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DIRECTORATE OE CIVIL AVIATION (IDCA)
and
NATIONAT AIR SATETY BOARD (NASB}
Reykjavik Airport
ICELAND

AIRCRATT ACCI DENT REPORT

REF/AIG/65/1983

AIRCRAFT. ....TF-RAN, Sikorsky S- 7 6A.

REGISTERED OWNER...Icelandic Coast Guard (ICG) .
Sel javegur 32 , Reykjavik, lce1and.

oPERATOR/ USER. . . -.,Registered owner.

CREW.. .Pour, all ki11ed.

PASSENGERS . . .None.

PLACE oE ACCIDENT..Approximately 66"17'N, 22"41'w in the
J6kulfir6ir fjords, betvieen mount Kviar-
fja11 and HOfOastrdnd coast.

DATE AND TIME......8 November 1983, at appr. 2254 l\rs.

NoTIFICATION.......The Flight Safety Department was notified
at 0020 hrs. 9 November 1"983, that TF-RAN
was missing. The IDCA investigator arri--
ved at the scene in the afternoon the
same day and the investigalion commenced
immed iate 1y .

NOIE: All times in this report are cMT.

SYNOPSIS:

The Icelandic Coast Guard Helicopter TF-RAN took-off
fcr a short training flight from the ICG vessel ODINN, where
it was anchored in the Jcikulfir6ir fiords, N.W. Iceland.

The helicopter disappeared shortly after take-off. The
wreck was located on the bottom of the fjord on 10 Nov.19B3.

It was subsequently recovered and brought to Reykjavik
for examination. .

The crew of four was killed.

l.

1,1

FACTUAL INFORI,TATION:

iij.siory of t.he flight:

Cn ? Neve*ber 198-1 the
deciie*, *-ha: ihe he i rcopter

ICG Operations Control Center
?F-RAN shoulC, the fo l l cvring



day, fly from Reykjavik to Jokulfir6ir ax.i :.i: ::-:. ICG
vessel ODINN, which had also been ordered L-. .i --:.:. :-- :he
afternoon the same day. The plan was tc tar,: ;r. '.:.e -."=:sel
and exercise night hoist operations over i:e s::..,. --:--": =aneevening.

the opportunity was also to be ::::, '.:::_-.er
permitting, for a coast guard patrol missic:t ::.j :: ..:!t-st
in a }iqhthouse service operation on the ne>{-- :=.-:-: l=::rn
to Reykjavik in the afternoon.

The hel.icopter was prepared 1n Reykja'.-:r. a :;:". j::. '-re
tlight. The crew consisted of a captain, a :r:r::--. .- :.a:st
operator, who also was a licenced aircrai-- ==::,::.:: ::.j a
mate from the ICG, but he was to be gita:. ::. 'a::'-i;aaltraining as a hoist operator on TF-RAN.

The fuel tanks were fu11 and take-cf i ',r':: :: li.l .l :::s.
Enroute to Isafjdr6ur the helicop'.e: ::::r !- ::: a

while for missing seamen around a ship;:::.: :.::.: .:12'J,
north of Reykjavi-k, then it proceeded to Isai;:::'j: ;-:.*:: :t
landed at 1640 hrs. There the fuel tanks ;e:: i:".e,i s::h
535 liters of Jet A-1 fuel and the helicop--e: -.: -.. -:: =l:t:iaL L724 hrs. and flew direct to Jdkulfiri::, ;:.:- -: -;:.:ed
on the ODINN's helideck at 1742 hrs.

After landing, the two pilots and the :-ai: ;,=:: --: :he
ship's bridge, to dj.scuss the evening's ac::',':::=: ;::: :..e
Commanding Officer (C/o) of ODINN.

The hoj-st operator / a ircraf t mechanic r::::::.:: -*': ----. --::e
hel j-copter, doing some inspection work, ::r--:- :.. -^...-: :O
the mess ha11 at about 181-5 hrs. One r: --.-: :- :.r :- ::3'c
members assisted him. This crew member s:1--=r. - :-- .: ::d
not notice "anything abnormal". Ther€ :: :.: ::-::-.' :: ::.1;
malfunction in the ail:craft's Technical -:;, .---"-:- {:: :::;:'.i
in the aircraft.

According to the ship's c/O, he iis::ss=: :-i :.:-;:1's
schedule with the he1:.copter pilots in --i= ::r::=" :r-e:: :i
was decided, in accordance with the q:.1::= xi;-*::. :c
begin the trai.ning flight at about 231.- --.:: ' :--.: nY::::se
niqht hovering and hoist operations :'.-:: i-,€ a::.:i's
helideck. It lvas decided to call the sa-:.!': ::.; :-. i+:r'. 

=-..223A hrs. in order to prepare for +,..e i:i:i-::: ::: ::e
training.

The C/o asked the pilots if Lhe!' ::: - -' -::=:* r'.: :.1e
planned patrol f Iight in the area cal:": ''l:-l::--.'" :.:r:h
of Hornbjarg, after the training flig:r: 1:: ---= '-:l:::1:=l
captain agreed. Under the discussions. :- -:: :-:: :=::jei
to proceed directly for the patrol f irq.--: . -;-.:.1 :' -:--:::.9
on the ship, after the training fligni ,i':.: l::::-::+:.

There rrere no comments made ::::::- -: : d:-:. -----e:
conditions, but the C/O sta!es, tha-,- -::+ ;:-::: :::':jtli
along r^reather information from Reykjau:c.

The training f liqht was estimated :: -:,=: :.:: :: --:-:r;--y
mrnutes and then the patrol fliqht was €i:tr=r--:: :: --:<= i::n
about one hour and thirty minutes :-: r;: :-,- -ri. =: -.---e

entire operation would take f rom ab:.:-- :;l ;:;:: :: :-,,;.
hours and thirty mlnutes.

Shortl.y after 1800 hrs. the
mechanic, I^rent together with the
dinner. The aircraft mechan ic
about 18l- 5 hrs .

After dinner there was a
intended flight and two deckmen



permission to go along with the helicopter but both the
helicopter captain and the vessel C/O refused.

Then the pilots listened to the weather report and the
forecast broadcast at l-845 hrs.

There vras a mov-i-e shown on the ship's video, which the
helicopter crew watched, except for the captain, who
retj-red to his quarters. The movie was finished at about
2210 hrs. Then the preparations for the training flight
started and a slgnal for "Helicopter Departurerr was given at
2230 hrs.

There was no flight plan submitted to the Air Traffic
Control in Reykj avik.

The ICG Operation Control Center $ras as usually closed
at 1800 hrs. and the only means to reach the outside world
from the ship, was through coastal radio stalions.

In accordance with the pilots' request, it was decided
to lift anchors while the take-off was prepared and
manoeuvre the ship so, that it's starboard (right) side was
up-wind when the helicopter was taking off. Then the ship
would be turned to the right so that it's port (1eft) side
was up-wind when the helicopter returned. The helicopter
captain intended to make the approach and manipulate the
controls during the hovering exercise, as he wanted to have
a clear view of the ship.

The anchors were lifted before take-off and the ship
was kept on course by the bow propel ).er. until the
helicopter had departed. Then the ship began the turn. At
that moment the bridge was manned by the C/O, the First Mate
at the steerlng v/heel and the Radio Operator in his
compartment behind. There was no radar r"/atch.

The ICG regulations stipulate, that there shall be a
constant radar monitoring of the helicopter, if it is not
on a v.FR tlroht-

There r^iere light snow showers in the vicinity and the
only visible liqht ashore was from the Iight-house at
Sl6ttaeyri, some 7 NM from the ship to the west, (see
Appendix 5.2-t. According to the C/O, the shoreline was
cl.early visible in the darkness. There was no moonlight.

On the ship's deck, the assigned crew members were
standing by, functioning as tie down personnel and fire
fighters, if necessary.

The helicopter was soon ready for take-off. The .hoist
operator / mechanic was the last of the crew members to board
the helicopter and he closed the right-hand sliding door
behind him. The crew was wearing helmets, except the
captain, who was lvearlr)g a headset. According to witnesses,
he was not wearing glasses.

The preparation for the fliqht was normal and the
helicopter took-off into the wind, from the ship's starboard
side, at 2253 hrs. It hovered about 7-8 meters vertically
over the deck and then flew away in a right curve. The shj-p
began to turn and the deckmen started to prepare themselves
for the return of the helicopter. As they were more or less
occupied with their task, they did not watch the helicopter
c1ose1y, except for two deckmen, who were looking in thedirection of the helicopter during the last seconds of j-t's
f .L ight .

The fol lowing repor:t was taken from the two deckmen, as
the investigators arrived on board. 6DINN:
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"I saw the helicopter leave and I saw it's left side.
It f lere to the west and it was very 1ow. The nose was high
and lhe tail was 1ow. Then the nose lowered. I cannot
determine t,he speed. but the red beacon was flashing and
reflecting unusually bright- off the ocean surface. Then I
think the heli-copter climbed a 1ittle, the sea::ch light came
on, pointing down and swinging upwards. Then the Deck
Control Officer said:"Hush ! - he is saying something" and I
looked at- him and then back to the helicopter. Then the
helicopter disappeared suddenly, as if il had flown around a
corner. There was a snow m.ist around the helicopter".

The other deckman reported:
"I watched the helicopter when it left, then I looked

at something else, but when I looked back, I saw the
flashlng red light reflecting off the ocean su.rface. I saw
the helicopter from behind, The gear was down and the
helicopter was flying 1o1.,' and the tail seemed to be lower.
Then the search light came on and the light beam went from
the verlical upwards and I it up the moontaj.nside and
drsappeared".

According to the C/Or the rqhole flight only lasted
approximately one minute.

Just about when r-he searchlight came on and went off,
t-he Deck Control Officer and the lhree persons in the ship's
bridge heard a garbled radio cal] from the helicopter. When
questioned by the investigat-ors, they maintain the call was
"MAYDAY-MAYDAY". The helicopter did not respond to repeated
calls and it had disappear.ed. The dark shorel.ine was clearly
visible against the white coast. There was a high tide.

The vessel was immediately directed towards the antici-
pated accident s.ite. The life boat crews were therefore not
able to launch the life boats at once, but launching took
place as soon as the vessel had been slowed down
sufficlently. Then the search was iniliated. Contact was
made with the fishing fleet and soon many fishing boats
partlcipated in the search.

The Iceland.ic Coast Guard Control Center was notified
at 23L7 hrs., that TF-RAN was missing and thj-s was reported
to the Reykjavik Air Traffic Control Center at 0010 hrs.

At about 0105 hrs. tire searching boaLs found debris
1:om TF-RAN floaring on the sea.

Eata I
Serious
Mi.nor /None

1.3. Damage to Air:craf t:
The helicopter was

mainly due lo immersion in

1. 4 . g_!!el_ leme-gq i
None .

:

damaged beyond economical repair,
sea water.

Persons:

PassenInj uri es



1.5, Personnel Information:

1,5 - 1. The Captain:

f'laIe,
Pi Iot' s

Jrsss,
U.r\.

), 52 years of aqe, Dorn 

- 

iili. comnrerciai
r,rcence J wr,.-n rnst-r'ffidLlirg' rssuecr Ji9, af teffi-mEeting a pilot training course in bhE-

a British Commerc ia l Pilot's Licence
l-958. Icel

issued
rcia l
1960,

Pilot's
after

.S. Navy.
960.

n early 1959.
He was trained on PBY-sA and. on DC-4 as a copilot and Later
checked out as a captain on the DC-4. He was mainly flying
helicopters fol: the ICG from 1965 when helicopter operations
started and he iras a current captain on the ICG H-369 and
S-76A hel j-copters.

He obtained his Arrlj_qe Transport Pilotrs Licence
Aerop L ane/ Rotorcraft 1970 and the Flight
I n struc tor rating/ He lTt-o!@ '972. He was appointed

Li-clnce m"l"::"l oJr 
rt}.' *"f; If.*;

as a check/training captain by the ICG for the helicopter
operation and this -was ipprovea ry tne roca onJ r'ozo.

He completed the ground- and flight tr a irf nB--ofr s-76A
i./ith American AirIines, in late 1980 and !he_.9-76 type
rating was entered to his Licence by the rDCA If 1980:'

He renewed his licence 23 .]une 1983 an it was valid
until 30 June 1985. His last physical was 1st Class, 27
oct. 1983, v,/ith the limitation, that he had to wear
correcting glasses for near vision while exercising the
privileges of his licence. His last profici.ency check was
completed in a S-76 f1ight simulaton with F1j-ght Safety,
Vero Beach, Florida, 4 Nov. 1983.

His total flying time was approximately 7058 hrs. His
total time in helicopters was appr. 4725 hrs. thereof 552
hrs. I^rere on the 5-76A.

Total number of hoists on the 5-76A were 89, thereof 22
in the last 90 days prior to the accident. Fifteen of the
hoists were from ships and 7 from 1and. A1l the 22 hoists
rrere done by day.

His total f ).yinq t.ime during the last 90 days was 32:15
hrs., thereof 19:20 hrs. were on the 5-76. In the last 30
days he flew a total of l_3:15 hrs., thereof 10:40 hrs. wereon the S-76A. The slmulator trai-ning during the Iast week
prior to the accldent, is not included in these figures.

During his career as a helicopter pi1ot, he flew BeIl-
47, Piaggio PD-18, Hughes 269, Hughes 369, Sikorsky HH-52A,
S-55 and S-76A helicopters.

He was off duty 7 Nov., but he reported on duty at 0900
hrs. the day of the accj.dent, then soon went home again and
returned at about 1500 hrs. in the afternoon.

L.5.2. The Copi lot :

He was ho ldin

#^.:;:::?F

r'..=pofr L'ir::, "'"ff"'::ffn J rsa:' rirline

5

course



He was issued a student Pj-lott" ai."t...?FFiri3i?:

I*i[:qtq*ilffi=-;rffiPrivate Pilotrs Licence
Licence/Aeroplane,

His last physical was Ist.-C1ass, no l imitations,
issued 17 August 1983.

His total flying time was 9344:50 hrs. His total
helicopter flylng ti.me was L396r45 hrs. whereof 478:.05 hrs.
liere on the S- 7 6A.

During the Iast 90 days he had flown a tota] of 70:10
, thereof 27:45 hrs. were on the S-76A and during the
30 days he had flown a total of 2:15 hrs., al} on the

. The simulator training during the last week prior to
accj.dent is not included in lhese figures.
He had performed a total of 219 hoists on the 5-76A,

Iast 90 days,thereof 26 hoisLs were carried out during the
all from ships and 15 of them were by night.

During his career as a helicopter pilot he flew Be11
47, Hughes 269, Hughes-369 and 5-76 helicopter:s.

He was off duty 7 Nov. but he reported on duty at 0900
hrs. on Lhe day of the accident. He went on a 30 minute
flight around noon that day in a Cessna aircraft, that was
being demonstrated to the ICG and after that, he was
occupied vrith the preparatlon of the S-76A flight.
1.5.3. The Hoist operator / Aircraf t Mechanic:

from early 1957 until early 1971, when he vras employed by
the Icelandic Coast Guard. He eras trained as a helicopter
pilot by Helicopter Service A/S in Oslo, N o rwa y-g!d-hs
receivea his Commercial Pilot's Licence/Heticopter,-J
1971 and hls Airline Transport Pilot's Licence/Aeroplane the
same day. the r&irline Transport Pilot's Licence / He I icopter
?-icr s rts,su.u f ,r,..

He wad cheEked out as copilot on F-2-7, by the ICG

- 

--i.::,,J:',--
captaj.n on F-27 and on 5-76 wIEE-TIE Coast Guard. His two
ALTP licences were valid until 2 Febr. 1985. He was, by the
approval of the IDCA, appointed essistant training and check
piiot on the rcc nel icopters e :916. He had also been
checked out as captain, on PA-31, PE-23 and on DC-3.

He was checked out on Hughes H469 

- 

1976 and
after being trained by American Airlines, the S-76A Type
rati.ng as 6aptain was endorsed on his licence f rs-8b.

He renewed his licence l-7 March 1983, and it was valid
until 2B Eeb. 1985.

hrs.
last
s-75
the

Male, 36 years of age, born
the ICG, 1 June 19
Li c ence 1979, with E-27 endorsement.

The--5=76A Tating was endors-ed on his licence, after
training with American Airlines, 

-980. 

He renewed
his licence 28 Oct. 1"982 and it wa3-ETid unti] 31 Oct.
1984.

His last physical was issued 28 Oct. !982, no
limitations. He was trained as a hoist operator and checked
out as such on the 5-76A on 20 Oct. 1980. He had performed
a total 0f 93 hoists on the s-76A.

f,e, Dorn f i947. Emoioveo Dv
He obtaiiEd--Efrnircraft Mechanic's

6



1.5-4- The Mate:

Ma1e, 44 years
employed by the ICG
vessel s.

He received the
5-76A in 1981 and in
and the ICG was now
training.

of age,i"! uorn f tll9.

initial training, 6 hoists, on the
L982. The training was not completedl
planning to continue and complete his

L966 and was working
He was
on ICG

1.6. Aircraft Information:

1.6.1. General description:

The helicopter TF-RAN was manufactured in 1980, by
United Aircraft Technologj-es, Sikorsky Aircraft, Bridgeport,
Connecticut, U.S.A. It was a Sikorsky S-76A, serial
no.760081, a twin engined utility helicopter, powered by
Detroit Diesel Allison 250-C30 turbine engines. The engine
serial numbers were: Left: CAE 890273 and Right: CAE
890078. The helicopter was configured for two pilots and
seven passengers, six seated on benches and one in a swivel
chair aft of the captain in front of the right hand sliding
door.

The helicopter had four doors, one on each side
of the pilots' compartment, a hinged door on the left side
and a sliding door on the right side of the passenger
compartment..

The helicopter was registered in Iceland 22 Aug. 1980
as TF-RAN, in the name of Icelandic Coast Guard, Seljavegur
32, Reykjavik. The Certificate of Airr"Torthiness was issued
in Iceland by the IDCA, 8 Oct. 1980 and it was valid until
30 Nov. 1983.

The helicopter was operated and ma.irrtained by the
lcelandic Coast Gua.rd and it hras used for CG patrol and
rescue operations. The totaL time of the helicopter since
manufacture was 894 hrs. Same hours apply to the engines.

L.6.2. Elgines and engine controls:

The two 250-C30 gas turbine engines, each rated at 650
shaft horseporrer, are mounted aft of the main gearbox. Each
engine is connected to the main gearbox rrith a separate
input shaft.

The main gearbox input shafts contain free-wheel units,
rvhich permit one engine to drive the transmission or permit
auto-rotation of the main rotor, without drag from thej.noperative engine.

L.6.2.1". Engine Levers:

The No-l and No.2 engine levers on the enqine controlquadrant are connected to the fuel control by mechanicallinkage. The quadrant has three marked positions:i,OFF',,
, and "FLY'i. Detents at each position indicate properpositioningr of the levers.

The engine lever schedules fuet flow and gas producer
speed in the "OFF" to ,'GRD IDLE,' range, and establlshes the
N1 speed Limit for maximum engine power in the ,'FLy* posi-
tion.



In addition to manual
be moved when the
handle is pu 1 1ed.

positioning the lever will also
respective f i-re extinguisher T-

L.6.2-2. N2 Speed Trim Switches:

The No.1 and No.2 engine N2 speed trim switches on the
grip of the collective pitch Iever, are used to establish
the desired power turbine speed and to match engine torque.

N2 is automaticaJ. ly maintained by the power turbine
governor's action to meter fuel to the gas producer.

The switches are marked ENG TRIM-I and 2. To increase
N2, the switch is moved 16 + (forward) and to decrease N2,
the switch is moved to - (aft). Trim range is about 969 N2
to 1073 N2.

The Captain's switch will. override any input from the
copi lot' s sw.itch.

A co] lective BIAS actuator and a col lective pitch
signal responds to collective stick movement and resets N2
governor to maintain a constant rotor rpm as established by
the N2 speed trim when collective pitch is increased or
decreased.

The output from the collective BIAS actuator to the
speed trim actuator, is adjustable with a serrated link,
which increases compensation with increasing lenght. The
No.1 and No.2 engine N2 speed trim system is connected to
the DC essential bus by circuit breakers marked SPD TRIM,
and the collectj-ve BIAS system is connected to the DC
essential bus by a circuit breaker marked CLTV BIAS.

L.6.2.3. Torquemeter:

A dual torquemeter marked PERCENT TORQUE has pointers
marked l and 2, which indicate No.l and No.2 engine torque
output.

The torquemeter sensing system wj-thin the engine
accessory gear box, provides a hydraulic siqnal which is
di-rectly proportional to torque output. This signal is
transmilted electr j-ca11y to the torquemeter on the
instrument pane I .

The electrical circuits for the No.1 and No.2 engine
torquemeters are connected to the No.l and No.2 DC primary
buses respectively.
1. 6. 3 . Rotor system:

The rotor configuration is a single main rotor and
anti-torque tail rotor. Both systems are drlven through the
transmission and blade angles are controlled through the
f l ight control system.

l-. 6.3.1. Main rotor systemt

The main rotor consists of a main rotor hub bolted to
the main rotor drive shaft, four main rotor blades, blade
dampers, a swashplate assembly, and a bifilar vibration
absorber .

The blades are attached to the main rotor hub by
elastomeric bearings which permlt the blades to flap



vertically, hunt horizontal ly, and rotate about their
spanwise axis.

The four main rotor blades consist of a titanium spar
and a Nomex honeycomb core covered b}' 3 fiber glass skin'
The leading edge of each blade is protected by titanium
and nickel abrasion strips.
1.6.3.2. Tail rotor system:

A cross-beam tail rotor blade system provides anti-
torque action and directional control. The blades are of
graphite- and glass-fiber construction.

Blade flap and pitch change motion is provided by
deflection of the flexible graphite composite spar eli-
minating alI bearings and lubrication. The spar is a con-
tinuous member running from the altachment joint of one
blade, through the center hub, to the joint of the opposite
b l ade.

Like the main rotor
have a fiber glass skin
Nomex honeycomb.

Elight control input is transmitted
through conlroL horns that twist the spar.

to the b Iades

1.6.4. The fuel system:

The fuel is stored in two 143.2 USG integral tanks,
below the cargo compartment floor.

The fuel tanks were filled when the helicopter landed
at Reykjavik after a flight on 4 Nov. Then fuel samples were
taken, according to regulations, and they were cfear. A
total of 401- li.ters Jet A-l- fuel had been added to the tanks
and the hellcopter was in the hangar until this flight.

At Isafjdr6ur the tanks \,ire re filled again with 535
liLers Jet A-1. A test for water gave negative results. At
the time of the accident, there were about 7L9 kg. (1585
]bs,) of fuel in the fuel tanks.

Each engine has its own complete fuel system which can
be connected t-o the opposite engine by a crossfeed va1ve.
The syslem is a suction type supply system.

The tank on the left hand side normally supplies engine
No.L and the tank on the right hand side supplies engine
No,2 and then the fuel is drawn from the tank through the
"DIR" position of each fuel selector va1ve.

The No.l eng. and No.2 eng. fuel levers are on the
engine control quadrant. The ]evers are connected by a
mechanical linkage to the fuel selector valve in each main
fuel 1ine.

The quadrant has four marked positions, "OFF", "DIR",
and "XFEED". Detents on the valve at all positi-ons

except "PRIME'', indicate prcper positioning of the lever.
"oEE" closes the fuel line between a fuel tank and it's

respective engj-ne, but does not close the crossfeed line to
the opposite fuel system. "DIR" opens a fuel line between a
fuel tank and its respective engine. opens the fuel
lines between this engine and the opposite tank. "PRIMET',
although not a true valve position, is used if the fueL
leading to one engine has lost its prime.

blades, the four lail rotor blades
that is internal ly supported by
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EueI under pressure from the opposite engine or from
the ground primer connection is used to fill the evacuated
tine. The fuel line must be full for the suction-type engine
fuel pump to draw fuel from the fuel tank.

1.6.5. Automatic Eliqht Control System (AFCS) :

A dual channel AECS provides stability around pitch,
ro11 and yaw axis. The channels are redundant, each with a
separate electrical power source, vertical gyro, yaw rate
gyro, linear actuators and control panel-

Control authority of each channel is limited to 5? with
a conti-nued limited authority of 10E. The p1lots can easily
override the A!'CS inputs through normal use of the flight
controls, if AFCS system malfunctions.

L.6 .6 . Weight and Balance:

The maximum permissible take-off weight was 4672 kg.
(10300 lbs.) A load sheet !.ras not prepared for this flight,
but detailed information is available of the weight carried
at the time of the accident.

In the cargo compar:tment l.rere approximately L}L kq 1222
lbs.) of baggage and equipment. The maxi.mum load permltted
ts 272 kS (600 1bs.). In lhe cabin were about 45 kg. besldes
the crew. It is estimated that the take-off weight was
about 4327 kg, or 345 kg. below the maximum weight per-
mitted.

The longitudinal center of gravity was 203,5 inches aft
of Datum- The allowable CG range was 195,8 - 207 inches aft
of Datum. Lateral center of gravity was negative L39,4
lbs/inches. The permissible range was from positive 335 to
negative 335.

L.6.7 . Intercom:

The helicopter was equipped with an intercommunicatj-on
system via helmets and headsets, for all crew members.

1, 6.8. AirvJorthiness Documentation:

The helicopter was maintained by the ICG Maintenance
Department, according to a Maintenance Schedule recommended
by the Sikorsky Aircraft and approved by the Icelandic
Directorate of CiviI Aviation.

A11 recommended alterations and repairs had been ac-
complished and al l Airworthiness Directives had been
complied with. The documentation $7as 1n order and there is
no indication that the helicopter had not been in an
airworthy conditj.on, when it took-off on it's last fliqht.

L.6.9. Radio altimeter:
The helicopter was equipped with a Collins ALT-50 Radio

Altimeter. This instrument was installed at manufacture. It
was calibrated from 0 to 2500 feet, with an accuracy of 0.5
feet plus/minus 28 of the true height.

There was a special decision height cursor that could
be set to any chosen height and when the helicopter reached
that height, a light illuminated on the instrument face and
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remained illuminated as long
less than the one selected.

According to ICG f l iqht
R/A should be adjusted to
engaged in hoist operations,
cursor to correspond r^/ith the
to set his at 50 feet.

as the height was the same or

crews' verbal information the
L2O feet in cruise and when

the captain was to set his
hoist height and the co-pilot

Ah. battery 1s installed in the
The battery is used for 1j-mited
a secondary source of power in

1.6.10. Underwater acoustic beacon (Pinger) :

An underwater acoustic beacon was installed in the
cabin roof. This beacon is activated by water immersion and
it transmits sound on 37,5 kcs. This beacon is intended to
aid in the location of subnerged aircraft.

In this case it played a key ro1e, when the helicopter
wreck was located.

1.6.11. Electrical sys tem:

?he primary source of electrical power is a 28v DC

system. A 1L5v AC system is supplied by one AC generator and
by one standby inverter.

1.6. i.1". i- DC Power supply system:

The primary power source for the DC system are two
starter-generators. The secondary power source is the
battery.

1.6.11.L.1-. No. l and No. 2 Starter-generators :

A 200 Amp. s tar ter -generator is mounted on the
accessory gear box section of each engine. They function as
engine starters when provided with DC power from the
batteryr or an external power source.

After an engine start when the engine is operating at
id1e, they function as DC generators. Generator control
panels regulate generator output and protect against over-
voltage, undervoltage, reverse current, and ground fault
condition$.

Generator switches on the master switch panel marked
GENERATORS "1 DC* and "2 DC", have positions marked ON, OFF
and RESET. One connects each generator to its power dis-
tribution system when the generator control panel senses,
that generator output is within certain limits.

If the generator has dropped off the line due to a
momentary overvoltage or other fau1t, placi-ng the switch to
the "RESET" and then restore generator operation.

1.6.11.1.2. BatLery:

I
+

A nickel-cadmi.um 34
electrical compartment.
ground operation and as
fliqht.

The battery provides power only to the most essential
equipment.
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1.5 11.2. AC Power SUPP1Y SYStem:

The primary power source for the
is an AC generator' and the secondary
inverter.

1,6.11.2.1. AC Generator:

AC electrical system
power source is an

DC
on

A three-phase 7.5 KVA AC generator is mounted on and
driven by the main gear box. A generator control unit regu-
lates generator output and protects against overvoltage,
undervoltage, under frequency and feeder fault.

The generator control circuits are powered by a DC
permanent magnet generator.

1.6.11.2.2, lnverter:
The secondary power source for the AC electrical system

a 600 VA inverter. The inverter is powered from the No.2
primary bus through a circuit breaker marked "INV PwR"
the DC junction box.

L.6.L2. Emergency f lotati,on system:

?he helj-copter is equipped with an emergency water
.1anding f lotation system.

It consists of four separate floats, one on each main
landing gear wheel door and two in compartments next to the
nose wheel well. Each bag is divided into two compartments.

The system is electrical ly activated and the bags
inflate in approx. 10 seconds from activation. Special
bottles contain compressed Nitrogen for this purpose.

The inflation requires two actions:
Firstly, the arming switch, located on the cent-er aft

pedestal must be put to then a warning light illu-
minates on the caution pane1. SecondIy, a switch on the
cyclic handle is acti.vated in order to inflate the floats.

The maximum airspeed during inflation is 75 kls. The
5-76 Operation Manual states "The arming switch is normal).y
kept i,n the "oFE" position, to prevent accidental inflation
of the floats".

The IcG pilots kept the arming switch normally in the
position, in order to prevent confusion, because

on the other ICG helicopter, the Hughes H-369 the operating
sbritch for the cargo hook is j-n a simllar location as the
float arming swilch on ?F-RAN.

It is known, that certain helicopter operators require
similar systems to be armed durinq flights conduct.ed below
200 feet above srater and restricting the airspeed
according Iy.
1.6.13. S l id.ing door:

A sliding door was installed on the right hand side of
the helicopter during manufacture. Two primary and two
secondary Iatch pins prevent the sliding door from being
accidentally opened in f 1ight .

Operating controls are inside/outside handles and
inside/outside locks. To open the door from the inside or
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outside requires that the lock be turned to the UNLOCK posi-
tion after which the handle 1s turned do$rn -

The secondary latches on the top and bottom of Lhe door
are backups for the primary ]atches at the side of the door
and prevent the door from bei.ng opened accidentally from the
ins i.de .

The position of the lock in the locked position and the
handle in ttre closed position provi-de a visual means for
determinj-ng proPer latching of the door.

e micro svritch on the Lower secondary latch also indi-
cates to the crew via the caution-advi sory pane1, whether
the door is closed and locked or not. The door slides on an
upper and ]ower track and a swivel assembly.

when the door is pushed open, the door and tracks move
out from the fuselage about 4 inches. As the door slides
aft, the track and swivel assemblies extend. when they reach
fu11 extension, a stop within each assembly halts further
extension and a spring-loaded hold-open stop on the door
engages a catch, to prevent the door moving forward.

The maximum permitted airspeed for door opening in
flight is 50 kts. IAS and the maximum airspeed with the door
open is 74 kts. lAS.

l-.7. Meteorological Information:

The Icetand State Meteorological office made the fol-
lowing survey of the h,eather situatj,on at the time of the
accident:

"At midnight there vras a 1.027 MB high pressure area
over the southern part of lceland, extending to the east and
southwe s t .

There was a 1007 MB low pressure area betr.reen lceland
and Jan Mayen moving east and a low pressure trough extend-
ing lo the south-west betvreen Iceland and Greenland.
Because of thisr there was a south-easterly wind blowing in
the north-west part of the country. Strong in places on the
ocean fishing grounds, but somewhat calmer inland.

At 2100 hrs. the weather \ras as follows:

caltarviti:
Wind south-west 25 kts., visibility 20 km, precipitation in
the near vicinity, 8/8 clouds, 5/8 stratus at 600-1000
meters and altostratus above. Temperature +2"C, pressure
7020,2 MB, falling 0,5 MB in the last last 3 hours.

Hornbj argsvlti:
Wind south-west 20 kts, visibility 13 km, snowshowers, 8/8
cumulonimbus at 600-l-000 meters, temp. -L'c, pressure 1020'0
MB, falling L,L MB in the last 3 hours-

At 2400 hrs. the weather was as follows:

caltarviti:
wj,nd south-west 25 kts, visibility 20 km, rain and drizzle,
8/8 stratus at 600-1000 meters, temperature +4'C, pressure
1019,9 MB, falling 0,1 MB in the last 3 hours.
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Hornbjargsviti:
Wind south 20 kts, visibility 3 km., snowshowers, 8,i I
cumulonimbus at 300-600 meters, temperature +1"C, pressure
10r-9,9 MB, falling 0,1 MB in the last 3 hours.

In general, the weather in the accident area hras not
bad, when the accident occurred.

The wind was from the south-west at about 25 to 30 kts,
possibly some snow showers and no 1ow clouds. The tempera-
ture was risingi at the time."

The weather observat.ion made at the ICG vessel ODINN
was as fol l ows:

When TF-RAN landed on the ship at 1741 hrs, the r^rind
was from the south at 30-35 kts, temperature -1oC, pressure
L022,5 MB, 8/8 clouds, no precipitation.

At 2100 hrs. the weather was the 6ame, except tlle tem-
peralure was 0"C.

At 2200 hrs. the weather was sti1l the same and had not
changed, when the helicopter took-off from the ship.

Prior to departure from Reykjavik at 1.504 hrs. the
pilots had discussed the vreather with the Met officers on
duty at the Meteorological Office. They also had the 1200
hrs. weather observation and the fo.recast for the next 24
hours. This was as follows for the Jcikulfir6ir area:

"Wind SW force 3 to 5 and snow showers, becoming Sw force 5
to 7 and sleet during the night. "

The pilots had the possibility of Iistening to the
broadcasted weather forecast in the ship at 1845 hrs. and at
22L5 hrs. This was valid for the next 24 hours:

1845 hrs: "Winds from the SW force 6 to 7, with some snovr-
showerE at first and later drizz1e."

2215 hrs: .winds from the SW force 7, sleet to-night,
beeoming w force 6 and drizzle, in the morning".

The 1200 hrs. observation rras:

Hgrnbj argrsviti :
Wi]nd south 5 kts, 6/8 aL 3600 feet, good visibility.
Ga l tarviti :
Wind SSE 20 kts, 6/8 at 3600 feet, temerature -2oC, good
visibil ity .

,E6ey:
Calm, almost clear, good visibili-ty temperature -7"C.

Gj 6gur:
NE 5 kts, clear, good visibility.
The l-800 hrs. observation was:

Hornbj argsviti :
SW 15 kts., 7/8 at 2500 feet, temperature -1'C, visib. 7 km.
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Ga -; L Jrvi ti:
SSW L5 kts,8/8 at 2500 feet, temperat-ure +1"C, visib. 30km-

E0ey:
Sw L5 kts, 8/8 at

Ship l0 NM north
SW 35 kt's, 8/8 at

ship 55 NM north of K6gur:
sw 35 kts, 8/8 at 2500 feet, visibility 25 km."

The Icelandic Meteorological Office made a special
study of a possible formation of mountain waves in the
accident area and their possible effects on the flight. The
fo]1o$ring is a summary from that study:

"on the morninq of I November 1983, the winds were calm
and the sky aJ.most cIear, but in the evening .it became
overcast with increasing south-west wind in the west-fjords.

Surface weather charts indicate that by midnight the
geostrophic wlnd had gained the strength of 45-50 knots,
from the south-west. Higher level charts show strong west
winds over the northern part of the country while winds
remain almost calm over the soulhern part.

A vertj-cal wind and temperature profj-1e was constructed
for the Jdkulfir6ir area, based on the midnight radiosonde
observation at Keflavik and the corresponding weather
charts.

A satell j-te picture shows mountain waves over the
northern part of Iceland. They are clearly formed in the
west wind, above the inversj-on. These waves are not like1y
to have influenced flight condj-tions in the Jdkulfir6ir area
where the main mountain ranges lie east-west.

The wind component perpendicular to Snafjal lahei6i
indicates a possibility of rotor streaming, and that possi-
bility is further substantiated by calculation of the Froude
number and the depth of streaming 1ayer.

From the Brunt-Veisala frequency it may thus be con-
cluded that a rotor was approximately 9.4 km downwind from
the mountain. perhaps associated with severe turbulence.

It is very IikeIy, that on the evening of 8 November
1983. there was heavy turbulence above the fjord, because
of the downward flow of air at the northern side of
Snefjallaheidi and the associated rotor over the fjord.

1t is neither possible to measure in numbers the
severity of the turbulence, nor at vrhat altitude it was
strongest, for instance if it existed aII the way down to
the sea IeveI.

It should also be kept in mind, that the "upper air
observation" which this study is based on is in major
aspects based on theories rather than actual measurements
and therefore the conclusion might not be as accurate as
des ired. "
1.8. Aids to Navigation:

2500 feet,

of Kdgur:
l-600 feet,

good visibil ity.

visibility 10 km.

None.
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10 C.Jmmunication:

The helicopterr.{as in radio contact with the ship. The
Deck Control Officer had a portat,le VHE-transce iver: and the
ship's Commander and Radj-o operator hrere in the bridge.
Freguency used was L22,5 MHz. and the communication i"/a s loud
and clear.

According to the ship's crew, the heli.copter captain
r,.ra s operat ing the radio and everything appeared to be
norma I .

After take-off the C/O called Tr-RAN and said he was
staxting to turn the ship. The captain then answered
"Roger". A few seconds later, a call was transmitted from
the helicopter. Thj-s lias uncfear buL without radio
interference.

?he C/O, the Deck Control Officer and the Radio
Operator all maintain, that this was the TP-RAN captain
ca l l j-ng " MAYDAY-MAYDAY " .

There is no tape recording equipment aboard the ship
and this transmission could not be heard elsewhere, so it is
impossible to verify or to investigate this further.
1,10. Aerodrome Information:

Not applicable.

l-.11. Elight Recorders:

Icelandic Aircraft Operating regulations do not require
flight or voice recorders in aircraft of this size.

However, there was a cockpit voice recorder instal led
in TF-RAN at manufacture, but it was removed for repair in
early 1983. It had not been returned to service after being
certified as airworthy, aL the time of the accident, because
of lack of funds to the ICG Aircraft Maintenance Department.

L.12. The Wreckage and Impact Information:

1.12.L. The salvqge and the on-site examination:

Immediately after TF-RAN was missing, an extensive
search was initiated. At 0105 hrs. fragments of alt four
ma j.n rotor blades were found approximately 1NM downwind
from the point, where the wreck was later located, also some
other loose objects from the cabin were found floating.
Despite of an intensive search, nothing more was found on
the surface of the sea.

On the request of the NASB, the United States embassy
in Reykjavik assisted in securing a five man team from the
US-Navy and the US-Air Force, who arrived in the evening of
9 Nov. and managed to locate the "PingerI the following
morning.

The wreck was located on the sea bed at a depth of 84
meters, approximately in the middle of the fjord, at about
0.8 NM from the spot where the ship was, when the helicopter
took-off. Geographical location of the accident site was
approximately 66' 17' N, 22 o 41' w.

At about 1500 hrs. on L0 Nov., an attempt was made to
locate and if possible to inspect the wreck, by using an
underwater Tv-camera, lowered from a sma11 fishing boat.
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Despite shifting currents and very Limited visibility a
fairty good view of the wreck was obtained.

The helicopter vlas rest.i.ng upside down. The main rotor
and the engines were buried in sand and clay on the bottom
and the tanding gear was extended.

The two right hand chin windows were broken and the
sliding door was missing, the door tracks were fu)1y
extended and the upper track was bent sharply upwards. The
left hand aft door was wide open and the tail rotor assembly
was broken off, hanging on j-ts contro] cables.

During this observation, the camera cage accidental]y
hooked onto the extended l eft gear, thus giving the
investigators the idea to try to use t.he camera cables to
direct a rope onto the helicopter main gears.

Thi-s was successful and when firm attachments to both
main gears had been achieved in the morning of 15 November
the wreck was hoisted up to a depth of approximately 40
feet, where divers removed the 2 bodies found inside the
helicopter. Then an assisting cargo vessel arrived which
hoisted the helicopter aboard and subsequently placed it on
OEINN's helideck, where the investigation commenced.

In general, the fuselage st.ructure was in a good
condition. The pattern of the damage sustained as a who1e,
was consistent with the aircraft landing hrith litt1e forward
speed and a 1ow rate of descent. There was however some
riqht yaw rotational damage, The windshield wipers were
distorted and pushed over to the left. The right hand side
chin windows and the cockpit door window were broken
inwards. The tailcone skin was buckled and some frames and
stringers on the left hand side of the tailcone were
deformed.

There was a smal1 smooth impression on the right hand
side of the fuselage above the windshield, adjacent to the
cockpit air in 1et.

The s1l-ding door had evidently seperated upq/ards from
it's tracks. The search 1j-ght \^ras almost stowed. The floats
had not been inflated and the arming switch was not
activated. The landing gear was extended and locked'

The bodies of the copilot and the hoist oPerator Lrere
recovered, the other two are still missing. The search for
the missing crew members and parts from the wreckage,
especially the sliding door and rotor blade parts, continued
by use of the Tv-camera and dragnets, but only the swivel
chair and a part of the skin from a main rotor blade tip
hrere recovered.

L.1,2.2. Detailed exmination of the wreckage:

A detailed investigation of the wreck, it's various
components and systems was commenced in Reykjavik by the
Icelandic DirecLorate of Civil Aviation, the Icelandic
National Air Safety Board, and the National Transportation
Safety Board of the United States, with the assistance of
Sikorsky Aircraft and AIlison, the manufacturer of the
engines.

The follor.ring components hrere shlpped to the U.S.A.,
\,rhere a thorough investigation was conducted by and under
the supervision of the NTSB and a representative of the
NASB:

.;t
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-Cockpit instruments, such as captain's and copilot's
col lective heads, triPle tachs,
vertical speed indicators, airspeed j-ndicators,

-The tail rotor and gearbox remains,
-A fiber glass cone from the tail fin,
-Upper and lower sliding door tracks and stops,

. -Engine fuel system parts,
-Main rotor hub and all four blade roots,
-Selected engine parts,
-Main transmiss ion,
-The six AFCS actuators,
-The flight control servos.
Thls investigation was mainly concentrated in those

areas of the aircraft, which affect the aircraft's control
characteristics and the aircraft systems.

L.L2.2.1. The Main Rotor Assembly:

All four main rotor blades had separated 20-30 inches
from the root end.

Smeared and crushed deposit of a white enamel paint
which was found on the lower surface of the "black" main
rotor slub, was tested in a laboratory and found to be of
the same type as used on the aj-rcraft.
1.L2.2.1. 1. Hydraulics:

The three primary servo actuators (forward longitu-
dina1, aft longitudinal and lateral) were renoved from the
main transmission and delivered to a hydraulics test
laboratory for visual examination and functional testing.

There was no damage evident external ly on the three
servos. There was no deformation of the power piston rods,
follow-up arms, or pilot valve input linkages. All safeties
were in place and secure with the exception of the forward
longitudinaL servo lst and 2nd stage input linkages'

During the visual examination it was noted that the two
lock bolts, which safety the adjustment links, once pilot
valve timj-ng has been accomplished, had fractured through
the bo lt shank area.

Metallurgical examination of the fractures indicated
that salt water immersion and the bolt torque had resulted
in the initiation of stress corrosion. The servos were then
functional ]y tested.

?he servos were instal Ied on the test bench and
operated on individual stages and then two stages as they
l.rould be lrhen installed in the helicopter. The forward
longitudinal. servo was functional ly tested as received
without disturbing the pilot valve linkages. The servo func-
tioned normally in a1I respects.

Both single stage and two stage operation were satis-
factory as to timing, pilot valve centering, internal lea-
kage, stroke, and actuator forces. The aft longitudinal and
lateral servos also operated satisfactorily.

A sli.ght misadjustment of the lateral servo second
stage pilot valve resulted in a slight power piston rod jump
when cycling pressure off and on. This condition would go
unnoticed when installed on the helicopter,

In summary, there was no evidence of a pre-impact fail-
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ure or malftln.jtion noted during the visual examination or
functional testing of tlie t-hree primary servos.

L.L2.2.1.2. Rotor head and blades:

The main rotor hub, dampers, main blade fractures, and
main rotor spindle assemblj-es were examined in a meta1l-
urgical laboratory.

All blade fractures were the result of an overstress
condition and had deformed upward prior to failure. The
table below documents the type of damage noted to the
spindle assemblies, the spj.ndle retaining ring, damper to
blade attachment fitting, and the inner diameter of the
individual main rotor hub arms.

The meiin rotor blade excursions were typical of a rotor
system v/hich has been exposed to sudden stoppage:

Blade
1.D.

Spind Ie
deformation

Evrdence of
excess 1ag .

Red...
B1ack.
Ye I 1ow.
BIue..

40 degree lag
l5 degree 1ag
5 degree lag
minimal Iag

Evidence of
Excess Lead

hdr1r\rrruq Y ii
heavy
h eavy
h eavY

r l apping
Excursions

Damper Attach
Failure Direction

Red . heavy

B lack. .. moderate

Ye I low. . heavy

Blue.. .. moderat.e

up-no upward
down-no & l ead
up-no Cownward
down-moderate & lag
down-moderate downward
up-heavy & lag
up*moderate downward
dorvn-moderat-e & ]ag

the lower leading edge, scratches and smears on the
unders j-de of the blade, which was very probably caused by
the sliding door. (See pictures Appendix 5.3.).

Continuity existed in the main rotor system flight
controls in all channels, from the cockpil controls aft to
the inputs of the stationary Ewashplate. The three primary
servos were j,n good condition with no damage evident to the
pilot valve inputs or follo!, up arms. The AFCS servos were
also i.n good condition.

The tail rotor control system was continuous from the
cockpit rudder pedals aft to the area where the tail rotor
gear box seperated.

There were no marks of overheating on the drive train,
and the fracture of the tai] rotor box housi.ng qras a static
fracture. The tail rotor shaft was complete with no
damage to the bearings or couplings.

The two hydraulic pumps, which were installed at the
time of the accident, were functionally tested and they
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produced rated flow at varying pressures and compensated
properly to flow demand.

7.L2.2.3. Tail rotor assembly:

The tail rotor gear box housing had seperated and three
of four blades had seperated through the spar at the root
area. (See Appendix 5.3.). The fourth blade was complete
with only Iight leading edge damage along its span. The
pitch link for the blade was complete. The other three had
seperated through the rod end bearing.

The tail rotor gear box housing seperation and center
housing crack were examined in detail in a metallurgical
laboratory,

All fractures were typical of an overstress condition
with no evidence of fatigue.

The tail rotor servo power piston rod output fitting,
erhich attaches to the lnboard end of the pitch actuating
shaft, had failed in tension due to an overl.oad condition.

The directional control bracket and servo input
linkages had also failed as a result of an overload condi-
tion.

There was nothlng noted during the examination of the
tail rotor gear box to indicate that a pre-impact failure or
malfunction had occurred.

The tail rotor servo was removed from the tail rotor
gear box and functionally tested.

Due to the impact damage that occurred at the tail
rotor servo power piston output rod end and input linkages,
it was necessary to functionally check the servo at lower
than normal operating pressure. The servo, however, opera-
ted satisfactorily despite the damage mentioned.

The damage to the tail rotor assembly was examj.ned in a
metallurgica] laboratory. The three paddle seperations were
the result of an overstress condition due to sudden
stoppage. The three pitch link rod ends had bent opposite
the direction of rotation prj-or to seperating,

The spacer, located lnboard of the tail rotor hub
retaining nut, seperated as a result of sudden stoppaqe.

Witness marks indicated, that the spacer had been
forced opposite the directlon of rotation prior to
seperation. The tail rotor pitch beam was in good
condition, with no deformation of the control arms noted.

1.L2.2.4. Engines and main transmission:

Disassembly revealed no abnormalities and the engines
appeared to be 'running at impact.

Both impellers had several bent blades, but the.re were
no mechanical indications. The bending !'ra s most likeIy
caused by ingestion of i^rater, when the engines entered the
water. The AC generator drive shaft had sheared by torsion
overl"oad. Both input shafts were in good condition, with no
evidence of tors i-ona I loading.

The main transmission was disassembled. The rear cover
was removed with some difficulty. The accessory drive gear
traj.n was continuous with no chipped or missing teeth
evident.

The No.1 and No.2 input reduction gears and vertical
pinions were intact wi.th no signs of distress. The lail
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take-off gear Lrain was also in good condition with no
evidence of spline damage. Th€ 1ot{er cover vras then
removed. The quil1 shaft/bu11 gear was in good condition
with no evidence of damage.

fn summary, there was nothing noted during the partial
disasseml-.'1y to indicate that, a pre-accident failure or
malfunctlon had occurred within the ma_in transmission.

1.L2.2.5. SAS actuators:

The SAS actuat-ors were operational at the t.ime of the
accident and were as follows:

Ro11 No.l, slightly retracted, Ro]1 No.2, slightly
extended, Pitch I and 2 extendea and Yaw I and 2 fully
retracted.

This indicates, that the SAS system was either
correcting for nose-up movemenl and left-yaw rate, or
oppos,inq corrective control commands for nose*dorvn and
rlght-ya\,/ attitude.
L.L2.2"6. Engine controls:

The collective BIAS enlline controls were in a positlon
consistent with normal flight. The no.1 beeper motor was
found to be drirren to the high stop and the na.2 qras
cent-ered. The overhead quadrant controls were as follows:

Engine |io.1: Engine speed selector in ,'I'Ly', position,
fuel selector in "Cross feed" and the emergency shut_-of f
fever was pos i t-.ron.

Engine No.2: Engine speed selector in ',Ground idle,,,fuel selector in "Direct" position and t,he emergency shut-
off Lever was in the aft position.
L.L2.2.7. S l iding door:

The inner lracks were missing from both the upper and
lower assemblies and both intermediat.e tracks were fully
extended. The aft end of the intermediate track in the
upper assembly was bent significantly upwards.

Examinalion of the lcwer track assembly revealed only
f our: bal. 1 marks or impressions instead of the expected
twelve. This could indicate ejther misassembly or prior
ball loss condilion before the accident. Also three out offour expected intermediate end cap ball marks wer:e missing.
Further exa.mination also revealed, that the end cap cagefasteners \"Je.re 1nsta11ed improperty, when compared t_o theupper door track and a new assembly, which leads to the
conclusion that such mlsassembly may have taken place prior
to delivery to the ICG,

It is evldent, that the sliding door first seperated
from the internediate tr:acks, pulling out of the lower door:track assembly. Then it rotated upwards, pulling out oflhe upper i-ntermediate assembly which vias bent up and
forward.

There was a mark on the main rotor pylon and the hoistneck, i"ndicating that the door had been deflected up intothe main rotor and deflected forward by the main rotorblades. This is substantiated by the damage and smears onone (black) rotor blaale.
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The investigation did not reveal the reason for the
missing ball marks from the Iower track assembly. The
maintenance documentation does not inelr,rde any work
performed in the area pertaining to the problem discussed
above.

The ICG Technical Manager and the ICG aircraft
mechanics, state that neither the door nor the tracks had
ever been removed during the helicopter's service life r4rith
thE ICG.

The position of the upper and lower tracks as received
was compared to another S-76A located in the Sikorsky hangar
( see 1. L7.2. ) .

Examination of the forward and aft-door latches indi-
cated no damage to the serrated adjustment locki-ng plates.
This lack of damage verified that the door was not closed
and locked at the time it seperated from the door lracks.

Thi"s is also substantiated by the fact, that both
tracks were in the fulIy extended position, when the door
seperated.

1.L2.2.8. Radio altimeters:

Both radio altimeters were examined.
operating norma I 1y.

Captain's showed: 175 feet, bug set at
v1ew.

Co-pilotrs showed:

Both had been

0 feet, out of

50 feet.190 feet, bug set at

1.L2.2. 9. Collect,ive controls:

The collective controls were in good condition with no
noticeable deformation in the sticks themselves.

The outboard side of the primary hydraulic servo switch
guard on the co-pilot's collective was bent about 90 degrees
outboard. Both controls exhibited evidence of being im-
mersed in salt water. The cannon plug connectors were in
good condition with no evidence of broken or bent pins.

A continuity test $ras performed on the wiring and
switches of both col lective controls.

Eiectrical continuity was tested. The pilot's wiring
and speed trim switches tested normally. On the co-pilot's
control, the No.1 engine speed trim wiring and switches
indicated an "open" condition. The No. 2 system was
satisfactory.

The collective controLs were then delivered to an
operational S-76A on the Sikorsky Flight EieId. External
electrical power $ras supplied, the controls hrere connected
electrically into the heli.copter system, and the following
observations were made during the functional testing:

The No.1 and No.2 engine trim s!,ritches on the pilot's

Captain' s: Co-pi1ot's:

collective operated norma I I y. The No.1 switch on the
co-pilot's control was inoperative. The following times
were recorded when operating the actuators-

Events: No. 1/No. 2-secs: No. l-lNo. 2-secs:

Ful1 Decrease
Full Increase

to Eul1 I ncrease
to FuI1 Decrease

4.7/4.1 rNoP/ 4 . 5
rNoP/ 4. 7
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The override capabl lity of the pilot's collective speed
trim switches was tested for the No.2 engine and found to
operate normally. The No.l system could not be tested due
lo the co-pilots No.l trim swit-ch being inoperative.

The co-pilot's control was examined in an electrical
laboratory, in order to determine whether the No.l switch or
rvir inq was at fault,

The wires were disconnected at the switch terminals
and wiring continuity was tested. The wiring within the
bundLe lvas satisfactory. Thj-s indicated an internal
malfunction of the switch due to corrosion damage caused by
sa 1t water immers ion.

1.l-3 . Medical and Patholo-qica1 Inf ormation:.

A post mortem examination of the two bodies recovered
revealed, that the cause of death was drowning,

The co-pilct had some rainor scratches on the back of
hls right hand.

There l,nas no sign or tr:ace of alcohoi or toxic mat.erial
in the blood samples taken.

1.14. Fire:

There was no fire.
1.15. Survival Aspects:

fhe accident is classified as survivable.

1.15.1. Survival sui.ts:

Survival suits were in the process of being obtained
for the ICG helicopter crews and some crew members had
already received theirs. These suits are water resistant,
but they have no flotation material. Both pilots were
wearing their survi-va1 suits,

The hoist operator / a ircraft mechanic was \^,earing a
special flotation suit, but for some reason he had removed
tlie flotation material from it and he was wearing a heavy
parka over it.

The captain was not wearing a helmet and there is a
reason to believe, that none of th€ crew was wearinq a life
vest .

L.L5..2. Escape from the helicopter!
The emergency floats had not been deployed and the

armi.ng switch was in the "OFFfi position. Both pilot doors
had been unlocked and the captain's (R,/It) door window was
broken inwards. The co-pilot was not buckled in his seat
and he r^ras without a helmet, when recovered.

The hoist operator had apparently started the pre-
paration for the hoist exercise, as he had released hls seat
be1t, and put the gunnerrs belt around his laraist and
attached himself to a speci.al hook in the roof. He had also
put on a special glove Lised durinq lhe hoist work and the
pendant hoist control cable was wrapped around his Ieg.
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The tethering tine (grunner's belt) buckle was locked
\4rith a specia]]y installed safety pin and it had not been
re I eased .

Aft of the Captainrs seat, forward of the sliding door,
there is a swivel chair, which locks on each 90 degrees and
is loose in other positions (rotational and up) . The chair
was missing, but it was picked up by a dragnet and recovered
2 days after the helicopter was salvaged. The seat belt had
been re I eased.

At take-off the mate was occupying the revolving chair
and facing forward.

1.16. Tests and Research:

A detailed examination of selected components, was
carrj-ed out by the National Transportation Safety Board of
the United States and by various manufacturers of the 5-76
components, under the supervision of the NTSB.

The results of this investigation are included in this
report.
1. L7. Addilional Information:

1.17.1 The F l iqht ration of the Icelandic Coast Guard:

L.L7.L.1. General:

The Icelandic Goast Guard has been operatj-ng aircraft
for almost 30 years and helicopters since 1965.

The Elight Operations Department is located at Reykja-
vik AirporL, in a speciat building, belonging to the ICG.

The ICG Flight Operation i.s controlled by a Control
Center, located at the ICG headquarters, downtown Reykjavik.

The regular operating hours are from 0800 hrs. to 1800
hrs. each day and a special ly assigned officer is on
standby duty at other times.

On 8 November 1983, the ICG was operating one F-27
aeroplane, one H-369 and one S-76A helicopter.

The ICc did not have an official Flight Operations
Manual and such a manual had at that time not been made
mandatory for the ICG by the Directorate of Civil Aviation.
L.17.t.2.

#
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tthe Structure

According to an Organization Manual issued by the ICG
in March 1983, the ICG is organized in a such a r,ray, that
the Elight Operation Department and the Naval Operations
Department are both controlled by the Operation Control
Center.

The commanding officer on
to the Manual, responsible for
other than pilots and for the

duty in the OCC is, according
the training of flight crews
planning and organization of

a.ircraf t activities -
The Manual also states, that a shiprs C/O is responsi-

b1e for the entire operati.on aboard the ship. It i-s also his
. responsibj-lity to see to, that the ship's crewmembers are
properly trained and capable of performing their duties-

According to thls manual, the ICG Chief pilot also acts
as Flight Operations Manager and is as such responsible for

The Organization and
bT ni:spdnEfEflfEles:
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the preparation of flights and flight activities.
responsible for helicopter activities.

The captain of TF-RAN $ras an IDCA approved
and training captain for the helicopters.

According to the Manual the Technical Director is
respons.ible for the maintenance, inspection and for quality
control wj thin the ICG maintenance department.

He however reports directly to the ICG Director of
E inance, who reports to the ICG Director General.

1.17.1.3. Icetandic Coast Guard "Manual for Helico ter

This Manual , was issued by the ICG 14 June 1973.
It was distributed to all personnel involved in the ICG
helicopter operaLion and according to the manual, there
were to be 8 copies aboard each ICG vessel.

This Manual spells out the regulations for. the
heli-copter operati-on. It explains how this operation is to
be performed, how procedures used by the ICG airmen and
seamen on board the ICG vessels must be coordinated, in
order to achj.eve and ensure minimum safety 1eve1s.

This Manual was issued when the ICG was operating smaI1
helicopters, such as Be11-47, limited to VER flights on1y.

It has never been revised and therefore it does not
include procedures or instructions regarding night
operation, fiight in accordance wlth Instrument Flight Rules
(IER) or operation of helicopters such as the 5-76A.

Eo]]owinq is an extract of some of the requirements, as
laid down in this Manual ('HB-l").

1.17.1.3.1. Helicopters operating from an ICG Vessel:

A C/O can deviate from the laid down procedures,
provided al l parties are informed, also if it becomes
necessary to deviate from the laid down procedures, the C/O
must approve that and everybody concerned must be informed
proper 1y .

The Manual states that when a flight is planned from a
vessel to a landbase, the ship must obtain weather
information for the helicopter's planned route and at it's
destination.

It states, that when a helicopter is operating from a
vessel, there must be three men in the bridge during that
operation:

1. One is Manoeuvering the ship.
2. one is acting as Flight operation Officer and

monitoring the flight.
3. One is the Radio Operator and he is in a supervising

capacity and maintains the communications.

In the event of a loss of communication between the
ship and the helicopter, visual signals are to be used
aboard the ship, 1n order to guide the helicopter.

The 1"973 Manual does not specify requirements neither
does it take into consideration the possibility of extended
helicopter patrol flights from and back to the ICG vessels
nor night operation.

He is also

ICG check
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The duties of the Deck Commander are defined. However
it does not mention the readiness of Lhe life boat crews,
when the heJ.icopter is operating and it seems to assume,
that the same persons are functioning on the deck as tie-
down personnel, fire fighters and lifeboat crews.

A helicopter captain is responsible for training
fllghts and for the combined training of the helicopter crew
and the ship's crew.

The C/O is responsible to see to that the shj.p's crew
is well trained and proficient, as helicopter operation is
concerned and he shal1 notify the ICG when a recurrent
training is necessary.

An ICG vessel is considered unfit for helicopter opera-
tion, if it I s crew has not parLicipated in he l icopter
operation on 5 occasions during the preceeding 6 months
period in which case a complete retraining is requj-red.

According to the information given by the ICG, the
total helicopter operati-ons involving the ICG vessel ODINN
in the preceeding year, was that 2 landings and 2 take-offs
q,ere made on i-t's deck, on 18 Oct. 1982 and 2 landings and 2
take-offs were made on 20 Sept. 1983, in both instances by
TF-RAN.

The ICG vessel radar monitoring of helicopters in
flightf is described as follows:

"When a helicopter is operating from an ICG vessel, the
ICG vessel. must constantly monitor the helicopter by radar,
if the helicopter is noL on a visual fIight".

L.17.2. Sliding door tests:

L.17.2,1. Test performed by the Investigating Authoritv:
During the investi.gation, a sliding door mechanism

identical to the one on TF-RAN, was examined on a S-76A
North Scottish helicopter, which was at the Sikorsky Factory
for maintenance./overhaul.

In the hangar, electrical power was applied to the
helicopter and the right sliding door was manipu]ated in an
attempt to discover, if door handle positions (primary and
secondary) r./ould extinguish the door warninq light in the
cockpit,

During these manipulations, it vras found that the door
could be placed in a closed posltion and the primary locking
handle left open. If the secondary lock \"ra s in the "Iocked"position the door warnj-ng light would extj.nguish 1n the
cockpit.

In this r'1ocked" configuration the warning light
flickered, when the bottom surface of the door was pu1led
outboard. This condition, namely the main locking feature
not actuated and the secondary lock actuated, seems not to
fulfill the intent of the door design and does not give the
cockpit crew an indication of the unsafe condition.

L.L7 -2.2. Sikorsky Aircraft's evaluation:

The Sikorsky Aircraft engineers, provided information
of their analysis and testing of the sliding door, as
follows:

"Door track has been designed and proof tested to 170
pounds in the lateral direction.
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Door load at 65 kts. is 150 pounds limit in a lateral
direction.
Door p.roof test:
- Tracks extended, aft bayonets engaged:

v=30, d=82, s=+/- 200 (limit 1oads, forward speed 75 kts.
at max. cI. )

- Tracks extended, af! bayonets not engaged:
v=30r d=82, s=+/- 150 (1imit 1oads, forward speed 65 kts.
at max c1.)

- Tracks compressed, swivel arms jammed:
v=30, d=82, s=+/- 150 (limit loads, forward speed 65 kts.
at max. c1 . )

(v = vertical load, d = drag load, s = side load)
Ne$, door track Lras statically loaded to 530 pounds

lateral1y and 300 pounds vertically, prior to failure. (This
eguates to 750 pounds laterally per track of 1500 pounds
total on door. )

Sliding door handl ing quallties flight test,
Nov. - Dec. 1979.
- Opened intentional ly at speed of 60 kias. and approxi-

mate sideslips of 18' left and right.
- Opened intentionally at speeds of 88 kias. level

fliqht.
During a test flight, the sliding door was

uninLenticnally not ful1y latched and opened in flight at a
speed of 135 kts.

Door remained on alrcraft with minor damage only to
open stop links.

Hydrodynamic loads are 800 pounds, assuming forward
speed of 30 kts. with lower 12 inches of door immersed".

1.17.3 " Door opening accidental ly:
On one occasion, the TF-RAN sliding door opened acci-

dentally shortly after take-off. This was on an ambulance
flight and the helicopter had departed in a hurry. Soon
after take-off, at an airspeed belovr 70 kts. the door
warning l ight came on.

The pilots asked the hoist, operator to check the door
and he noticed that the locking handle was not in it's
proper position. !{hen he touched it. the door flew open
with a " Ioud bang". No damage occurred to the door
mechan i sm .

In the U.S.A., Sikorsky test pilots once reported an
inadvertent openi-ng of the sliding door, during a Sikorsky
test flight at 135 kts. This did not damage the door tracks-

One of these Sikorsky test pilots stated to the in-
vestigation board, that he believed the helicopter had
suffered a serious engine malfunction since the "bang"
sounded like an exp 1os ion .

l.L7 .4.The inflight "BANG'i :

On the 31 Sept. 1983, when cruising at 4000 - 5000
feet, the crew of TE-RAN suddenly experienced a very
distinct nBANG''.r which resulted in a "kick/yaw" to one side
and back. A polver-off descent was immediately initiated and
the helicopter landed.
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A detailed inspection and investigation was conducted
at the landing site and continued after the helicopter had
been transported to Reykj avlk.

The investigation did not reveal the reason for the

.1".17.5. 
Crew fatj,gue:

Both pilots had returned from a recurrent training
course in the United States tlro days prior to the accident.

Both had been off duty on 7 Nov., but they reported to
duty 8 Nov., at 0900 hrs.

1.L7.6. ICG hoist procedures:

ICG pilots described the hoist procedure as follows:
" The take-off is made off the upwind side of the ship

and the pilot closer to the ship is at the controls r^rhen
taking off,

Maximum take-off power is selected, then climb out-
airspeed is increased to 52 kts with a cl j-mb to 5-700 feet.
The pj-1ot not flying is handling the radio and monitoring
the operation.

Then a standard traffic pattern is flown and if the
captain has not been flying, he takes over the controls on
fina]. He decreases the speed below 50 kts, gives orders to
go on the "hot mike" and opens the sliding door. Flare is
at 120 feet.

The captain sets his Radio Altimeter bug on the hoist
altitude, that already has been decided and the copilot sets
his R/A bug on 50 feet. Usually the hoist altitude is 80
feet in darkness and lower in dayliqht.

when a new hoist operator is being trained, a longer
traffic pattern is flown, in order to discuss the proce-
dures with the trainee".

The Hoist Operator's Manua1 states, that the aircraft
should be discharged of static electricity, by dipping the
hoj-st hook onto the ground, before lowering it on to the
ship. This was norma]ly done close to the hoist site.

The ICG pilots and hoist operators maintaj-n, that this
would not have been carried out under these circumstances.

1.17.7.Adjusting of the controllable searchlight:

The S-76A Elight Manual, Section II, page 2-L4Q
st ipu l ates :

"For night take-off with controllable searchlight,
adjust light in hover so the spot appears in front, just
above the glare shield. Leave light in this position
throughout the take-off "

1.18. Useful or effective investigation techniques:

lncluded in this report.
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2. ANALYSIS:

On tne basis of the factLraL information presented in
Chapter 1 of this report, the following can be summarized:

The aircrafL vras properly certificated and it was
equipped and mairit-ained ir, accorclance with existing
r.egul ations and approved procedures.

The f iight- crew was certificated properly and was
current, in accordance with IDCA regulalions.

The helicopter fuselage was recovered in a relatively
good shape as a whole. Among severa] parts still mlssing, at
the date of this report, is the sliding door, three of the
four tail rotor blades and major parts of the main rotor
blades.

The onsite observation and examination, the detailed
examination in Reykjavik and the thorough examination of
selected components and syst-ems undertaken in the Unlted
States, under supervisi on of the NTSB, did not_ reveal
anythi-ng, that could with absolute certainty be consjdered
as the initiating factor in the accident sequence.

Hov,/ever the investigation has focused on certain ereas,
rvhich are thought to have significance in relationship to
this acciderrt and the e'/ents leading up to it.

The flight r"ras conducted at the end of a long working
day for the helicopter crew in a relatively hostile
envirorrment, which includes possible rotor / wind shear .
This left a minimal. margin for human errors. The take-off
appeared to be normal, aftet: vririch ttre helicopter was flown
downwj-nd into the darkness, towards the steep snow covered
mountainside.

Two of the deckmen observed the heLicopter during itrs
flight. The lift-off v/as normal, but subsequently the
aLtitude was observed to be unusually 1or./.

This flight path is considered io be unusual in view of
the fact-, that the standard operating procedures call for a
immediat-e i-nitial climb to 500-700 f eet.. It must however be
kept- 1n mind, that the planned duration of the flight was
very short.

It is unlikely, that the low alt_ilude rras caused by any
malfunct,ion of the hel j.copter, at least not during the
initial stage cf the flight, since a radio communication
took place where no abnormalities were reported and the
fact, that the helicopter was flown away from the ship.

Just before the helicopter disappeared, the searchlight
came on and the beam iotated upwards, indicating a nose high
attitude, as would be +-he case during a hoverstop. Then the
search I ight \,rent of f .

Towards the end of the accidenl sequence, an apparent
dlstress call was heard from the helicopter.

It is considererr likely, that the reason for the search
light being 1it, was vrhen the pilot, searching for the float
armi-ng switch, unintentional ly aclivated the search liqht.

The position of the fuel selectors the beeper positions
and possi.bly the posi-tion of the engine levers as foundcould indicate that the pilots had suspected an engine
failure. However the position of the engine levers rnay have
been altered dllring body recovery.

The condition of the lower door track, i.e. the missing
ba]l marks and the mi"sassembly of the end cap cage fasteners
can not be explained, since according to the a.ircraft
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records and stat-ements by the ICG maint.enance personnel, no
such maintenance work had ever been performed on these
tracks by the ICG Maintenance Department.

Analysis undertaken by Sikorsky Aircraft indicate, that
the aerodynamic loads in the most 1ike1y airspeed regime,
are not sufficient to separate the door from it,s tracks,
assuming that the strenght of the door track is at it's
proper level discounting wear.

However with 8 out of 12 bal1s missing, as is indicated
by the absence of ball marks, it is quite possibLe that such
a separation could have taken place in fliqht, as the
strenght of the door tracks is roughly proportional to the
number of ba}ls present.

At some st.age of the flight the sliding door was either
lntentionally opened for reasons unknown, or it opened
accidentally and seperated from the lower door track and was
deflected upr^lards into the main rotor system.

The rotational velocity of the main rotor blades, at
the assumed point of contact with the door, (35-40 inches
from the root end) at 300 rotor RP!4, is 110 - 150 MPH.

It is considered very unlikely, that the door $7as
carried upwards into the rotor, after having made contact
wit-h the water. The impact force was relatively low and was
concentrated on the forward right hand side- Furthermore the
relatively large main landlng gear doors were not detached
from 1t's hinges by hydrodynamic forces.

It is considered likely, that Uhe helicopter landed on
the water, in a tail-down attitude, causing the tail rotor
assembly to b,reak off, when the blades contacted the vrater.

Thls would inflict a sharp right hand yaw to the
helicopter, which thelr pitches nose-down and to the right.

This is substantiated by the facts, that the lor^/er left
hand tail section was buckled, right hand chin windows and
the captain's door window were broken.

The ftight only lasted approximately one minute, but
despite of that, the hel icopter' s actual track and the
location of the accident site, was not established by the
ship's crew, as the flight !'ras not radar monitored.

The lnvestigation revealed in many aspects a lack of
discipli-ne and non-adherance to the existing ICG regu-
lati-ons.

In the course of the investigation, a number of likely
or hypothet-ica1 sequences of events has been proposed by
vari.ous members of the investigating team. A selected number
of these are presented below. Some of them can be
elimi.nated, but some can not be excluded as potential
scenarios for this accident,

These sequences include rationale based on the tasks
accomplished during the investigation:

Event I -
An engine power loss occurs shortly after take-off and,

for some reason the other engj.ne is unable to supply the
power required, resulting in a night landing on the irater.
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Rationale -
Rotational damage to both engines bras minimal, sugges-

ting that they were operating at a low power setting, when
water ingestion occurred. The lack of torsional damage t-o
the main transmission input shafts j.s also supportive
evidence. Disassembly of the engines and subsequent
dj-sassembly of the fuel pumps, fuel controls, and governors
did not reveal evidence of any pre-accident failure or
ma I funct ion.

The positi.ons of the engine levers and fuel selector
levers as found are difficult to explain. The No.2 engine
lever was found in the ground idle detent and the No.l fuel
selector lever was found in the crossfeed position. lhis
would suggest that the No-2 engine was not driving the rotor
system and the No.1 engine fuel supply was coming from the
No. 2 engine fuel tank.

The situation is further compli-cated by the fact that
the control positions after landing may have been altered
during the underwater body recovery efforts in the cockpit.

An engine power loss is unlikely, since the installed
engine performance data indicate, that either engine was
capable of providing lhe power required, given the existing
ambient conditions and the actual weight of the helicopter.
Event 2 -

The drive train could not be rotated during the first
phase of the investigation. Subsequent partial disassembly
of the main transmission revealed no discrepancies in the
internal gear train.

The intermediate gear box train did not exhibit any
signs of internal distress when disassembted. The tail
rotor gear box had fractured through it's center housing at
water impact. The exposed gears did not exhibi| any di-
stress.

A massive internal fai lure
miss.ion, inlermediate gear box,
resulting in a Loss of continuity
Rationale -

occurs in the main trans-
or tail rotor gear box

in the drive train.

the mechanical or hydraul ic
i-n an unusual attitude from
recover prior to impact with

Based on
dlscounted.

Event 3 -

A malfunction occurs in
fLight control system resulting
whlch the f1ight crew could not
the water.

Rationale -

the physical evidence, event 2 can be

Post-crash examination of the mechanical flight control
system revealed no discrepancles. There was no loss of con*
tinuity between the cockpit controls and the inputs to the
mai-n rotor servo actuator inputs.

The tail rotor control system was intact from the
cockpit aft to the seperated section of the tail rotor gear
box. Subsequent functional testing of the three primary
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servo actuators and the damaged tail rotor servo
revealed no di s crepanc i es.

Physical evidence indicates that Event 3

ac tua tor
can be

d i scounted. Hor"rever it must be remembered, that anunexplained
"kick/yaw" had been experj.enced shortly before this accident
( see paragraph 1.17.4.)

The evidence of a controlled landing, discounts this
event.

Event 4 -
A malfunction occurs in the helicopter's fuel system,

r,{hj-ch affects the fuel supply to both engines and subsequent
loss of power to the rotor system.

Rat,ionale -
The S-76A fuel system design provides a completely

independent fuel supply to each engine during normal
operatlon.

If the flight crevr suspected a fuel supply problem with
the No.1 engine, then selecting the crossfeed position on
the fuel selector lever, would result in fuel being suppl j-ed
to both eng j-nes from No.2 fuel tank.

It is possible that a problem vrith the fuel supply to
No.L engj-ne made the p1lots select the crossfeed position
and that for some reason (air ln the crossfeed line) the
system did not work as designed. Pressure check of the
fuel system did reveal a minor leakage.

It should be noted, that the start procedure calls for
the fuel selectors to be in the crossfeed position, but
before take-off they should be returned to Lhe direct mode.

Thj-s event cannot be discounted, but it is considered
to be a very remote possibility.

Event 5 -
The helicopter suffers a total loss of electrical

power, shortly after take-off, resulting in a loss of
primary f lj,ght instruments and cockpit lightning.

This emergency causes flight distractj-on and sub-
sequently inadvertent descent into the water.

Rationale -
The AC generator quill shaft was found separated when

the generator was removed from the transmission mounting
pad. Subsequent metallurgical examinatlon of the fracture
indicated that the shaft had failed due to torsion overload.

This condition is normally caused by sudden stoppage of
the transmission gear train.

Several conditions noted which can discount this event,
are the reported sighting by the ship's observers of the
search light during the last sequence of the flight. The
indicator position of the two radio altimeters are
suggesting that they were cycling due to loss of a reliable
signal.

The battery gives povrer to the glare shield 1ight,
(which was "OFF"), the rotating beacon and to the captaj.n's
VHE transceiver -

It is believed, that this event can be discounted.
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Event 6 -

Spatial disorientation.

Rationale -
The pilots proficiency may have been below desired

levels due to the prolonged duty time and the time of the
day. The pilots had returned from their semi-annual S-76A
proficiency training in the United States, on the morning of
6 November. Both commenced their duties at 0900 hrs.8
November, thus having been on duty for 14 hours when the
accident occurred.

This might have made the fliqht crew more susceptible
to spatial disorientation or human error.

It must also be taken into consideration, that the
heli-copter had lust left the well 1it helideck and entered a
relatively dark environment within a minute before the
acc ident .

This event cannot be discounted, but it is very
unlikely that it had any connection with the primary cause
of the accident.

Event 7 -
The sliding door inadvertently opens in flight with a

loud bang, sounding like an explosion-
The distraction caused by this might have lead to

inadvertent loss of altitude in the critical env.ironment.

Rationale -
It was reported, that the door of TE-RAN had opened in

flight several months prior to this accident, but then the
pilots were alerted by the flickering amber warning light
and the door was closed and locked successful ly after the
helicopter was slowed down.

Sikorsky ai-rcraft also experienced a sudden violent
opening of the sliding door during a test flight. In neither
case did the door seperate or damage the tracks. In
the TE-RAN case the hoist operator was slightly hurt,
when some of the force was absorbed by his hand.

This event cannol be di.scounted, but ls very unlikely,
considering the minimal damage to the helicopter.
Event I -

An section of a main or taj,l rotor blade is damaged
during fliqht, resulting in severe airframe vibration,
causing the fllght crew to carry out an emergency night
water l anding.

Rationale

About 90
three out of

percent of the four main rotor blade spars and
four tail rotor blades rrere not recovered.
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section of a blade or blades had been damaged in
bird strike or for other reasons, then the

Airworthiness was
order .

evidence was lost except for the marks found on the
underside of the main rotor blade and the smooth
dent above the captaints windshield, whlch could have been
caused by a bird strike.

This occurrence \^rould result in the crew deciding
enter the water due to severe vibration.

The damage observed to the main and the tail rotor
assemblies are detailed in this report. If an outboard blade
section had seperated, then that part had to be smaIl
enough, so that the unbalance forces would not affect the
structural integrity of the main or tail rotor transmission
mounts. Transmission mount damage was not observed duri-ng
the wreckage examination, but such a damage could have
severely affected the operation of the helicopter.

This event cannot be dj-scounted, since all of the main
and taii rotor blade sections were not recovered.

Event 9 -
The sliding door inadvertently opens or was opened

some unknown reason in f11gh. The door then seperates
lhe lower track and is carried upwards into the main rotor
system. The ftight crei., then initiates a rapid hover stop,
followed by a contro]1ed nj-ght water landing.

Rationale -
The slidlng door, which weighed approximately 60 pounds

has not been recovered. Damage noted to the lower surface
and to the leading edge of a main rotorblade near the root,
damage to the main transmission cowlinqs and the rescue
hoist neck matched with the door size and was caused by the
door.

The door striking the main rotor blades, which even on
the advancing side have a considerable angle of attack, very
1ike1y caused extensive structural damage and further
dlsintegration of the blade trailing sections, resulting in
an aerodynamic and a mechanj-cal imbalance. This required the
pilot to initiate a rapid hover stop for a controlled night
water I anding.

This theory is substantiated by witnesses observing the
helicopter to suddenly pitch nose up and disappear.

The white smear on the lower surface of the main blade
was identified as the same type of paint used on the
alrcraft.

This event must be
cause of the accident,

3. CONCI,USIONS3

3.1. Fi.ndings:

a. The Certificate of
aircraft documents were in

considered as the most likeIy

to

for
f rom

valid and the
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b. ?he helicopter had been correctly maintained in accord-
ance w.ith an IDCA approved Maintenance Schedule .and it was
loaded within authorized limits.
c. The flight crew was properly licenced and held valid
medical certificates -

d. The helicopter emergency flotation equipment was not
armed. The S-76A Flight Manual does not require arming the
float system. The arming switch is located among other
similar svritches.

e. The ICG did not have a Flight operations Manual and it
was nol requj.red by the IDCA.

f. The requirements spelled out by
Manual for Helicopter operatj-ons aboard
adhered to.

, the ICG
vessels were not

g. The minimum training requirements as set forth by the
ICG for helicopter crews versus ship cre$Is, were not met.

h. There was no flight plan filed with the ATC, rrhich is
an IDCA requirement for all lER and VER night flights.
i, FLights in accordance with the Visual Fl.ight Rules
(VER) , are not authorized in Iceland during the period
between sunset and sunrise, without a special ATC authori-
zation.
j. None of the helicopter occupants were wearing suits
wlth flotation material or life vests and the Hoist
Operator's tetherj,ng line (Gunners-belt) buckle $ras not of
an approved type.

k. The fiight of the helicopter was not radar monitored by
the vessel. nHB-1" spe1ls out, that "radar monitoring of
helicopters is not required on VFR flights". (The "HB-1" was
wrj-tten at a time when the ICG was operating helicopters
certified for VER day only) .

1. When the helicopter disappeared about 0.8 NM from the
shj-p, approximately one minute after take-off, its location
was unceltain to the ICG vessel and the debris was not found
unti] one hour and eleven minutes later.
m. The cause of death of the two crewmembers recovered was
drowning. The copilot's injuries were insignificant.
n. The ODINN's deck personnel was not able to immediate!.y
Iaunch the life boats, after the disappearance of TF-RAN,
since the vessel was moving too fast.
o. A Voice Recorder was not required by IDCA regulations.
It had however been installed at the factory. It was removed
for repair several months before the accident and a
serviceable unit had not been reinstalled.

the
1CG
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p. The Captain's Radio Altimeter height cursor had not
been set and the captain was not wearing his gl.asses
prescribed for near vis ion.

q. The outboard section of each main rotor blade and
three of four tail rotor blades vJere not recovered,

r. There is no explanatlon for |he eight missing ball-
marks or the improper installation of the end cap fasteners
of the sliding door lower track assembly.

s. Ihe training fliqht lras conducted in a hostile environ-
It was a dark night with very l imited visualment .

references. The crew had to transit from vj-sua1 flying to
instrument flying and back to visual f 1yi^ng in a short
perj-od of time. The crew had to adjust to the sudden change-
over from the flood lit helideck immediately after take-off,
to almost total darkness. A change-over of controls beti"Ieen
the two pilots had also been planned sometime during this
short flight. The possibility of turbulence and wind-shear
in the actual fliqht path can not be excluded.

t. The pilots had been on duty for 14 hours and the flight
took place at a time of day, !,rhen human performance is
approaching low ebb and more likely to be affected by dis-
traction and disorientation.
u. The witness reports indicate, that the pilots were
attemtlng a rapid hoverstop and an emergency landing on the
water, for reasons unknown. This can also be substantiated
by the 1ow impact forces as indicated by the absence of
significant damage to the helicopter sustained during the
landing and the absence of injuries to Lhe unrestrained
hoist operator.

v. A sudden unexpected inflight openlng of the sliding
door has been described by a Sikorsky test pilot to sound
like an explosion and his first impression was, that a
serious failure had occurred.

w. The sliding door seperated from the helicopter and at
some stage it was deflected upwards into the main rotor.

x. Damage on the lower surface of the "black"b1ade stub,
damage on the main transmlssion cowlings and on the rescue
hoist neck were caused by the door during the deflection and
seperation of the sliding door j-n the air.

3.2. Cause or probable cause:

?here is insufficient evidence to enable the cause of
the accident to be fuIIy determined.

However there is a reason to beli.eve, that the pilots
experienced a problem in the oPeration and/or performance of
the helicopter, such as an (violent) opening and a
subsequent seperation of the slidingr door. This event could
have caused rotor blade damage .to a degree, which impaired
the handling qualities of the helicopter, causing the pilots
to effect an immediate hover stop and an emergency landing.
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The hostile environmental, operational factors and the
prolonged duty time of the flightcrew, can be considered
contributory to the accident.

SAFETY RECOMI.iENDATIONS :

It is recommended that:

a. The IDCA consider making Cockpit Voice Recorders
mandatory in helicopters carrying more than two passenqers.

b. The Iceland Coast Guard Manual for helicopter operation
from ICG vessels be updated and become available to all
personnel involved and be strictly adhered to. This manual.
shall be approved by the IDCA.

c. The lDCA make nrandatory, that all occupants of heli-
copters operating on extended overwater flights, be required
to r,rear anti-exposure clothing and life vest.

d. The ICG immedia."ely take measures to issue a detailed
Flight Operations Manual. This manual shall be approved by
Ltle -L lJt-tt .

e. Consideration be given to provide ICG Commanding Offi-
cers and other personnel, responsible for obtaj-ning weather
observati-ons pertaining to aircraft operations, with regular
meteoro log j cal training.
f. The ICG operations Control either be operational at all
times, when ICG aircraft are operating or other means taken,
to ensure a continuous monitoring of their flights.
g- The ICG vessels should have flares readily availabl e
for emergency use.

h. The ICG hold joint ground training courses for seamen
and airmen. in order to achieve the required co-ordination
and high 1eve1 of proficiency, discipline and safety j"n
helicopter operation from ICG vessels. Reqular proficiency
training and tests be conducted.

i. Tralning flights be performed in accordance with laid
down and approved procedures and hostile environment be
avoided, in order to minimize the ris( of endangering human
l ives .

j. The ICc Technical Manager and the F light Operations
Manager be responsible directly to the ICG Director ceneral.

k. The hangar used by the ICG for aircraft maintenance at
Reykjavik Airport be improved, in order to meet the minimum
acceptable standard for an Aircraft Maintenance Fac1lity.
1. The S-76A manufacturer re-design the Float Arming
System or revise the Approved Flight Manual, making it
mandatory to arm the system when flying over water.

m. The S-76A manufacturer re-consider the deslgn of the
safety locking mechanism of the sliding door.
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n. The safety locking mechanism of
gunner's belt be be re-designed. The
should also be considered.

the hoist operators
use of later models

chief, AIG Section,
Flight Safety Departm.

1985,

chairman, Nat j.ona I
National Air Safety Board

Reykj avik ,

1.
2.

4.

APPENDICES :

A map of western and north-irestern Iceland.
A detailed map showi-ng the accident site.
Photographs.
A drar;ing slro|ing the Iikely movement of the
del).r ri, i ng sliding door.
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Wreck as recoYered on the helidctL &? 66etr. {en* # dfex xindows broken and sliding door missing.

\rie\r ol the ped€!lal fl'itr-he.. 1. fmergetc] Iighi sriitch. 2. Search light switch. 3, Floal arm switch.



The black main rotor blad stub. ',iew of the marks on the underside caused by the sliding door strike'

The forward and intermediate sliding door track. Showing the up and forward bending 8nd the dent on the

fuselage caused by the door.
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DIRECTORATE OF CIVIL EVIATIOI{ (IDCA)
and
NATIONII, AIR SAFETY BOAR.D (NASB)
Reykjavik Airport
ICELAND

I I RCRAFT ACCI DENT REPORT
ADDENDUU
REF/AIG/65/I983

/ Arc / 40 /L985

AIRCRAFT. ...TF-RAN, Sikorsky S- 7 6A,
Icelandic Coast Guard (1CG) .
Seljavegur 32, neykjavik, Iceland.

PLACE OF ACCIDENT..Approximately 66"17rN, 22o41'W j-n
Jokulfir6ir fj ords, between moun-L
fja11 and HOfoastr6nd coast.
8 November 1983, at appr. 2254 hrs.

the
Kviar-

TEE ACCIDENT REPORT:

The recovery of the door and the subsequent investi*
qation by the Accidents Investigation Branch (AIB) , of the
U.N. Department of Transport, Roya] Aircraft Establishment,
Farnborough, makes it necessary to amend the Accident
Report, AIG/ 65/83, dated 28. February 1985.

These amendments concern both the facts anal the ana-
lysis.

The paragraphs from the originaL ff-RAN Accident Report
which need to be anended or deleted are published here, as
$re1l as new paragraphs describing the sliding door.

Additions, remarks or rewording of these paragraphs areprinted in bold letters and materiat incorrect or not
applicable, to be deleted from the original. report, isstricken through.

1



SUI{MARY:

The mlssing rlght hand slidinq door was e-covered on 19
aprir ises, ry-trr"--.nri.p-.!:i! i- which was
fishing in the J6kuIfir6ir fjords.

the boat had been trawl ing for about 2 hours, making
two runs past the TF-RN.I accident area.

The fisherme[ stated, that they did not notice anything
abnornal and they did not see the door until they hauled the
trawl to ttre surface -

According to their description, the door was then in
the mouth of the trarrl. The trawl trires did not damage the
door and it was carefully recovered andl sent to the IDCA.

After consulting with the U.S. National fransportation
Safety Board (NISB), it was decided to send the door and the
attached inner track asse.nblies to the AIB.

At the same time, the NTSB rras reguesteal to contact the
Sikorsky factoEies, lrho had been examininq the various parts
of the wreckage, including the sliding door track assemblies
and request them to ship the black rotor blade stub and the
door track asseribl.ies to the AIB.

The blade rras received by ttre AIB. but unfortunately
Sikorsky has at this date not been able to locate the door
tracks, for reasons unknown.

The i.nformation regarding the alledged missing ball
narks, published in the IP-RAN original accident report, Bas
solely based on the Sikorsky investigation.

Therefore it is cohcluded, based on the invest.igation
of the Board and the AIB report. that aI1 balls were present
in the track assemblies when or just before the accident
seguence started.

The reason for the track failure ttas not been
established. In order to be able to determine the cause of
the failure, the AIB considers it necessary to examine the
missing track assembly. See attached AIB repolt, page 7.:

Quote: 'Without the mating rail components to examine,
no positive conclusions as to why this ball should have been
loaded excessively could been drawn' 0nquote.

fhe mating rail or slide component, t as sent to
Sikorsky for examination. See above.

1.12.1. The salvage and the on-site examination:

The follovring sentence should be added to the last
paragraph I

The sliding door was recovered by a shrimp boat on 19
April 1985.

7.L2.2,7. Sliding door:

L.L2-2.7.1- Description of the sliding door:

The condition of the door, when received by theInvestigation Board, was as follows:

2



- The door was complete and no Parts were nissing,
- Both inner tracks from the upper and lower track

assemblles were attached to the door,
- The door latches were ln the "open" Position,
- The door had evidently been resting on the sea bed,

inner side up. It showed clear stains caused by the
sea bed clay,

- The general condition of the door was consistent with
having been lmmersed in sea water, with corrosion
present on metallic parts,

- Considerable j.mpact damage in the latch area on the
rear vertical side, was caused by the black
main rotor blade,

- The front vertical side of the door had suffered a
heavy blow, possibly by the Hoist Neck,

- Some scuffing damage \ as found at the lower forward
door radius,

- Aft door latch mechanism was severely damaged. other
latches were in a good condj-tion.

1.12.2.7.2. Slidinq door tracks:

The inner tracks were missing from both the upper and
Loraer assemblies and both intermediate tracks were fully
extended. The aft end of the j.ntermediate track in the upp-
er assembly was bent significantly upwards.

Exan+nat+on-of -the-+one!-traek-aosemb+y-retiealed-en+].
four -ba] *--narks-or-- ilmpress+ens-- in!tead- -of - -!he--expeeted
tre *ve;- --?his -eould- -*ndieate -either --nigas semb:ly-e=--pr*cr
bai * - *es c- -eend+tiea-befere-the -aeeidentt - -A *se-thr:ee- out-cf
f our-expeeted--+nternrediate-end-eaF-baI*-marks-rrere-niss*ng;
Further -exan+na!ion- - also- revea l ed7- *that- lhe- - end-eap--eage
fasterie r s -rlere--+ns ta ++ed - improperlyT--i{hen-eompared--to -the
uppcr-dcor --traek -and--a - ner,- - ase enb *y;-rh ie h- - * e ad s - to - - the
eone+us+en-that--sueh-nrisasserib+l -nay-have-taken-plaee-prior
to-de+iYery-to-the- fe6r

Examination of the Iower inner track assembly revealed,
that all balls irere accounted for and that it had seperated
while in transit, shortly before reaching the end stop. See
attached AIB report.

It is evident, that the sliding doo! first seperated
from the interrnediate trackr, pu11in9 out of the lower door
track assembly. Then it rotated upwards, pulling out of
the upper i.ntermediate assembly which was bent up and
forward.

There was a mark on the main rotor pylon and the hoist
neck, indicating that the door had been deflected up into
the main rotor and deflected forwald rrhen struck by the
black main rotor blade. by-the-ma+n-lotor-b+ades .

This iS substantiated by the damage and smears on one(black) rotor blade.
the-+rivcatigation--did-not--reyea+-the--"eaoon-f or--the

miss*ng--ba* +-- arks--f ron--thc--*ower--t!aek--asserabty=-Phe
naintenanee--deenrientatioa---does--net---inelude--any---ne!lr
perf6rned - +n - - the- ar ea - -pe rta +n tn9- to --the -prcb + enl-di eeussed
abeve.

The ICG Technical Manager and the ICG aj-rcraft
mechanics, state that neither the door nor the tracks had
ever been removed during the helicopter, s service life with
thE ICG.



The position of the upper and lower tracks as received
was compared to another 5-76A Located 1n the Sikorsky hangar
( see 1.17.2.).

Examination of the forward and aft-door latches indi-
cated no damage to the serrated adjustment locking plates.
This lack of damage verified that the door was not closed
and locked at the time i.t seperated from the door tracks.

Shis- i s - -a * e 6 - €tsb stanti ated - -by- - the- - f aet 7 - -th at- -bo th
tf eelr g-rnef, e--in-the--f ul}},-exteneed--pesit*en7-when-the-d€ert
seperatedt

Ihe airspeed of the helicopter at the tine, nhen the
door was opened, is not knor r. Neither is the reason t hy it
was opened at this phase of the ftight.

1.16. Tests and Research:

A detailed examination of selected components, was
carried out by the National Transportatj-on Safety Boaral of
the United States, NTSB and by various manufacturers of the
S-76 eomponents, under the supervisj.on of the NTSB.

The results of this investigation are lncluded in this
report,

upon the recovery of the sliding door, the TSB was
contacted. regarding the examination of the door and the
attached inner track assenblies. It was agreed, due to heavy
vork load of the NTSB staff, to seek assistaDce of the AIB,
in the examination.

1-17.2.2.Sikorsky Aircraft's evaluation:

The Sikorsky Aircraft engineers, provided information
of their analysis and testing of the sliding door, as
fo 1 lows :tDoor track has been designed and proof tested to 170
pounds in the lateraL direction.

Door load at 65 kts, is l-50 pounds limit in a lateral.
direction.
Door proof test:
- Tracks extended, aft bayonets engaged:

v=30r d=82, s=+l- 20A {limit }oads, for\4rard speed 75 kts.
at max. cl. )

- Tracks extended, aft bayonets not engaged:
v=30, d=82, s=+/- 150 (limit loads, forward speed 65 kts.
at max cl. )

- Tracks compressed, swivel arms jammed:
v=30, d=82, s=+/- 150 (limit Ioads, forl^7ard speed 65 kts.
at max. c1. )(v = vertica] load, d = drag load, s = side load)

New door track was statically loaded to 530 pounds
Laterally and 300 pounds vertically, prior to failure. (This
equates to 750 pounds laterally per track of L500 pounds
total on door. )

Sliding door
Nov. - Dec. 1"979.

handling qualities f l iqht test,

- Opened j.ntentionally at speed of 60 kias. and approxi-
mate sidesl"ips of 18o left and right.

- Opened intentionally at speeds of 88 kias. level
flight.



During a test flight, the slidinq door was
unintentionally not fully latched and opened i.n flight at a
speed of 135 kts.

Door remained
open stop 1inks.

on aircraft with minor damage only to

H!.drodlrnarn+e -- +oad s - afe--8 90 -pounds 7 - as stttni nE - ferlrard
speed-of -30-hts;-w*th-*oner-+2-+nehe3-of *door-+mmerseda:

The Investigation Board considers, that the above
information pertaining to the hydrodynamic loads is
irrelevant, since it has been determined. in the Accident
report and by the AIB, that ttre door seperated while the
helicopter was in f l ight.

2. ANALYSIS:

On the basis of the factual information presented in
Chapter 1 of this report, the following can be summarized:

The aircraft was properly certificated and it was
equipped and maintained in accordance with existing regu-
lations and approved procedures.

The flight crew was certificated properly and was
current,in accordance with approved procedures.

The helicopter fuselage was recovered j-n a relatively
good shape as a whole. Among several parts still missing at
the date of this report +s-the-s+id+ng-doer, are the three
of the four tai] rotor blades and major parts of the main
rotor bLades.

The investigation of the sliding door and the inner
tracks by the AIB concludes hor+ever, that the sliding door
became detached in flight from the lower track, for reasons
unknown and pivoted about the upper track into the main
rotor system. See attached AIB report.

However the investigation has focused on certain
areas,which are thought to have significance in relationship
to this accident and the events leading up to it.

The flight was conducted at the end of a 1on9 working
day by the helicopter crew, in a reLatively hostile environ-
ment, which includes possible rotor/wind shear . This left a
minimal margin for human errors. The take-off appeared to be
normal, af ter r^rhich the helicopter r^ra s f loern downrrind into
the darkness. tolrards the steep snow covered mountainside.

Tr{o of the deckmen observed the helicopter during it's
flight. The lift-off was normal , but subsequently the alti-
tude was observed to be unusually 1ow.

fhe flight path is considered to be unusual in view of
the fact, that the standard operating procedures call for a
immediate initial climb to 500-700 feet. It must ho\"/ever be
kept in mlnd, that the planned duration of the flight was
very short.

It is unlikeIy, that the low altitude was caused by any
malfunction of the helicopter, at least not during the
initial stage of the flight, since a radio communication
took pl.ace vrhere no abnormalities were reported and the
fact, that the helicopter was flown away from the ship.

Just before the helicopter disappeared. the searchlight
came on and the beam rotated upwards, indicating a nose highattitudef as would be the case during a hoverstop. Then the
searchlight went off.



Towards the end of the accident sequence, an apparent
distress call was heard from the hellcopter.

It is considered likely, that the reason for the search
light being lit, hras when the pi1ot, searching for the float
arming switch, unintentionally activated the seareh Iight.

The position of the fuel selectors the beeper positions
and possibly the position of the engine levers as found,
could indicate that the pilots had suspected an engine
failure, However the posj,tion of the engine levers may have
been altered during body recovery.

tshe- eond* ti on - of - the - *owef-doof- tnaeltz-i;e:-the -missing
ba**-ma:hc-and-the-m+sassernb+Y-of -the-end-eaF-eaEe-f a3teiers
€an-not--be- -exp*a*nedT-- s iaee --aeeordtag-- to--the - -a*reraft
reeords-and--statenents-by-the-*e6-naintet1anee-trersonne+7-no
srieh-Inairtenanee--worl<-had- - ever--beeli--lref f ormed- -on--these
t!aeks-bli- the - * e6- ua +ntrna n€e- Bepartment?
-- ---Analyr* s - undertak en- by- S ikor t hl, -A ire raf t- + nd ie a te; - tha t
the - a e"odynanie - - *oads - in- - the-nost- - * *kely - ai r speed- r eg irae 7
are-aot--suf f +e+eat-to--repa!.ate-the--door-f tsat- itrs - tr aeks;
assuminE-that--the-3t!enght- -of-the--doo= - traek--+ 3-at- -*tr 3
proper-*eve*- diseounting-ltear=

Eorrever-I,f*th-8-ent-of -12-ba*1s-m*ssingT-as-i3-*ttdieated
by -the -absenee-o€ -ba* *-marhs;-it-*s-qtiite-pess*b+e - that - stieh
a-sepa!:ation--eotr+d-have--taken--F+aee--ia--f iightT--as--the
strenght-of - - the - deer -- tr aek 3-*3-reugh+7-Frepert+ona +-te-the
aunber -of *ba** s-preseat;

At some stage of the flight the sliding door was either
intentionally opened for reasons unknown, or it opened
accidentally and seperated from the lohrer door track and was
deflected upyiards into the main rotor system' See Attached
AIB report.

!Phe-!otat*e!1a*--ve*ee*ty-ef - -the-main- -feter-b+ade s 7 -at
the-assumed--peiat-of --eontaet-ir+th--the-doerr-t35-4e-+nehes
f ro!a-the-re6t-ead|-at-3eg-rotor-RF 7-*s-110---15e-MPH;
--- --tt-+s--eons+dered-very--ua1*lte*),7--that--the- -deer--ll{as
eaff ied -Epwand s - - +nto - the - -re te f 7 - af teri - -haY+ ng-made - eont a e !
!r+th -the-waterr

The impact force on the water was relatively 1ow and
was concentrated on the forward right hand si.de. Furthermore
the relatively large main landing gear doors irere not
detached from it's hinges by hydrodynamic forces'

It 1s considered 1ikely, that the helicopter landed on
the water, in a tai]-do$rn attitude, causi-ng the tail rotor
assembly to break off, when the blades contacted the water.

This would inflict a sharp right hand ya\^, to the heli-
copter, which then pitches nose-down and to the rj-ght.

This is substantiated by the fact, that the lower lefl
hand tail section was buckled, ri-ght hand chin rrindows and
the captainrs door window i^rere broken.

The flight only lasted approximately one minute, but
despite of that, the helicopter's actual track and the
location of the accident site, was not established by the
ship's crew, as the flight was not radar monitored.

The investigation revealed in many aspects a lack of
discipline and non-adherance to the existi-ng ICG regu-
lations.

In the course of the investigation, a number of likely
or hypothetical sequences of events has been proposed by
various members of the investigation team. A selected number
of these are presented beLow. Some of them can be



eliminated, but some can not be
scenarios for this accident.

exc l uded potentia I

the ta sksThese sequences include rationale based on
accomplished during the investigation.

NOTE: ?here are no changes to Event 1 to Event 8 iclusive.
Event 9 -

The sliding door inadvertently opens or was opened for
some unknown reason in fligh. The door then seperates from
the lower track and is carried upwards into the main rotor
system. The flight cre\{ then initiates a rapid hover stop,
followed by a controlled night water landing, or

A main rotor blade tip becomes detached, causing severe
vibration. The crew then decides to land on the water, opens
the sliding door, which as a result of the heavy vibration
seperates from the lower track and deflects into the rotor
system.

Rationale -

The slidj-ng door. which r^reighes approximately 60 pounds
has not been recovered. Damage noted to the lower sur-face
and to the leading edge of a main rotorblade near the root,
damage to the main transmission cowlings and the rescue
hoist neck matched wiLh the door size and rdas caused by the
door .

the -do6r-- 3trik+ng -the-nain- riotor-blade s; -whi eh-even -en
the -adl'ane*ng-side-have-a-eens*derable-ang*e-of -attaekT-very
liltely--eaused ---ex teasir,e - -strttettir a i--danage - - end- - fur!her
dis +nteqra t ien -of - - the-b+ ade -tra* + i ng-seetiens 

" 
- re 3 u+t+ng-+i

an -aerodynamie-and - a - meehaniea+-inba +anee r-Eh+s-reqtiir:ed-the
pilot-to--initiate-a-rapid-hover-3top-f 6r-a-eontro++ed-night
ldater-+anding:

There is no doubt, that the doo! entered the rotor
system and was struck by the black blade. This impact would
very likely cause such upset to the aerodynami-cs and the
mechanics of the rotor system, so as to result in severe
vibration.

The cause of the I ovrer door track failure has not yet
been established, as the rest of the door track assembly is
not avai lable.

therefore it cannot be determined, whether the track
failure was a resuLt, direct or indirect, of an unrelated
problem in the operation and/or performance of the heli-
copter, such as the loss of a main rotor blade tip or if it
was the cause, when the door entered the rotor system,
causing severe and unexpected vibration, leading to the
pilot's decision to make an emergency landing on the water.

By 'direct" result is rneant - problems related to crew
opening the sliding door, possibly at a high airspeed and
under severe vibration conditions, after descision was nade
to land on the sater-

By nindirect" result is meant - same as 'direct',
except the door being forced out of it's track by an unknovn
object, when the crew opened it.

This theory is substantiated by witnesses observing the
helicopter to suddenLy pitch nose up and disappear.

7



the -rdh ite--sneaf -on- the-*over- s urfaee-ef - the-main-b*ade
riaS -ident i f ied--a 3- the --3ane- -t?Pe- - of- -paint- -ue ed- -on-- the
a*reraft:

The damage to the black rotor blade stub, has been
identifj.ed beyond doubt to have been caused by the blade
striking the door frame in the latch area.

This event must be considered as the most likely
eause-ef-the-aeeident reason for the energency landing.

CONCLUSIONS:

3.1. Findings:

NOTE: A11 but the fol lolring paragraphs remain unchanged.

rr-- --Ehere -is-no-explana ti6n- fer - the - eight-raia s i aq -ba * * -
rnarks-eri--the - *mproper-ins ta + 1at +on-of - the - end-eap- fa steief s
o f - the-s+id ing -deor -+ower -traek - a ssenrbly;

w. The sliding door seperated from the helicopter in
flight, due to unexplai.ned failure of the lower track
assembly and ah-sone-staqe-it was deflected upwards into the
main rotor.

3.2. cause or probable cause:

There is insufficient evidence to enable the cause of
the accident to be fuIly determined.

Hovrever there is reason to believe, that the pilols
experienced a problem in the operation and/or performance of
the helicopter, such as an intentional or accidental (vio-
lent) opening and a subsequent seperation of the sl j,ding
door, which then entered into the main rotor system. This
event could have caused rotor-biade--damage-to--a--degreeT
rhieh-inpa*red-- such upsets to the aerodynamics and the
mechanics of the rotor system, so as to result in severe
vibration, i-mpairing the handling qualities of the
helicopter, thereby causing the pilots to effect an
immediate hover stop and an emergency landing.

It is evident, that the vertical contact rrith the water
was relatively gentle, but since the pilots had not been
able to activate the emergency f lotatj-on system, for reasons
undetermined, the helicol)ter overturned and sank.

The hostile environmental, operational factors and the
prolonged duty time of the flightcrew, can be considered
contributory to the accident.

8



4. SAFETY RECOI.IUENDATIONS :

NOTB: Al1 but the following paragraph remain unchanged:

It is recommended that:

The S-76A manufacturer reconsider
door tracks and the safety locking
s l iding door .

the design of the
mechanism of the

F 1j,ght
AIG Section,
safety Departm. National Air Safety Board

Accident Investigation
of Transport.

q. 1

APPENDIX :

Ihe report
Branch of the

submitted by the
U.K. Departnent

q



5. APPENDIX
5.1. The AIB Report

ACCIDENT TO SIKORSKY 576A TF-RAN

1 .1 lntroduction

Thls helicopter, operated by the Icelandic Coastguard, suffered an accldent

on 8 November 1983 when operating at night from the ship Odinn in the

Jokulfirdir fjords, NU lceland. It was established that the helicopter had

descended slouly into the water, folfouing ehich it sunk, $'ithout deployment

of the emergency flotation gear. Alf four creB men lost thej.r lives. The

helj.copter fuselage was recovered intact and relatively undarnaged, but without
the ma-ior parts of the maj.n and tail rotor blades (MRB and TRB) and with the

right side cabin sliding door missing.

A report on the accident was issued by the Iceland National Air Safety Board

(NASB) but, in late 1985, the missing sliding door was recovered by a fishing
boat. At the request of the NASB, the AIB were asked to examine the door and

its telescopj.c rails with a vieu to determlning the events suffounding iis
detachrnent.

2.2 Door Description, ref Figure 1

The recovered door, as presented to AIB, r,as structuralfy intact but dithout
its sl.iding rai] attachrnents. These had been removed by the NASB for initial
examination. The general conditj.on of the door uas consistent v,ith having

been inmersed in sea vrater for a period of tine with corrosion present on

its metal1j.c components, most of the door being constructed from a Kevlar

composite materiaf.

As ilLustrated in Flgure 1, tr,ro main areas of damage were present. The most

severe was 1n the region of the catch on the door's aft edge, this taklng the

form of localised crushing and failure of the door edge structure. This damage

\,ras consistent with the doo. being struck by a long slender object, frorn the

ait direction, sufficiently hard to break through the door edge and distort
part of the latch mechanism.

The second area of danage was on the for,rard edge of the door, but lhis was less
severe in nature than that described above. The door edge had been locally
distorted by a .elatively soit ob.iect, contacting it from an outboard to
inboard direction. Tbe door material had flexed sufficlently to crack the



surface finish, weaken the surounding composite structure and split the ur,-

supported land.

In addi.tionr }j-ght surface scuffing had taken place over the outside surface of
the door and on the door's edges around the corners.

3.0 Black MRB Damage

ft u,as suggested in the NASB report that the sliding door may have come off the

helicopter in f1i8ht and floun up j.nto the main rotor, An area of the under-

side of the Black MRB, approximately 18" out from the blade root, exhibited
damage in the forrn of dents and scratches as shor^,n in Figure 2. The essential
details of this blade damage were transposed onto white paper and affixed to
the underside of a secti.on of an 376 MRB, with arrou,s to indicate the dlrec-
tions of smears and dents, as indicated in Figure 5. The following details
ho!, door and rotor damage \^,ere matched in order to establish if there were

any correlation .betvreen the t\,ro,

4.O Impact Sequence

Two separate tests uere carried out, using the door, "damaged" blade anii a
serviceable 576 helicopter,

4.1 The door from TF-RAN was offered up to a serviceable 576 in a variety of
positions and photographed. It readj.ly became apparent that the najor area

of darnage across the door's aft edge was consistent with a MRB strike, vrith
the door ln a sinilar position to that shown in Figure 3. As seen, the point
of conLact, wj.th the advancing blade at approximately 45o to the fuselage axis,
of door and bl,ade was some 35" out from the blade root. Ho,rrever, if the
coning angfe of the blades in flight and disc tilt is taken into account and

the door rotated further upr^,ards about its upper edge, then this point of
contact moves inboard touards the 18" position. Also, the angle of cut across

the door was very close to that of the blade leading edge in this position.

As may be seen, to achieve this attitude the door has effectively been pivoted
clockwise about its upper forward edge by some 3O/4O' r,rhilst in the open

position, and rotated upwards about its upper edge by sorne 1350.

An estj.mate may be made of the door's sfowest rate of rotation, as follous,
As the MRB preceeding Black blade appears not to have struck the door, then

the door has roiated upwards by some 3Oo j,n the time taken for 9Oo of mAin

rotor rotation. This equatesto approximately 6006/sec,

2



A copy of a photograph showing Lhe door upper intermediate telescopic rail and

Iocalised fuselage damage on TF-RAN is included as Figure 4, for reference.

4.2 The sectj-on of MRB, \,Jith highlighted damage details was offe|ed ta the

door from TF-RAN and photographed in several different sequ€ntial poE:tions,

each consistent with natching door and blade danage. Figure 5 represents the

best initial fit of blade to door and, as may be seen, there is a close core-
fation between damage and blade witness riarking in this position. From this,
it was possible to construct the diagram, Figure 6. This shows, relative
to a fixed blade end view (looking inboard), the way in whj.ch the door moved

after being initially struck by the blade.

4.2 The sequence described in paragraphs 4.1 and 4.2 does not explain the

Lesser damage present on the door leading edge. The 576 used in these tests
was not fitted with the winch installation, as was TF-RAN. 1f the likely
position ofthis winch is considered, then it lrould seem posslbfe for the door

L,/E to have struck the aft porti.on of the winch fairing, possibly in the manner

shown in Figure 7.

As far as may be seen from photographs of IF-RAN supplied by the NASB, the aft
portion of the uinch fairing had been removed by an object moving from out-
board to inboard, wj-th an upwards component to j.ts direction.

5,O Telescopic RaiIs Exanination

The upper and lower telescopic rail assemblies supporting the sliding door are

each comprised of three main sections, ref figure L

An outer rai1, which is supported by a swivel rnechanism attached to the iuset-
age! contai.ns an intermediate rail r.rhich simiiarLy contains an inner rai].
This j-nner rail ls fixed to the inside of the sliding door. These raifs are

nutually supported by rows of ball bearings, contained within linear cages,

which run along profiled steel inserts in the edge of each track.

Only the inner rails, those attached to the door, were available for direct
examination and these are shown in figure 9.

Figure 4 shor,rs the door upper intermediate rail after the accident. The distor-
tion of the rail, its position and local"ised fuselage damage both indicate the
rail to have been fully exLended as the door pivoted upuards. In addition,
danage caused to the upper inner rail by the ba1ls exiti.ng the tracks uas
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]ocated at the door fully open end of the rai1. The nature of the damage alsc
suggested that at rail Separation the telescopic rail assembly had reached its
end stops with some force and had ceased to extend, As may be seen on both

the top and bottom tracks of thi6 upper rait the baLls exit marks are essentially
opposite one another, revealing the balIs in each track to be in two groups

of five separated by 3 ball pitches. The ball pitch measured at .625"' The

more marked damage /corros i on present was on the bottom track.

The nature and position of danage on the lo,rer rai1, however, was significantly
different. As nay be seen from fiBure 10, the regions over which the balLs

have exited each track are staggered, the lower set of ball6 being displaced

by some 3 ball pitches towards the door open position by cornparison with the

upper set. This set was positioned approximately 4,2" frorn its end stop.

An area of overlap exi.sts between the locations of these top and bottom sets

of ba1ls at failure and their normal position with the door fully open. There

uas no positj.ve evidence of pre-existing damage to the tracks, for example,

ihat night be occasioned should the rail assembly be extended vith some force,
but it was noted that rnost mechani ca1/corros lon damage was present on the rail
edges in the area of overlap.

Detailed examination of damage to the upper track of this rail has revealed

that deformation of the steel track insert is present in the region where the
leading ball (forernost) exited the track. This is the only position on both
rails r.rhere this type of damage ls present. Evidence of track edge deforma-

tion made by several other baLls indicate that a high side load was applied
to the track member whilst the door was in motion toward the open position.
In addition, the outer edge of the track in this area shows signs of deforma-

tion consistent with most of the ball-s rolling along the edge after exiting
the track, ref figure 11.

The Lower track does not exhibit such clear evidence of the baIls belng subject
to a high sideload r.rhilEt rolling but rnore that the door was stationary or
novi"ng very slow1y as the sideload was applied.

6.O Additional information

The design of the sliding door mechanism is such that when unl.atched it must

be pushed outboard before it is able to slide back on the telescopic rails
attached along the inboard faces of its upper and lower .Iands. As the door

A



app,'-oaches jts ,uIl) opcr, posrtlon the intention is that tuo sb:['c'.r., r,!rur'.',3

irom the fusefage, engage with two nylon eyes, mounted frorn the <ioor, in orrier-

to provi.de lateral and vertical support for the door aft end, figu.e 12.

Examination of several UX registered helj.copters has shown thati prj.or to

engagement, the door is weakly supPorted and easily deflected as the telescopic

:-ails approach full extension. Obvious damage was present on the aft face

ct the lou/er nylon eye on the door from TF-RAN, and on several other S76's

examined. This damage, ref. fjgures 13 and 14, is consistent uith a tni6-aligrr-
r-'ent of spigot and eye as the door opens. In fact, it has proved relatively
easy to deflect the door by hand such that the spigot and eye mis-aligrr
sufficientfy for the spigol. to s)jde along the outer edge of the eye. lt uas

lossible to lock the door back in this situation. Should this happen in
flight then inertial and air-loadj.ng on the door u,ouId partly be reacted

:hrough the lower rail in addition to the steady Load caused by eye/spigot
.:s-alignment. ,ft was also noticed during this examination that slight danage

:c the door latches and surrounding trim was present on one helicopter, this
ceing consistent ,.rj.th the door being slightly lou, when presented to it6
ape.ture as the locks engage. This effect appeared to be due to the combined

=ffect of telescopic rail mounting stiffness and a small degree of bacl<lash

across the tracks as the door could be 1i ftldrelatively easj.ty into its
.orect position,

:ntries in the 576 Flight Manual of one UK operator 6tate that operation of the
sliding door in flight is prohibited unless Customer Service Notice No 76-78
is j.ncorporated. Part of this kit is the installation of the spigot and eyes.
ith this rnodification operati.on of the door in flight is limi.ted to speeds

below 50 kts and flight with the door open to 75 kts.

Sperator experi.ence in the UX is that if the door is opened at any signifj.canL
aorward speed then it cannot easily be restrai.ned by hand and it is likely to
ncve rapidly rearr,rards. A!.so operators have experienced several unintentional
door openings in flj.ght at high speed whj.ch, on one occasion, led to damage of
:he door frame. These events were related to the incorrect Eequential operation
ci the door primary and secondary locks prior to flight.

Such an event is understood to have occurred to TF-RAN, which caused injury to
a crew rnenbersr hand, Although on the occaEion no outward sign of damage to
:he helicopter was seen, it is believed by the NASB that the door was brought
:o an abrupt halt by the telescopic rails reaching the limi-t of their travel.

5



:. O Di scuss ion

;rom the examination of photographs, the sliding door, damaged Black MRB and

:arts of the telescopic rails' there seems to be littte doubt that the sliding
joor detached from its lower telescopic rail assembly, to pivot upwards and

aftwards into the main rotor. The evidence suggests that the door was in t-he

:pen position and moving backuards vrhen a failure occurred within the lo\'/er

:elescopic rail.. The door pivoted aftu,ards about i.ts upper forward edge rJhilst

sti-l1 attached to the upper rail, whilst rotating about its upper edge until a

:ailure occurred in the upper rail. A11 rall failures appear to have been by

:he ball bearings b.eaking through the edge of the inner and immediate rails'

:i're nature of the damage exhibited by the upper track of the lower door mounted

:ail. suggests that this is the area in rvhich the failure began, in particular
.round the leading bal1, The localised deformation of the track lnsert at this
:cj.nt suggests that thj.s balL initially vras the only one to see a high side

a.nd compressive }oad, Several possibil.lties exj.st as to why the ball may have

:een the first to break th!'ough the track edge but, having done so, then the

"edgi.ng action of this ball might be expected to appli a side load to the

:emainder of the batls of the track precipj.tati-ng further failures.
:xamination of the rnating intermediate track wouLd be necessary to substantiate
:: d.i smi s s the possibilities.

:.ie speed of door movenent of approximately 60oo/sec. into the nain rotor seems

:3nsistent with the door detachment occurring whil.st in fl.ight, rather than on

..,try lnto the water, particularly rrhen set against the NASB assessnent of
:=licopter uater entry speed. in addition, failure of thj.s track due to pure

aerodynamic or hydrodynamic foading might have been expected to produce a more

-eiform deformation of the baIls against the track edge on both the top and

:cttom tracks of the lower rail.

a. O Cobclusions

-i was concfuded from this lirnited examinati.on that tbe right slidj.ng
joor from TF-RAN detached from the lower telescopj.c rail assembly whilst
:ne helj.copter u,as in flight. lnitial failure of the inner rail of this
2ssembfy appears to have occurred on its upper track in the regj.on of the

6



leading (foremost) bal1. 'rithout the mating rail components tL €)iarr]1"'(:

no posltive conclusions as to vrhy tb:s ball should have been loaoed

excessively could be drav,'n. No direct evidence rrras observed of pre-

existing damage, of the type expected from a p:'evior.ts '!hard'r door opening,

on the undamaged section of the rails.

-

-Eenior lnspector of Accidents (Engineering)
Accidents Invest.igation Branc h
United X lngdom
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Subj ect :

Purpose i

Xffectivity:

Description:

No. ?5-78

DCOHS - Right S)-iding Door - Incorporation of Door
Open Supports and Provisions for Ioproved 0peration

This nodification is required to permit openlng of
the right sliding doorwhile in flight.
This nodification will incorporate: door open sup-
ports to firnly secure the door when open, new track
assenbl-ies on certain helicopters to elioinate -possi-
bl-e interference with aircraft structure ' springs in
the door crank mechanism to assist in uoving the
cranks past overcenter as the door is opened ' detent
springs to hold the door in position on the tracks, a
separate RIi D00n warnin8 fi8ht that operates indepen-
dently of the exlsting door open uarning systen' and
a handhold for use during door-open flight opera-
tions.
SS Nos 760004 thru 7600O9, 76001 1

?50015 thru 75O018
760020 thru 76O025, 760031
760036 thru 76O040
760042 thru ?60o44, ?60046
760049, ?60051 , 760052
750055, 750057, 760059, 760064

Bhe right sliding door is renoved fron the helicop-
ter.
On certain helj.copters, the traek assenblies are
replaced with ne tracks. Before renovaf, the exact
location of the tracks on the door is uarked to
eliminate need for adjustment. Ihe tracks are re-
troved and new traeks are i.nstalLed ln the narked
location after inserts are installed.
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EUS[0ffi[[ SIBUilBI
No. 75-78

D0ORS - Right Sl,iding Door - Incorporation of Door Open Supports
and Provisi.ons for lnproved Operation

Description (Continued) 2

Next to the forward bulkhead for the slidj"ng door
opening in the cabin, a handhold is j.nstal1ed. The
interior treateent is nodified to accept the hand-
ho1d.

On the upper and lower forward cranks, an eyebolt is
installed and a spring is attached. Clips are
attached to the other end of springs and riveted to
the fuselage.

On the forward inside part of the door, fasteners are
instafletl and a serrated pl-ate is securecl to the
latch mechanisE cover wlth rivets. A nylon wedge is
secured to the plate

0n the door, cutouts are made on the upper and fower
aft section. At the upper cutout, a honeycomb
threaded insert assembly is secured to the inside of
the door i{ith straps and rivets. At the 1or'rer cut-
out, a honeyconb insert assenbly is bonded inside the
cutout. After curing, baseplates and slotted
Nylatron l-ugs are secured to the inserts wj.th ser-
rated plate .assenb] i es .

0n the door, fillers and spring detents are instaL-
Led to hold the door in position on the track'

The door is instal,led and an operational check is
done to nake sure it is adjusted properly.

0n the fuselage, two standoffs are located to nate
uith the lugs on the door l,{hen in fu11 open losition'
A vedge is located on the fuselage to contact the
wedge i.nstalled on the door. Holes are cut in the
honeycomb skin panels for installation of steel
threadetl i.nserts for mounting standoffs and a wedge -

In the cockpit, the oaster switch panel on the con-
sofe and certain instruDents are reuoved for access.
Components are covered for protection iri the resork
area and a cutout is made in the instrument panel - A

l-ight assembly is installed in the cutout and se-
cured. Wires are soldered to a relay bracket assetr-
b1y and the assenbly is installed on the tai]. rotor
pedal support. New wires are spliced into existing

moiili[
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DOORS - Right 31 iding Door - Incorporation of Door Open Supports
and Provisions for Inproved 0perati-on

Descr ipt ion (Continued):

, wa.ning systeo at the caution/ad''zi.sory panel and
interior non-flight instrunents light sr+itch on the
!caster switch panef'

The door and interior treatment is modified to accom-
trodate the lugs, wedge, ancl handhold. Iflstruction
^r^+^d are installed on the door and surround. A newP-qvvv

EXIT infornation plate is installed on the door
interi.or if necessary. N0-STEP decals are installed
on the track and upper support pin Bountj.ng. The
decal for not opening the dooi in fl ight i.s removed.

rBrfs[0mE[] s[mu[tBE
r\o, ro- 1.-

Instructions:
WARNING PRXPAEE HNLICOPTSR POR GROU}ID ITIAINTEI'IANCX.

IIOTX: For heli.copters prior to and including SS No. 76OOi1 , use
Mod rf ication Kit 7 6a7A-2AO1 r-O1 2.

For helicopters, SS No. 760016 and subsequent, use Modifi-
cation KLt 76070-20015-O1 1 .

A. Remove right slidiing door as follows (Figure 1):
(1) 0pen r;.ght sliding door (7620?-0101 1-o42).

(2) Remove four nuts and washers at each of four swivel fit-
t ing attachoents to tracks.
N0TE: 0n louer track and swivel, if hoist cable guard is

install-ed, keep it for reuse (Figure 2).
(r) Remove door and place on safe area, using care to Frotectpaint finish.
(4) Renove windorrr per Maintenance Manual .

(5) 0n helieopters SS Nos 760016 arrd subsequent, track asserD-
blies (75209-O3O11-1 Or) ane installed. - Do not reEove
serrated plates and door catches. Go to step (T),

lio veEbe r 19/81
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No. 76-78

INSTALLAIION Of HANDHOLD

flGURt 3 (SHEET 2 Ot 2)
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GUSIOMEE SEAUOBE MOTIGI
No. 76-78
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