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NATIONAL TRANSPORTATION SAFETY BOARD 
WASHINGTON, D.C. 20594 

MRCRAFT ACCiDENT RWOXT 

Adopted: Cctober 30,1984 

WESTERN IIELICOPTERS, INC. 
BELL UH-lB HELICOPTER, N87701 

YALEXCIA, CALIFORNIA 
JULY 23,1982 

Sl-Nc)PSLs 

N87701, registered to Rocky Mountain Helicopter, Provo, Utah, and operated by Western 
On July 23, 1982, a t  0220 Pacific daylight time, a Bell UH-15 helicopter, 

Helicopters, he., Rialto, California, crashed duri%g the filming of a movie a t  Indian 
Runes, Valencia, California. 

depicting a vi'hge typical of villages in Viet Nam which was under attack from heavy 
The helicop?cr was being used in the filming of a motion picture scene 

ordl'ance. The helicopter was used as a camera platform as well as in an active role in 
the movie sequence. The helicopter was hovered about 25 feet above the village atld 
nearly directly above the location where special effects explosives were detonated to 
simulate the heavy ordnance. tb the pilot turned his helicopter to the left to facilitate 
camera coverage, the helicopter's tail section was engulfed in a fireball created by tine 
detonation of a special effects explosion. The tail rotor assembly se?.?rsted, and the 
helicopter descended out of control. The helicopter's main rotor blede struck and fatally 
injured three actors on the gr0un.d. The six occupants on the helicapter sustained minor 
injuries, and the aircraft was damaged substantially. 

b 
The Xational Transportation Safety Board determines that the probable cause 

of the accident was the detonatian of debrii-laden high temperature special effects 
explosions too near to a low flying helicopler leading to foreign object damage to one 
rotor blade and delaminarion due to heat to the other rotor blade, the separation of the I 
helicopter's tail rotor assembly, and the uncontrolled descent of the helicopter. The 
proximity of the helicopter to the special effects explosions was due to the failure to 
establish direct communications and coordination between the pilot, who was in command 
of the helicopter operation, and the f i lm director, who was in charge of the filming 
operation. 

1. FACTUAL INFORMATION 

1.1 Mistory of the P w  

On the afternoon and evening of Jgly 22, and the early morning of July 23,  
1382, a cast of aciors and a movie production crew were filming a segment of a motion 
picture a t  Vaiencia, California. The segment of the movie was a Viet Nam war scene in 
which a village was under cttack by heavy ordnance. The movie set consisted of 11 
bamboo hu t s  icca:ed elong the shore of a shallow manmade river. The scenario included 



a Bell UH-1B helicopter, N87701, which served as both a movie prop and a platform from 
which some of t h e  ground action would be filmed. The movie production required the 
detonation of special effects explosive devices prepositimed on the ground to simulate 
the heavy ordnance attack. 

effects that he wanted to create on film and discussed these effects and the placement of 
The film director was in charge of the filming sequence. He determined the 

explosives to produce them with the special effects coordinator. 1/ The special effects 1 
coordinator, in turn, instructed the special effects technicians aboui the placement of the 
explosive devices. During the filming sessions, the special effects technicians initiated 
the detonation of t k s  devices in aecordance with cues agreed upon in previous discussions 
with the special effects coordinator. 

Three filming sessions were scheduled a t  the movie set on July 22 and 23. (See 
figure 1.) About 2100 P.d.t, 2/  the helicopter departed the takeoffDanding area for the 
first filming session and proceeded about 600 feet east to the movie set. The helicopter 

ground scene was  filmed. The special effects devices were detonated to simulate the 
was used as a camera platform during this session, hovering above t h e  set while the 

ordnance as specified in the script. When tine scene was completed, the helicopter 
returned to  the takeoffDanding area. 

The helicopter returned to the movie set about 2330 for the second filming 
session. During this scene, the pilot hovered the helicopter over the set while more 
special effects explosive devices were detonated. One special effects device had been 
placed in the water and was detonated while the helicopter was nearly above it. The pilot 
noted afterward that the water which shot into the air as a result of the explosion was  
dispersed by the helicopter's rotor system and obscured the pilot's vision through t h e  
windscreen for several seconds. Witnesses who were on the ground estimated that the 
geyser and some of the fireballs which resulted from special effects detonations during 

rameramen and one of the stuntmen aboard the helicopter stated during posiaccident 
th:; filming session rose as high as the 98-foot cliff behind the village. The two 

interviews that they had become concerned about the exposure of the helicopter to the 
?est generated by the special effects detonations during this filming session. 

pilot expressed his aggravation to the director about the unexpected eruption of water, 
At  the postflight debriefing following the 2330 filming session, the helicopter 

and he further related his concern to the  unit production manager (UPM) regarding the 
potential hazard to the helicopter caused by debris produced by the special effects 

session, assured the pilot that he would advise the film director of these concerns. The 
explosions. The UPM, who had been aboard the helicopter during the second filming 

and had lunch with the director. When he returned to the helicopter, he assured the pilot 
filming activity was suspended about 2345 for a 1-hour break. The UPM drove to t k  set 

that during the third filming session the helicopter was to remain over the water and that 
there would be nothing to be concerned about. 

Preparations for the third filming session resumed after t he  break. The script 
to be enacted during this session required that an Gdult actor carry two children from the 
village and wade across the river while special effects devices were detonated to simulate 
the heavy ordnance attack. The helicopter was  to hover above the river as a part of the 
scenario and to make a 180' left hovering turn to provide appropriate camera vantage 
angles. The scene was to be filmed from cameras both on the ground and in the 

1/ The special effects coordinator was licensed by the State of California as a 
pyrotechnics opertaor. 1 
- 2 /  AI3 times herein are Pacific daylight time based upon the 24-hour clock. 
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helicopter. Two stuntmen aboard the helicopter were to fire blank rounds from machine 
guns on both sides of the craft. The script called for the  total destruction of the Village 
by the specie1 effects explosives when the helicopter was over the north shore of the 
river. A rehearsal of the scene was scheduled before the final filming. 

Before the rehearsal, the helicopter pilot waked through the movie set to 
review the scenario for the schedukd filming session. He personally checked the security 
of the cardboard and palm frond zoofs of the village huts. He was concerned that the 
helicopter rotor downwash might dislodge these roofs, or portions thereof, and cause them 
to  be swept up into the rolor system. The pilot did not receive, nor did he actively seek, 
any information from the special effects coordinator or the UPM regarding the sequence, 
timing, or positfoning of the special effects expfosions. He stated to the special effects 

set off under the helicopter, it doesnY matter which structures you have rigged for a 
coordinator that "as long as no debris is allowed to enter the rotor system, and nothing is 

firebomb." During interviews conducted by the Safety Board following the accident, the 

special effects explosive devices during the filming sequence. 
UPhl indicated that he had assured the pilot that the helicopter would not be over any 

participate in a rehearsal of the scene. The helicopter initially was positioned about 
About 0200, on the 23rd, the helicopter was flown to t he  movie set to 

during the rehearsal. The turbulence generated by the helicopter rotor system during its 
40 feet above the center of the river. There were no special effects devices detonated 

left turn obscured visibility to the extent that one of the special effects technicians 
obtained a welder's hood to protect his eyes from the flying dirt. No other difficulties 
were apparent during the rehearsal. 

About 0218, the helicopter took off again for the filming of the scene. In 
addition to the pilot and the two stuntmen who were to fire the machine guns, the UPM 

seat to operate a spotlight, one of the cameramen w&s on the left side of the helicopter, 
and two caxneramen were on board the helicopter. The UPM was sitting in the left front 

and the two stuntmen with machine guns were positioned by the side doors, one on the left 
and one on the right. The other cameraman was standing in the passenger compartment. 

the Same route down the center of the river as it had during the rehearsal flight. (See 
According to the cameraman on the left side, the helicopter initially appeered to follow 

figure 1.) When the helicopter passed over the dam, he climbed out on the left skid. He 
then realized that the helicopter was much lower than it had been during the rehearsal 
and that it was over the village oc the south shore rather than near the center of the 
river. The cameraman on the north shore of the river stated that t h e  helicopter arrived 
over t he  sampan area a t  a height of abaut 40 feet, and that while hovering there the 

helicopter to "get lower." The director later stated that he did not recell having given 
director shouted commands through a megaphone, including the command for the 

that command. According to the assistant director who had a VHF communications radio 
and who was standing near the director, the director asked for the helicopter to descend 
lower. The assistant director could not recall having transmitted the dipectiow to 

pilot stated that after arriving over the set a t  60 to 70 feet, he descended to align his 
descend to the UPN, and the UPX could not recall having received the directiow. The 

set. He then heard directions over the VHF radio to descend lower. A review of the film 
main Y O t W  with a strata line on the adjacent ciiff a t  a height of about 35 feet above the 

f r o m  the camera on the north shore of the river showed that after the helicopter 
descended into view and stabilized in a hover, the special effects charges began to 
explode. 
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1 
permit the cameraman on the left skid to film the actors as they waded across the river. 

After three explosions, the helicopter began a IeveI hovering left turn to 

A fourth special effects device was detonated, followed less than 0.1 second later b3 a 
fifth detonation. As the fifth device was detonated a column of gasoEne/=wd-t 
mixture which it had raised erupted into a fireball which engulfed the tail sectlon Of the 
helicopter. 

O f  about 009' for less tinan 1 second. The helicopter began a right ascendisg turn Until it 
The helicopter stopped turning to the left and stabilized on a magnetic heading 

left the film frame. Aborrt 2 seconds later the helicopter reappeared in the film frame in 
about a 20' tail down attitude, and was still turning to the right, but descending. The tail 
rotor assembly was missing. The helicopter crashed into the peninsula on the north side Of 

right. The helicopter's main rotor blades continued to turn to the left and struck the adult 
the river in e noseup 45' left bank attitude, whse the helicopter was still iurning to the 

actor and the two children as they were crossing the river. This entire sequence Of 
events, including the explosions resulting from the detonations of special effects devices 
and the subsequent crash of the helicopter, was recorded on film by the ground cameras. 
The accident occurred at night about 0220 hours at latitude 34' 25 feet north and 
longitude li8' 33 feet west. The elevation of the crash site was  1,000 feet m.s.1. 

The special effects coordinator and special effects technicians stated after 

technician who was to detonate the first special effects device. The other technicians 
the accident that radio communication was provided only between the coordinator and the 

had been instructed to begin detonsting their explosives when they heard the machine 
guns aboard the helicopter begin to fire. Although the special effects coordinator stated 

1 explosives, the technician who detonated the explosives nearest to the helicopter stated 
that each technician was  responsible for ensuring that his area was  clear before firing his 

that the safety of the helicopter had not beer! discussed nor had he been apprised of tke 

restricted by the welder's hood he was wearing during the filming session. 
helicopter's proposed flight pattern. The technician also observed that his vision had been 

1.2 I n j u r i e s  to  Persons 

Helicopter Ground 
i- .  .uries __ Crew Personnel Total _- - 
Fatal s 
Serious 0 
Ilinor!Kone 6 

6 rn ~ota!  
- 

0 
3 3 

0 
40 
43 
- 46 

49 
- 

1.3 Dsmage to aircraft 

The aircrait was destroyed. 

1.4 Other Damage 

Not applicable. 

1.5 c r e w  Information 

1 tions (FAR). Ke had comp!eted e biennial flight review 2 months before the accident, and 
The pilot was certificated in accordance with applicable Federal Air. Regula- 
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he had conducted six night landings in Bell UH-1B helicopters during the preceding 

4,408 of which were in rotorcraft, and 1,536 of which were in the Bell 204/205/UH-1B. 
90 days. According to company and pilot records, he had accumulated 4,514 flight-hours, 

This was the pilot's fourth employment in movie production work, but it was his first 
experience flying in the vicinity of special effects devices. 

darkness, he began a series of short flights between the takeoffDanding area and the 
The pilot reported for duty about 1830 hours on the evening of July 22. After 

movie set before the 2100 filming segment. The pilot flew the helicopter for a total of 
about 20 minutes during the estimated 7 hours 50 minutes he was on duty. 

i.6 & m f t  h f O F ~ t i O U  

Mountain Heliccpter, Inc.? Provo, Utah, and was operated by Western Helicopters, kc., 
Bell UH-13 helicopter, N87701, serial No. 64-14038, was owned by Rocky 

category airworthiness certificate because it had been modified for use in filming 
Rialtc, California. The helicopter was  operating under a temporary experimental 

activity. 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 limits 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 accident, the aircraft had 
accumulated 5,817 flight-hours. All maintenance inspections prescribed by current 
regulations had been completed. 

2.7 Xeteomlogical Information 

(zconlight bright). that the visibility was  unrestricted, and that the wind was from the 
The pilot and other witnesses at the scene reported that the skies were clear 

east at  less than 5 knots. Burbank-Glendale-Pasadena Airport, Burbank, California, 
iocated about 23 miles southeast of the accident site, reported the 0145 hours surface 
weather observation as: 

Q 

Scattered clouds at 20,000 feet; visiSility--E miles; 
temperature --75' F; dewpoint--60* F; wind--caIm; altimeter 
setting--29.92 inches. 

1.8 Aids to Navigit ion 

Not applicable. 

1.9 Communications 

Communications between the helicopter and the ground were conducted by 
radio. There were no known mechanical difficulties with the communications equipment 
.sed to communicate between the helicopter and the ground. 

1.10 Aerodrome and Ground Facilities 

about 600 feet west of the accident site. 
T'ne helicopter was using an especially constructed takeoffflanding pad located 
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1 1.11 Flight Recorders 

Not applicable. 

1.12 Wreckage  and Impact Information 

The helicopter came to rest on its left side on a magnetic heading Of 345'. 
The helicopter's structure, flight controls, and rotating assemblies, except the tail rotor 
assembly, remained intact. The main rotor mast  assembly, including the main rotor 
blades and their associated components, were heavily damaged as a result of impact. 
Damage to the main rotor blades was consistent with the damage which would be 
expected if the blades were rotating a t  impact. The preimpact integrity of the main rotor 
flight control system was established; all of the damage to the main rotor flight Control 
system was  determined to be the result of impact. There was no evidence of any pre- 
existing malfunction or failure. 

The main transmission rotated freely and the free-wheeling unit operated 
normally. The right-hand rear and fifth mounts had separated from the transmission; the 
fracture surfaces were clean and typical of overload fasure. The left beam was buckled; 

during impact. The tail boom attachment brackets remained intact and were not 
however, the left link remained attached. The nonrotating flight controls were damaged 

buckling. The right synchronized elevator was not damaged. Continuity of the flight 
damaged. The left synchronized elevator showed evidence of extensive compression 

control system for both synchronized elevators was established. Continuity of the 
antitorque control system from the cockpit rudder pedals to the 42' gearbox was 

I 
established. The Nos. 1, 2, and 3 bearing housing for the tail rotor drive shaft hanger 
remained intact. The tail rotor drive shaft had separated from the transmission tail rotor 
drive quill assembly. 

Tne vertical pylar drive shaft, located between the 42' gearbox and the 90° 

The spline teeth, male and female, show& no signs of damage. An impact mark was 
gearbox, had separated. The snaft was found near the wreckage in the center of the river. 

found on the right side of the vertical pylon drive shaft cover. 

other blade attached to the hub assembly, was found about 41 feet north of the main 
The tail rotor 90° gearbox, with one intact blade and the butt portion of the 

wreckage. Tail rotcr blade, serial No. A3-84197, had separated 18 1/4 inches outboard of 
its butt end. The outboard portion of the blade was  found about 21 feet southwest of the  
tail rotor 90' gearbox. The broken tail rotor blade exhibited a semicircular indentation 
about 3 1/2 inches deeF on its trailing edge; the indentation spanned the fracture line in 
the blade. (See figure 2.) The left side of the blade had two rectangular punctures just 
aft of its leading edge. Foreign particles were found on both fracture surfaces of the  
blade. Tail rotor blade serial No. A3-84164 remained attached to the hub assembly. 

(See figure 1.) Visual eXCUIIinRtiOn of the skin disclosed extensive curling at the butt end 
-4bout 33 1!4 inches of the blade skin was missing; the skin was found behind hu t  No. 7. 

and extensive heat damage. X S O ,  DPrticles of a rubbery substance with wood embedded 
were found on :he right side of the skin. 

The engine was operated by use of its starter. There was no evidence that ehe 
rotating components had bound, and the engine rotated freely. After the engine was 
operated, the particle separator was removed; no f o r e i i  contaminates were found in the 
separator. I 
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The heiicopter did not catch fire either before or after impact. 

1.14 Medical and Patlrologid Information 

Angeies Cosnty ?Jedical Examiner-Coroner's Office. The postmortem e.xamination of t h e  
Postmortem examinations on the three actors were performed by the Los 

adult actor and male child actor disclosed that their deaths were attributed to inj!i:ies to  
the head, neck, and shoulder of each actor, inflicted by the main rotor blades Of the 
helicopter. The cause of death to the female child actress was attributed to multiple 
traumatic injuries and blunt force trauma. Toxicological examinations were performed On 
the adult actor, and no evidence of drugs aiid/or alcohol was found. Toxicological 
examinations were not performed on the children. 

The pilot and three of the other fire occupants of the helicopter were treated 
?.t Hen?? Zlayo Nemorial Hospital, Newhall, California, for minor injuries and were 
released. There was no evidence of any preimpact incapacitation or preexisting 
physiological conditions which would have affected the pilot3 judgment or performmce. 
Toxicological examinations were not performed, bemuse they were deemed not 
warranted. Since :his aircraft was operating' on an experiment& airv;srthiness 
certificate, crashworthiness was not considered pertinent to this mishap. 

1.15 Tests and Research 

1.15.1 Film Exemination 

1 At the Safety Board!s request, the Federal Bureau of Lqvestigaiion (FBI) 

cameras located on the north shor? of tine river and about I? feet above the  elevation of 
examined the film recorded duriilg the accident sequence by one of the movie production 

the ground to the rear of hu? No. 1:. (See figure 1.) The purpose of the examination was 
to determine the position and movement of t he  helicopter relative to the special effects 
devices when they were detonated. The examination included 228 frames of the film 
taken during an elapsed time of 9.5 seconds, beginning with the first of the five special 
effects explosions and terminating when the helicopter disappeared from the camera's 
view immediately before the helicopter crashed. 

Table 1 shows the heiicopter's heigst (measured above the csmera), heading, 
rotational rate? and forwcrd speed. Examination revealed that the helicopter's position at 
the instant of the fourth special effects explosion placed the  center of the tail rotor about 
33 feet above and 19 feet laterally displaced west-northwest from the source of the 
explobion. The helicopter's position a t  the time of the fifth special effects explosion 
placed the center of the tail rotor about 34 feet above and 13 feet laterally displaced 

3 inches above the skids.) 
west-northwest from the source of the explosion. (The center of the tail rotor is 10 feet, 
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Ta’nle l.--Helicopter 3lovements. 

Height of Average yaw 
skid above Time 

(Seconds) camera 
:. / rate and 

direction 
-mi- VTEr 

n 12 
3 
6 (4th explosion 12 033 23O left 
6.0938 (5th 
explosion) 

15 008 None 
I .3 16 008 
9.075 19 046 2 5 O  right 

None 

- I,! The t imes  ape seconds elapsed from the first special effects ex?losion. 

078 
12  078 

None 
None 

- 
7 -  

None 
Sone 
3.6 

3.6 

Leaving frame 
5.6 

1.15.2 FBI Explosive Tests 

examining the characteristics of the explosions created by the detonation of devices such 
The FBI laboratory also assisted t h e  Safety Board in the investigation by 

:is t h x e  reportedly used by the special effects personnel a t  the time of the accident. The 
F X  conducted tests at the accident site and at  its own test facilities. 

special effects ?ersonnel stated that they hdrl detonated ;nortars (steei pots) of various 
To produce the illusion of a heew ordnance attack on the movie set, the 

shapes and sizes which contained black powder explosive charges and gaso!ir?e/sawdust 

?!aced in the bottom of the mortar with the gasoline/sawdust mirtilre in the middle and a 
nixtures. Thc prirnary black ?owder charge. which re2ortedly was 6, 8 or 1’1 oilnces. w a s  

smaller 3-ounce black powder charge on ?op. 

Septe:nSer 23, !982, was to record thc sounds of the detonation of different sheaed 
The purpose of the FBI tests a t  the accident site, which were performed on 

mortars charged with various azounts of black powder. The same recording equipment 

spectrim of the sounds recorded during ihe tests were compared with the frequency 
aqed at the  time of :he accident was used t o  record these sounds. The frequency 

r-ectrum of the sounds of explosion recorded et  the time of the accident. 

The FBI tests disclosed that each mortar configuration produced a unique 
sound frequency spectrum which did not vary regardless of the amount of the charge. The 
tes t  sound spectra of t he  detonation of charges in two  of the special effects m0rte.r 
configurations w e y e  similar in frequent:,, conteni to the sounds of the two ex9losions 
which were recorded immediately before the accident. The Amplitude of the recordec! 
sounds can, under identicdl recording conditions, indicate the level of the black powder 
charge i n  the mortars. Although a determination of the anount of a char;e through a 
con2arison of the amplitude of sound recorded was precluded by the autometic gain 
control feature of the recorder, it was posslble to conclude from these tests that special 
effects explosions were produced by black powder charges. 

irr.?arted to several objects by the  special effects explosions. ?.lortar charges identical to 
The purpose of the tests a t  the FBI’s test facility was to measure the velocity 

those used by the special effects technicians were detonated. and t h e  speed of objects 



propelled upward was  measured about 20 feet above the ground. The tests showed that an 
object having E mass and geometry similar to the pieces of bamboo used to construct the 
village huts would r e s h  vertical speeds of 209- to 300-feet per secwd. Portions Of 
mortar casings were ;.;sjecte3 to heights of 50 feet and more. There was no a:tempt 
during these tests to replicate the placement of the mortar charges of t3e E'ructUres 
which surrounded them when the accident occurred. 

? 

1.15.3 Tail Rotor Sound Spectrum Study 

The frequency spectra of the sounds recorded during the fiimiag sequence iZ 
which the helicopter crashed were also studied by the Los Angels County Sheriff's 

and to relate the changes in sound frequency to tail rotor transient movements ad 
Department. The purpose of the study was to identify the discrete sound of the tail rotor 

rotational speed changes. 

and just before the accident, the helicopter3 tail rotor began to move in a counterclock- 
The frequency spectr:-.d stud?, disclosed that before the last two explosicns, 

wise direction away from the recording microphone. ..%out 0.5 seconds after the 1 s t  
explosion began, the sound frequency change correlated with a reversal of the tail rotor's 
movement toward the recording microphone. About 1.7 seconds later? a frequency chmge 
occurred which correlated with a deceleration in the tail rotor's rotational speed. 

1.15.4 Examination of the Tail Rotor Component and Other Materials 

A t  the Safety Board's request and under its direction, the helicopter's tail 
rotor assembly was examined by the helicopter manufecturer and a n  independeEt 
laboratory. h 

1 
The metallurgicel examination by the helicopter manufacturer was conduct& 

using a transnissim electron nicroscope and plastic replication techniques to determine 

exeminatioc indicated that the tail rotor blade skin had fractcred from combined shear 
the characteristics of the fracture of the tail rotor blade, serial No. A3-84197. The 

loading and tearing and that the fracture progressed f roz  the traiiing edge to the leading 
eage :>f the blade. The helicopter manufacturer concluded that: 

approximately 18.25 to 22.3 inches (163.55 - 566.42 am) fron; the 
A foreign object impacted the tail rotor blade trailing edge 

butt end. The impact of the foreign object deformed the aft  

deformation created an OUt-of-traQk condition of the tail rotor 
1 inches ,of the tail rotor blade trailing edge at station 2 5 .  This 

and blades from the aircraft. 
blade that may have resulted in the separation. of the 90' gearbox 

acxrstely the impact force required to produce the observed damage without the support 
The helicopter manufacturer observed that it w a s  not possible to assess 

of tests. However, bas-d on certain assumptions, the manufacturer estimated that the 
required force would be a t  least 7,800 pounds. 

The helicopter manufacturer's examination of the tail rotor blade which 
remained attached to the hub. serial No. A3-81164, showed that the a Iuminuq  skin had 
separated a t  the bonding surface 4s a result of exposure to excessively high temperatures. 
Tests of the adhesi-e qualities of the  banded areas with respect to temperature increases 1 disclosed that the adhesive eoeffieient of the bond area @irtlinished a t  increased 
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temperature?; e.g., a t  300°F, the average peel strength of the bondel area was about 
23 pounds per square inch (psi), which is about 2 percent of :'ne average peel strength at 
room temperature (1,109 psi). 

The tests conducted by the indepenjent laboratory cor.skted of a visual 
examination of all the separated coqonents  of the helicopter's tsil rotor assen5i;r and an 
energy dispersive x-ray (EDX) microprobe-type chemical analysis of several samples from 
the tail rotor section, fuels, rnrsteriais , sed  in the special ei:ects devices and movie Set, 
and debris which was recovered from the vicinity of the explosions and crash. 

The independent :aboratory tests disclosed that elements typical of the fire 
fuel used to create the special effects were deposited on the large indentation on the 

indentations on the right side of the separated portion of the blade. A gr.?en SUbStaZCe 
trailing edge of both ?arts of the separated tail rotor blade and on the two rectangular 

found on the separated tail retor blade &.in ;vas chemiczliy sirnik? t )  a g-reec substance 
found on a special effects de,vice mortar casing; e black tar-like subsrence found near the 
leading edge of the fractured tail roto: blede ivas fore+ to the 5kde and eppeared to 
have originated fron the bombing debris. 

A lid from a j-gaUon glue pot? typica! o f  seve?al whic:: were found a: the 
accident site, was examined. The lid was made of stee! and had seve-el sharp tangs 
aroiizd its circumference. Two tangs ivere found to match the s 'ze anb shape of the 
rectangular indentations found 01-3 the !eft side of the outbosrd Poftio? of the separated 
tail rotor blade. 

vertical pylon drive shaft cover xe re  simile: to  paint fame on th.2 fractured tail rotor 
Red and turquoise substances found in the i;identations on the righ: side of the 

blade. .Also, tPe shape of the indentation on the drive shel: cvvcr ma:ched the ieilding 
edge of the outboard portion of the frsctureb tail rotor biade. 

Tfie independent leboratory's report concluded that deb-is from a special 
effects explosion on the grocnd strdck the hekopte? tail rotor Slade during flight, that 
the blade fractured. and that this ultimately caused the separe?ion of the ?ai! rotor 
assembly artd the crash. 

Additional tests were conduc?ed by a technical consultmt engaged by the fi!m 
director. The tests includzd analysis of substancer de?osi?.ed on the trailing edge cf 30th 
parts of the broken tail rotor blade. The consultsnt used EDS. wave lengih disperjive 
spectroscopy, infrared analysis, and atomic a!>sorption tes?s. 3ascd on all of :hew tCsts. 
the consultant concluded that the substances were olive drab !strip! paint of the Same 
type used to paint the helicopter. 

1.25.5 F%@neering Evaluation 

he1icop:er nanufacturer. and the independect laboratory to Y proiessor fro- the 
The Safety Soard provided the re?orts of  the studies conducred by the FB!. the 

University u t  California School of Engineering for furth9.r evaluation. 

Upon examination of these documents. the professor concluded that the 
confinement of the special effects degice beneath the floor of a hut  might cause debris to 
accelerate to higher velocities than were evident in the detonating tests conducted 5y the 
FBI. He calculated that, under some conditions, projectiles miyht reach heights of 
between 800 and l150O feet. He also o5served that an off-center iinpJlse force to a 
bamboo stick, typical of those used in the floors of the movie set huts, would cause the 



stick to rotate and that :he rotating tips would attain velocitieq higher than those ax the 
center of gravity of the projectiie. 

The professor's ??port indicate5 Cn3t he believed it likely that a blo7Ar f r o 9  a 
giece of the fire-fuel-coated bannDoo floo- camel the indentation at the trailing edge Of 
:he tail rotor blade en5 that tr.e bent or fractured blade calised aerodynamic and dynamic 
i-balance which created fvces  preat enough to separate :he tail rotor gearbox. 

1.16 Additional Information 

1.16.1 Director's Responsibilities 



rne existing regulations and approved procedures. There was no evidence Of preexisting 
The helicopter was properly certificated and maintained in accordance with 

deficiencies, malfunctiors, or faihres of the  helicopter's systems or com?onents which 
could have led to the crash. 

-. 

The pil.ot wa certificated 2nd qualified in accordance x i t h  applicable 
rq lh t ions .  iVnile he had been emp;oyed before in film activity, he had not flown 
previousiy in proximity to special effects explosiors. %e was obligated to f ly the 
helicopter in confarmiti, w:;h the operating limitations specified in the helicopter's 
experi-ental airworthiness certifi-ate which was issued by the F A A  specifically to p e n i t  
the rigging of the helicopter as required for the f i lm production. The movie ?roduetion 

but were on Soard to perform their duties in the making of tine movie. Since he:icopterS 
persons who were in the helicopter were no: involved in the direct controi of the aircraft 

rnay operate below the minimum safe altitudes specified S y  regulation withotat an express 
waiver, it h s  not been :he practice t o  seek waivers in connection with Totion picture 
poduction activity. ?.loreove.-, there was no requiremmt enforce2 Sy the F.%.X that 
"Jestern Eelicopters, he., prepare for ?.%A approval e Yotion Picture and Television 
Flight Operstions Xanual. However, the pilot ~ 9 %  eomt:ained by reguiaiion to operate 
:he helicopter "'without hazard to persons or property on the surface." 

helicopte? 'was lost foila\*;ing separation of its tail rotor assembly. The ? i m e  of separatior, 
The investigation of this accident revealed clear evidence that con:ro; of the 

3 f  the assembly v a s  evident in the sounci frequency spectrum analysis of the audio tap? 
which had been recorded during the  accident sequence. The sound frequency spectrum 
analysis distinctly showed a speed decay of the iail rotor rpm about 1.7 seconds after 
:.eversal of the helicopter's rotatlonsl ief? turn. This speed deea? can be associated osly 

ro:x rpm or engine rpm. Further, esamination of the produc:ion film fro- ?he camera 
~ : t h  separation of the tail rotor assembly because there was no concurrent decay in main 

engulisd in a firebsll from the f i f t h  special effect< eupiosion w h i l e  the helic%?ter was in a 
?hat was located on the north shore of the river revealed :hat t\e tail :oior assexbly '*vas 

!eft hovering turn. Followins t lx  espioslon. the heiicopter stopped turning io the left.  
began a right ascending turn,  ant: mcved o ~ t  of the film frame. A2out ? seconds iater. :he 
helicopter reappeared in the film in a tsi: low ettitude and in a right dscending turn, 2nd 
its tail rotor assembly was missing. The helicopter continued turning right end crashed 
into the peninsule on the north side of the river. 

left hovering tarn until shortly lifter detonation of t h e  f i c t h  special effects device. 
The camera 51:- showed that ;'ie he!ico?ter was mder control throughou: the 

thrust vector TO Offset the ro:aiion>ii torque :?om the nai:, rctor -;ystern which rends to 
3uing e Pvel  hover. the hel iwp?er  tail rotor blade5 produce cn escntiaily horizontal 

dyna%icalls sound to produce thc thri;st needed to prevent the heiicopter f ron rotatyng :o 
"otate the helicopter to :he right. The Teil roto; blade mus: '3e strxturaii?; snd serc- 

t h e  right in response to the :,>?que. and to prodiice the  even higl?er t h x s t  ;eqiiired t o  

!>lade w&S evidenced by the helic?ptcr's aSrupt reversdl from p. :eft ttlrn to R right :urn. 
sxecute n hovering left turn. A disiuptio? of the serodynemic inte;T.-it:; 0: the ta i l  rotor 

Therefore, the Safety 3osrri cnncludes that the damage to t he  tail rotor '!lades occurred 
suddenly and was related to the four:'. and f l i t i :  :oecisl effects esplosiom; t!w former 
?receded the latter by less than O.! second and orfziretec! beneath the bamboo flow of the 
No. 10 hut.  'T!w f i ! th  special effect5 device ITUS placer! on :he -;:,ore s!mut : $ -west of  
;he No. 10  hut. 



1 control problems for a helicopter pilot. If tail rotor damage O c c U I s  at a high enqugh 
Damage to or separation of a portior. of a tail rotor blade creates Severe 

altitude, the pilot may be able to enter an autor ~ tztive descent (engine no longer drivL?g 
:he rotor system). This flight condition minimizes the tail rotor thrust requirement, may 
allow the opportunity to reduce significantly the dynamic and aerodynemic imbalame in 
the tai! rotor and prevent separation of the tail rotor system, and allows the  pilot to land 
upright with some measure of control. However, in this accident, the pilot had neither 
the time nor the altitude to establish an au:orotative descent. Consequently, when the 
tai: rotor assembly separated, :he helieopter was not controllable, and the Crash was 
inevitable. 

casing on the tail rotor's 90' gearbox mounting flange fractured from overloau forces. 
l%e tail rotor assembly completely separated from the helicopter when the 

The fracture resulted from the excessive forces applied through t h e  structure from the 
aerodynamic and dynamic imbalance of the tail rotor. The Safety Board conciudes that 
the imbalance of the tail rotor system could have occurred from either of two sources but 

from a foreign object to the traiiing edge of the fractured blade and (2) the delamination 
most likely occurred fro% the nearly simultaneous effect of the two sources: (1) damage 

and separation of a major piece of :he skin on the other blade. 

tzi! :o?or gearbox to which the blade hub with the mating fracture surface w s  still 
"he separated portion of cne tail rotor blade was found 21 feet away from the 

attached. -5 matching semicircular indentation existed on the trailing edges of both 
?ortiow of the f rac t red  tail rotor Sltde. The matching indentations are conclusive 
evidence that the blade was struck by ari object before the blade fractured, and that the 
fracture may have been precipitated by the damage inflicted by the object or by 
vibrational forces caused by the resulting imbalance in the tail rotor system. 

1 
So. 7 hut on the south side of the river. Tests showed that the skin had separated a t  the 

The large piece of skin from the other tail rotor blade was found behind the 

bonding surface (delamination) becsuse of exposure to excessively high temperatures. 
Since the only so;Irce o i  high tenperatures was the special effects ex?losions. the Safety 

:he fifth special effects explosion which engulfed the tall rotor assemb!y. The 
Bo& concludes that ;he delamination resulted from the blade's exposure to the heat of 

delamination and nigh speed :otation of the blade wou!d have caused the skin to flap as it  
separated frDm the blade structilre. The consequent disruption of the blade's aerodynamio 
shqpe and the creation of a dynamic imbalance due to the loss of the skin could havz 
?esulted in forces sufficient to fracydre the tail rotor gearbox flange and could have 
caused the tail rotor assembly to separate. 

Sourcg of Tail Rotor Damage 

The Safety Board concludes that the two rectangular punctures found on tt.e 
separated sortion of the tail rotor blade near its leading edg-. were not significant t~ the 
fracture of the blade. These punctures rnatchedc1os~:y the tangs on the steel lids of the 
5-gailon glue pots found in the vkinity of the era*. Since the punctures were not 
elongated and the surrounding damE:e WRS limited, the Ssfety Board concldes that the 
blade was no: operating s t  high rotational speeds when the damage was inflicted. 

assemh!y had senereted frorn the helicopter. 
Consequently. the Safety Floard concludes that the lid struck ?he blade after the tsil rotor 

The Safety Board cannot identify with any degree of certainty the specific 

point of fracture. The deformation of the fracture in the outboard portion of the blade 
ohject which struck the tai: rotor blade and caused the semicircular identation a t  the 



-16- 

tends to  indicate that  the blade was struck from the righ: Side irOX the t!Zilirs edxe 
However, the Safety Board believes that any of the objects propelled .;?ward Gy l h e  
special effects explosions wculd pot have had sufficient mass and speed to inflict the 
evident damage if they had struck the blade frcm behind in i ts  direction Of rotation. it is 

plane of rotation and striking the blade just forward of its t:aiiir:g edge woeid have 
nore likely that an object travezng essentiaily perpendicular to the taii rotor biade’s 

proluced the necessary force to dei0;r.n the blade. Under such conditions, :he impise 

of the blade. In these circumstances, the damage could have been inflicted by an object 
force related io such a? impact would have been very high because of the rota:ion&l speed 

Of relatively low mass. Furthermore, such an impact would r ~ v e  been consistent ivith t i e  
pressure differential across the blade (deflected to produce a ieit turn) and the inovement 
of debris ‘hrough the blade’s rotational piane. The peculiar deformaiicn of the fracture 
Surface 0’: the ootboard portion of the blade could be ex?!ained by t h e  tv,’is:ing of the 
blade by the aerodynamic and dynamic forces which caused i:s fracture and by the i-pact 
O f  the blade against the drive shaft cover of the verxica! pylon. 

‘3 0 . 

The S a f e t y  Board considered the possibiliry Chat the objeci which &magee the 
helicopter’s :ai! rotor blade may heve been ejected from The he1icop:e; insreed of 
pmjected upward from the ground. The objeci specifically considered ‘ses a 0.30 cal ixr  
blank easing, such as those from ;he blanks being ?‘ire6 from the machine g u x  2ech 
Side c.f the heiieopte:. NormaI!y? objects rrom a hovering helicopter wouid descend 
fapidly as a result of the downwash force generated 5;. the main rotor sys~ern .  i::hough 
the downwash forces from the helicopter‘s main rotor might heve beer! offse: for 12 
instant by the upward force generated by the explosion. the SaCe?y Ssard believe-; that  rhe 
evidence does not support this pcssibiiity because :he near 1;2-!nch-4iame:er size of t;:e 

of the semicircular indentation on the trailing edge of the frncwred :ail mtoi biade. 
0.30 Caliber blank casing is not consistent ;vith :he asproximete 3 i/?-inch-diameter size 

The circumstantial evidence and some piysicsi evidence indicates :hat t k  
object that struck the b!a& probabiy v a s  prope!ied upward by the spccia: effeer. 
exp:osions, but the Safety Boa!@ emnot ese;ude the  p~xs ib i l i l~~  that lhe  flacturo occurrid 
‘after ra?her than before the separatior, of :he tail rotor ase i i>biy .  :.e., :he broken 3!cde 
did strike and dent ?he right side of the drive shaft cover on rh? vertical -,:yon which 
suppor:s the tail rotor assembly. Moreover. the bIt?de may have conttxied ttno+.?,er par i  of 

supported by the identification of t h e  substances found on the traiiing edxe of i!>e blade as 
the heiicopter foreefuliy causing the flacture of t h e  weakened blade. This possibility is 

olive drab paint. Zowever, because t h e  dynamics of  t h e  conditions surrounding the 
sepe?at;on of the tal! rotor assembly zre estrcmely cornpiex. and Si-cause the sepsration 
of the rotor assembly WAS completely obscured by the rircbaii fro?: the Fi?h special 
effects explosion, the Safety Board cannot conclude with certainty :hat the damage :G i ? w  
blade occurred before it separated from the helicopie: as par? of t h e  tail rotor ass$mb!y. 

:.he tail rotor assembly was under the aerGdynlimiCHliy ioh?dtd co:>di:ion consisten? with !t 
Elowever, the Safety Board believes that if t.he blade had been dawlged by debris while 

hovering :eft turn, the resultan? aerodynamic and dynamic imbalance wou:d has: Seen 
sufficient to have fractured the tail rotor geerbor flange. 

A review of 13 years of U.S. A m y  UH-1 accident!incident data Fevealed no 
accidents or incidents caused by skin delamination of tail rotor blades. Similarly, Safety 
Board accident/incident date fo? the Bell 204 and 205 -ciodels helicopte-s (civil version of 
UH-1)  disclosed no accident or incident caused by delamination of 8 tail rotor blade. 
Further, these data disclosed no instance in which a taii r o t x  assembly was separated 
from the helicopter because of delamination of skin f rom n tail rotor bleae. 

rotor blaae, the Safety Board concludes :hat in the circumstances of this accident 
Notwitfstanding the iack of accidents or incidents rriated to the deiaminetion of H tail  

I 
I 
I 
I 

Q 
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the left skid and the cameramen on the nor:h shore o i  t h e  river. Zonsequentiy. i t  is 
evident  hat the  operation lacked ?he precise p>dnr;i?g and coordination needed to conductt 
it safeiy, particulariy i f  changes in the scenario were made. e 
and te1evision f i lm industry, the director has f u l l  responsibi,iity for safe:y on the set of a 

03 the  other hand, the Safety Board siso recos;nizes that in the wslion pictare 

filming operation. Consequent!!, it is incuabent upon the director :o t ake  cognizacce of 
visible and reported hazsrds and ?o take the measures needed to either eliminate t h e  
hazards or :o cope with the hazards in a manner that wil l  insure the safer? of :he 
personnel involved. In this accident, the director did cot condwt preprc :action meetings 
with t5e principais concerned-the pilot., ine UP?.:. the assis;en: director. and the special 
effects coordinator-regarding the  hezards related to operation of the helicopter in 
proximity to Ihe special effects explosions. Further, af ter  conc1usion of r h e  2330 fi!mi.ng 
session. when apprSed o f  the hazards by the UP>! and the piiot, the director took no 
positive measures to insure the precise coordination needed ?:mons ail concerned :o 
e:imina?e the hezards. Consequeniiy. the Safety Board concludes :hat the director faiiea 
io h l f i ! l  h i s  responsibiii:? of insuring safety on :he f i lm set. 

The F.AA has recognized thkt significant precautions must be l aken  to a s s r e  
=?e:). o i  ?c:?ons ?.nd proper15 t.vr;len c:vll air2::tnes are used in the produerion of novie 
and teievision fiivs. Since \;arch 198%. o?erators of airpianes (but not he:icopters) used 
in fiin produetions have been required to prepare a ~ i i a h :  Operations Lianual deraiiing the 
s&fe:s preCaL!tia'!S thir; rnust Se tiken before the o>e?kto?s are prrn i t tec to :iy :lie 
a ixrzf :  a: a!?ita<es below minimuin safe ai l i iudeh er;:a>lished by rsgulations. The Safety 

tiic min:nurr, safe :?Itiiudes ?rescribed 5:; rega!a?ion and thar practica!!y speaking 
Boaz? xcognizes the?  the Flight rules for he!icopters allow piiot-initiated deviations from 

requiring an express isaiver for each operator xoulc degrade the utiiity and valse of the 

sstrr;lce. ?itx.. groduc:ion 6.e;ecop:er operators hiivc no? Sfen requirzd IO oblain a speciflc 
heiicop:er. w 5 c h  is its ebi!ity io hover and ??y slow!). a: very low %.ltitudes above the 

wuiver D C  t he  Cizhi rules tc opereie  LO^ w r y  ~ G W  a!:liuc!~.c m d  !lave not been require(.i to  
??e?are z: ilotion Pic?ure isid Te:evisio?, F!!sht Opexiions ?Ianua!. However, the Safety 
Boar6 beiievec, :ha? :he facS. conditiony. and circumstances of this accidenr  amp?^. 
ce.?ons:ra:e :he need for a requireaent th;i i  hciicopter operators ?repare such 8 manual 
end car?? out  its provisions as a prerequisile to the use of a heiicopter in m o v i  and 
television f 1 1 a  produc:ion. .%I a m i n i n u n .  t he  manuals should conta in  provisions for pilot 
quaiiflcatiocs, including any special qualificutions. mhrdatory briefings of film production 
personnel on the risks involved, ?he  safeguzrds ?ceded during operations, ernergewy 
pxxedurrrs, c: communicat ions ?!an for ai; participating personxi,  and a proTiision 
confiFDicg ? h e  piiot-in-command's uirirncte auihority to contra! ni l  flight regimes relative 
to this type of operation. 

3. CONCLUSIONS 
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3. 

4. 

5 .  

5. 

1 .  

8. 

9. 

10. 

11. 

12. 

13. 

? 4. 

The helicopter pilot was ultimately respomible for Operatioil of the 
helicopter in a manner that did not pcse a hazard to oCCUpan* Of the 
helicopter and to persons or property on the surface. 

The helicopter pilot and film production personnel were aware that the 
flighl involved operating in verf hazardoils conditions. 

There was no direct discussion among t h e  director, the helicop:er pilot, 
and the special effects personnel to insure that there was  a common 
understanding of the intended positioning of the helicopter throughcsr 
the left hovering turn and to insure that the special effects charges 
would not be detonated prematurely. 

Xo provision was made for direct radio communication between the piiot 
and the special effects technicians to insure that the iechicians did mi 
detocate the special effects charges in such a manner as to endeilger the 
helicopter operation. 

The helicopter flight, including the  left hovering turn maneuver, was m i  
conducted a t  a sufficient height above tiie river or at a suf5icien: 
distance from the huts to i su re  that the helicopter would r.02 be S ~ P J ~ :  
by debpis or affected by heat f v d i n  special effects devices de ton~te i :  
under cr near t he  helicop?er. 

Perscnne! involved in the filming operetion other than the pilot did 33: 
have knowledge regarding the viiinerability of the helicopter to high 
temperetures and debris. 

The Girector of tile filming operation did not condmt a preprodxtion 

insure the safety of the personnel on rhe film set. 
meeting of the principck involved in a known hazardous operetion tr; 

would not be detonated beneath his helicopter. 
The piiot was assured by the unit produetioil manager the: explosives 

upward b:; the special effects exp!osions or the delamination of skin f rcx 
Either the indentation ir, the CT;;C blade caused by s n  object p?opeXzd 

the cther blade caused by heat from the explosions, or a ecmSinatiol! of 
these two conditions, created a dynamic end aerodynamic imbalanes in 
the tail roror system which geaerated sufficient !oads to  separete the  30" 
tail rotor gearbox and the tail rotor assembly. 

The object which hit tiie blede probably was not ejected from the 
helicopter. 

The helicopter was not controllajie after loss of its tail rotor asseinbly. 

There wes no requirement enforced by the F A A  :h&i the heliCo?ts 
operator submit a ?.totion Picture and Television Flight Operations 

in the film production. 
hlanual to the F A A  for approval as a prerequisite to use or̂  the helicoptep 
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3.2 Fmkld&tcJMrze 

The National Transportation Safety Board determines that the probable cause 
of the accident was the detonation of debris-laden high temperature special effects 
ex?losions too near to a low flying helicopter leading to foreign object damage to One 
ro'cor blade and delamination due to heat to the other rotor blade, the separation Of the I 
helicopter's tail rotor assembly, and the uncontrolled descent of the helicopter. The 
poximity of the helicopter to the special effects explosions was due to the failure to 
establish ciirect communications and coordination between the pilot, who was in command 
of the helicopter operation, and the film director, who was in charge of the fi:ming 
operation. 

4- RECOMAQE#DATKH 

recommended that the Federal Aviation Administration: 
As a result of this accident, the National Transportation Safetj  Board 

Extend the terms of F A A  Order 8440.5A Section 5, Waiver of 
Section 91.79(a) and (e), Motion Picture and Television Flight 
Operations Xanual, to require an FAA-approved flight operations 
manual for all types of aircraft. (Class III, Longer Term Action) 
(A-84-16) 

E!EVISED REPORT ADOeTED 

BY THE NATIONAL TRAILWORTAIX1W SAFETY EDOARD" 

/SI J IX BURNETT 
Chzirman 

!sf PATRICIA A. GOLDblAN 
Vice Chairman 

I s /  G. H. PATRICK BURSLEY 
Nember 

*The original report was adopted on Xarch 6 ,  1984, by the following members Of :he 
National Transportation Safety 3oard: Jim Burnett, Chairman; Patricia A. Goldrnan, Vice 
Chairman, and G. 3. Pat-it2 Bursley and Donald D. Engen, Xembers. Vernon L. Grose, 
Member, did not parricipace. Q 
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5. APPENDIXES 

APPENDIX A 

INVESllGATION AND KeARING 

I. Investigation 

The National Transportation Safety Board's Los Angeles Field Office was 
notified of the accident about 0300 on July 23, 1982, by the FAA Western Region Duty 
Officer. An investigator w2s dispatched to Valencia, California, from the Los Angeles 
Field Office and arrived at the  scene of the accident about 0530 July 23, 1983. 

Western Helicopters, Inc., Los Angeles County Fire Department, The Screen Actors Guild, 
Parties to the investigation were the Federal Aviation Administration, 

Bell Helicopters, California State Fire Marshalls, and Burbank Studios. Representatives 
of these parties assisted in the investigation. 

2. Public Hearing 

KO public hearing was held and no depositions were taken. 

Testimony of 33 witnesses was recorded and transcribed, one of which was 
taken under oath at  the request of the witness. 
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APPENDIX B 

GRF% INPORMATION 

Pilo: Dorcey A. WiRgo 

Pilot Wingo, 35, held commercial certificate No. 2032217 with a rotorcraft 
rating. He also possessed a certificate for private priviledges in single engine land 
airplanes. Re completed a biennial flight review in e Bell -206 helicopter 2 months prior to  
the date of this accident. Pilot Wingo held a valid second class medica! issued in March of 
1982, with no waivers or limitations. 

hosrs. Of this time 4,408 hours was rotorcraft time and 1.536 hours were in the Bel: 
According to cornpsny and pilot records, pilot 7.;ingo had a totel of 4,514 

294205/UH-15 type aircreft. He had flown 60 hours in the last 90 days. Six of those 
hours ..*:ere in ?he Eell 204/205/Uii-15 type aircraft. Duricg the 3C days preceding t h e  
accident he accumulated 42 flight-hours. During the 24-hour period pyior to  the  accident, 
he had about 2 hours of flight time. PiIot Wingo received his flight training in t he  C.S. 

1,200 hours . ~ f  flying time. Of that time, about 500 hours wes in helicopters similar to the 
Army and se:ved as a rotorwing pilot in Viet Ram. His rni;itary experience totaled about 

one used in :he movie filming. This was the  pilotk fourth experience in movie X G Y ~  Sui 
this was the first film production in which he had flown near special effects explosions. 
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AIRCRAFT INFOBHATION 

The aircraft, a Bell UH-lB, serial No. 64-14038, was acquired by Rocky 
%fountain Helicopter, he., from Southern Xelicopters, he., Sarasota, Florida, on 
September 2, 198C. On lvlarch 4, 1980, the aircraft received a restricted category 
airworthiness certificate. Prior to  receiving the airworthiness certificate, the aircraft 
was operated by the U.S. Army, the Department of Health, Education and Velfare, and 
the Xarq:and State Police. These public agencies are exempt from obtaining an 
appropriate airworthiness certificate. On August 10, 1981, Rocky Xountain Helicopter, 
he., relinquished operational control of the subject aircraft to its subsidisFy, Western 
Helicopters, Inc. 

On July 21, 1982, the FAA General Aviation District Office, Riverside, 

at the operator's request. The helicopter's gross takeoff weight was 6,205 pounds; the 
California, issued a temporary experimental airworthiness certificate for the helicopter 

maximum authorized takeoff weight was 8,500 pounds. The helicopter was fueled with 
600 pounds of jet-A fuel. The helicopter's center of gravity was  well within prescribed 
limits. The rnaintename records examination disclosed that the last anwJal/lOO-hour 

hours a t  the t ine  of the inspection. 
inspection was performed on April 20, 1982. The aircraft had sccurnulated 5,806 night- 
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PETITfON FOR RECONSEDERATION OF 
PROBABLE CAUSE 

National Transportation Szfety aoard 

Washington, D. C. 20594 
Bureau of Accident Investigation 

R e :  Report NO. NTS9/~.R-84!02 
Western Aelicopters Bell I X - l E ,  587701 
Vslencia, California 
July 23, 1982 

TO TEE: ETEX5EEtS OF TEE 30ARD: 

This fim. represents John Landis. Request is hereby 
made on behalf of $11. L a n d i s  that the Board reconsider its report 
on the above referenced accident 2ursuant to 49 CFR Sections 
845.41 and 845.51. 

This request for reconsideration and mcdification is base6 
or; the fact that e%-idence which :?as available but not presents? 
to, and thus not considered by, the Board proves as follows: 

1. The accident directly resulted from a heat delazination 
of the tail rotor blade skin of the helicopter. 

2 .  The delamination was caused by a failure of tne 

hesive used on the node1 UH-1B loses its effective strencth 
adhesive which bonds the skin to the tail rotor blade. The ad- 

when exposed to tem?eratures as low as 180 degrees Fahrenheit. 

3 .  The failure of the adhesive was precipitated by the 
detonation of a defective special effects explosion which 

of 6 0 0  degrees. 
engulfed the tail roto: and ex2osed it to temperatures i:? excess 

technics operator, licensed by the State of Califcrnia and 
exercising sole control over, and with sole responsibility for, 
the detonation sequence. 

4. The special effect was detonated. b y  an e x y s r t  ?yro- 
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the tail rotor of the helicopter was struck by debris generated 
by a special effects explosion. 

5. No physical evidence exists to support a view that 

Research by experts into accident investigation records, 
as well as the uncontroverted testimony under oath of numerous 

Ceiamination of a tail rotor on a UH-1 helicopter. 
experts, discloses that there is no prior instarce of heat 

Board consideration of this new evidence and aodification 
of its findings and recommendations are significant: failure 
to do so will create a substantial risk that another accident of 
this nature may occur. 

- 

SUMI"IARY OF TEE NEW EVIDENCE 

1 The evidence sumnarized in this request is contained in 

Court of Los Angeles Judicial District during January/February, 
transcripts of the Prelinicary Hearing held in the Municipal 

1984. A full trznscrilst of this proceeding has been available 
since aid-Fzbruary and has been provided to interested parties 
upon request, including the media. We have been informed by 
the Board's counsel that the transcripts, in which the evidence 

Tortions of the transcript are enclosed with this request. We 
is presented, were not provided to the Board by its staff. 

available to the Board without charge. 
are prepared to make a full transcript of the Preliminary Hearing 

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

In its report, the Board founa that debris propelled by 
a special effects explosion struck the trailing edge of the tail 
rotor blade and caused the helicopter to crash. This finding 
parallels that conteined in the previous draft reports of Abdon 
D. Llorente, chief investigator f o r  the Board on this accident. 
Those reports were furnished to us by Mr. Llorente. 

contained in the report of D r .  A r m  Xurnar. In fact, Dr. Kumar's 
report served not only as the basis for Mr. Llorente's view, but 

to have set t5e tenor and focus of the Board's investigation. 

~ r .  Llorente based his view upon the tests and conclusions 

1 also for the views of others retained by Mr. Liorente and appears 
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Dr. Kmiar agreed in his testimony that his statement was subject 

KLnar's key testimony was not presented to the Board, nor was 
to question (and in fact was proved to be erroneous). D r .  

the contrary evidence and findings. 

A pirrotal statement in Mr. Kumar's report was errozeous. 

In brief, Dr. Kumar performed 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 delaxir,a- 
tion) contained elements similar to those found in lock bond 

used in the filming.) Without performing additional tests, ~ r .  
adhesive. (Lock bond adhesive was used as a fire agent on huts 

Kmar cozcluded that, based upon this similarity of elements, a 
piece of bamboo o r  a qlue-pot lid covered with adhesive had Seen 
propelled by one of the special effects and struck the trailing 
edge of the tail rotor blade. 

However, at the Preliminary Hearing, Dr. Kunar's own f 
testimony under oath raised serious questions about the 
scientific basis of his conclusion and, hence, the finsin9 of 
Mr. Llorente. Dr. Kumar testified that: 

stance found on the trailing edge of the tail rotor can only 
1. The EDX test which he performel! on the foreign sub- 

show s. "similarity" of elements and cannot be used to scienti- 
fically or positively identify the substance as lock bond 
adhesive. ( V . 1 2 ,  pp. 24-27, 75-771 

2. He orally recommended at least three additional tests, 

Llorente which he believed as a scientist were essential to 
infra-red, atonic absorbtion, and mass spectrometry to Mr. 

positively identify the substance. cV.12, pp. 24-29, 3 3 - 3 4 ,  5 5 -  
571 

tests for budgetary reasons. [V.i2, pp. 27-28, 5S, 771 
3 .  ET. Llorente never authorized or performed those 

[Dr. Kumar's testimony is attached to this request.! 

Dr. Gary J. Fowler, a failure analyst and metallurgist 
who has previously performed services for the Board. performed 

Dr. Fowler's findings, which were not presented to the Board, 
the tests which Dr. Kurnar recommended and anaiyzed the accident. 

conclusively prove that: 
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L1oreF.te p a s i t i v e l y  i d e n t i f i e d  the  f o r e i q n  subs tance  on t h e  
t r a i l i n q  edge of t h e  t a i l  ro tor  as f u s e l a g e  s t r i p - p a i n t  and n o t  
l!ck bone adhes ive .  i V . 1 7 ,  p.p. 46-54! 

1. Tke t e s t s  which D r .  Rumar recommended t o  Mr. 

2 .  There is PC phvlcical ev idence  t o  suooor t  a view 

3 .  There i s  conc lus ive  s c i e n t i f i c :  e s idence  t o  suppor t  
t h e  f i n d i n g  t h a t  ?.eat del.aminaticn cause  t h e  c r a s h .  

r .  . uslnq t h e  s c i e n t i f i c  ne thod of f a i l u r e  a n a l y s i s ,  D r .  
'oxler Zescr ihed  i n  d e t a i l  t h e  sequence of e v e n t s  which l e d  t o  
t h e  f a i l u r e  of t h e  tail r c t o r  an6 ths c r a s k .  ?. f u l l  t r a n s c r i p t  
of 2r .  zswler's a n a l y s i s  ane conc lus ions  is zttachec? t o  t h i s  
reeaest. We are  also prepared  t o  ?ro-:i2e t h e  Soar6 w i t h  t h e  
con;?slete r e s u l t s  of  D r .  Fowler's tests .  D r .  Fowler i s  a v a i l a b l e  
to as2ear  b e f o r e  t h E  Ecarc?. 

i)r. Kunar has  s t a t e d  that D r .  Foxler's f i n d i n g s  would 
czuse  h i m ,  as  a s c i e n t i s t ,  t o  reevaluate h i s  own view. 
C'J.12,  3 . 2 .  30-323 

used D r .  Xumar's er roneous  re?crt a s  a basis fo r  t h e i r  own 
I t  shcule be noted  t h a t  the e s p e r t s  h i r e d  by "r. L i o r e n t e  

c o n c l c s i o n s .  Fxen then, t h e  r e s u l t s  d i d  n o t  suppor t  D r .  Kumar's 
2d:nitteZly incornFl.ete r e p o r t .  

James C .  Ronay, an  ?SI e s p l o s i v e s  esper t  r e t a i n e d  by M r .  
L ~ o r e - t c ,  t e s t i f i e s  t h a t  b;;ed upon t h e  s c i e n t i f i c  tests h:hich 
he  conducted,  ciebris p r c p e l l e 2  by a s?ecial e f f e c t  could  n o t  
have strack the  t a i l  r o t o r  w i t h  s u f f i c i e n t  f o r c e  t o  d e n t  t h e  
t a i l  r o t o r  hlafie, t!?is caus ing  t h e  c r a s h .  c V . 1 4 ,  3.p. 7 0 ,  8 2- 8 3 ,  

T -  

-__ 

8 7 ,  91-92, 9 5 ,  1121  

D r .  George S i n e s ,  a t h e o r e t i c i a n  r e t a i n e d  by X r .  L l o r e n t e ,  
t e s t i f i e d  t h a t  he  premised h i s  t h e o r e t i c a l  c a l c u l a t i o n s  upon 

also t e s t i f i e d  t h a t  h i s  hypot%2tiCal c a l c u l a t i o n s  i n e x p l i c a b l y  
t h e  conc lus ioxs  of D r .  Kumar. IV.15, F.F. 9- 1 4 ,  191 D r .  S i n e s  

2 - 2  n c t  take i rkto account  t h e  s e v e r i t y  of t h e  propxzsh from t h e  
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h e l i c o p t e r  or  t h e  "drag e f f e c t "  caused by t h e  atmosphere.  
iV.15, pp. 42-43, 5 0- 6 1 j .  r... l n e  h y p o t h e t i c a l  c a l c u l a t i o n s  were 
never  p r o p e r l y  made by D r .  S i n e s .  

D i s t r i c t  k t t o r n e y  supported C r .  F o w l e r ' s  conc lus ions .  Al f red  
Other  e x p e r t  w i t n e s s e s  c a l l e d  a t  t he  h e a r i n g  by t h e  

Schwider,  an a v i a t i o n  adhes ives  e x p e r t ,  whose conc lus ions  were 
n o t  p r e s e n t e d  to t h e  soars, t e s t i f i e d  t h a t  t h e  adhes ive  use2 
on t h e  t a i l  r o t o r  of t h e  W - 1 B  l o s e s  i t s  e f f e c t i v e  s t r e x g t h  

X r .  9.alph L i g h t f o o t ,  a p ionee r  i n  h e l i c o p t e r  desiqfi  an6 
a t  t empera tu res  above 180  degrees  Fahrenhe i t .  [V.13, pp-  1 8 - 1 9 ] ,  

e n g i n e e r i n g  a s  one  of S ikorsky E e l i c o p t e r ' s  o r i g i n a l  e c g i n e e r s ,  
and an e x p e r t  whose conclusior .  was p o t  ? resen ted  t o  t h e  Soard,  

exposs re  t o  excess ive  temperxtures  and thaz  t h i s  de1ax ina t ion  
t e s t i f i e d  t h a t  t h e  t a i l  r o t o r  sufferec!  a 5 e a t  Z e l a x i c a t i o n  a f t e r  

was s u f f q c i e n t  aloile to causc. t h e  c r a s h .  i V . 1 5 ,  ??. 3 0 - 8 3 ,  
1 0 1 ,  105- l iO! .  ? f i r .  L i g h t f o o t  could 2 o i n t  t o  no s c i e r t i f i c  
p h y s i c a l  ev idence  whatever t o  .:upport a conc lus ion  t h a x  ?he t a i l  

p p .  102- 105,  1111. 
rotor was s t r u c k  by d e b r i s  frox t h e  s p e c i a l  z f f e c t s .  [v. 1 5 ,  

S i g n i f i c a n t l y ,  n e i t h e r  H r .  - . i g h t f o o t  o r  :.IT. Schwider knew 
of any p r i o r  i n s t a n c e  of a h e l i c o p - e r  c r a s h  r e s u l t i n q  from h e a t  

pp. 101- 1021.  D r .  Fowler a l s o  r e s e a l c h e d  A.O.P.A. an2 i n i l i t a r y  
de lamina t ion  of a t a i l  r o t o r  b lade .  i V . 1 3 ,  pp. 29-30; V.15, 

any such de laminat ion  i n  e i t h e r  t h e  W-: or  t h e  2 0 4 .  iV.17 ,  
r e c o r d s  a; far back a s  t e n  y e a r s  and c-mld  f i n d  no i n s t a n c e  of 

pp. 28- 30!.  

Th%refore ,  based upon t h e  evidence  ? r e s e n t e d  a t  t h e  
p r e l i m i n a r y  hearir .5 ,  the h e l i c o p t e r  c r a s h  was caused  by a h e a t  
de laminat ion  of the t a i l  r o t o r .  

were n e i t h e r  w i t h i n  t h e  c o n t r o l  nor  t h e  e x p e r t i s e  of  t h e  
d i r e c t o r .  The Board has  acknowledged i n  i t s  f i n d i n g s  i t s  i n -  
exper i ence  wi th  t h e  motion p i c t u r e  i n d u s t r y .  Evidence nas  been 
a v a i l a b l e  from t h e  hea r ing  which  proves  t h a t  a d i r e c t o r  i s  
under n o t  on ly  a customary, b u t  a l s o  a s t a t u t o r y ,  o b l i g a t i o n  

c i a 1  e f f e c t s  and h e l i c o p t e r  f l i g h t .  
t o  h i r e  an2 r e l y  an e x p e r t s  t o  cancuct  scenes invo lv ing  spe- 

The h e a t  de laminat ion  was p r e c i p i t a t e d  by e v e n t s  which 
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special effects are regulated by the California Health and 
Safety Code and regulations promulgated pursuant to it. 
[ A  copy of those regulations is attached to this request.] 

Just as the FAR'S regulate the operation of aircraft, 

Those regulations provide that special effects may only 
be obtained, prepared and detonated only by a licensea 
pyrotechnic operator. (California Administrative Code, Title 
19, State Fire Marshall Regulations, Article 15, Section 397) 
They also provide that state safety officials can be required 
to supervise the use of special effects. (Californiz. 
A.dministrative Code, Title 19, State Fire Marshall Regulations, 
Article 15, Section 994, and California Health and Safety Code, 
Section 12648 . )  

and present during filming. jack Tice, one of those safety 
officers, testified that he personalLy supervised the placement 
of the special effects and approved the location of the 
helicopter in relation to them. tV.5, p.p. 40- 431 

In fact, four stat? fire safety officers were required 

James Camomile, the licensed pyrotechnics operator who 
detonated the defective special effect which engulfed the tail 
rotor of the helicopter, testified that the director has no 
authority over special effect and onfy 2 licensed operatorin 
control of the special effect may make the decision when to 
detonate a special effect. LV.10, p.91 

leader of the film, have authority with respect to the detonation 
Any requirement that a movie director, the artistic 

of special effects and the flight of an aircraft would 
constitute a requirement that he act in violation of the 
California and Federal law. 

Board are in error. Without reconsideration of those findings 
This additional evidence shows that the findings of the 

and a modification of the Board's recommendations, the cause of 
this accident could remain unknown to the aviation community. 

We, therefare, respectfully request that the Board 
reconsider its report. We will remain prepared to assist the 



APPZNDIX D -30- 

National Transportation Safety Boiixc5 

Dag? S- 
March 14, 1984 

oven 

%arc? a d  its investigators upor! reqaest. 

Sincerely, 

XE,%V and WOOLEY 

M. Eugene Wcoley 
xichael ?. Terbar 

Z’ZY i ~ eq 

m c  . 
111 T r l  . 

Reporter’s Tragscript of Proceedings: 

V G l  . 5 pp 
7;oL. 10 3p 
V O l .  1 2  pp 

V O L .  14 pr, 3 1  - 146 Nr. Janes Ronay and Dr. 

36 - 89 Xr. Jzck rice 
1 - 29 Mr. S m e s  Camomile 
- 1 - 8 3  D r .  A r c =  K’wwar 
12 - 60 Nr.  Alfred Schwider \701 . 3-3 99 

_ *  

Sines 

Lightfoot 
Vol. 15 pp I - 161 Dr. Georce S i n e s  and Mr. 

voz.  17 pp - 
..‘Joi. le pp 1 - 2 ,  Dr. Gary Fowier 

1 - 68 Dr. Gary Fowler 
-1 

!!ealth E. Safety Code, Section 12648 

George 

Ralph 
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NTSB RESPONSE TO PETITION 
FOR RECONSIDERATION OF PROBABLE CAUSE 

National Transportation Safety B o d  
Washington, D.C. 20594 

October 3C,  1983 

Xr. John Landis, Petitioner 
Petition of Reconsideration of Probable Cause 
Aircraft rlccident -- Western Helicopters, "e., Bell UZ-13, 
N87701, Valencia, California, July 23, 1982 (NTSB/AAR-84/02) 

RESPOXSE TO PETITIO;\; FOR RECONSIDERATlON 

\larch 16, 1984. the X'ational Transportation Ssfetp Board has revised portions of the 
Based ofi its review of the Petition for Recofisideration and Modification of 

accident report, has rev'ised two findins and deleted one, and has modified the probable 
cause of the subject accident. The Safety Board has not changed the probable cause as 
proposed by the Petitioner, and therefore, the Safe?y Board has granted the Petition only 
in part. 

In accordance with the Safety Board's rules (49 CFR Part 843, the Safety Board has 
considered a Petition for Reconsideration of its analysis, findings, and probable cause in 
the aviation accident involving a Nestern Helicopter, he., Bell UH-IB, N87701, Valencia, 
California, on July 23, 1982. 

On March 6,  1984, the Safety Board determined thct the accident occurred while the 
helicopter was being used in the filming of a motion picture scene depicting a village in 
Viet Nam which was under attack with heavy ordnance. The helicopter was being used as 
a camera platform end in an active role in the r.lovie sequence. The helicopter was 
hovered about 25 feet above the village and nearly directly above the location where 
special effects devices were detonated to simulate the heavy ordnance explosions. As the 
pilot turned the helicopter to the left to position it for filming operations, the helicopter's 
tail section w a s  engulfed in a fireball created by the detonation of a special effects 
device. The tai l  rotor assembly separated, and the helicopter descended out of control. 
The helicopter's main rotor blade struck and fatally injured three actors on the ground. 

damaged substantially. 
The six occupants on the helicopter sustaiaed minor injuries, and the aircraft was 

aspects of the accident which directly related to the loss of control of the helicopter and 
m e  Safety Board's investigation and analysis of this accident concentrated on those 

its subsequent crash. The Safety Board's investigation was necessary to ascertain whether 
the circumstances which led to the accident might have broader application to the safety 
of U.S. civil aviation transportation, such as inadequate pilot qualifications, regulatory 
deficiencies, or airworthiness problems with the helicopter. 



APPENDIX E -32- 

The Safety Board's analysis of the evidence indicated that there were no 
airworthiness deficiencies with the aircraft, azd that the pilot trained and qualified 
for the Nght. The Safety Board determined the aircraft f k w  too close to a P e d a l  
effects device 85 it was being detonated to simulate an artillery shell. The explosion, 
from a distance of about 25 feet, caused e piece of debris to strike a tail rotor blade. -42 
indentation caused by the impac't creeted a dynamic and aerodynamic inbelance in the tail 
rotor system which generated sufficient loads to cause separation of the go0 tail rotor 
gearbox and the rotor gearbox. The aircraft was not controllabie after the tail rotor 
assembiy separated. 

the helicopter pilot, and the special effeets personnel to insure that there was a common 
The Safety Board concluded that there was no direct discussion among the director, 

understanding of the positioning of the helicopter throughout the left hovering tUm, and 
to insure that the special effects devices would not be detonated premturelg- 
Additionally, no provision was made for direct radio communications between the pilot 
and the special effects teclmicians to insure that the technicians did not detonate the 
special effects devices in such a manner as to endanger the helicopter operation. 

When the repor: was adopted, the  Safety Board determined that tine probable ceuse 
of the accident was "the detonation of e detr:s-ladi-n special effects expiosion too near To 
a low flying helicopter !eading to damage to a rotor o!ede, 3 2  separaTion of the 
helicopter's tail rotor essembly, and the uncontrolled descent of the helicopter. The 
proximity of the helicopter t o  the special effects espbsiors was d u e  to the ieil'xe to 
establish direct communications a m  coordination between the pilot, who was in command 

operaticn." 
of the helicopter operation, and the f i lm director, who was in charge of the filming 

Safety Board which the Peti?ioner states supplements the factual evidence developed in 
The following discussion addresses tine evidence the Petitioner submitted to the 

the  investigation, and provides e foundation to revise the analysis, conclusions. and 
probable cause. The Petitioner contends that the failure of the tail rotor assemb1y was 
caused by the heat delamination of the skin of one of the two tail rotor blades. The 
Petitioner contends further that the responsibility for the detonation 0: the special 

licensed pyrotechnics operator on the movie site. 
effects device which generated the heat to delaminate the tail rotor blade rested with the 

preliminary hea-ing in the Munioipal Court of Los Angeles Judice1 District of a technical 
In support of the petition, the Petitioner provIded t?anscripts of testimony a t  e 

consultant engaged by the film director, of several expert witnesses, and of persons who 
were involved with the movie, the movie scene, and the operation of the helicopter. 

delamination of the aluminum skin from one of the tail rotor blades. The delamination 
Petitioners first Contention is that the accident was the result of the heat 

was  caused bj the failure of tne adhesive which bonded the skin to the tail rotor blade. 

excessive heat which was generated by the explosion of a defective special effects device. 
The Petitioner contends that the adhesive failed after the tail rotor blade was exposed to 

h Petitioner's view, the delaminated tail rotor blade subsequently caused the failure of 
the tail rotor assembly, and the loss of control of the helicopter. 

The tail rotor blade which had delaminated skin was examined during the accident 
investigation a t  the helicopter manufacturer's facility under the supervision of the Safety 
Board. The accident report stated that 'I.. .the aluminum skin had separated at the i 
bonding surface as 8 result of exposure to excessively high temperatures. Tests of the 
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adhesive qualities of the bonded areas with respect to temperature increases disclosed 
that the adhesive coefficient of the bonc area diminished at increased temperatures.. .n 

delaminated tail rotor blade, or of any relation of this event to the cause of the accident. 
However, there w a j  no analysis in the report of the possijle consequences of a 

other blade, and therefore, was not a significant factor in the loss of the tail rotor 
Nevertheless, the report stated that "the skin probably separated after the fracture of the 

assembly." 

the Petitioner indicates that its original assessment of the delaminated blade's possible 
Ihe  Safety Board's reexamination of the accident data and the  evidence prsvided by 

involvement in the separation of the tail rotor system was not complete. Following 
reassessment, the Board believes it possible that the delamination of the skin on one blade 

rotor gearbox and assembly to separate. Consequently, the Safety Board now concludes 
could have led to an imbalance in the tail roto? system that could have caused :he tail 

on the basis of all the data that the separation of the tail rotor system could have resulted 
from dynamic and aerodynamic forces caused by the delamination of a 33 l i 4 -  by 

examination of t he  other blade of the tail rotor assembly by the Safety Soard and by 
1/2-inch piece of skin from one of the tail rotor blades. As note13 in the repor?, the 

independent sources showed the? the blade was struck on the traiing edge $7 an unknown 
object. The strike either fractured the blade outright, or so disto-tee ana weekened the 
blade that the ensuing out*,f4alance dynamic and aerodynamic foxes  resulted in the 
fracture of the blade. 

The pictures of the accident scene and the tail rotor sound spectrum study indicate 
that the tail rotor assembly separated frcm the helicopter about 2 seconds after the last 
special effects device wa7 detoaated. Additionally, all examinations of the tail rotor 

or the strike of the other blade by an unknown object. However? i: is quite possible that 
result, it is not possible to determine which occurred first: the delamination 0: one blade 

since the two events occurred almost simultaneously, the aerodgnsnic deteriwation of 
one blade contributed to the failure of the other blade and, cumulatively, to the failure of 
the tail rotor assembly. 

I - '  gearbox 1nd:cated that the gearbox failed instantaneously from en ove;loed failure. -As a 

delamination issue, and the analysis of the report has been revised to exaaine and 
Therefore, the Safety Board has accepted the argument of the Petitioner OR the 

evaluate blade skin delamination as a factor in the accident sequence. The revised 

rotor system could have occurred from either of two sources, but most likely occurred 
analysis to be included in the accident report concludes "that the imbaiance of the tail 

from a nearly simultaneous combination of two sources: damage from a foreign object to 
the trailing edge of the fractured blade and the delamination and separation of a major 
piece of rhe skin on the other blade." The findings in the report and the probable cause of 
the accident will be revised to reflect the Board's acceptance of delamination of a rotor 
blade as a factor in the accident. 

prove that a blade of the tail rotor was struck by debris generated by a special effects 
The Petitioner's second major allegation was that there was no physical evidence to 

explosion. The Petitioner further asserted that the foreign substance on the trailing edge 
of one tail rotor blade was fuselage strip paint and not lock bond adhesive, which was used 
in the special effects devizes. 

1 was no physical evidence to prove that a tail rotor blade was struck by debris hurled 
The Safety Board does not agree with the contention of the Petitioner that there 

upward by a special effects explosion. Movie f i lms  of the helicopter a t  the time the tail 
rotor assembly separated showed clearly that the aft end of the helicopter was engulfed 
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by the effects of an explosion which involved debris and flame around the teiI rotor 
assembly. .%03 two independent examinations of the broken tail rotor blade established 
that the tail ro?o? blade fractured after being struck by a foreign object. Consequently. 
the Safety %arc believes Chat its analysis of this issue. as reflected in the accident 
repor?, is correct and does represent a valid explanation oi a factor in t h e  failure of the 
tai: rotor gearbox assembiy. 

A t  the time of the initial investigation, t h e  Safety Board engeged a technice.1 
consultant to test the foreign substances in t h e  indentation on the  trailing edge of one tail 
rotor blade. An energy dispersive X - B y  (EDX) microproSe-type chemical analysis was 
conducted of the substances. The Safety Board3 technical consultant concluded that 
substances found on the seperated tail rotor blade (which was broken at the time of 

report cited these ficdings to support a conclusion that the object that styuck the blade 
examination) were similar to that found in lock 50x3 adhesive. Subsequently, t h e  accident 

was propelled upward from thetpound by the detonation 0: a special effects device. The 
Petitioner engaged another technical consultant who did three additional tests and found 
tha t  substances on :he broken biade were fuselage st+ 2aint. The report has been 
revised to incPade the resu!ts of th& tests which were conducted by the Pe;itioner's 
consuitant. However. because the traces of green and black substances foilnd on man? 
areas of the blades n a y  have been deposited on the blades before t h e  accident 07 d u ? i ~  

definitively established. 
the accident sequence, the source of the substmces on the broken blade was aot 

Associa?ed with the ?etitioner's second contention was the allegation that any 
debris hurled upward by the detonation of special effects devices could not have been 
propelled with sufficient force to dent t he  tail rotor blade and cause the accident. %e 
Safety Board agrees that the explosion iacked the force to 3url debris a t  significant 
velocities and th i s  belief is stated in the accident 7eport. However, the analysis of the 
encounter betxeen the tail rotor biade ana a foreip  object established a possible 
explanation of the impac? which might have produced the force needed to dent the blade. 
That portion of t h e  repor: has not been revis& 

The Petitioner's third contention is that the movie director had no authority under 
California or Federal law to exercise control over the detonation of special efiecrs 
devices or the nigh; of the helicopter. The Petitioner claims that the licensed 
pyrotechnics operator who detonated the special e f f ec s  devices exercised sole control 
over, and had sole responsibility for, the  detonation sequence and, therefore. the cause of 
the accident was the imprope: detonation of a special effects device solely under the 
control of the licensed pyrotechnics operator. However, the acceptance of this 
contention by the Safety Board wouid require disregarding all the critical conditions and 
circumstances attendant on t he  accident and which preceded the accident sequence. As 
in most aircraft accidents, the cause of the accident is the sum of many related events. 
This accident was no exception. To contend that the licensed pyrotechnics (,perator was 
the  only person on the movie set responsible for the safety of the helicopter, its 
occupants, and persons on the ground beneath and around the helicopter completely 
over:ooks the responsibility of key persons who made decisions that created the conditions 
and circumstances wherein an accident was likely to occur. The helicopter pilot ana the 
film director had direct responsibility for the safe operation of the helicopter and the safe 
management of the movie scene, respectively. Consequent:y, 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 special effects devices. 4 
Therefore, the Safety Board believes that portion of the  accident report which analyzed 
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the  safe ty  of t h e  whole filming operation properly discussed and evalueted t h e  
relationships between the  helicopter pilot, the  movie direcror, t h e  unit production 
manager, and the  special e f fec t s  technicians. The lack of preproduction meeikgSs? 
coordinetion, and communications led the  Safety  Board to conclude that  the director 
failed t o  fulfill his responsibiEty of insuring safe ty  on :he f i lm set. AS a result, the  %fer> 
Board does not a c c e p l  t h e  Petitioner's assertions on this issue. 

argument that the delamination of a tail rotor blade may heve b e e t  a factor  in the  
With regard to the  probable cause, t h e  Safety Board has acce?ted the  Petitioner's 

accident. ;Is a result. the  Safety Board concludes that  the  probable cause as well as t h e  
analysis of t h e  repcrt  and some findings should be revise& 

ACCORDINGLY, 

(a) The Petitioner's petition for reconsideration and modification o i  probable 
cause and finding of the  aircrei^t accident report  on Kestern Helicopters, Inc., BeE UH- 
lB, N87761, Valencie, California, July 23. 1982, is hereby granted in part. 

which contains 2 revised analysis section. two revised findlngs !end deletes one f indhg) ,  
(b) The Safety Board's report is revised and a corrected repor; wil: be issued 

and e revised probable C ~ L L S ~ .  

( e )  The probable ceuse is revised as foliows: 

The National Transporta:ion Safety Boa-d aelermines  :hat the probable cause 

explosions too near to a io% flying helicopter leading :o f o r e i g  object da-nege to one 
of the  accident was the deiona;ion of debris-laden high :empera:ure specia! effects 

rotor blade and deiemination due to heat  to t h e  o ther  rotor blade, the sepurar. : n  of the 
helicopter's tai l  rotor assembly, and the uncontrolled des2ent of the  helicopter. The 
proximity of the  helicopter t o  the  special e f fec t s  explosions was due to the  failure to 
e s t e b h h  direct conrnunications ane coordination between the  pilor, who was in  comniand 
of t h e  helicoprer operaTion, and t h e  f i lm director, who was in charge of the  fi1:ning 
operation. 

The Safe:). Board commends t h e  Petitioner for tPte thorough prepiraticn of t h e  
petition, and for his interest  in aviation safety. 

JI?J BURNETT, Chciirrnant PrlTRICIA A. GOLDMA;;, Vice Chair;nm. and G. H. 
P.4TRICK BURSLEY. Nemoer. concurred in the  disposition o i  this Petition of 
Reconsideration. 




