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TE.Abstract On July 23, 1982, at 0220 Pavific daylight time, a flell UH-1B, N87701, registerod

to Bocky Mountain Hellcopter, Provo, Utsh, and operated by Western Helicopters, Inc., Rialto,
California, crashed during the filming of « moviz at Indian es, Valencia, California.

The helicopter was being usad in conjunction with the filming of & motion picture
scene depicting a village typical of villages In Viet Nam which was under attack from heavy
ordnance. The helicopter was used as 5 camers platform as well as playing an active rol- in
the movie sequen.e. / The helicopter vwas hovered about 2% feet above the village and nearly
directly above t!m.m/catim where spejal effects explosives were detonated w simulate the
heavy - rdnancei<ns the pilot turned Fis helicopter to tho left to provide camera coverage, the
helicoptery tail cection was engulferi in o fireball created by the detonation of a speciul
effacts loslon, ~ The 1ail rotor assembly sepsrated and the hellcopter descendad out of
contrel. .- helicopter's maln roter blade struck and fatally injured three rctore on tho
greand.—The s{x occcupants on the nell copter sustained minor injurles, end the aircraft was
damaged substantislly. ,_j
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. "‘ v On March 6, 1964, the National Tr nyportation S8afety Bourd adopted the report and

probable cause of the accident. On Mareh, 18, 1584, Mr, John Landis submtted a petition
for reconsiderstion of probable cause of the probable cause that was adopted in the

original report, As a result of r. Landis' patition, the reeident raport and the probsble
cause have beoen revised.

""‘\,:.’Vme National Transportation 3afety Board determines that the probable vause of the
accident was the detonation of debris-laden high temperature special etfects explosions
too near to a iow flying helicoptenyleading to foreign ouject damage to cne rotor blade ard
delamination due to heat to the Other rotor blade, the separation of the helicapter’s tail
rotor assembly, and the uncontrofed escent of the hellcupier. The proximity of the
helicupter to the special effects losions was due to the fallure to esigblish direct
communieations and coordination tween the pilot, who was in command of the
helicopter operation, and the film dir qr, who was in charge of the filming operation,
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NATIONAIL TRANSPORTA TION PAFRTY 2CARD
WANHINGTON, D.C. 20564

AIRCRAFT ACCIDENT REPOKT
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WESTERN HRLICONTERS, INC.
BELL Ui-1B HELICOPTER, N8TT81
YALRNCIA, CALIPO!
JULY 23, 1093

SYNOISE

‘ - On July 23, 1982, at 0220 Pecific raylight time, a Rell UH-1B helicopter,
N87701, reg stered to Rocky Mountain Helicopies, Prove, Utah, and operated by Western
Helicopters, Inc., Rialto, Californis, crashed during the filming of a movie at Indian
Dunes, Valencia, Califcrnia,

The heucopter was being used in the filming of a motion picture scene
depicting & village typical «f villages in Viet Nar which was under attaek from heavy
ordnance. The helicopter wus nsed £s a camera platform as well as in an active role in
the movie sequence. The helicopter was hovored about 25 feet above the village and
nearly directly above the location whare speciel effects explosives were detonated to
simuiate the heevy ordnance. As the pilct turned his helicopter to the left to facilitate
camera coversge, the helicopter's tail section was engulfed in a flseball created by the
detonatin of a spensl efldets explosion. The tall rotor assembly separated, end the
helicopter desconded out of nontrol. The helicopter's maln rotor blade struck and fotally
injured three actors on the ground. The six occupants on the helizopter sustained minor
injurics, and the alreraft was damaged substentially.

The Nutional Transportation Safety Bourd determines that the probable cause
of the accident wac ihe detonation of <sbris-lsden high temperature special effects
explosions “00 near to a low flying helicopter leading to foreign object damage to one
rotor blade and delamination due to heat io the other rotor blade, the separation of the
helieopter's tall rotor msscimbly, and the uncontrolled descent of the helicopter. The
prozimity of the helicopter to the special effects explosions was Jdue to the failure to
2steblish dirvet communieations end coordinadon between the pilot, who wos in command
of the hellcopter oreraticn, and the film director, who was in charge of the filming
vearntion.

1. FACTUAL INFORMATION
LT Hitory of the Flight

On the afternoon &nd evening of July 22, and the early morning of July 23,
190Z, & eant of actors and & movie production crew were filming B sa'ment of a motjon
plature at Yalencia, Callforria, The seginent of the movie wus 8 Viet Nam war seene in
which @ village was onder nttack by hesvy ordnanecs. The movie set corsisted of 11
benboo huts located along the shore of a shallow manmade river, The scenario included




a Bell UH-1B helcopter, N87701, wiich . ervec as beth & movie prop and & platform from
whieh some of tha id acticn would be filmed. The movie production requived the
detonation of wpecial effects explosive devices prepositioned on the ground to simnulate
thé heavy ordwuitoc attacl. |

 The {lm director was in charge of the filming nequence. He determi=ad the
effecty that he wusted to create on film and discussed these e.facts and the placement of
explosives to proice them with tha meclel sscts woovkdinaior. i/ The special effects
coordinator, in ‘urn, instructec the special effects technicians avcout the placement of the
explosive Jevives. During the filming sess:ons, the special effects technicians initiated
the detonation of thn devices In accordance with cues agread upon in previous discusrions
with the speciai effuots coordinator.

Three fllming sessions wore scheduled at the movie st on July 22 and 23. (See
figure 1.) About 3100 F.dit, 2/ the helicopter departed the takeoff landing area for the
first filming sesslon and proceeded about 600 feet east to the movie set. The helicopter
was used as a ramere platform during this sessicn, hcveritg above the net while the
ground reette was flimod. The special effects devices were detonaied to simulate the
ordnance as spicified In the seript. When the scene wés completed, the holicvpler
returned to the takeoff /landing area. -

The helicopter returned to the movie set about 2330 for the second filming
sessicn. During this scene, the pilot hovered the hellcopter over the set while more
special eftects explosive devices were detonsted. One spacial vifents devize had been
placod in the water und was detonated while the helicapter 1vas nearly above it. The pilot
noted alterward that the water which shot into the mir as a rosult of the eaplosion was
disperses Ly the helicopter's rotor sysitem and obseured the pllots vision through the
windsorceon for several seconds, Witnesses who were on e groumd estimated that the
geyser ard some of «he fireballs which resulted from spelal eflectr detonations during
this fiiming session rose ay high as the 98-foot ¢'if! behind the village. The two
camsramen and one of the stunimer aboard the belizopter stated curing postaccident
intervievrs that they had become concerned about the exposure of the halicopter to the
heat geiarateu by the special effects detonations Quring’ this fiiming session.

At the posiflight debricfing fcllowing ths £330 filinlng sessios, the helicopter
pilot expressed his aggravation to the director about tie unexpocted eruption of wster,
and he further related his conce.n to iim unit production manager (UPN) regarding the
potenttal hazarsd to the helicopter caused by debris iwroduced by the apecial effects
exploriors.  The UPM, who hac been sbvusd the nelicopter durirg the necand Fiimine
Sagdan; auoured the onoe sh e e wou: Ivise the film director of these concerns. The
filming netivity was suspended about 2345 for a 1-hcur bicak. Ihe UFM drove to the set
end Fad lunch with the director. When he returisd to the helicopter, he assured the pilot
thet durlig th» third Jiming session the hlleopter waa to remuin over the weler and tha
uiers would B notbing to be concerned about.

Preparations fr the third Himitg session rawinved after the break. The seript
to b enactad during tiin sessics reguired that an adult aetor 2arrey 1wo children from the
vilage and wade acrosy the river while special effect: devices were detonated ts simulate
the heavy ordrenze attaek. The helicopter waus to hover asove the r 7er a3 & part of the
seonsrio and to imake A 180° Jaft hovering turn o provide Eppropriate camers vantage
argles.  The soene wmn w0 be filmed from cameras both on the ground and in the

1/ e wealal ef7ectn coordinator was licensod by the State of Californ'a as a
Pyrotechnio: cpertacr.
2/ All times herain are Facifia daylight time based upon the 24-hour clnek.
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helicopter. Two stuztmen sboard the helicopter were to fire blank rounds from méachine
9 ol: both sides of the araft. The seript callad for the total destruction of the villsga
the special effects explceivam when the helicopter wus over the north shore of the
rivar. A rehearssl of the scene was scheduled before the final filming.

Befors the rehearsal, the helisopter pllot walked through the movie set to
roview the scenario for the sshaduled filming sarelon He porsonally chocked the ssounity
of the cardboard and palm frond roofs of huts. He was concerned that the
hellicopter roter downwash might dix these roofs, or portions thersof, and cause them
to be swept up Into the rotor system. pilot did not receive, nor did he actively seek,
any information from the special effects coordinator or the UPM regarding the sequence,
timing, cr positioning of the special effects explosions. He stated to the speaial effects
aoordinator that "as long as no debris is allowed to enter thu rutor system, and nothing is
set off under the helicopter, it dossn't matter which structures you have rigged for a
firebomt."” During intervisws conducted by the Safety Board following the accident, the
UPM indicated thai he had assured the pliot that the helicopter would not be over any
special effects explosive devices during the Iiiming sequence.

About 0200, on the 23rd, the helicopter was flown to the movie set to
participate in & rohearsal of the scene. The helicopter initially was positioned about
40 {eet above the eonter of the river. There were no special effects devices dstonated
during the rehearsal. The turbulence generated by the helicopter rotor system Auring its
left turn cbscured visibility to the extent that one of the special effects technicians
cbtainad a welder's hood to protect his eyes from the flying dirt. No othar difficulties
were apparent during the rehearsal.

About (218, the helicopter took of! again for the filming of the ascene. In
addition to the pilot amd the two siuntmen who were to {ire the naclhine guns, the UPM
and two cameramen were on board the halicopter. The UPM was sitting in the left front
seat to operate & spotlight, one of the cameramen was on the left side of the helicopter,
and the two stuntmen with machine jmins were positioned by the side doors, one on the left
and one on the right. The other cameramun was standing in the passenger compartment.
According to the caineraman on the left side, the helicopter initially appearad to follow
the same route down the center of the river as it had during the rehearsal flight. (See
figure 1.) When the holicopter passed over the dam, he climbed out on the laft zkid. He
then realized that the helicoptor was much lower than it had been during the rehearsal
and that it was over the viliage on the south shore rather tnan near the center of the
river, The esmuramean on the north shore of the river s ited that the helicopler arrived
over the samiwn aren at = balahd of aboot 48 Izel, oo« Ll whiie novering there the
director shoutec commea 48 through a megaphons, including the cominand for the
helbicopter to “gel lower.” The director later stated that he did not recell having givon
tlai command. Ascording to the assdastunt Jdirector who had a VHF communicatiors radio
end who was standing near the direcior, the direttor ssiced for the helicopter to deseand
lower. The assiglant director could not recsll having transinitted the direatiors to
dugzend to the UPM, und the UPM oould not recsli having received the Jirections., The
pllot stated that aftur arriving over the aut at 60 to 70 lecet, e dusaended o slign his
nit in rotor with & “t-ata line on the adjacent oiiff at a height o about 33 feet aove the
set He then heard directions over the VIlF radlo to descend Jowar. A review of the film
fron the camera on the north shore of the river showed that after the helicopier

dml‘%od into view and stabllized in a hover, the special offects chargas bogen to
explide. |
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After three explosions, the helicopter began a level hovering left turn to
permit the cameraman on the left skid to tilm the antors ag they waded across the river.
A fourth speclal effects device wes detonated, followad laus than 0.1 second later by a

fifth datonation. As the fifth device was detonated, a columr of gasolina fnawdiet
mixture which it had rataad eruptad {nto a?irabali Wh?g;'! engulfed the tail section of the

he [copter,

The helicopter stoppec turning to the left and stabilized on & magnetic heading
of about 00$° for less than i second. The helicopter began a right ascending turn until it
left the film fru.ne. About 3 Seconds later the helicopter rerppeared in the film frame in
about a 20° tail down attitude, and was still turning to the right, but descending. The tail
rotor ascemirly was missing. The helicopter crashed into the peninsula on the north side of
the river in a noseup 45° left bank attitude, 1 'hile the helicopter was still turning io the

i ain rotor blades eontinued o turn to the Izft and struck the adult

This entire sequence of

events, includirg the ¢ of special effects devices

and the subsequent crash of the nelicopter, was recorded on film by the ground cameras.

The accident occurred at night about 0220 hours at latitude 34° 25 feet north and
longiiude 118° 35 faet west, The elevation of the crash site was 1,000 feet m.s.l.

The spacial effects cocerdinator aad special effects technicians stated after

t that radio communication was provided only between the coordinator and the
technician who was to detonate the first special effects device. The other technicians
had veen instructed to begin detonating their explosives when they h-ard the mechine
guns aboard the helicopter begin to fire. Although the special effeots coordinator stated
that each technician was responsible for ensuring that his ares was clear before firing his
explrsives, the techinician who detonated the explosives nearest to the belicopter statad
that the safety of the helicopter had not been discussed nor had he been apprised of the
heliecpter's proposed flight pattern. The technician also observed that his visicn had been
restricted by the welder's hood he was wearing during the filming session,

1.2 Injuries to Persons

Helicopter Grourn:1
Injuries Crew Person. .al
ewrs - il U e v AL il

e s ey

j - .
AR N R Xy ¥

Serious
Minor/Ncne
Total

Eumage “o Aireraft

The alreraft wag destroyed.

Other Ihmm

Not applicable.

1.8 Crew Information

The pilot 'was certificated in accordance with applicable Federal Aje Reguia-
tions (FAR). He had completed a biennial tlight review 2 months before the accident, and




-8~

he had conducted six night lundings in Beil UH-13 helicopters during the preceding
80 dnys. According to compeny and pilot records, he had secumulated 4,51 flight-hours,
4,A08 of which were I rotorcraft, and 1,538 of whiech wars in the Bell 204/208/UH-18B,
This was the pilot's fourth employment in movie production work, dbut it was his fi-st
experienca {lying in the vieinity of special effects devices.

The pilot reported for duty about 1330 hours on the evening of July 22, After
darkness, he began a serias of short flights between the takeoff/‘anding ares and the
movis 8t belore ihe 1100 filming segment. The piiot flew the helicopter for a total of
about 20 minutes during the estimated 7 hours 50 minutes he was on auty.

1.6 Aireraft Information

Bell UH-1B hel'copter, N37701, serial No. 84-14038, was owned by
Mountain Helicopter, Inc., Provo, Utah, and was operater) by Western Helicopters, Inc.,
Riaito, California. The helicopter was operating under a temporary experimental
category airworthiness certificate bocause it had beea modified for use in tilming
actlvity. The operating limitations portion of the certificate permitted the pilot to carry
passengers for the purposes of film production and to operate at night in VFR conditions.
The certificate imposed no altitude operational Yimits other than those in 14 CFR 91, A
review of the maintenance records showed that the helicopter had flown 11 hours since
the last annual inspection on April 20, 1982, At the time of the aceident, the aircraft had

accumulated 5,817 flight-hours. AIl maintenance inspections prescribed by current
regulations had been completed.

1.7 Keteornlogical Information

The pllot and other witnesses at the scene reported thut the skies were alear
{moonlight bright), that the visibllity was unrestricted, and that the wind was from the
east at less than 5 krots. Burbank-Glendsle-Pasadena Airport, Burbank, Californis,

located about 23 miles southeast of the accident site. reported the (1145 hours surface
weather observation as:

Scattered clouds at 20,000 feet; visiblity-~13  miles;
temperature --75°F; dewpoint--80° PF; wind~-calm; altimater
setting-~29.92 inches.

Aids to Navigation

Not applicable.

1.9 Communications

Communications between the helicopter and the ground were canvucied by
radjo. There were no known mechanical ditficulties with the communications equipment
used to communicate between the helicopter and the ground,

1.10 Aerudrome and Ground Pacilities

The helizopter was using an espee dy constructed takeoft/landing pad located
about 600 feet vwest of the avcident siie,
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result of i{mpact.

th the. damage which would be

des rere rotating at impact. The preimpact integrity o? the main votor

flight control system was established; all of the da to the main rotor flight control

Fystem was detarmined to by the result of impuct.mﬁe was 1o evidenoe of any pro-
existing malfunetion or failure,

The main transmimion roty besling unit operated
normailly. The right-hand rear and fifth from the transr:
frac.ure surfaces w
however, the left 1i
during

pylon drive shaft, located betwsen the 42° gearbox and the 90°
goarbox, had Separated. The shaft was found near the wreckage in the center of thy river,
The spline teeth, male and Zemale, showed no signe of damage. An impact mark was
found on the right side of the serical pyion drive shaft cover,

The taii rotor 90° gearbox, with one intact blade and the butt portion of the
uther blade attached to the bub assembly, waa foud about 41 feeat ncrth of the main
#reckage. Tail rotor bls's, serial No. A3-84197, had soparated 19 1/4 iaches vuiboerd of

it bl and .. .

tafl rotor 9@'1{

guiar , _ietures just

of its laading edge. Foreign pacticies were found on both fractupe surfaces of the

Tall rotor blade serial No. A3-84194 remained attached .. the hub asserably.

e of the blade skin was missing; the skin was found bahind hut No, 7,

1) Visusl exsmination of the skin disclosed exte: 3lve curling at the butt end

eid exteisive heat dumage. Also, particles »f 5 rubbaty subsiance with woxi embedied
were found on the right side of the skin.

The engine was operated by use of its starter, There was 1o evidence that the
telating components had bouid, and the ¢gine rotated freely. After the engine war
“parated, the particle ssparator was removed; no foreign contaminates were found In the
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Fire

The helicopter did not catceh fire siluer before or after impact.
Li4 Madicsl and Pathological Information

Post mortem examination® on the thiee actors were performed by tue lLos
Angales County Mecieal Examiner-Coroner's Offize. The postinortem examination of the
adult actor and rinl2 child actor disclosad that their deaths were attributed to injuries to
the head, neck, enc shouider of each actor, inflietad by the maln rotor oludes of the
helicopter. The cause of Jecth to the famale child acticss was sitributed to multiple
traumaric injuries and blunt foice treuma. Toxicological exeminations were performed on
the adu't sctor, and no evidence of drugs and/or alcohol was fuund., Toxieclogieal
exariinations were not performed on the children.

The pilot and three ¢f the other fire occupants of the heficopter were traated
at Henry Mayo Memorial Hospital, Newhall, California, for minor injuries and were
released., There was no evidence of any preimpescet incapacitation cr pre-eristing
phyziological conditions which would have affected the pilot's judgment cr parformanece.
Toxicoiogical examinationn were not performed, bacause they were deemed not
warranted. Since this aireraft was operating on an experimoental airworthiness
certificate, crashworthiness was not consideres pertinent to this mishap.

1.15 Tests and Research
1.18.3 Film Eramination

At the Safety Joard's request, the Federal Bureau of Investigation (¥ED
examined the film recorded during the accident sequence by one of the movie production
cumeras located m the north shore of the river and about 12 feet above *he elevation of
the ground to the rear of hut No. 1. (See figure 1.) The purpose of the examination was
to determine the position and movement of the helicopter reiglive to the special effects
devices when they were detonated., The examination included 228 frames of the film
taken during an elapsad time of 9.5 roconds, beginning with the first of the five special
effects explosions and terininating when the helicopter ‘lisappeared from the camera's
view immeddiately before the helicopter erashed.

Table 1 shows the helicopter's height (measured above the camera), heading,
rotational rate, and forward speed. Examination rev~saled that the helicopter's position at
the instant of the fourth special 2flects expiosion placed the center of the tail rotor about
34 teet above and 19 feet inierally dispiaced west-northwest frowm the scurce <f the
explogion. The helicopter's position at the time of the fifth special effects exnlosion
placed the caepter of thg tail rolor about 34 foet above and 13 feet laterally displaced
west-nocthwest from the source of the e¢xplosion. (The center of the tuil rotor is 10 feet,
4 inches above the skids.)




Table !.-~Lelicoptor Movements.

Height of Average yaw

skid above rate and
camera Head'ﬂ{ diraction }f‘_grwar‘d eed

-TT (“sec) (mph

1?2 8 None None
12 278 None None
ath explogion 12 033 23° left 3.8
20932 (Hth
xplosicn)

A RO O
&y~

13 u08 None 3.8
i8 208 None 5.0
19 046 25° right Leaving frame

e~
© i
8
12

1/ The tir:es are seconds elapsed from the first special affects explosion,
L.15.2 i @mu Tests

The FBI ledoratory also assisted the Satety Board in the investigation by
examining the characteristies of the ex losions created by the detonation of davices such
42 inose reportadly used by the spacial effects patsonnel at the time of the aceident. The
FBI conducted tests at the aceident site and &t its own test facilities,

To produce tne illusion of a heavy ordnance attack on the movis sot, the
special effects personnel stated that they hed detonated mortars (steei pots) of various
shapes und sizes which .sontai:od black powder explosive charges and gasoline/zawdust
mixtures. The primary b’ank powaer charge, which repcrtedly wes B, 8 or 12 sunces, was
Placed In the bottom of the mortar with the gasoline/sawdust mixture in the middle and a
smeller 2-ounce black powder charge on top.

The purpose of the FBI tesis at the accident site, which were pertormad on
Scpirmber 23, 1682, wam to record the sounds of the detonation of different vhaped
meitars charged with various amounis of biack puwder. The sarxe recording equipment
vsed at the time of the secident was used to record these sounds. The frequency
spectrum of the sounds recorded during tiie tests were compared with the frequency

specirum of the sounds of explosion recerded at the time of the w-eident,

ie FBI tests disclosed that each mertar configuration produced s unique
sound frequency spectrum whieh did not vary regardless of po amount of the charge. The
test sound spectra of the detonetion of charges in two of the special effects mortar
configurations were similar in frequency contenl o the sounds of the two explosions
which were recorded immediately before the accident. The amplitude of the recorded
sounds can, under identieal recording conditions, iadicate the level of the black powder
charge in the mortars, Although a determination of the amount of & charge through a
comparison of the amplitude of sound recorded was precluded by the automatic gain
¢oitrol funture of the recorder, it was possible to eonclude from these tests that spscial
effects axplosions were rroduced by black pewder charges.

The purpose of the tusts at the #BI's test facility was to mes. ire the veloeity
imparted to several objects by the special effects explosions. Mortar o argas identieal to
those used by the special effects technicians ware detonated. and the speed of objects
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propeiled upward wa1 eaxured about 20 feat ahove the ground. The tests showed that un
object having a mess «nd geometry simiar to the pieces of bamboo used to consiruct the
village huts wouid reveh vertieal spseds of 200- to 300-feet per second. Porlions of
mortar casings were | rcjectied to heights of 50 feet and more. There was no attempt
during these tests to epiiente the placement of the mortar cherges or the structures
waien surrcunded them when the acciden! sceurred,

1.15.3 Tail Rotor §:ind Spectrum Study

Thy froguency spectra of the sounds recorded during the filming sequanace in
wnlsh the heliropter sranhed ware sles studled by the Las Angelss Counly Sherills
Dapartmaent. The purpose of the study was to identily the discrete sound of the tail rotor
and to relate the charge: in sound frequency to tail rotor transient movements and
rotational speed changen.

The freqioncy spectrum study disclosed that before the last iwo explosions,
and just before the nocident, the hellcopter's tail rotor bagan to move i ¢ counterclook-
wise direction away from the recording microphope. About 9.5 secondds after the iast
explosion began, the sound frequency change coereiated with a reversal of the tail rotor's
movement toward thse reco-ding microphone. About 1.7 seconds later, n frequency ehange
occurred which corvalated with a decelevcation in the tali roter's rotaticnel speed.

1.18.4 Reuminetion of {he Tail Botor Component and Cther Materials

At ths Safety Ilhard's request and under its direction, the helicopter's teil
rotor assembly wes oxamined by the helicopter manufacturer and an independent
isboratory.

The metailurgical sxan:iration by the helicopter :narufacturer was conducted
using a transmission electron mieroscope and plastic replicaticn techniques to determine
the characteristics of the fracturz of the tail rotor blade, serial No. A3-84187. The
examination indicated that the tafl rotor bisde skin had fractured from combined shear
ioading and tearirg and that the fracture progressed from the trailing edge to the leading
edge of the blade. The helizopter manufacturer concluded thet:

A foreign object impreted the tail rotor blade tirailing edge
epproxinately 18.25 to 22,3 inches (463,55 - $66.42 mm) from the
batt end, The Impact cf the foreigh odbject delurmed the aft
4 inches of tha tail rctor blade trailing e at staticn 25, This
deformation crested an out-of-track condition of the tail rotor
blade that may heve resulted in the separstion of the 90° gearbox
and blades from the aircraft.

The halicopter manufacturer observed that it was not possible to assess
accurately the impact foree required to produce the obeerved damage without the support
of tests. Hewever, based on certain assumptions, the manufacturer ostimated that the
required foron. would be at least 7,800 poundas,

The heliocpter manufacturer's examination of the tafl rotor blede which
remained attached to the hub, seris]l No. A3~-84164, showed that the ailuminum siin had
seperated at the bonding surface as a result of exposure to exc.sively high temperaiures.
Tests of the adhesive guslities of the bonded areas vith respect to temperature Increases
tsclosed that the adhesive coefficlent of the bond aren diainished at Increased

" | N . H
. B LA
" a o
AT \ i
: |
; . . \

a




-12~

temparature; a.g., at 300°F, the average pee! steength of the bended area was about
23 pounds per square iach (pei), which is about 2 percent of the avesrsge veel strength ot
roor temporature (1,509 psl).

The tests ooncucted by the independent laboratory consisted of s visual
examination of ail the sersrated componants of the helicopter's tail rotor assembly and an
energy dispersive x-ray (RDX) microprobe-type chemics) analysis of several samplzss from
the tail rotor section, fuzls, materials used in the special effecis devices and movie set,
and deoris which was recovered from the vicin'ty of tha explosions and erash,

Tha independent lshonatary {3t Gisciosed that elements typical of the fire
fuel used to create the special effecis were deposited on the large indentation on the
irailing edgs of both parts of the separaited tail rotor blade and on the two rectangular
indentatiois on the right side of the separated portion of the blade. A green substance
found on the separated tall rotor blade skin was chemically similar to a green substance
found on a speciai effects device mortar casing; a black tar-like aubstance found near the
lsacting odge of the fractured tall rotor hiade was foreign to the blade and appeared to
have o'ginated from the bombing debris.

A lid from a S-gailon glue pot, typical of several which were found at the
accident site, was examinad. The lid was meade of steel and had sevsral sharp tangs
arund its circumference. Two tangs were found to match the size and shape of the
:';a;:ltamuhr . hindentalim found on the lcft side of the outbuvard portion of the separated
(ail rotor blade.

Reod and turquoise substances found in the indentations on the right side of the
vertical pylon drive shaft cover were stinilar to paint found on the fractured tail rotor
blade. Also, the shape of the indentation on the drive ghait cover matched the leading

edge of the outhoard portion of the fractured tail rotor biade,

The indepenient laboratory's report concluded that debris from s special
effects ex;losion on the ground struck the helicopter tail rotor biade during flight, that
the blade fraciured, and that this ultimately caused the separation of the tail rotor
asseinbly and the crash.

Additional tests were conducted by a technical consultant engaged by the film
director. The tests included analysis of substainces deposited on the trailing edge ¢’/ both
parts of the broken tail rotnr blade. The consultant used EDX, wave length dispersive
spectroscopy, infrared analysis, and atomic absorption tests. Based on all of these tests,
the consultant concluded tha! the substances were olive drab (strip) paint of the same
type used to paint the heiicopter,

1.15.8 Bngineorine Bvaluation

The Safety Board provided the reports of the studies conducted by the FBI, the
heicoptor manufacturer, and the independent lrhoratory to a professor {rom the
University of Califomnla School of Engineering for further evaluation.

'pon examination of these documents, t'.e professor »oncluded that the
confinen it of the special effects device beneath the floor of a hut might cause debris to
w& to r velocities than were evident in the detonsting terts conducted by the

He .ulculated that, under some conditions, projactiles might reach heights of
between 810 wnd 1,500 feet. He also observed that an off-aenter jlinpulse force to @
bamboo stick, typical of those used in the floors of the movie set huts, would cause the




-13~

stick to rotate and :hat the rotating tips would attain velocities higher than those at the
ccnter of gravity of the projectile.

The professor's report irdicated that he balieved it likely that & diow from a
piece cf the fire-Mel-coated bambod floor caused the indentation at the treiling edge of
the ta’l rotor blade and that the bent or fractured blade caused aerodynumic and dynamic

imbalance which created forces greut enough to separate the tail rotor gearbox.

1.18 Additicnal Information

1961 Diteciors Reaponsibliities

Testimony given at a Californie Assembly Labor and ¥mployment Committee
and California Senate Industrial Relations Committee Joint Hearing held in Los Angeles,
Californie, on Qctober 8, 1882, by the Directors Guild representative was to the affect
that the director has the final word on production; that is, he has the authority to overrule
the stunt eoordinator if he is so inclined. However, more often than not, he aceapts the
advice of the stunt coordinator with respect to safety. Further, safety on the sex is the
director's respongibility.

The Directors Guild represantative further testified, in peart, with respect co
handiing a stunt or special effect, ". . .when one is in a picture, we as directors, discuss
and plan it with the assistant dirertor, who is the man in charge of the set, with the
production manager, who is in charge of the overall production, with the camera operator,
th: art direc’o’, and the special effects man-all the various people. . . ."

L.16.s Pecvral Reguintions

According to the flignt rules of the FAR (14 CFR 91.79) helicopters can be
operated below the minimur altitudes prescribed for aircraft without an express waiver
", . At the operation is conducted without hazard to persons or property on the surface.”
Afrcraft other than helicopters must be operated at or above the minimum altitudes
specified in the regulations In the absence of an express FAA waiver of the minimum
altitudes. Since March 1982, cperv.ters of aireraft, other than helicopters, to be cperated
“elow the minimum specified alti.udes as camera platforms or stunt vehieles in motion
picture and television film productions have had to obtain FAA approval of a Motion
Picture and Television Flight Operations Manual in occordance with Chapter 14,

Section 3, of FAA fnder 8440.5A, General Aviation Operations Inspector's Handbook,
dated Marvh 19, 1875, as amended.

2. ANALYSIES

Genoval

The Sefety Board's investigation of this accident concentrated on those
aspects of the accident which directly related to the lois of contro’ of the hslicopter and
its subsequent crash. The Safety Board's enalysis also Is limited to this Issue. The Safety
Hoand believes that comprehensive review and analysis of the practices of the motion
pieture Industry and the safety considerstions given to the filming of stunts or other
hazardous activities on a movie set are beyond the Board's invostigative purview. The
Sufety Hoard's investigation of the accident was necessary to ascertain whather the
eireumstances v 1ich led to the accident might have broadar applicalion to the safety of
U.S. civil aviation transportation, such as inadequatc pilot qualifications, regulatory
Jeficienties, or airworthiness problems with the heliecpter,




The helicopter was properly certificated and maintained in accondencs with
the existing ragulations and apiroved pro -edures. There was no evidence of braexistin
deficiencies, malfunctions, or failures of the helicopter's systems or components which
ould have (e to the crash,

was certifleatec and qualitied in acecrdance with spolicabie
regulations.  While he had been employvd befora in film activity, he had not flovn
previcusty in proximity to special effects explesions, He was obilgried to fly the
nelicopter in conformity with the operating limitations spesified in the helieoptor's
exparimental airworthiness certificate which wey lasued by the FAA specificslis; to par nit
the rigging of tha halinonter as rsculrad 20 ihe fiim productton. The movie produe‘ion
persuns who were in the helicopter wery not invelvad i the direet eontrol of the aireraf:
but were on board to perfor:. their Gutise in the muking of the movie. Siney heliogy f.arn
iay operate below the minimum safe altitudcs spevified by rogulation without an OF ress
walver, it has not been ! seek waivars In connection with maotion pisture
production activity, there was nc requirement enforsed by the PAA that

' : prepare for FAA approval a Motion Plotare and
anual. However, the pilot was constrained b
houthaurdtopemmorpropertgrmthesmfa. .

The Investigation of this aceident revenled clear evidenoe that eontrvl of the
helleopter was lost following separation of its tall rotor assembly. The time of srparation
of tha asvenbly was evident in the sound frequency spectrum analysis of the vudio tape
- which had bren recordeg during ve. The sound frequency speetrum
analysis distinotly showed a speed { rator rpm about 1.7 seannds after
reversal of the helicopter's rotational left turn. Thin speed decay can be asso clated only
with separation of the taj rotor assembly because there Was nc soncutrent dercay in main
Fotor mom or engine rpm. Further, examination of the preduetion film from the camera
that was located on the north shore of the river revealed that the tail rotor es8embly was

ed in & firaball from the fifth special effocts explusion while the helico.ter was in a
left hovering turn, Pollowing the explosion, the helicopter stopped turniny to the left,
began a right ascending turn, and moved out of the film frame. About 2 seecds later, the

il low attitucie and in a right descer.ding turn, and
tor essembly wes missing. The helicopter sontinued turning right and arushed
iato the peninsuls on ihe north side of the river.

The eamera fllm showed that the helicopter wes under aontrg’ threughout the
left hovering turn until shortly after detonation of the fifth special effects device,
During a level hover, *he helicopter ta’! rotor bladea produce an essentially horizontal
thrust vector to offse: the rotational torque from the mein rotor system which tends to
rotate the helicopter to the right. The tail rotor biade raust be structurally and aero-

'duce the thrust nreded to prevent the helicopter frem rolailng lo

¢ even higher tlrust required to

integrity of the tail rotor

left twmn to a right turn,

age to the tall rotor blades occurred

special effeots explosions; the former

preceded the latter by less than 0.1 second and originatod beneath the bumboo floor of the

No. 10 hut. The fitth special effects davios wag Placed or the shore about | 4 feat west of
the No, 10 hut.

.
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Danuge to or reparstion of o porilan of £ tall roter Diade areasss severe
coitrc! problems for a helleopter pllot. 1! tell wotor dnmage occura at & high e 3
altitude, the pllot may be: able to enter an avtorotative dustent (argine no lomgur driving
the rotor system). Thia flight condition rinimizss the tuil rotor thruat irement, may
allow the opportunity to reduce significantly the dysamix und aerodynamic imbalenee in
the tail rotor and prevent reparation of the tsil tuto® sysiem, and allows the plist o land
u, right with some mosmere of control. Howewwr, in this ascldert, the pilot had neither
the time ror the altituds to establigh an autorotutive descent. Consequently, when the
tail rotor assembly soperated, the helicopter was not controllabls, and the crash was
inevitable.

The {ail rotor sssembly completely sepamted from the haliecopler whaen the
mw tha tail rotor's 9U° gearbox mounting fiunge fryctured from overhad forces.
The fracture resulied from the axcomsive forces appliad through the struelure from the
serodynamic and dynamie imba: de of the tail rotor. The Salety Doard conniudes that
the imbalince of the tail rotor system cculd have ocsurrad from: ajther of two soureas but
mest likely occurred from the nearly simultaneous effsoi of the ‘wo scurces: (1) damage
{rom a foreign object to the trailing edge of the fractured blade und (2) the delamination
and separstion of & major piece of the skin on the other blads,

The separsted portion of one tafl rutor blade was found 21 feet away from the
'ail rotor gearbox to which the blade hub with the mating fracture surface was still
atteched. A matching semioireulsr indentaiion existed on the treiling edges of both
portions of the fractured tisil rotor biade. The mutehing incientations are conelusive
evidence that the blade was siruck by an objeet before the blade fractured, and that the
fracturs may have been grecipitated by the damage infléted by the object or by

vibrationsl forees caused by the resulting imbalance in the tall rotor nystern.

The large plece of skin from the othar tad rotor biade was found dehind the
No. 7 hut on the south side of tho river. Tests showed that the skin had ssparsted at the
bonding surface (delamination) beciuse of expusiie to excpssively high emperatures.
Since the cnly souvee of high temperstures was the spscinl elfsets explosions, the Yalety
Bourd concludes that the delamination resulted from the Diade's exposure to the heat of
the fi'th ipecial elfects axplosion which engulfed the .tall rotor assembly, ‘The
delamination end high speed rotation of the biade would have aused the skin to flap av it
separated from the blnde structure. The consequent disruption of the hlade's aerodynamio
shape and the ersation of a dynamic imbelance due to the loss of the skin could have
resultad in forces sufficient to fracture the Wil rotor geartox flange and copuld have
caused the tail rotor amemily to separate.

Sources of Tail Retor Demage

The Safety RBeard concludes that ihe {wo reclanguier punotures found on t.e
separated portion of the tail roter blade near its loading adpe wore not signlficant to the
fracture of the blade. Theve punctures netchedwjosely the tangs on th? stesl lids of the
S-gallon glue pots found in the vicinit; of the c¢rdih. Since the puncturss were not
clongated g the surrounding damoge wes limited, the Safety Board concludes that the
blade wss not operating at high rotational speeds whon the daniage was inflieted,

ly, the Safety Board concludes that the lid viruek the blade afier the tafl rotar
assambly sveparated from tha helinopter,

The Safety Board cannot identily with any degree of certal -ty the specific
object which siruck the tall rotor blade and enused the semlcivowar ldentation at the
point of fractwre. The deformatian of the fractare in the outbuard portion of the bYiade




s lo foviioa to Mt the Disde was struck from the right side st frem the trs iling odgse.
Hovevar, the Safaty Bowrd belleves that any of the objerts propelied upward by the
spedial elfoits exyiosion. wou'd wot have had sufficient sass and apeed to jufliet the
evident damage if they nd struck the blade from behind in i direction of rotation, It is
More ikely that an Objert traveling essentially perpendicular to the tail potor hinde's
plane of sotaition and st ficiny the blnde ust forvnpd of iy trailing adge would have
produtod the aecamary fiece to deform the blade. Under uyo conditions, the impulsae
feece reluted to such an irypect would have been very high beceuse of the rotetionn) spoed
¢f the biade. In these eise v-nistances, the damage could have been nflivted by an object
of relatively icw mass, rthermore, such an impact would have been consistent with the
prossure differcontial soros the hinaa Wdellstted W produce a left turn} and the movement
¢? debrls throwgh the blade's rota tiona! plane. The peculiar deformation of the fracture
suribee of the vutboard purtion of the blade could be oxpleined by the twisting of the
bluda by the wersdynamic und dynamic forces which crused ifs frecture and by the impact
of the blade ngeiist the drive shaft cover of the verticai pvlon, o

The Sidety Board considered the possibility that the obifect whish dumaged te
belisopler’s tail 1otor blade may have been ejected ‘rorm the Helicopter instead of
'ted upward from the ground. The object specifically oonsidarsd was 80.30 ealiber
sing, such a5 those from the blanks being fired from the machi

vide of the holicopter, Notmally, ohjects from a !
repidly as & result of main potor system. Although
ihe’ downwash forua: from rotor might have been oflset for an
instant by the upwars force gonerated by the explosion, the Safety Bosrd believes that the
avidenes doey not upport this possibility beceuse the neap 1/2-inohi~ciameter size of the
0.30 caliber diank casing is not consistent with the a imate 8§ 1/2-inch-diameter size

of the samicireulsr indentation on the trailing edge of the fractuied tail rotor blade.

The eireunistantial evidunce and some physienl evidence Indicstes that the
sbjeet that struek the blade probably was propelled upwurd by the special effects
explosions, but the Safety Buard eannot exclude 1he possibility thet the fracture occurred
aflor rather than befors the separation of the tail rotor sssembly, (.e., the broken blade
N atre end dent the right side of the drive shaft cover on the vertical plyoh whioh
sapports the tail roter amembly. Moreover, the Llade may have contucted another part of
the heliecpter forcefully sausing the frocture of the wedkened dbizie. This possibility is
Npported by the fdercifivation of the substanc. s found on the tralling edge of the vlade as
olive &ab pelnt. However, because the dysomies of the conditions surrounding the
sepers ifon of the tail rotye asseinbly are extr:mely complex, and because the separetion
of the rctor B rably wos completely obseu: ed by the fireball from the fif*h spueial
effeets exploninn, the Safety Board cannot convlude with certainty that the demage o the
blade ocourred nafore it Saparated from the olicopter »; part of the lai? rotor assembly.
However, the Salety Bourd Lelieves that if (he blade hsd ueen da megred by debris while
the tail patas asseabdy wad under the aa xd eondition eonsistent with a
hovering lef! tum, the resultant aerodynainic and dynamie imbeiance would have been
wiffieient to hnve frantured the tall rotor gearvbox flange. S -

| A review of 13 jears of V.8, Aemy UH-1 acoidant/ineident data reveated no
aotident) or tnoldents cause. by skin delamination of tal. rotor blades. Simi sy, Safety
Boavd scoident/Muvidant deta for the Bel 204 andd 205 medels heliocntors {oivil v rsion of
UH-) disclosod o aceident or incident cavsed by deleMmination of a tail rotor blade.
Furiher, these data diacloset no ok ntor asser '

from the Ielleaptor beamive inatlon of siin from a ot
Nbinﬁi‘\:&n&mg‘m laok of gecidents or incidents Mwlated to the delnmination
rotor biede, the Safoty Bonsd voncludes that In the siroumstarces of Is ‘ aooident
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Celamination tould have oecurred and that such a ccadition could have cauced the loss of
the t&il rotor amembly. The posterash position of the plese of delaminated skin from the
unbroken tall rotor blade tends o indicate that the skin was torn from the blade while the
biade was turnitg at & relatively high speed and that the piece of skin, after striking the
firce of the cliff to the rear of the helieopter, tell to the ground behind the No. 7 hut.
Consequently, the pizce of skin probably tore frum the hlade hefcre separation of the tail
rator assembly. Algo, the deleminetion occurred while the helicopter was in a high
perforinance maneuver — a left hovering wirn.  Under thome conditions, the helicopter
would have been under the influence of high rotational torque which would fuve required
ear maximum deflection af the tell ratas Blades 5 counter and pioduce ihe isft turn.
Consequently, the aerodynamie loeds on the tail cotor blades would have been near
maximum so that the loss of a latge piece of skin from one blade could have produced
gﬁ ficlent acrodynamic snd dynamic imbelance to have fractured the tall roter goarbox

tegardless of the specific damaege to the tafl rotor biades which ceused the
loss of the tail rotor asrembly, the Safety Board finds the evidence clear and econvincing
that there was damage as ihe direct consequence of the helicopter's close proximity to
the detonation of special effects explosions propeiling debris at high tewperature,
specifieally the detonation of the fourth and fifth speeial effects devices and that the
damage catsed the sepatation of the tail rotor assembly. Therefore, the Board concludes
that the enuse of the aceident encompasses those conditions and clrcumstances that
pliced the lelicopter in a position of vuinerability to the damage it sustained to the tafl
rotor systerm. : |

Axtoly of the Operative

Although the Safety Board considers the aafety precautions taken by thz
motion picture Industry during the filming of stunts, combat ssenes, ar other dangerous
activities beyond its investigative purview, it is concerned by the e@vents which led to the
expusure of thie helicopter to the hazards of the special effects explosions because of the
frequent use of aireraft in film production. The concers axpressed by the pilot and other
personnel following the filming of the second sequence in which special effects were
detonated and followirg the rehearsal verified that the hazards of the operation were
recognized by the pilot as well as by some of the film production pursonnel., It must be
recognized that the pllot in command s ultimetely responsible for the sa’ety of flight,
Since none of the personnel involved except the pilot had knowledge of helicopters and
their vulnerability to damage from debris and heat from special effects exlosions, this
recognition should have prompted the pilot, whn was responsible for the operation of the
helicopter in a manver thut w,uld not pose a hazard to persons or property on the surface,
to initiate the measures nece sary to insure that the helicopter would bs separated safely
from the preporitioned spec i effecis mortars when the mortars were detonated. These
measures should have inelv fed, at a minimum, sn ingistence on a Joint triefing among the
director, the pilot, and ‘he special effects technicians as to the exaet maneuver the
helicopter was to perform, the timing of the maneuver, and a keying of tha detonation of
the hits to the helicopter's eompleting the left turn and moving across the river. Further,
48 an added precaution, the pilot should have insisted on direct radio sommunication with
Uz techniolans to keep them apprised 6f s progreas in tha maneuver and to warn them in
the evsnt that alterations of the intended maneuver became nocsaary. In this case,
however, no apecific measures were sgreed upon. nstead, the piloi relied on assursnces
from the UPW and m}*ctfeﬂs cobrdinator that nothing would be exploded eneath the
helitopter. Additic » &pparently in response to ecommdnds from the director, he
modified the meseuver and flew lower over tis surface of the river and closer to the huts
than had been intended originally, as exiablizned by the tbsarvations of the cameraman on
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the laft skid anc the camerainen on the north shore of the river. Consequently, it is
evidert that the operution lacked tiw: precise planning and coordination needed to conduss
it sefely, pazticularly it changes in the scensrio wece made.

n the other hand, the Safety Board also recognizes that in the motion picture
and television {ilm industry, the director has i1l respunsibility for safety on the set of a
filming operation. Convequently, it i3 incumbent upon the direstor to take cognizsance of
visible and reportod hazards A to take the nieasures needed te either eliminate the
hazards or to cope with the hazards in a manner that will insure the safetv of the
Personnel involved. Tn thic xeeidsat, *he direcior did not conduet preproduction meetings
with the principals coicernai—the pilot, the UPM, the assistant director, angd the sjocial
effeots coordinator—regarcing the hazards related to operatiocn of the helicopier in
proximity to the speeisl effects axplocions. Further, after conclusion of the 2330 filming
se¢sslon, when apprised of the hxzards by the UPM and the plloi, the director took no
positive measures to insure the precise coordination needed among all concerned to
eliminate the hazards. Consequenily, the Safety Board conciudey that the director failed
to funill his responsibility of inruring safety on the film set.

The FAA has recognized thet significent presautions must be taken to assure
arsons. and proparty when eivil airplanes are used in {he production of movie
televisic Since March 1982, operators of airplanes (but not helicop

in film productions h&ve been required to prepare a Flight Operaticns ‘
safety preeautions that must be takea before the operators are perivitted to fly the
aireraft at altitudes below minimum safe altitudes established by reguletions, The Sefety
Board recognizes that tie flight rules for helicopters allow pilot-initiated duviations from
the minimum safe altitudes prescribed by regulation and that practically speeking
requiring an express waiver for each operator woukd degrade the utility and value of the
helicopter, which is its ability to hover and fly slowly at very low altitudes above the
surface. Fiim produetion helicopter operitors have not been required to obtain & spaeific
waiver of the fight rules to operate at very low allitudes and have not bean required to
prepare & Motion Pieture und Television Ilight Operations Manual, However, the Zafety
Board believes that the facts, conditions, and cireumstances of this accident amply
demonstrate the need for g requirament that helicopter operators prepare such & manual
and carry out its provisions as & prerequsite to the use of a helicopter in movie and
television filin produetion. At 8 minimum, the manuals shoyld contain provisions for pilot
quatifications, including any special qualifications, mandatory briefings of film production
personnel on the risiks involved, the safeyuards nceded during operations, emeryency
procedures, & communications plan for all participuting personnel, and a provision
contieming the pilot-in-ecommand's ultimate suth-rity te contro; all flight regimes relative
te this type of aperation,

3. CONCLUSIONS
3.1 ' | X

flure

“The pilot we sartificated end qualified for the flight in acvordance with
the existing W:ationg, 27d he was obiigated to fly the elicopter in
wit

aceordanga 4 the operating limitations of jt esperimentel
airworthinoss cortificate.
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The helicopter pilot was ultimately responsivle for operation «{ the
helicopter in & manner that did not pose a hazard to oceupants of the
helizopter and to persons or property on the surface.

The helicspter pilot and film produciion personncl were aware that the
flight involved operating in very hazardous conditione.

There was no diree’ discussion among the director, the helicopter pilot,
and the spesial sfficts persormel to insure that therw was a som mon
ungerstanding of the intended positioning of the helicopter throughout
the left hovering tum and to insure that the special effects charges
would not be detonated prematurely,

No provisicn was made for direct radio commniication between the pilot
and the specisl effects techniclans to insure that the technieians did not
detonate che spacial effects charges in such a manner as to endanger the
helicopter operation,

The helicopter flight, including the left hovering turn mansuver, was not
oonrducted at a suffioient height above the river or at a sufticient
dirtance from the huts to insure that the helicopter would not be siruck
by debrls or affected by heat from special effects devices dotonated
undsr or nea: the helicopter.

Persont. 2l involved in the fiiming operation other than the pilot did not

have knowledge regarding the vulnerability of the helicopter to high
temperatures and debdris.

The director of the filmirg operation di¢ not econduct a preproduction
meeting of the principals involved in a known hezardous operation to
insure the safoty of the personnei on the film set,

The pilet was axsured by the unit production mangger that »xplosives
would not be detormied benenth his helicopter.

Fither ihe indsntation in the one blade ceused by en object propelled
upward Dy the spe~ial affects explosions or the delamination of skin from
the other blade causeA by heet from the explosions, or a combination ot
these two conditions, created a dynamic and aerodynamie imbalance in
the tail rotor system which generated sufficient loads to separate the 90°
tall rotor gearbox and the tail rotor assembly,

The cbjeet which bit the bleude probably was not ejected from the
heliocpter.

The helicopter was not controll..ble atter loss of its tafl rotor assembly.

There was no requirement enf:reed by the FAA that the helicopter
Operator submit a Motion Piet e and Television Flight Operations

Mamwal to the PAA for approval 4s a precequisite to uss of the helicopter
in the film produstion. o
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The National Transportation Safety Board detrrmines that the provabie cause
of the accident was the detonation of debris-leden high temperature special effects
oxplesions too nesr to a low flying helicopter leading to foreign object damage tc ore
rotor blade and delamination due to hent to the other rotor blade, the separation of the
helicopter's tail rotor assembly, and the uncontrolied descent of the helicopter. The
proximity of the helicopter to the special effects explosions was due to the failure to
otablish direct communinations and COLTdiGion Deiween ithe pilot, who was in command
of 1‘.hei helicopter operation, and the fiim director, who was in charge of the filming
- operation.

4. RECOMMENDATION

AS s result of this accident, the National Transporintion Safety Board
seccmmended that the Federal Aviation Administratiom

Extend the terms of FAA Order 8440.5A Section 5, Waiver of
Section 91.7%(a) and (c), Wiotion Pieture and Televis‘~n Flight
Operations Manual, o require an PAA-approved flight operaticns
(mmun! f;:r ell types of aircraft, (Class I, Longer Term Action)
A-84-16 * :

REVSED REPORT ADCPTED
BY THE NATYIONAL TRANSPORTATION SAFETY BOARD*

/s/ JIM BURNETT
Chalcman

' PATRICIA A, GOLDMAN
ce Irman

G. H. PATRICK BURSLEY
ember

*The original report “as aciopted on liarch 8, 1984, by the lollowing meinbers of the
Nations] Transporta...n Safaty Board: Jim Burmw.t, Chairman; Patricia A. Goldman, Vice
Chairman, and G. H, Patriek Bursley end Donald D. Engen, Members. Vernon L. Grose,
Member, did not participate.
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5. APPENDIXFS

APPENDIX A
INVESTIGATION AND HEARING

1. lnvest_igatio_q

fhe MNatienal Transpoitation Salely Buerds Los Angeles Fisld Office was
notified of the accident about 0303 on July 23, 1882, by the FAA Western Region Duty
Officer. An investigator was dispatched to Valencia, California, from the Los Angeles
Field Office and arrived at the scene of the accicent sbout 0530 July 2%, 1982,

Parties ‘o the invastigation were the Fedcral Aviaticn Administration,
Western Hellcopters, Inc., Los Angeles County Pire Deparimant, The Sereen Actors Gulld,
Bell Helicopters, California State Fire Marshalls, and Burbank Studios. Representatives
of these parties assisted ir the investigation.

2. Public Hearing

No public hearing was held and no depositions were taken.

Testimony of 34 witnesses was recorded and transcribed, one of which was
takan under oath at the request of the witness.

e e e iq.‘v‘wﬁriht—‘*‘ b bR SR & s aints aarke dal R PN
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APPENDIX B

CRENW INFORMATION
Pilot Dorcey A, Wingo

Pilot Wingo, 35, held commercial certificate No. 2032217 with a rotorcraft
rating. He also possessed a cer:ificate for private priviledges in single engine land
airpianes. He ccmpleted a biennia?l flight review in a Bell 208 helicopter 2 montns prior to
the date of this accident. Pilot Wingo held a valid second class medical igsued in March of
1982, with no waivers or limitations.

According to company and pilot records, pilot Wingc had a toial of 4,514
hours. Of this time 4,408 hours was rotoreraf’ time and 1,538 hours were in the Bell
204/205/UH-1B type aircraft. He had flown 60 hours in the last 90 days. E£lx of thos2
hours were in the Bell 204/205/UH-1B tvpe aireraft. During the 30 days preceding the
aceident he accumulated 42 flight-hours. During the 24-hour periodr .r to the accident,
he had about 2 hours of flight time. Fjlot Wingo received his flight training in the U.S.
Army and served as a rotorwing pilot in Viet Nam. His military experience totaled about
1,200 houre of flving time. Of that time, about 900 hours was in helicop.ers similir to the
one used in the movie filming. This was the pilot's fourth experience in movie work but
this was the first film production in which he had flown near special effects exploeians,




AIRCRAFT INPFORMATION

Tre aireraft, a Bell UH-1B, serial No. 64-14038, was acquired by Rocky
Mountain Helicopter, fnc., from Southern Helicopters, me., Sarasota, Filorids, on
September 2, 1986. On Mareh 4, 1980, the aircraft received a restricted category
airworthiness certificate. Prior to receiving the airworthiness certificate, the aireraft
was operated by ti.e U.8 Army, the Department of Health, Education and Wellare, and
the Maryland State Police. These public agencies are exempt from obtaining an
appropriate airworthinees certificate. On August 10, 1981, Rocky Mountain Helleopter,
In¢., relinquished operational control of the subject aireraft to its subsidiary, Western
Helicoptars, Ine.

On July 21, 1982, the FAA General Aviation District Office, Riverside,
California, issued a temporary sxperimental airworthiness certificate for the helicopter
&t the operator's request. The nelicopter's takeof! weight was 6,205 pounds; the
maximum authorized takeoff weight was 8,500 pounds. The helicopter was fueled with
800 pounds f jet-A fuel. The helicopter's center of gravity was well within preserited
limits. .2 mainterance records examination disclnsed that the last annuai/100-hour
inspecti.n wes performed on April 20, 1982, The aireraf: lLed accumulated 5,806 flight-
hours at the time cf the inapection.
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PROBABLE CAUSE

LAY CFricEs
CABLE “WOOLKERN" KERN AND WooLEY

TELEX O, SE e IOPRL Wi LHIRE ROULEVARD
LGS ANGELES, CALIFCRNA P00 az2o p[;:;:w;;¢::.‘::nt ian
{213 824-177> . 879 288, (AVING. TExas »ooep
14) 250-8n38

CABLE “TEXAIRLA N
TELEX NO. 79-29737

TEXAS orrice

March 16, 1984

Navional Transportation Safety Board
Bureau of Accident Investigation
Washington, D. C. 20594

Re: Report No. NTSB/AAR-84/02
Western Helico-iers Bell UH~1iB, w87701

Valencia, Cualifornia
July 23, 1982

TO THE MEMBERS OF THE BOAKD:

..

This firm represents John Landis. Request ig hereby
made on behalf of Mr. Landis that ti.e Board reconsicer its report
on the above referenced accident pursuant to 49 CFR Sections
845.41 and B845.51.

This request for reconsideration &nd modification is bagsed
on the fact that evicence which was available but not presented
to, and thus not considered by, the Poard proves as follows:
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1. The accident directly resulted from a heat delamination
of the tail rotor blade skin of the helicopter.

2. The delamination was caused DY a failure of the
adhesive which bonds the skin to the tail rotor blade. The ad-
hesive used on the model UH-1B loses its effective streangth
when exposed to temperatures as low as 180 degrees Fahrenheit.

3. The failure >f the adhesive was precipitated by the
detonation of a defective special effects explosion which
engulfed the tail rotor and exposed it to tenperatures in excess
of 600 degrees.

4. The special effect was detonated by an expert pPyro-
technics operator, licensed by the State of California and
exercising sole control over, and with sole responsinility for,
the detonation sequence.
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LAW OFFICES
MERN AND WOOLEY

National Transportation Safety Board
March 16, 1984
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5. No physical evidence exiats to support a view that
the tail rotor of the helicopter was struck by debris generated
by a special effects explosion.

Research by experts into accident invastigation records,
as well as the uncontroverted testimony under oath of numerous
experts, discloses that there is no prior instance of heat
delamination of a tail rotor on a UH-1 helicopter.

Board consideration of this new evidence and modification
of its findings and recommendations are significant: failure
to Ao 80 will create & substantial risk that ancther accident of
this nature may occur.

SUMMARY OFf THE NEW EVIDENCE

The svidence summarized in this request is contained in
transcripts of the Preliminary Hearing held in the Municipal
Court of Los Angeles Judicial Distrfct during January/February,
1984. A full transcript of this proceeding has been available
3ince mid-February and has been provided to intecvested parties
upon request, including the media. We have been informea by
the Board's counsel that the transcripts, in which the evidence
is presented, were not provided to the Bourd by its staff.
Fortions of the transcript are enclosed with this request. We
are prepared tO maka a Ffull transcript of the Preliminary Hearing
availakle to the Board without charge.

[{The citations which follow refer to Volume and page
number of the transcripts.]

In its repcit, the Board found that debris propelled by
a special effects explosion struck the trailing edge of the tail
rotor blade and caused the helizopter to crash. This finding
parallels the“ contained in the previous draft reports of Abdon
D. Llorente, chief investigator for the Board on this accident.
Those reports were furnished to us by Mr. Llorente.

. My. Llorente based his view upon the testa and conclusions
contained in the report of Dr. Arum Xumar. In fact, Dr. Kumar's

- report served not only as the basis for Mr. Llcrente's view, but
alac for the views of others vetained by Mr. Llorente and appesxs
to have set the tenor and focus of the Board's investigation.
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A pivotal rntatement in Mr. Kumar's report was eircnaeous.
Dr. Kumar agreed in his testimony that him statement was sabject
to question {ané in fact was proved to be erroneous). Dy,
Kuwar's key testimony was not presented to the Board, nor was
the contrary evidence =4 fanding..

in brief, Dr. Kumar parformed an EDX test which indicated
that a foreign substance found on the trailing edge of the
fractured tail rotor (not the rotor which suffered the delamina-
tion) contained elements similar to those found in lock bond
adhesive. (Lock bond adhesive was used an a fire agent on huts
used in the filming.) Without Performring acditional tests, Dr.
Kumar concluded that, wased upon this similarity of elements, a
piece of hamboo or a glue-pot 1id covered with 3dhesive had ruen
propelled by one of the special effects and struck the trailing
edge of the tail rotor blade.

However, at the Preliminary Hearing, Dr. Kumax's own
testimony under ocath raised sericvus questions about the
scigntific basis of his conclusion and, hence, the finding of
Mr. Llorente., Dr. Kumar testified that;:

l. The EDX test which he performed on the foreign sub-
stance Yound on the trailing edge of the tail rotor can only
show a "similarity* of elements and cannot be used to sclenti-
fically or positively identify the substance as lock bond
adhesive. ([V.12, pp. 24~27, 15-77)

2. He orally recomnmended at least three additional tests,
infra--red, atomic absorbtion, and mays spectrometry to Mr.
Llorente which he believed as a scientist were essential to
pPositively identify the substance. V.12, pp. 24-29, 33-34, 56-
57]

3. Mr. Llorente nevar authorized or performed those
testas for budgetary reasons. V.12, pp. 27-28, 58, 77]

{Dr. Kumai's testimony is attached to thig request.)

Dr. Gary J. Fowler, a failure analys’ and metallurgist
w0 has previously parformed services for the Board, perforned
the tests which Dr. Kumarx recomrended and anal;zed the accident.
Dr. Fowler's findings, which were not presented to the Boaxd,
conclusively prove that:
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l. The tests which Dr. Kumar reconmended to Mr.
Llorente positively identified the foreign substance on the
trailing edge of the tail rotor &8 fuselage strip-paint and not
lock bond adhesive. [V.17, p.p. 46-54)

2. There is no physical evidence to support a view
that debris struck the tail rotor blade caused the crasgh.
017' pap. 55-56' 67]

3. There is conclusive scientific evidence to gupport
the finding that heat delamination cause the cragh.

Using the scientific method of failure analysis, Dr.
Fowler described in detail the sequence of events which led to
the failure of the tail rotor and the crash. A full transcript
of Dr. Fowler's analysis and conclusions is attached to this
request. We wre also prepared to provide the Board with the
complete results of Dr. Fowler's tests. Dr. Fowler is available
to appear before the Board.

Dr. Kumar has stated that Dr. Fowler's findings would
cause him, as a scientist, to reevaluate his own view.
fv.12, p.p. 30~32]

It should be noted that the t¥verts hirea by Mr. Llorente
ugad N, Kumar's erronecus report as a basis for their own
conclusions. Even than, the results did not support Dr. Kumar's
admittedly incomplete report.

James C. Ronay, an FBI explosivas expert retained by Mr.
Llorente, testified that based upon the scientific tests which
he conducted, debris propelled by a special efrect cculd not
have astruck the tail rotor with eufficient force to dent the
tail rotor blade, this causing the crash. [v.14, p.p. 70, 82-83,
87, 91-92, 95, 112)

Dr. George Sines, a theoretician retained by Mr. Llorxente,
testified that he premisad his thaeoretical calculations upon
the conclusions of Dr. Xumar. {(v.15, p.p. 9-14, 19] Dr. Sines
2180 testified that his hypothetical calculations inexplicably
did not take into account the severity of the propwash from the
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helicopter or the "drag effect" caused by the atmosphere.
[Vv.15, pp. 42-43, 60-61). The hypothetical calculations were
navexr properly made by Dr. Sines.

Other expert witnesses called at the hearing by the
District Attorney supported Dr. Fowler's conclusions. 2Alfred
Schwider, an aviation adhesives expert, whoase conclusions were
not presented to the Board, testified t¢hat the adhesive used
on the tail rotor of the UH-1B loses itn effective strength
at temperatures above 180 degrees Fahrenhelt. [V.13, pp. 18-19].
Mr. Relph Lightfoot, a pioneer in heliccpter design and
engineering ag one cif Sikorsky HMelicopter's original engineers,
and an expert whose conclusion was not prasented to the Roard,
testifiad that the tail rotor suffered a heat delamination after
exposiure to excassive temperatures and that this delamination
was sufficient e.one to cause the crash. [v.15, pp. 8§0-83,

101, 108-110]. Mr. Lightfoot could point to nc scientific
physical evidence whatever to support a conclusicn that the teil
rotor was struck by debris from the special effects. (V. 15,
pp. 102-105, 111}.

Significantly, neither Mr. Lightfoot or Mg. Schwider knew
of any prior instance of a helicopter crash rasulting from hecat
delamination of a tail rotor blade. ([V.13, ppr. 29-30; V.15,
pp- 101~102). Dr. Fowler also researched A.0.P,A. and military
records as far back as ten years and could £ind no instance of
any such delamination in either the UH-1 or the 204. (V.17,
pp# 28“‘30] .

Therefore, based upor the evidence.presented at the
preliminary hearing, the helicopter crash was caused by & heat
delamination of the tail rotor.

The heat delamination was precipitated by events which
were neither within the control nor the expertise of the
director. The Board has acknowledged in its findings its in-
experience with the motion picture industrv, Evidence has been
available from the liearing which proves that a director is
vader not only a c¢ustcmary, hut also a statutory, obligation
to hire and rely on experts to conduct scenes involving ape-
~ial effects and helicopter flight.
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Just as the FAR's regulate the cperation of aircraft,
special effeacts are regulated by tha California Health and
Safety Code and regulations promulgated pursuani: tc it.

[A copy of those regqulations is attached to this request..]

Those regulations provide that special effects may only
be obtained, prepared and detonated orly by a licensed
pyrotechnic operator. (California Administrat.ve Code, Title
19, state Fire Marshall Regulations, Article 15, Section 997)
They also provide that state safety officials can be required
tc supervise the uge of special effects. (California
Administrative Cods, Title 19, State Pire Marshall Regulations,
Article 15, Section 994, and California Health and safety Code,
Section 12648.)

In fact, four state fire safety officers ware required
and presert during filming. Jack Tice, one of those safety
officers, testified that he personally suparvised the placement
of tha spscial effects ard approved the location of the
helicopter in relation to them. V.5, p.p. 40-43]

Jares Camomile, the licensed pyrotechnics oparator who
detonated the defectiva special effect which engulfed the tail
rotor of the helicopter, testified that the director has no
authority over specizl effect and only a licensed operator in
sontrol of the special effect may muks the decision when to
detonate a apecial sffect. (v.10, p.9}

Anv requirement that a movie director, the artistic
leader of the f£film, have authority with respect to the detonation
of special ¢ Jects and the flight of an aircraft would
¢mstitute a regquirement tinst he act in wviolation of the
California and Federal law.

This additicnal evidence shows that the finrdings of the
Board dre in error. Without reconsideration of thoue findings
and a nndification of the Board's recommendations, the cause of
this accident could remain unknown to the aviation community.

We, therefore, respectfully request that the Board
reconsider its report. We will remain Prepared to assist thae
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Board and its investigators upon rejquest,
Sincerely,

KERN and WOOLEY

M. Bugene Wooley
Michaeli J. Tarhar

anta——

By ‘7%2F'. 1}5é;: —
Michde J'. eraar

Reporter's Transcript of Proceedings:

MIT:eq

Enc,

Vol. S5 pp 16 - 89 Mr. Jack Tice

Vol, 10 PP 1l - 29 Mr. James Camomile

Vol. 12 pp 1 - 80 bDr. arum Kumar

Vol. 13 opp 12 - 60 NMr. Alfred Schwider

Vol. ¥4 pp 31 - 146 Mr. James Ronay and pr. George
Sines

Vol. 15 pp 1 -161 bpr. Gaorge Sines and Mr. Ralph
Lightfoot

Vol. *7 pp 1 - 68 Dr. Gary rowler

NVol. iu pp 1 =57  Dr. Gary Fowlaer
Healch & Safety Code, Section 12648
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National Tranepor tation Safety Board
Washingtor,, D.0. 20004 o

! October 30, 1984

Mr. Joim landis, Petitioner

Petition of Recorgidersiion of Probable Cause

Airoraft foaident —- Vestern Helicopters, Inc., Bell UH-1RB,
N87701, Yalencia, Californis, July 23, 1932 (NT‘BB/AAR-MM)

RESPONSE TO PETITION FOR RECONSIDERATION

Based on it review of the Petition for Reconaideration end Moditication of
March 16, 1984, the National Transportation Safety Board hag revised portions of the
aaeident report, has revised two findings deleted one, odified the probabis:
cause of the subjeet mecident, The Safety Board has not changed the probruble cause as
proposed ty the Petitiones, and therefore, the Safety Boad hag granted the Petition only
{1 mta C

In aceordanve with the 3afety Board's rules (49 CFR Part 848), the Safety Hoard has

considered a R t is, flndl:%u, and probable cause in
Bell H-13, N87701, Valencia,

On March 8, 1984, the Safety Board determined thet the aceident oceurred while the
helicopter was being used in the filming of & motion picture scene depicting a village in
Viet Nam which was under attack with heavy ordnance. The helicopter way being used as

platform and in in the movie sequence. The helicopier was
and neerly directiy above the location where
simulate the heavy ordnance explosions. As the
helicopter to the left to position it for tilming operations, the helioopter's
f was engulfed {1 a fireb
The tail rotor azsambly

lelioopter's main rotor blade

six ocoupants
damaged substantially.

this accident concentrated on these

loss of control of the helioopter and

: necessary to ascertain whather

t might have broader applicetion 1o the salety

inadequats pilot qualifioations, regulniory
heticoptar,
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The Safet A¥He of the evidence Indicated taat there were no
airworthines: dlgleimem Mith the efveraft, angd ihat the pilot was trained and quelified
for the flight. The Safety Eoard determined the aircraft flew tco close to a specia)
offioty device as it wes heing detonated to simulate an artillery shell. The explogion,
from ¢ distance of abovt 2% feet, caused o plece of debris to strike ¢ tail rotor blade. Aj
indentation caused by the impaet created a dynamic and aerodynamic lnbalmnce‘ in the taj!
- rotor system wiich generated suffiélent lotds to ouuse separation of the 90° tgi} rotor
fearbox end the rotor gearbox. The aircraft was not controllable after the tafl rotor
t3aenbly separated, '

The Safety Board concluded that there was no direct discussion; among the direetor,
the helicopter pliot, and the special effects personnel to insure that thare was a coramon
understanding of the positioning of the helicopter throughout the ieft hov ‘
- to insure that the special effectn
Additionally, no provision was made

When the repo
of the accident was "the
a low flying helicopter
helfcopter's tail rotor .
proximity : e to the failure to
establ -3 ' the pilot, who wes In coramand
who wes In chargs of the fiming

The following discussion addresses the avidence the Petitionor submitted to the
Safety Board which the Petitioner states supplements the lactual evidence devaloped in
the investigation, and provides & foundation to revise the analysis, conelusions, end
probable cause. The Pt ,
cavsed by the heat dela ] ' .
Petitioner contends further that the responsibility for i%e detonation of the spectal
effects devies which generated the heat to delaminate the tail rofor blade rested with the
licensed pyroteehnics operator on the movie site.

h support of tha petition, the Petitioner provided transeripts of testi mony at a
preliminary hearing in the Munjcipal Court of Los Angeles Judical District of g technicnl
conaultant enn:,e‘d by the film director, of several expert witnesses, and of persors who
wers involved with the movie, the movie soene, and the operation of the helicopter.

Petitioners first contertion is that the accicent was the resuit of the heat
delamination of the aluminum gkin from one of the tafl rotor blades. The delamination
was oaused by the failure of the &dhosive which bondad the skin to the tall rotor blade.
The Petitioner contends that the adhesive fallea after the i.i! potor blade way exosed to
excessive hout which was §unerated by the explosion of u defeative spacinl effeels device.
B Petitioner's view, the drlaminated tail rotor blade Absequently caused the fuilure of
the tail rotor assembly, and the loss of control of the helicopter.

The tall rotor blad: which har dolaminated skin was examined during the aceident
investigatinn at the helicopter manufacturery facility under the supcorvisior of the Safety
Board. Ths ot report stated that .. .the aluminum skin had vaparatod st the
bonding sirfuce as e result of exposure to excessively high temneratures. Tests of the
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adhesive qualities of the bonde ereas with raspect to temperature increases disclosed
that the wihesive coefficient of the bond arve diminished at increased temperatures. . ."
Howover, there wa' o enalysis in the report of the possible consequences of a
dalaminated tail roto. biade, or of any rilation of this event to the cause of the accident,
Nevartheluss, the report stated that "thy skin probably separated after the fracture of the
ther ;:l';m'!e, and therefore, war not a significant factor in the loss of the tail rotor
amembly. ’

- _The afety Board's reexamination of th» sccident data and the evidence provided by
the Petitioner indicates that its ¢viginal am yssment of the delaminated blade's poasidie
involvement in the sepsration of the tail rotor system was not complete. Pollowing
reassessmint, the Board Delieves it possible that the delamination of the skin on one blade
could have led to an imbalance in the tail 1otor system that could have caused the tail
rot.r gearbox and assembly to soparate. Conssquently, the Safety Board now concludes
on the banis of all the data that the veparation of the tail rutor system could have resulted
feom dynamic and aerodynsmic forces cavsed by the delamination of a 33 1/4- by
1/2-inch piece of skin from one of the tail rotor biades. As ncted in the report, the
examination of the other blade of the tail rotor assembly by the Safety Buard and by
independent sources showed that the blade v;as struck on the trailing edge by an unknown
object. The strike either fractured the blade outright, or so distorted e4 weakened the
blade thet the ensuing out-nf-balance dynamic and serodynamic lorces resulted in the
fracture of the blade.

The pictures of the accident scene and the tail rotor s~und spectrum study indicate
that the tail rotor assembly separated from the helicopter sbout 2 seconds after the last
special affects device was detonated. Additionally, all examinations of the tail rotor
gearbox 'ntcate” that the georbox failed instantanoously from an overload failure. As a
result, it is 0ot posmhle to determine which occurred firsi: the delamination of one blade
or the atrike of the other blade by an unknown object. However, it is quite possible that
since the two events occurred almost simultaneously, the aerodynamiz deterioration of
one blada contributed to the faiiure of the other blade and, cumuiatively, to the fajlure of
the tail rotor assembly.

Therefore, the Safoty Board has accepted the argument of the Petitioner on the
delamination issve, and the ~nalysis of ithe report has been revised to examine and
evalvate blade skin deulamination es a frctor in the accident sequence. The revised
analysis to be included in the accident report concludes "thet the linbalance of the tail
rotor gystem could have occurred from e¢ither of two sources, but inost likely occurred
from a naarly simuitanwous commbination of two sources: damage {rom a foreigr object to
the trailing edge of tha fractured biade rnd the delemination and separation of a major
piece of the skin on the other blade.” The findings in the report and the probable cause of
the aceident will be revised to refies t the Board's acceptance of delumination of a rotor
blade as a factor in (he accident.

The Petitioner's second major allegution was that there was no physical evidence to
prove that a blade of the tail rotor was 3“ruex by debris generated L'y a special effects
explosion. The Petitioner further asserted that the forelgn substance on the trailing edge
of one tail rotor blade was fuselage strip paint and not Jock bond adhesive, which was used
in the specia! effects “evices.

The Safety Board does not agree with the contention of the Fetitioner that there
was no physical evidance to prove that & tail rotor biade was struck by debris hurled
upward by s special effects explosion. Movie films of the helicopter at the time the tail

rotor ussambly separated showed clearly that the aft end of the helicopter was engulfed
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by the effcets of an explosion which involved debris and flame arour.i the tail rotor
assarnbly. Also, two independent examinations of the broken tail rotor blade established
thet the tail rotor blade fractured after being struck by a foreign object. Consequently,
the Safety Roard believes that its analysis of this issue, as reflezted in the aeeiient
report, is correct and does represent a valid explanation of & {actor in the failure of .he
tail rotor gearbox sssembly.

At the Hime of the initial investigation, the Safety 3Board er uged ¢ technicai
consultsnt to test the foreign substances in the indentation on the traling edge of one tail
rotor blade. An energy dispersive X-Ray (EDX) microprobe-type chemical analysis was
condutted of the substances. The Sefety Board's technical consultant concluded that
substances found on the separated iail rotor blade (which was broken &t the time of
exaraination) were similar to that found in lock bond adnesive. Subsequently, the sccident
report cited these findings to support & conclusion that the chject that struck the blade
was propelled upward from the ground by the detonation of a special effects device. The
Petitioner engaged anothe: technical consultant who did three additionel tests and found
that substances on the broken blade were fuselave strip paint. The report has been
revised to include the results of the tests which were conducted by the Petitioner's
consultant. However, because the traces of green and black substances fo'na on many
areas of the blades may have Deen deposited on the blades befure the sccident or during

the accident sequence, the source of the substances on the broken blade was not
definitively established.

~ Agsoclated with the Petitioner's second contentior. was the allegation that anry
debdris hurled upward by the detonation of special effects devices could not have baen
propelled with sufficient force to.dent the tail rotor blade and cause the accident. The
Safety Joard agrees that the explosion lacked the force to hurl debris at significant
velocities and thic belief is stated in the accident report. However, the analysis of the
encounter between the tail rotor blade and a foreign object established a possible
explanation of the impact which might have produced the force neeced to dent the blade.
That portion of the report has not been revised.

The Petitioner's third contention is that the movie director had no authority under
California or Federal lew to exercise control over the detonation or special effects
devices or the flight of the helicopter. The Petitioner claims that the licensed
pyrotechnics operator who detonated the special effecls devices exercised sole control
over, and had s'e responsibility for, the detonation sequence and, therefore, the cause of
the accident was the improper detonation of a special effeets device solely under the
control of the lcensed pyrotechnics operator. However, the acceptance or this
contention by the Safety Board would require disregarding all the critical conditions and
circumstances attendant on the accident and which preceded the sccident sequence. s
in most aircraft accidents, the cause of the accident is the sum of many related events.
This ~ceident was no exception. To contend that the licensed pyrotechnices operator wes
the only person on the movie set responsible for the safety of the heliconter, its
occupants, an persons on the ground beneath and around the helicopter completely
overiooks the responsibility o." key persons who made decisions that created the conditions
and circumstances wherein an aceident was likely to oceur. The helicopter pilot and the
tilm director had direct responsibility for the safe operation of the helicopter and the safe
management of the movie scene, respectively. Consequently, the Safety Board does not
accept the contention that these responsibilities were delegated by law or any other

means to the person who was in charge of the detonation of the gpecial eifects devices.
Therefore, the Safety Board believes that portion of the nceidentsgepwrt which analyzed
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the safety of the whole filming operation properly discussed and evaluated the
relationships between the helicopter pilot, the movie director, the unit production
manager, and the special effeets technicians. 'The lack of preproduction :neetings,
coordinetion, and communications led the Safety Board to conclude that the director
failed to fulfill his responsibility of insuring safety on the film set. As a result, tve Safety
Board does not aceept the Petitioner's assertions on this issue.

With regard to the probable cause, the Sefety Board has accepted the Petitioner's
argument that the delamination of a tail rotor blade may have been a factor in the
accident. As a result, the Safety Board concludes that the probable cause as well as the
analysis of the report and some findings should be revised.

ACCORDINGLY,

(a) The Petitioner's petition for recounsideration and modifica‘icn of probable
cause and finding of the aireraft accident report on Western Helicopters, Ine., Bell UH-
1B, N87701, Volencia, California, July 23, 1982, is hereby grant<d in part.

(b) The Satety Board's report is revised and a corrected report will be issued
which contains a revisud analysis section, two revised findings (and deletes one finding),
and a revised probable rause,

‘e} The probable cause is revised as follows:

The National Transportation Safety Board determines that the probable cause
of the accident was the detonation of debris-laden high temperature special effects
explosions too near to a low flying nelicopter leading to foreign objec' damage tc one
rotor blade and delamination due to heat to the other rotor blade, the separation of the
helicopter's tail rotor asseinbly, and the uncontrolled descent of the helicopter. The
proximity of the helicopter to the sperial effects explosions was di'e 1o the failure to
establish direct cornmunications and coordination between the pilot, who was in eccmmand
of the helicoptar operation, and the film director, who was in churge of the filming
operation.

The Safety Board commends the Petitioner for the thorovgh preparation of the
petition, and for his interest in aviation safety.

JIM BURNETY, Cheirman, PATRICIA A. GOLDMAN, Vice Chairman, and G. H.

PATRICK BURSLEY, Member, concurred in the disposition of th’s Petition of
Reconsideration.
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