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1.17 Additional Information

I.17.1 Cine Film Analysis

An 8 mm motion picture camera containing a cassette with an
exposed roll of celour film was recovered from the wreckage; both
were damaged by immersion in the sea-water. Development of the.
film showed that the camera had been operated by a passenger from

"a starboard rear seat to within 30 second of impact.

The results of the analysis are tabulated on the attached

Appendix “G" and "G (l)" and establishes;

- the position of the aircraft at 9 (nine) stations in metres 1in

the UNIVERSAL TRANSVERSE MERCATOR PROJECTION, Zone 10;
— the height of the aircraft at the same 9 stations;

— the wing flap angles at the first, centre and last frame

stations;

- the pitch attitude of the aircraft t¢ the true horizonm at the

above 9 stations;
—~ the rate of descent; and

— the ground speed in knots and metres per second. .

'“/?P;gezrof?a

Document disclosed hy the ATIP Branch of Library and Archives Canada { Document divulgué par la direction générale de I'AIPRP de Bibliothéque st Archives Canada



1.17.2

- 23 -

35mm Photograph - Analysis

Approximately 10 seconds prior to lmpact the aircraft was
photographed by a person who wés standing in Stanley Park,
Véncouver. After taking the photeograph the cameraman lowered the
camera and closed the front flap, (about 2-3 seconds). He then
heard a loud “bang"”, looked towards the aircraft and saw it

rolling to the left.

The related photographic slide was ana.lysed and the left
flap angle, altitude of the aircraft and its distance from the

camera were determined. (See'Appendix "H")

An Azimuth (the vaw of the fuselage to the camera negative)
of 39° and Tilt (the elevation of the lens longitudinal axis)

of 27° were established.

From this information furthe-r caleculations indicated that
the.horizontlal.range from the camera positlon to the nose of the
aireraft was approximately 388 feet. | The aircraft nose was
betwean 1'9?.87 (minus 3.5%) feet above the camera. The slant

range from the camera to the nose of the aircraft was

‘approximately 433 feet. The camera angle of view (in the

horizontal) was 39.8 degrees. The left main flap was extended to

the equivalent of 33° cockpit—indicator setting.

vee /24
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1.17.3 Witnesses

Witness information is incorporated in this report.

Persons interviewed included eye-witnesses, survivors, peers

of the accident pilot and company operations perscnnel.

There was an abundance of witness information available from
persons who were in or near a wooded park adjacent to the impact
area and there was general agreement in their descriptions of the
flight trajectory. ©Gix witnesses stated that the approach was

normal; five stated it was low; none said it was high.

Although not all saw the aircraft strike the water because

of boathouses and other obstructions, 21 witnesses gave evidence
that they had viewed the aircraft in left-wing-low and nose—-down

attitude to within approximately 50 feet of the surface.

Those that reported they heard a ncise described it in
different ways such as, "heard a crack", - "scunded like a cable
breaking”, - "sounded like a metal drum being struck by a hammer”,
— "sounded like the load shifted from cne gide to the other", — "a
metallic noise”, "like a compressor stall on a 747 engine”. Two
stated they heard engines sputtering. Witnesses standing
laterally to the aircraft were within 500 feet of the estimated
position of where the noise originated. One witness who heard the

noise was standing about 300 feet away.

ens /25
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There was conflicting evidence introduced by the survivors,
as each placed the geographical area over which they had heard the ‘
neise approximately 12 seconds prior to the point where ground
witnesses asserted the noise had occurred. Although the analysis
of the 35 mm slide showed that the flaps were almost down and the
enpines running 10 to 12 seconds before impact, the survivors
indicated that Ehere was a time-frame of 15 to 30 seconds from the

noise ta the start of the left roll.

Following analysis of the witness evidence it was found that
if a flap had failed at the position stated by the two surviving
witnesses, then the aircraft would have been unable to continue to o
the impact area; or if a left propeller ?roblem occurred in tﬁe
same area, the pitching, wobbling and yaw described by the
survivors would have heen obvicus on the cine film. Neither was
the case. Tt was therefore, concluded that the time-frame of
15-30 secs to the critical phase of the accident sequence was

unreliable evidence.

1.17.4 Twin Otter Flap Rods

In 1973, flap control tubes fabricated from a 2024 alloy in
a T-Bl temper were released for service by the manufacturer. This
material is less susceptible to stress corrosion cracking than the

2024 T-3 tempered alloy specified previously., This type of rod

- 00;26
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was fitted to all aircraft subsequent to Serial No 420. At the

time of the accident the manufacturer had neither required nor
recommended the retro—fitting of the new tube to existing
aircraft. The flap system installed in CF-AIV at the time of the

accident was manufactured to the old specification.

Comments from the manufacturer stated that the
modification to 2024-T3 control rods followed upon a study of
stress corrosion preblems during the period 1968-70 and that
operators were advised of the problem by Technical Advisory
Bulletin 6/626 in November 1970. This was followed by
Modification 6-1487, December 1973, which covered the chaﬁge of
control rods. The modification applicability was quoted as
Aircraft No. 1 and subsequent and "production cut in" as Aircraft
No. 421 and subsequent. Transport Canada's Airworthiness Division

approval was not mandatory.

Resumé of Events During the Approach

Following flight from Victoria Harbour the aircraft
commerced descent towards Vancouver Harbour shortly after the crew

had reported by Third Beach.

From the cine camera data it was calculated that 29 seconds

later.the aircraft was over position "1", (as indicated on Figure

1) and that the flap at that time had been extended to 20°.

Y
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The descent toward the harbour aerodrome continued for
another 8 seconds at which time the film data showed that the flap
had reached a position of 28° and that the average approach speed

for the 8 seconds had been approximately 76 knots.

Folleowing the termination of the cine film a witness took a
photograph of the aircraft. It was calculated that the flaps had
reached a setting of 33°% and that the aircraft was approximately
200 feet above the water surface,.about 2500 feet from the
intended landing area.

Approximately threefseconds la;er a loud "noise™ was heard
from the aireraft. According to ground witness testimony the
airecraft subsequently vawed, rolled to the left and continued an
uncontrolled descent into the water. These witnesses variously
state that the time from noise to impact was between 6 to 10

seconds.

Analysis

On the third day following the acecident a helicopter,
equipped with a video camera, was used to simulate the flight path
of the accident aircraft prior to impact. Witness statements were

used to trace the flight path and the resulting video film

* All flap positions are indicator settings.

- opabdhorra
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indicated that the aircraft had entered an unusually violent left

roll followed by a high rate of descent to impact,

After examining the 1nitial statements qf the witnesses, thé
following possibilities as a plausible lead event in the accident
sequence were considered:

1. The aircraft had stalled aerodynamically at a

height too low to effect recovery.

2. An unusual amount of drag on the port side had
caused a left yaw and uncontrollable roll in the
same direction.

3. Loss of 1ift on the port side caused a

roll moment that made the aireraft uncontrollable.

2.1.1 Aerodynamic Stall

.

This hypothesis was discarded for the following reasons:
1. The DHC6, with full flap and aﬁ a power setting of
10 to 12 pounds torque requires a significant amount
of nose-up attitude, (4° to 5°) before a stall can be
induced. Only two witnesses, about three quarters of a
miie away, stated that the aircraft waé in a climb

attitude.
(An investigator who watched several aircraft approach

the harbour from the position of these witnesses, {in a

high-rise apartment), noticed that all aircraft appeared .

asaf29 Pageasof7?a
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to be in a nose up attitude. This 1llusion was

cattributed to the slope of the terrain toward the

water's edge.)

2. It is imprebable that an aerodynamic stall would

generate an unusual noise.

3. The airspeed indicator was impacted at 75 kts,
approximately 20 kts above the stall speed of this

type of aircraft when in full flap configuration.

2.1.2 Unusual Drag — Left Propeller

L

The latched left propeller and other physical evidence
indicated that at scme time the blade angle had been In

full-reverse position.

The evidence of the twe on—board witnesses indicated that
the pilot had both hands on the control column at the time of the |
unusual neise. This would be incompatible with an intentionally

induced "Reverse Beta” to increase the rate of descent. o
Additionally; from the cine and 35 mm photc—analyses, 1t was |

concluded that the approach was normal.

Experts from the propeller manufacturer stated that when '
this type of propeller is impacted while at low power the tendency

would be for the blades to be driven toward reverse mode.

...{PwatiofTS

i
1
- - N . 1
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However, there is inconsistency in this hypothesis, since in other

accidents where both propellers had struck, physical evidence
showed that only one of the propelleré displayed reverse blade
angles. In the CF-AIV accldent, the right propeller dome showed
that the blades were at plus 23° angle, the mark presumably made
when the propeller struck the right side of the quelage, right

door si111 and the First Officer's seat.

The left prapeller dome showed an initial mark of plus 5°
and subsequent chatter marks, including minus 9°, as the blades
were driven toward full-reverse. If the left propeller had
errantly travelled into reverse mode prior to impact, the 5° mark
could not have been made on the dome. It follows that the left

propeller was not in the latched condition at impact.

The vafiance of blade angles between each propeller, (left
plus 5% and right plus 23°), can he exﬁlained by the physical
evidence of thg impact. When the left wing struck, and was folded
back, the ieft power and propeller control cables were stretched
in a manner that would disrupt the pre—-set pitch

position.

It is considered that as each blade travelled deeper into
the water, the propeller progressed toward the full reverse
position; because the aircraft cartwheeled at impact the propeller

disc may have struck the water in an unusual attitude.
.l./31
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Flight tests in a - 300 and a - 200 Twin Otter showed that
when “"reverse bheta” was induced, followed by application eof 10 or
12 1bs of torque, airframe "buffeting" was very significant. It
was considered by the safety investigation team that 1f =a |
propeller travelled uncontrolled into the reverse regime and full
power was then applied, the vibration or buffeting would be
severe, (manufacturers' flight tests proved this to be so). The
witnesses who survived the a;cident.did not speak of vibration

during the aircraft's left roll and dive into the water.

There was no evidence to indicate that the left propeller
control system had not been functicning properly prior to the

accident.

2.1.3 Loss of Lift - Port Side

The possihility that a collapse of the complete left flap
system would contribute to the pre~impact trajectory of the

aircraft, was considered.

. Manufacturer's flight tests, with one flap secured in the up
position and the other operating normally, demonstrated that the
aircraft would initially yaw towards the retracted flap. This was

consistent with what witnesses reported.

Y
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These flipht tests conclusively proved that with more than

25% asymmetric flap the aircraft would be uncontrollable at
“flight idle", and that at "full thrust", control would be lost

with asymmetric flap in excess of 20°,

To account for the ccllapse of the left flap system, an
extensive in?estigation of the flap control tube and of the
sequence of structural failure, with the resqlts:given in paras
1.12.7, 1.12.6, 1.16.7 and Appendix "D" were derived from ASE
reports LP65/79 and FI 194/78. The preponderance of evidence
supports the conviction that the separation of the flap rod from
its end fitting occurred in flight and that the subsequent

separation of the end of the flap push-pull rod occurred during

impact with the water.

It was therefore deduced that the loss of control was

in-flight collapse of the complete left flap system.

2.2 Flight Path - Computer Simulations

Despite the fact that the weight of evidence supported the
conclusion that the accident resulted from the collapse of the
left wing flap system, further efforts were made to examine the
effects on the flight path in the event of a latched propeller

arising from the deliberate or unintentional selection of the

v /33
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"reverse beta" mode. To this end, trajectory simulations were
made by the manufacturer using a computer model designated as
program EN 821; and advantage was taken of the model alsc to
simulate trajectories arising from a2 collapse of the left wing

flap system.

The results of theée simulations cannot be definitive, in
that there was convincing evidence from the results of the
simulations that either of the two causes of asymmetry was
compatible with the known facts rélating to the terminal phase of
the flight., On the other hand, the simulation evidence did tend
to confirm that a conditicn of "reverse beta” propeller latch
could produce a terminal trajectory somewhat similar to that

produced by a condition of asymmetric flap.
The results of these simulations therefore provided no
adequate grounds to reject the deducticn that the left fliap system

failed in flight, but did induce concern with the safety of the

"reverse beta” system in operational terms.

Findings

l. The final approach to land was normal until an unusual noise

occurred followed by loss of control.

«on/34
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2. The aircraft dived into the water with left wing down, nose

down and with some sideslip. Value of roll, pitch and yaw, at

impact could not be estimated with useful accuracy.

3. At impact, the complete left flap system was in the retracted

position.

4. The inboard span-wise push-pull flap control rod, (inboard
bell-crank to inboard rod, PT # C6CW-1029-1), was severely
stress corroded and had at least three longitudinal cracks;

the rod had separated from its inboard fitting.

s, 1t was deduced that the in—-flight failure of the left—hand

inboard flap control rod led to sudden retraction of the

complete left—-hand flap system and sudden loss of control.

6. The passengers had not been briefed in evacuation procedures

by either the flight-crew or the tour guide.

7. The crew was qualified for the type of operation in accordance
with Transport Canada regulations After the failure of the
left flap control rod, no action by the pilot could have

averted the accident.
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DHC 6  Frap Rop - P/N C6CW  1029-1

CLOSE-UP PHOTOGRAPH OF THE INBOARD TUBE END OF THE
BELL CRANK TO INBOARD ROD., FLAP ROD ASSEMBLY.

SHOWN BY ARROWS 1S THE 2-3/L4 INCH STRESS CORROSION
CRACK,
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DHC 6 Plap Rod ~ Magniform Connection - Tensile Tests

The satufacturer carried out a series of tensile teste of the load required to bresk a magniform comnection
with cracks artificially cut to specific leagths, Three of theae, samples 2, 9 and J are shown belov with
tensile-strength values of 12150 lbs,, 1221 lbs. snd 500 1bs, Those that were cracked to the free end,
failed at low values] such was the case with the CF=-AIV rod.
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United Aircraft of Canada Limited

Appendix A

MAINTENARNZE MANUAL
P N 3015442

SECTION 12
PROPELLER REVERSING INSTALLATION

(PT6A—68 & PT6A—20)

GENERAL

1 The PTGA-6B and P'I6A-20 reversing pro-
peller installation utilizes a single-acting hydraulic
reversing propeller controlled by a propeller gover-
nor. An optional propeller overspeed governor may
be provided to limit power turbine speed in the event
of fallure of the propeller governor. A power turbine
governor controls propeller speed in the Bela range
and will also limit propeller spced in the remote
event of the propeller overspeeding.

2 The integrated engine and propeller combina-
tion has three cockpit controls: a fuel cut-off lever,
a power control lever and a propeller control lever,
The fuel cut-off lever has two positions: CUT-OFF
and IDLE. An additlonal HI-IDLE position is provided
on certain Installations, This lever controis the cut-
off Iunction of the fuel control unit (FCU) and resets
the power control lever Idle Stop to provide 50 %
minimum Ng in the IDLE position and up to a mini-
mum of Bo‘fﬂg in the H]1-IDLE position, where
applicable. The Ng selected by the power control
lever is a2 maximum value which is reached only if
the power turbine governor does not act to reduce

g below the selected value. The power control

ever also selecis low blade angle (Beta) and resets
the power turbine governor [rom over propelier
selected speed at full forward power to under pro-
peller selected speed in the Bela range. The propel-
ler control lever is connecled Lo the propeller gover-
nor through linkage. Mavement of the linkage deter -
mines and limits the rpm range of the propeller
governor and so governs the propelier. When the
control lever is moved to the minimum rpm position,
the prepeller will automitically feather,

PROPELLER

3 The engine is normally equipped with a three
biaded metal propeller dowelled and bolted Lo the
front face of the propeller shaft Nange. The propeller
consisis of a hollow steel spider hub which supports
three propeller blades and also houses an internal

oi) pilot tube and the feather return springs (see
Figure 1-.12-1), Movement of the prupeller blades
is conirolled by a hydraulic servo piston mounlied
on tha front of the propeller spider heb, The
servo piston 18 connected by a link to each of the
blade trailing edge roots. Cenirifugal counlerweights
on €ach blade and feathering springs in lhe servo
piston tend to drive the servo piston inlo the feather,
or high pitch position. This movement 15 opposed by
the oll pressure generated and conlrolled by the
propeller governor. The pressure oil is transferred
to the servo piston via an oil transler housing and the
hollow center of the propeller shaft. An increase

in the oll pressure moves the propeller blades toward
the low pitch position {increased rpm). A decrease

in the oil pressure allows the blades to move toward

Revised 15 Novernber 1973

Document disclosed by the ATIP Branch of Library and Archives Canada / Document divulgué par la diraction

tie hizh pitch pasition (decreased rpm) under the
influence ol the [cathering springs and blade
counterweights,

4 The servo piston is also connected by three
spring-loaded sliding rods to a feedback ring
mounled behind the propeller, Movemenl of the
feedback ring is transmitted by carbon blocks
through a propeller reversing lever and linkages

1o the propeller governor override rod. The lever
funciions as a link between the push-pull wire rope.
and the override rod in the propeller governor and
also functions as a feedback link in the reverse
pitch and low pitch selectiona.

PROPELLER GOVERNOR

5 The propeller governor performs two functions,
Under normal flight conditions it acts as a constant
speed governing unit (CSU) to regulute power turbine
speed (N[} by varying the propelier blade pitch to
match the load torque 1o the engine torgue in res-
ponse to changing flight conditions. During low
airspeed operalions, the propelier governor can be
used to select the required blade angle (Beta control):
while in the Beta control range, engine power is
adjusied by the FCU and the power turbine governor
to maintain power turbine speed (Ng) at a speed
slightiy less than the selected rpm.

6 The propeller governor consists of a single-
acting centrifugal governor mounted at the 12'o'clock
position on the reduction gearbox front case (see
Figure 1-12-2), The propellier governor function in
forward thrust is to boost engine ofl pressure to
decrease propeller blade pitch, while the centrifugal
force of the blade counterweights,assisted by
feathering springs, tend to increage the pitch,

7 The propeller governor includes an integral
grar lype ol pump with a pressure relief valve, a

palr of pivoted flyweights mounted on a rotating
flyweipght head, a spring-leaded pilot valve and the
necessary cored oll passages contained in the gover-
nor housing and base, The rotating flyweights deter-
mine Lhe position of the pilot valve while the spring
load can be varied by an externally mounted propeller
control lever,

& In the event of a propeller control linkage fail-
ure, a spring attached to the propeller speed adjust-
ing lever holds the lever in its last selected position
or muves it toward the high speed setting. The high
speed slop prevents the lever moving beyond the
1007 position and enables the engine to be operated
al or near full rated speed and develop maximun
power, Moving the propelier speed adjusting lever
aprainsl the low speed stop raises the pilot valve

io a posilive coarse pitch or feathering position
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regardless of flyweight force. This vnables the pilot
to feather the propeller and minimizu propeller drag
tn the event of engine failure,

8 To provide the propeller governor with a sen-
sing element, the rotating pivoted lywcighls are '
linked mechanically to the engine by a hollow drive
gearshaft. The rolating fiyweights, attualed by
centrifugal lorce, position the pilol valve so as to
cover or uncover ol ports in the drive gearshaft
and regulate the ofl flow Lo and from Lhe propeller
servo piston. The centrifugal force exerted by the
fiyweighta is opposed by the force uf the adjustable
speeder spring. This determines the engine rpn:
required {o develop sufficient cepirifugal [orce on
the flyweights to cenler Lhe pllot valve, thereby
prsventing oll flow,

10  An override rod is located inside the hollow
center of the propeller governor pilot valve and is
connscted through a linkage to the propelier reves.
sing lever, The rod ia insflective when the engine

is in the constant speed range as the rotating fly-
weights hold the pilot valve clear of the rod. However,
when the propeller is running at a speed Jower thar.
that selected on the propeller control lever, the

Document disclosed by the ATIP Branch of Libra
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flyweighls allow the pilot valve to drop, causing

the Liade angle \o decrease, As.the propelier blades .
approach the angle selected by the power coniro]

lever, the feedback ring repositions the propeller

reversing lever 1o move the pilot valve, through the
override rod, to an on-speed or null position and 50

prevent further blade movement,
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AppenDIX B

Engineering & Inspection Manual

Part I, Chap. I
Section 1.1

PART I - Procedure

CHAPTER I - Definitions
Design Approval Representative

A Design Approval Representative is one who, by reaaonlof his training
and experience in aercnautics, is capable of professional responsibility
for the drawings, calculations, test and engineering reports necessary
to substantiate the airworthiness of a design, & repair or modification

and wvho has been approved by the Department. Normally such approval

~ will only be recognized during the period of the D.A.R.'s employment

with the particular company, and for that company's work. The
Department may alsc recognize the professional standing of an engineer
regletered as such in the province in which he 1s practising and may
grant approval as a Design Approval Representative. Departmental
approval, however, does not imply automatic qualificatibn af membership
in any recognized body of professional engineers. It is only the
recognition of certain qualities which would enable the engineer to act
on behalf of the Departwent for the approval of designs, modifications
and repairs, as outlined in Para. 2.1.5 or 2.5.2 as npplicaple.

Amended by A.L.24
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Appendix "C"

CF-AIV TWIN OTTEK ENGINE & PROPELLER EXAMINATION

Final Examination

The engines, complete with attached propellers, were salvaged from the
Vancouver Harbour accldent site, flushed with fresh water and
transported to a quarantined area In the South Vancouver Terminal area.

There they were examined exterually and photographed.

'THe:ﬁrupellefs were removed from thelr respective engines in the

appruvéd'mannér. At this time oil samples were taken from the
propeller shafts of each engine for analysis (LP 281/78 refers). The
left propeller piston was found, along with the #2 blade, in the zero
thrust position by a zero thrust latch. .After documentation the blade
latch was released, allowing the piston to move to the feathered

position.

Engine oi]l filters and magnetic chip plugs were examined on both
engines. Except for corrosion pruducts they were clean. 01l and fuel
was Iin evidence in lines and filters on both engines. A visual
examlnation of the first stagé compressor and power turbine blades
revealed no apparent foreign object damage or bending. Three inlet
housing webs nf the right engine were c¢racked. Minor torsicomal
buckling of the left and moderate torsional buckling of right engine
exhaust ducts was eviivent. There was no evidence of engine inflight

fire. Electrical wiring, mechnical linkages, pneumatic and other
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plumbing connections for both engines had been pulled apart as the

engines separated frum their respective wings. Control linkage

fallures were the fesu]t of overload forces.

Engine Teardown

Both engines, Serial Number PCE 20786 LH and PCE 21873 RH, were
dismantled in the presence of Trunsport Canada and company

representatives.

The compressor and power sections of both engines were rotating at the
time of impact. There was no evidence of pre~impact distress or
imminent failure found within the engines which would havé prevented

either from developing power as required.

Surge bleed valves for both engines were tested and found to function
normally. Subsequently the propeller governors, and overspeed
governors were elther tested or dismantled to determine their

operational status. No abnormalities were found.

Propeller Teardown

Both propellers, S/N BU577 and BU 1492 left and right installations

respectively, were dismantled in the presence of Transport Canada and

company representatives. No pre-impact failures were found. Blades of

the right propeller exhiblited positive (forward) bending., Two blades

of the left propeller were bent aft, the third bhad a slight mid—span .

forward bend plus an aft bend abour 10" from the tip.
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CONCLUSION

Both engines wer: cperating at the time of impact and both propellers

were capable of qormal operation at the time of impact.
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Appendix "D"

CF=AIV TWIN OTTER ANALYSIS COF SEQUENCE OF BREAK-UP

The left wing tip leading edge was massively damaged by water impact

rotating the wing rearward about the root attachment.

The left wing rear spar attachment failed in compression. This bowed
the spar cap forward and failed it in bending and cdmpression just
cutboard of the lug which remained fixed on the fuselage fitting.
Buckling fallure of the left wing rear spar allowed the left wing to
swing back into the fuselage side, pivoting about the front spar
attachment until the front fuselage lug was fractured by bending
overload just inboard of the attachment bolt hole. The inboard ends of
the forward and trailing flaps for the left wing were therefore pushed
up against the side of the fuselage as the fuselage former cut into the
wing skin panels in front of the rear spar. This caused flap
cross—section outline marks to be made on the left side of the fuselage

skin which were consistent with the left flaps being fully up at

imBact.

All deformation, fractures and other witness marks on the left flap

hinges and actuators were consistent with left flaps being fully up

when flaps were end-locaded by fuselage contact.

Because of the deceleration of the aircraft, the right wing, which did

not immediately hit the water, was thrown forward, failing the rear
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spar wing attachment in tension. The right wing flaps were found to be

seized in the almost fully down position. No marks were made on the
right side of the fuselage by the flaps because they moved away from

the fuselage during impact.

During the iavestigation, at the instigation of the operator, the end

of the left flap push-pull tube, which was at first missing, was found
by thelr diver in the water at the crash site. It was about 5.7 inches
long with the rod end lug fitring missing and it was cracked along 1its

length where the internal lug fitting had been.

It was determined by extensive metallurgical analysis of this cracked
tube and other tubes in which ecracks were found in the magneformed end
attachment to the Internal lug fitting, that stress corrosion cracking
(SCCj had occurred in the magneformed end and thils had reduced the

tensile strength.

Tests performed by Transport Canada to simulate the effects on tensile

separation load of a longitudinal crack through the swaging gave:

2400 1b. for 1l.5" crack
1680 1b. for 2.75" crack
610 1b. for 2.5" crack

510 1b. for 2.25" erack
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Variations in load versus crack length are due to variations in
original clamping action (i.e. in material strength, fit, residﬁal

stresses etc.).

The rod was designed to withstand an 8000 1b. test load and to
withstand 330 - 650 1b. working loads. One test of a typical rod end
gave tensile strength of 9,250 lb. for an uncracked rod. The

manufacturer's tests showed a normal breaking load of 11,000 1lbs.

The material of the 1,50 inch O.De x .049 inch tube was 2024~T3
aluminum alloy (Spec. WW-T0785,T3). The magneform swaging on the end
left résidual hoop tension stress in the circumferential direction.
This, in combination with a particular corrosive environment, provided
the essential ingredients which were conducive to SCC. It was
considered entirely consistent with the investigation findings that the
push—-rod failure had ogcurred when the push-rod load reached the
reduced strength of the cracked tube-end fitting connection as the

tension load increased with increasing flap deflection.

This resulted in the rod moving back almost completely into the wing
allowing flaps to come fully up. (Note: The internal plug with its
end lug and a small portion of the inboard tube from inside the
fuselage roof were never recovered.) The short inboard end of the
larger tube, without the internal plug, separated about 5 inches from
the end by bending and pinching loads as it protruded from the face of

the wing root rib. It was possible to match the fractured end face
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with the tube end inside the wing. This position of the push rod is
consistent with an inpermediate flap position. As the flaps were
pushed outboard by interference with the fuselage side, this rod was
being pushed.inwards into the fuselage and into the shroud; Overload
bending failure of the tube occurfed when the wing rotated aft pinchiﬁg i
off the end which was projecting through the fuselage. A-dént was ;
caused by the tube at the front lower edge of the hole in the fugelage
side. A hole was punched out of the protective shroud by the empty
flap tube end when it contacted the inside of the shroud as the wing
roét moved forward. This shows that the fittihg had already pulled out
of the end of the flap tube. If the flaps had been down, the tube
would.héve:proj&cted férther out of the wiﬂg and the pinched off plece

of tube would have been about the length of the one on the right side

and the metal. shroud would have been split ‘along its length.

CONCLUSION

1. The end of the left flap actuator tube failed in flight when the
aircraft was on approach with flaps nearly down. When the inboard
tube—end failed it allowed the complete left flap to blow up. This
was followed by a loss of control and ecrash info the water with the
nose down and with the left wing down at a high roll angle thereby

giving first contact with the water on the left wing tip«
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. 2. (a) The pre~impact flap configuration was flaps up on left wing and

flaps down on right wing.

(b) The probable sequence of break-up was: first water contact was
with left wing tip; left wing rotated aft; aireraft skidded to
the right; left float was pushed to left, up and aft; front
fuselage pushed to left, up and aft; right float pushed aft and

right wing rotated forward as aireraft cartwheeled right.
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MINISTERE DES TRANSPORTS AP PENDIX E'”'

DEPARTMENT OF TRANSPDRT

AVIATION SAFETY ENGINEERING LABORATORY LABORATOIRE TECHNIQUE DF LA SE.CUR!TE' AERONAUTIOQUE

LABORATORY TECHNICAL INVESTIGATION REPORT RAPPORT DE L'ANALYSE LABORATOIRE
ACCIDENT REFQRT ND, CASE PROJECT NO.
MO, DE RAPPORT NO. DE PROJET DE

DYACCIDENT 5002-HRO003 CASE LP 23/80
SUBMITTED BY — SOUMIS PAR APPROVED — APPROUVE _
AST ASE

This report is submitted in response to a Request for Ce rapport est soumis en réponse 8 une demande de service tech-
Technical Services. It consists of a factual list of |aboratary | nique, H consiste en une énumération des constatations objectives
laboratory findings which relate to the parts received only. du laboratoire le portent que sur les pigces regues.

HEOUIREMENT[SJ OM PAHRTS HECEIVED — NATURE DES DEMANDES SUR LES PIECES RECUES

To examine the longitudimal crack section through the awage in the CF-AIV push-pull
flap contrel rod. The crack was removed, ultrasonically cleaned and mounted for
scanning electron microscopic (SEM) analysis. The work was carried out by a member
of the Department of Metallurgy, University of British Columbia, under the direction
of ASE (DOT).

TECHNICAL FINDINGS — CONSTATATIONS TECHNIQUES

The longitudinal crack was fiat, brittle and transverse in mature throughout its
length except for a small lip at the free end of the tube.

The SEM disclosed a classic intergranular stress corrosion crack (SCC) along
almost the whole length of crack examined.

At the freee end of the tube, a small zone of ductile dimpled topography intermlxed
with some inter granular areas was found.

The Iip was & small overload crack which was approximately 0.4 mm at its maximum
length.

1

The premature SCC was due to a susceptible material 2024-T3, a specifie environment
(chemically reactive marine), and the presence of high sustained residual hoop
stresses.

The tiny overload zone ocecurred when SCC propagation left material insufficient in
area to wlthstand the residual hoop stresses,

ASIT
Ottawa, Ontario

21 January 1980
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Appendix “F"

CF-AIV TWIN OTTER - METTALLURGICAL ANALYSIS

Initial separation of the rod-end from the main rod assembly occurred
at the time of the accident. The part, however, was not recovered from
the site of the accident when the fuselage was removed but remained on
the sea bed for almost five months where it was discovereﬁ during.

further recovery operations.

Examination of the rod-end was conducted at ASE for one day with the
operator's cqnsultant in attendaﬁce, and then independently

thereafter.

As received, the flap rod-end comprised a 5.7 inch length of aluminum
alley tubing detached from its end-cap.fitting and containing the

magneformed swaged rod—end.

The fractures present in the tube at the end of initial examination ¢

consisted of: .

i) a primary crack, extending longitudinally 2.75 inches from the
end of the tube through the length of the swaged region into
the bedy of the tube.

i) a secondary longitudinal crack of 0.7 inches length located
0.5 inches circumferentially from the primary crack which |
joined up with the main fracture via an irregular fracture
surface.

iii) numerous very small longitudinal cracks, mainly concentrated

in the area between the two main longitudinal cracks.
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In the original configuration oﬁé surface of the primary longitudinal
crack overlaps the other causing the tube to appear ovalised. The
small trianguiar shaped piece between the priﬁary and secondary
fractures was detached ét'the time of Submissibn and a further '
fragmentation of this piece occurred during the course of the

investigation.
Crack surfaces examined in detail included:

i) a ome inch length of the surface from the end of the primary
longitudinal crack {this section not prepared in ASE)}.
ii) one of the short lomgitudinal cracks Temote from the main

fracture.

The above surfaces were compared chemically and fractographically in
the scanning electron microscope with a control sample from a rod of
identical type'and utilization containing a known stress corrosion

erack.

A1l longitudinal cracks in the rod end exhibited the same brittle
intergranular mode of failure as the known stress corrosion crack.
Long term immersion in sea water was pot sufficient to hide the salient

features of the original failure.

Chemical analysis of the crack surfaces showed the same chemistry,
namely a high concentration of chlorine and sulphur, as for the control .
sample. Both elements are present in sea water and sulphur is also in

the engine exhaust gases.
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The three criteria essential for the occurrence of stress corrosion
cracking are satisfied in respect of the flap control red end, being

respectively:

1) the presence in the swaged end of the rod of high sustained
residual tensile (hoop) stresses as the result of the
magneforming process.

i1} exposure to a chemically reactive marine environment.
iiis material in a metaliurgical condition of kﬁOWn susceptibility

to stress corrosion cracking.

In the original manufacture of the variﬁus push-pull contol rods in the
Twin Otter, a 2025 aluminum - copper based alloy was used ia the T3
temper, which is solution heat—treated and naturally aged.- The |
literature notes the susceptibility of the alloy in this condition to
stress corrosion cracking.* In reflecting the current state of
metallurgical testing and research it recommends the T81 or variant
heat treatment, being a solution heat treatment, cold working and
artifical aging process, which confers greater resistance to stress
corrosion cracking. Such a rationale has been applied bf the_
manufacturer through the temper change T3 to T81 in Modificatioﬁ

6/1487, for all replacement control rods.

* An appropriate reference to the above would be "Aluminum”,
Vol. 1, Properties, Physical Metallurgy and Phase Diagrams,
American Society for Metals, Metals Park, Ohio 1967,

pp 237-239,
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The failure sequence of the rod was determined to involve:

i) the initiation and growth of one or more stress corrosion
cracks in the swaged portion of the rod end.

ii) crack extension to the point where separation of the rod
the end cap fitting was able to cccur at normal operation

f1light loads.

(
A3
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RESULTS OF SUPPLEMENTARY ANALYSIS OF OBLIQUE SUPER-8MY COLOUR FILM APPENDIX §

FROM CRASIL SITE OF TWIN-OTTIER C-FAIV, VANCOUVER HAﬁBOUR, SEPT. 1978

13 AUGUST 1979

‘ Frame | Elapsed Ratio "EN | " 3 Eastings Horthings lieight
LNO. Time (sec)| of change | at'camera |at 20X prinf Change (metres) (metres) (EE'.)__.._
| N bl vt ) B bt S RAEERE RN v T e _
B 0.0 ;1 9.0mm 180.00mm | 0.0 489988 460473 470
L. . —] I NS S e —
| 18 1.0 1:1 9.0 184.00 0.0 - 490023 460475 470
i
| 36 2.0 i 1:1 9.0 180.00 0.0 490056 460465 465
| | N
54 3.0 1:1.002 §.02 180.42 0.23 490097 460450 456
; Th §.11 ' 1:1.002 9.02 180.42 0.23 490142 460430 4135
| I B - I I .
92 S.11 1:1.007 9.06 181.26 $.70 490179 460414 402
i . . )
| i ,
! 110 6.11 1:1.047 9,42 188.43 4.68 490212 _ 460402 390
128 7.1l 1:1.115 ‘ 10.03 200.66 11.47 490251 460386 319
. . . i 1 E
; | i
i 144 7.99 1:1.119 ° ; 10.07 201.50 11.94 490282 460372 | 369 5
r . S N . 5
%]

* Qoly those positioné and elevations below the heavy'black 1ine have changed from the 197§ report,
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VALUES CALCULATED FROM BASIC DATA IN APPENDICES "A" AND "A,

FRAME # TIME GROUND DISTANCE TRAVELLED GROUND SPEED CHANCE TN RATE QF DESCENT
SECONDS METRES (FFET) 0¢ AIRCRAFT AIRCRAST ALTITUDE FEET PER MINUTE
(KNOTS ) (FEET)

l to 18 1.0 35 {119) 68 -0 0

18 to 36 1.0 35 (115) 68 -5 300

36 to 54 1.0 44 (149) 86 -9 540

54 to 74 .11 ' 49 {161) 86 ' -21 | 1135

14 to 92 1.0 40 {131) 78 =33 1980

9 to 110 10 35 (115) 68 12 720

110 to 128 1.0 42 (138) 82 -11 660

128 to 144 0.88 34 (112} 75 -10 682

TOTAL 7.99 14 {1031) N/A- -101 N/A

39 meters/sec . : :
MERAGE N/A (129 feet/sec) 76 -12.6 feet/sec 758
! ;

=t
=
o
B
[y}
mn
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APPENDIX H

Analysis of 3% mn Slide

INTRODUCTION

On the 2nd September 1Y/8 .4 bBellavilland DHC6-200 (CFAIV) crashed iato
the sea at Vapcouver Harbour, U.C. while on its VFR landing approach.

Immediately prior to the crash, the aircraft was hhotographed by a
person walking through Stanley lark, Vancouver. (see Annex A)

TASKING
A letter dated 6 Apr 79 from D.L. Buttonm, Acting Director, Aviatiod o
Safely Bureau (DOT) addressed tu the Director General Intelligence and Security

requested the assistance of the Canadiun Forces Photographic Interpretation
Centre (CFPIU) .

: Specifically CFPIU were asked to attewpt to recover from the photography
the following data: :

a. the field of viev dimensions of the slide at the slant range of
" the aircraft; )

b. cthe aircraft slant range from the camera and;
c. the angular displacement of the main plane comntrol oorface;;
. d. any other pertinent data that CFPIU way ooosidet relevant.

DATA PROVIDED

P

a. The original 35 mm transparency taken with a Peatax SP1000
- firtted with a 50 mm lens (uncalibrated). See Annex A.

b. A line drawing of the plan, froat and aide views of the DHC6-200
(float plana) series.

c. Projected flight path of a/c. See Annex E

METHOD OF RECTIFICATION

To ascertain the wensurational data required,it became necessary, in
the first instance, to solve the three point perspective triangle, that would

indicate the attitude uf the aircraft to the camera. Once proved, ranges and
flap angles could be calculated.

The perspective trianglc

The determinatlon uf the pernpuective triangle proved difficult due to
no visval horizon showing un the photography to which the aircraft vanishing ,
polnts could be related, indicating any possible pitch and roll. o
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With no vanishing point clearly definable, with the possible exception .
of the vanishing point leit (the aircraft spans}, the pe rapective triangle '
could not be readily solved,

NOTE: Under normal circumstances, provided tha: the focal length 18
known, and a full format print 1is providi:d, two of three
vanishing points must be definable. :

A technigue not previously artempted was gsed to solve the perspective triangle
using the known data -~ the camera focal longth and the principal part of the
photograph. '

Determination of a single vanishing point to the left (spans) and .
hance the perspective triangle was deterwined by what can only be described as
a mathematically calculated hic and miss method,

Wnile the mean direction of the vanishing line was projected graphically,
an arbitrary poiant was selected on or near the mean lire and mathematically
related to the Principle Point and focal length.

~ Trigonometrical golurions were used to determine the two other vanishing
points (VP Right and VP Up) and with all the points machematically located, the
.adrcraft attitude to the camera was calculated. ' o

Uasing the calculated attitude,the photograph of the aircraft was rectified u.
using a Zeiss Stereocord and DIREZ unit coupled to a preprogrammed Hewlett Packard
9B23A. ' - ; '

Several machine runs were made using the arbitary vanishing point left,
each run producing a refinement of tilt, azimuth and swing until a final selection
was made for the vanishing point that produced a correct Or near correct length/
span/height ratio for the aircraft. The mathematical solution to the perspective
triangle is shown at Annex B. :

Showm at Annex C are the computer solutions uw.ing the arbitary VP, position
and the calculated VPU position with the programmed jocal leangth and pri&ciple
point of the photograpﬁ.

An Azimuth (the yaw of the fuselage to the Sauata negative), of 390 and Tilt
{the elevstion of the lens longitudinal axis) of 27" are shown at the bottom of
column two.

DIMENSIONS

Using the azimuth of 39% and tilt of 27° the following dimensions were
obtained: :

aeel 4
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- -
ACTUAL CALCULATED % ERROR

Length-nose to base of fin trail edge 49.45ft 49.45ft (factor)

0/8-0/B of control surfaces 62.25ft 62.78ft 1z
Fin height (vertically above base of fin trail edge) 12.6°ft 13.3°£t 5.5 %
Lead edge vertical fin 28.5 29.7 | |

Trail edge vertical fin , ' 10° 12° (approx)

/B flap length . 16.9ft  16.9ft 0%

BOTE: These readings cam be found at Annex D.

Prom these figures the azimuth bearing (yaw) of 390 is considered cosrect and a
tilt angle (camera elevation along the lems longitudinal axis) of 27 wmay be in
error by approximately 2°. The tilt angle variance will have little effect on the

flap angles calculated, certainly less than one degree.

Flap sngles

0/B port underside 11.8°
0/B stbd underside 13.6°

.He.an angle of 'OIB flaps 12.7° { 1°

1/B port underside 52.9° # 2°

I/B atbd underside - not readable
MOTE: The flap angle between upper and undersides is 17.7°

CAMERA -~ A/C ORIENTATION (See ANNEX D page 1)

_ The camera was located 244.82 feet ahcead of the nose of the aircraft
along 1ita ?, and 301.52 ft to the left giving a horizontal range from camera position
to nose of the aircratt of 388 ft. The aircraft nose was between 197.87' and 187'
(197.87 - 5.51) abcve the camera azimuth.

The alant range from camera to mose of aircraft was between 435.5 ft
and 430.7 fc. '

The cameara Angle of view {in the horizontal 18 39.80).

ADDITIONAL DATA

o Assunming the aircraft to be on level flight, all calculations indicate
a 2 roll (port wing down)

...,5.
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PLOTTED POSITION OF A/C (See ANNEX E)

Prom data already supplied by Energy Mines and Reébufcesgwa p:pjected '“
flight path was provided. The probable camera position was also sited. '

. Wich the given cawera position an arc of radius 388 ft'répfeééntative
of the aircraft horizontal range at the instant of photography added to the plan.
CFPIU postulated optional positions of the afc flight path are added.
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ANNEX B to:
CFPIU Rept 2075-6/030/79

principle point
x: O
y: 0

Ve, Th | VPR
x:-314.1 ' :;_275 6 x: 476..
y:-175.6 : _ y:=175.: .
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- INTRODUCTION

The report is issued as a supplement to CFPIU Report
#2075-6/030/79 and should be read in conjunction with that
report.

TASKING

- Subsequent to the issuing of Report #2075-6/030/79 ' |
the Directorate of Aviation Safety Bureau (DOT) reguested |
that an attempt be made to determine the perspective triangle 5
geometry and hence randge from camera to aircraft if negatlve . i
pitch could be introduced into the calculation. |

DISCUSSION - THE PERSPECTIVE'FDRM

For any given camera position and orientation of an
object to the camera film plane (ie pitch, roll, azimuth to
the camera horizontal and-vertfical plane) to which a’ range
can be applied, a predetermined image in perspective can. be
derived. : . N“ B

Figure 1 shows these circumstances of a.camera position:
and object ABCD in top viéw with 0° pitch, 0° roll and 30°
azimith. The perspective view Ap Bp CP Dp can be developed
as shown. .

e e TEE

The converse is'equally true. The perspective image
can only produce one orthograpblc plane form - in thlS instance
the square ABCD.

Located to the right of ABCD is an identical square = é
de51gnated Al By C; Dy with the petch and roll both at 00 and
an azimuth of 309. The uqmoved camera p051t10n is now to the left
of A; By C1 Dj.

Undexr such eircumstaﬁces an entirely differént pérspec-
tive form develops at Ajp Byp Cip D1p. for the identical square.

Studying the two perspecﬁive viéws it can be seen that:
(1) Alp Blp appears much longer than Ap Bp

(2) Alp Clp appears shorter than A,. C

P TP
(3} the three angles at A & Al are different.

.o./3
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In summary then, by roving the object, a different
perspective image is produced, both in dimensional and angular
form. Put another way, no two people can see an identical
image of an obkject at any given time as they are viewing from
different positions. ' ' '

RESULTS ACHIEVED

As explained above, as soon as any of the parameters
are changed a different perspective form develops, or as a
corallary, if any of the perspective triangle parameters- are
changed WITHOUT changing the perspective form, then proportion-—
ality of the object must change (see Figure 2}, and ABCD is no
longer a square. . ' '

I a AB represents the length of an aircraft and AD &
half span, it becomes appbarent that while perspective triangles
can be developed, to produce identical perspective images, each
will have evolved from different plan views - in the case of
an aircraft, different length/span ratios. '

These findings in respect to the aircraft length/span
ratio were somewhat unexpectedly derived when different pitch
angles were applied, until the above rationales were thought
out and applied to Figures 1 & 2.

STATISTICAL RESULTS

In tabular form the results obtained are listed helow.
The first set of figures are those gquoted in CFPIU Report #
2075-6/030/79. Reworking those figures indicated a -20 pitch.
This study applied two additional pitch angles of -80 and ~11°.
Two pitches were uscd solely, for comparative purposés and to
enable the figures derived to be plotted in graph form for
visual comparison (Figure 3). '

The graphic showed that the changes in azimuth, tilt,
swing, range and altitude, produced straight line graphs. -
Consequently azimuth, tilt, range, and altitude can be derived
for any pitch angle.

AIRCRAFT CAMERA AIRCRAFT
PITCH  AZIMUTHCO TILTO RANGE' ALTITUDE' SPAN'
-20 39 27 388 197.87 62.78
~-80 36.55 | 30.55 355.67 22.0.03 54.94
-11°0 35.18 32...18 338.75 -225.93 53.34
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CONCLUSIONS . |

The above table shows that azimuth, tilt, range, and
altitude for any given pitch angle of the aircraft. Within
those factors, and an unchanged perspective image, the
length/span ratio of the hypothetical aircraft will change.

The only one to satisfy the DHC6 CFA IV aircraft
dimensions are those quoted in the criginal Report #2075-6/030/79.
The aircraft cannot be located in any other position.
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APPENDIX H FIGURE ONE
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5 APPENDIX X FIGURE TWO

A NEW CP

VPL

i
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