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BRANTIFE ATRWAYS, YiIC., LOCKHEED ELECTRA,
BUFFALO, TEXAS,” SEPTEMBER 29, 1959

SYROPSIS
A Braniff Airways Lockheed Ilectra, Model L-1868A, N 9705C, breke up in flizht
and was further destroyed by ground impact and fire 3.19 miles east-soutnheast of
Buffalo, Texas, on September 29, 1959, about 2309 ¢. s. %. . ALl occupants, 27
passengers, six crew members and one company employec, werc killed.

Flight No. 512 of September 29, scheduled betieen Houston, Texas, and New York
International Airport, with stops at Dallas, Texas, and Washington, D. C., departed
the Houston Airport at 2237. The flight reported to San Antonio Center over t
Leona VOR at 2305 at an altitude of 15,000 feet. It then made its final radio
contact with company radio at 2307.

Structural fallure of the aircraft occurred at approximately 2309 while on
course to the next fix, Trinidad interscction. Weather zt the tire and flight
altitude was good with scattered clouds above 20,000 feet and with visibility of
10-15 miles. A review of all records and crew reports indicated a routine opcration
from louston, except that upon departure a terminal strip on No. 3 propeller was
not. properly bonded and the No. 3 fuel tank sump puip became inoperative shortly
after takeoff.

The probable cause of this accident was structural failure of the left wing
resulting from forces generated by undampened propeller whirl mode.

Investigation

The Flight

Flight 542 departed the ramp at louston at 2237 l/, 22 minutes behind schecdule
with a total of 3l persons including a crew of six consisling of Cupiain Wilson

Elza Stone, First Officer Dan Hollowcll, Second Officer ioland Longhill, and
Stewardesscs Alvilyn Harrison, Betty Rusch and Leona Vinkler, nonce o3 whom survivod.
The delayed departure was die to a mechanical discrepoancy involving Wo. 3 gencrator.
This generator was inopoerative on arrival of N 9705C zt ilonston. Prior to departure
from Iouston the Nos. 3 and )l voliape regulators were interchanzed.

Actual pross weight upon deperture was calevlaled at 83,

17,000 pounds of fuel, and was 16,548 pouwads less than the au

52 pounds, includiag

]
I'e
Whorized gross weipght

1/ A1l timco bierein arce central standard time based on tne CL-hGal ¢loCi.
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07 99,800 pounds. The estimated time en route to Dallas was Ll minutes.

The flight was piven an instrument-flight-rules clearance uhich was o the
Leona omni, via Victor Adrway 13 woest to the Gull Coast intersecticn, direct to
Leona, to maintain 2,200 feet albitude to Gulf Coast, then to clinb to and
maintain 2,000, At agprowimately 2250 the flicht was cleared for takeoff and
at 2247 it ceportad roady for taveol? and was airborne at 22Ll.

After takcoffl llouston departure control advised that it had the flight in
radar contact and roguested it to report when established outbourd on the 35—

degree radial of the louston omni. Flight 542 complied and subsequently was
cleared to 9,000 feet and advised to contact San Antonio Center on 121.1 mes.
upon passing the Gulf Coast intersection.

Flight 502 reported to company radio at 2251 as blocking out of iHouston at
37, taking off at L2, to cruise al 15,0G0 feet when so cleared, estimating Dallas
at 2325, and that the Center had this information. At approximately 2232 ilignt
542 reported to San Antonio Center as being over Gulf Coast intersection ab 9,000
feet. The flight was then issued ils destination clearance to the Dallas Airport
via direct to Leona, direct to Trinidad, direct to Forney, direct to Dallas, to
maintain 15,000 feet. The flight was cleared to c¢limb to its cruising altitude.

The next transmission from Flight 5L2 was to the San Antonio Center, giving the
time over Leona as 05 at 15,000. San Antonio Center acknowledged, and requested
Flight 542 to change over and monitor the Fort Worth frequency of 120.8 mcs. at
this time. The flight acknowledged.

Shortly thereafter Flight 5L2 contacted company radio with a message for
maintenance, advising that the generators were then OK but that there had been
insnfficient time for maintenance to insulate the terminal strip on No. 3 propeller
at Houston and it would like to have it done in Dallas. At this time the flight
also said it would give the communication center a Dallas estimate of 25. This
wvas then followed by one other item for maintenance, which was that No. 3 sump
pump was inoperative. This was the final transmission from the flight and was
logged as completed at 2307.

Structural failure of the aircraft occurred at approximately 2309 on course
to the next fix, Trinidad intersection. The radial from I.econa omni to Trinidad
intersection is 3Ll degrees. The nmain vreckage was located 19.7 miles 2 north
of Leona omni, 3.19 miles east-southeast of Buffalo, Texas. The time, 2309,
correlates closely with the information obtairned from witnesses to the accident
as well as the time indicated on impact-stopped watches recovered abl the scene.

Investigation disclosed that there were no radar or radio contacts establisned
with Flipht SL? nor were any emerpgency calls received on guard frequencics or en
route frequencies after 2307.

2/ A1l mileapes hercin are in nautical milos.
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Investigation also discloscd thal there was no lnown traffic which could account
for a violenl evasive mancuver in the immediate vicinity of ¥ 9705C at the lime of
the accident, nor were there any missiles or ummanncd zircraft in the region,

according Lo the Department of Defense.

Teathor

Surface uvcather charts for the late evening of September 29, 1959, and early
mornin: hours of Scptember 30, 1959, show a very wealk pressure gradient from south-
western Toxas cast-northeasiward to western Alaboma. A difffuse quasi-siationern
front along the Appalachions reached into central Mississippl and extended alonz a
line running from near Shreveport, Louisiana, to Fort Worth, Texas, thence soutii-
westward to Junction, Texas, and west-southwestward to the Mexican border. The
leading edge of this front was some 125 miles to the north of the crash site at the
time of the crash.

The route from 'Jouston to Dallas was 60 miles or more east of an area in which
U. S. Weather Bureau forecasts called for severe thunderstorm activily. For uhis
route the aviation area forecast, issued at 1852 by the . S. Weather Bureau ai
San Antonio, indicated scattered clouds at 4,000 to 5,000 feet and a broken ceiling
at 10,000 feet in the vicinity of a few isolated dissipating cumulonimbus, mostly
over extreme southern Texas, until 2100 and broken to scattered clouds above 10,000
feet elsewhere on the route. Additionally, the forecast indicated that low sturatus,
scattered to broken at 1,500 feet with its tops at 5,000 feet along the coast, was
expected to spread inland and lower to broken to overcast 1,000 to 2,000 feet br
2200 locally 800 to 1,000 feet, overcast; visibility five miles in fog over interiar
sections after 0200 September 30, 1959.

During the early evening of September 29, 1959, wecather reports show that over
southeastern Texas there was generally 1/10 to 5/10 of altocumulus clouds at 12,000
feet; 6/10 to 9/10 of cirrus clouds above 20,000 feet; and a few isolated dissipating
cumulonimbus with bases around l;,000 feet. A small area of locally heavy thunder- -
storms, which developed near San Angelo at 1500 and moved east-southeastward, had
reached the vicinity of Kerrville and Fredericksburg, Texas, by 2200 decreasing to
10 to 15 miles in diameter and was dissipating in the vicinity of Blanco, Texas,
around 2200, At 2200 significant, but isolated, radar echoes werc reported southeast
of Shreveport, Louisiana, and thunderstorms were visible from Lufkin, Texas. At
the same time, lighining from the thunderstorm area near Blanco was visible from
Waco and Austin. College Station, Tyler and Gregg County were clear with visibility
15 miles, while Honston reported only high thin cirrus clouds abeve 20,000 feet.
Dallas had scattercd clouds at 12,000 feet in addition to the high thin ecirrus deck.

By 2300, surface obscrvations and radar reports showed almost all thunder-
storms Lo be dissipating except for an arca extending from 25 milcs nortlh-northueast
to 25 miles north-northwest of Waco. A sccond area showing on the radar scope at
Waco was five miles wide and extended from 30 miles west - southwest of Palestinc,
Texas, to 30 miles east-southcast of Waco. The latler report places a radar echo
approximately eight miles northwest of Buffalo, Texas, and is interpreted as boing
a rainfall ccho, nmost likely the intermediate and higher level remnants of earlier
thunderstoris moving from the west-southwest. A Grumman Mallard pilot ern route
from Dallas to llouston later reported encountering intermittent light rain and
moderate turbulence at 7,000 feet northwest of Buffalo, Texas, and observed shallow
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huildups, estimating the toeps to be about 10,000 to 12,000 feet. e also reported
distant lightning to the west of course, This pilot reported thal no weather was
encountered south of the Leona intersection, which is about 23 miles south and
slightly west of the aceident site. The pilet of a military C-I47 fiying from
Shreveport to louston scome €0 or more miles east of the accidsnt site reported in
smooth air at 6,500 feet ond that the weather was clear between the C-L7 and what
was later determined to be the burning airliner.

According to grouwndwitnesses in Buffalo, Texas, and the immediate area at Lthe
time of the aceideant, skies were purtly cloudy, the visibility was pood, and no
liphtning was cbserved. Shortly after the accident a few lignt showers were
observed in the Buffalo area, but not at the accident site. By midnight the only
thunderstorm in the area was located by surface and radar observation within 30
miles of the northuest of Waco.

While the flight crew of Braniff Flight No. 5L2 did not receive a preflight
weather briefing at the Houston coffice of the U. S. Weather Bureau, company
meteorologists provided the flight with current and forecast weather information
for the route and terminals concerned.

Witnesses

A1l passengers aboard the aircraft when it arrived at Dallas from Chicago
as trip 61/29 who could be contacted by telephone were later questioned. No
unusual incidents which could be directly related to this accident were revealcd.

Every known witness who either heard the aircraft at the time of difficulty
or observed the fire in the sky was interrogated. Statements were obtained from
all who were considered able to contribute to the investigation.

Witnesses reported hearing various noises of different intensities and of
different pitches. Many of the sounds were likened to known noises such as the
"clapping of two boards together," " the sound of thunder," "the roar of a jet
plane breaking the sound barrier," "whoosing screaming noise," "ereaking noise
of a bulldozer," and "awful explosion."

The majority of witnesses observed the large fire in the sky. The geographical
position of this fire was established at a location considered to be accurate within
one-half 'mile. The elevation of the fire ball was calculated from information
provided by three witnesses who were judged the best source for this information.
Fach had a fixed reference point for establishing the angle of elevation. This
effort resulted in a minimum altitude of 17,000 feet and a maximum of 23,000 feet.

One witness stated that he observed a while light prior to hearing the

Vos 5

unusually loud noise from the aircrafi or obgserving the fire Lall,
Following this accident, twelve knowvia unusual noises such as Jjel alreraft,
sonic booms, propellers at supersonic specou, dlectras crulsing normdly, and
intentionally random neises were pul on tape., This tape was played back to
witnesses individuadly in an attempt to identify morce closely the noise associauoed
with the accident. HNone of the witnesses had been appriscd of the source of tho
sounds they were about to hear. The netl result of this ofTort was to liken Lhe
noisecs to thosc of propullers at supersonic speeds and/or those of  jet aireraf't.,



-5 -

“Yreckaze Distribution and General Damage

The wreckage was distributed within a long, narrow ellipse, the major exis of
which was approximately coincident with the 3Lh-degree radial of the Leona cmni,
The first item found at the southern edge of the urcckqﬂp pattern was a nine-inzh
section of hydraulic line from the left heat exchanger, and its position was fixed
as 17.4 miles north of the ".cona station. Procecding noritnerly from this point
toward the main wreckape, Lhe major componcnts wers locuted in this orduor: No. L
propeller and gearbox; left wing (includlng No. 1 engine and the No. 2 powarplant);
No. Iy powerplant; left outboard stablileer section; right outbeard wing panel;
followed by the main wreckage area consisting of fuselage, empennage; no. 3
powerplant, and right wing stub.

The wreckage was strewn for a total distance of 13,900 feet from the first
recovered item to the nose crater, with scime lateral Sprcad of the debris, due in
part to wind effect, the lighter pleces being gencrally east of the more dense
ones. Two parts of high density, and therefore subjected to only slight trajectory
deviation, were the No. 1 propeller and gearbox package and the No. L powerplant.
The direction between these was Bhl degrees, magnetic.

At the main area, 3.19 miles from the highway intersection in Buffalo and on
a bearing of 92.75 degrees from that interseciion, there were three basic concentra-
tions of wreckage, one around the nose crater, one at the center section crater, and
one at the tail cone. In addition, there was a wide scatter of aircraft parts and
debris. Light material, such as paper, plastic, and insulation was found as far
away as a half-mile to the north and northeast.

The material at and west of the nose crater was, without exception, identified
as fuselage and fuselage-contained components from the nose to fuselage station 570.
This debris covered an area of about 20,000 square feet of open, plowed groung.
The nose crater, about four feet deep, was at the easternmost end of the area, and
the fuselage material was fanned out westward for a distance of 200 feet. Approxi.-
mately 90 percent of the forward fuselage was in crushed sections of two feet square
or less.

The second concentration was approximately 200 feet northeast of the nose crater
and in a heavy growth of scrub oak. The material in this vicinity consisted of the
~center section, right wing fragments, the No. 3 powerplant, rear cabin structure,

and components related to thesc portions of the airframe. The direction of travel
here at the time of impact was 320-3L0 degrees as indicated by tree breaks and ground
furrows,

The tail section was located 250 feet northwest ol the center section, with the
rudder and elevator control cables lying across the tops of the intervening trees.

The trecs between the three areas were undisturbed except at localized points
where loose objects had passed through the branches.,

SY\J vems

The cockpit of the aircraft was slmost totally demolishied. Those portions
+hich were recovered were found at the bottom of the crater made by the nose of
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the aircraft. These were damapged so extensively that few of them were even
recognizable.  levertheless, preat effort was put into studying this debris,
ineluding the remnants of flignt and powocrplant instruments, but this study yieldea
no information significant in ectabliching the cause of the accident.

+-3

.~

The rocovered flight engincer's log sheet for 2250 showed that the altitude
at that time was 7,000 feet; indicabted eirspeed 210 kuots; indicated outside air
temperature f27 deerccs, centigrads; engine and airfoil anti-icing off; ard engine
instrum@nts indications were rnrmul. The flight enﬂlno'r's log sheet for 2300,
which was recovered, indicate:l altitude 15,000 feet; indicated airspecd 275 knotes
indicated outside air temperaturce £19 degrees, contigrade. The engine and airfoil
anti-icing systems were off; engine instrument indications appeared normal. None
of these readings indicate'anf abnormality.

Damage to the airframe had been so great that no aireraft system, as such,
survived. In addition;, impact and fire had destroyced or damaged individual
systems components to the extent that functional checks were generally impossible.
As a result, a considerable amount of time vas devoted to identiflying, listing and
describing the damage received by systems components. Tt was deemed advisable to
disassemble certain components thought capsbie of yielding useful information and,
in a few instances, functional checks werc possible and were performed.

‘The following aircraft sybtems were examined to the extent possible: hydraulic,
electrical, radio, air conditioning, instrument and autopilot, control surface
booster, air start, fire extinguishment, oxygen, fuel and anti-icing.

No indication of operational distress was found through examination of the
hydraulic and elecctrical system components. The left inboard main landing wheel
had been involved in considerable fire and it was dismantled to permit inspection
of the brake assembly. o abnormal heat patterns were noted such as might be
expected from cxcessive braking action.

No evidence of fire or overheating was noted during inspection of the
recovered radio components, all of which had suffered extensive impact damage.
Examination of transmitters and reccivers revealed the following estimated settings:

No. 1 VIIF Transmitter - 130.5 mc.
No. 2 VHF Transmitter - 12 .7 or 120.8 nc.

No. 1 VHFF Communications Receiver - 130.5 mc,
No. 2 VHFF Communications Receiver - 120.7

No. 1 VI Navipgation Receiver - 110
110

£ me. (tenths conld not be determined)
No. 2 VHI Navifation Roceiver - 8

or ]12.u me.

No. 2 Omni Pearing Indicabor - 166 deprees
No. 1 ADI Recciver - 369 ke. e
No. 2 ADF Recciver - SLO ke.

. oalr COW&JULUJAUG sysbom recel ved extensive impact
s oubflow conirol valve, The majority of air ducts

411 recovercd itums of t
damage with the exception of

3

{
4
i
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had been destroycd; however, inspection of recovered duct sections and the outflow
control valve disclosed no indication of smoke or fire damage.

Only three items associated with the autopilot system were recovered and these
were badly crushed. All recovered. insirument system comporents were destroycd by
impact wiith the exception of the two fluxgate compass transmitters.

The control surface booster assemblies had suffered moderate impact drmag
which prevented their being tested as complete assemblies. lHowever, individus
components capubla of operation were given functional tests and those which
could nol be tested were dismantled and examined in detail. All discrepancies
noted werce atiributed to crash impact damage with the exception of a failed
electrical lead at the load sensor of the elevator booster assembly.

>

@

The load sensor was subsequently examined by the National Bureau of Standards -
whose report states, in part, "The hreak in the stranded wire in the sensor unit
was probably causcd by scveral cycles of reversed bending, rather than by a single
tensile or bending load." N

The left air compressor assembly of the air start system was recovered at the
left wing impact site. The compressor had been consumed by fire; only an ash
residue remained which rcadily broke and flaked away when the assembly was removed
for shipment. The right conmpressor assembly was demolished by impact but showed
no evidence of fire. Both of the right air bottles remained intact in the No. 4
nacelle and still retained an air charge of unknown amount, which was released as a
safety measure before removal of the wreckage. Both of the left air bottles were
also recovered. One was found separated from the wing structure at the impact site.
It was slightly dented and the air lines had been torn off at the flanges. There
was no evidence of fire. The second bottle was still in position in No. 1 nacelle.

The fire bottles of the No. 3 nacelle had not been discharged electrically
but they had been broken by impact forces and contained no extinguishing agent.
The bottles from the No. 2 nacelle had been involved in fire and both discharge
" heads had been fired. These were examined by the manufacturer who concluded
that the outboard unit probably was discharged as a result of thermal discharge of
the actuating cartridge and that the inboard unit was discharged through the
safety disc by excessive pressure resulting fromn the fire, the actuating cartridge
being subsequently discharged by action of the fire. Both rotary selector valves
of the extinguishing system were recovered and their internal porting was determined
to have becn normal.

Two oxygen bottles (LB00 p.s.i.) were recovered minus their regulator caps,
which had been broken off. One crew botile (39.Ly cu. It.) was recovered only
slightly damaged and with its valve in the open position. The flipght enpgincor's
oxygen pancl was found badly crushed. The oxygen mask was still attached to the
regulator. No body tissue was found in or. around this mask, Five additional
masks were recovered in a torn condition with face glasses wissing; none of thesc
had evidence of human tissue on their inner surflaces.

The four fucling valves were functionally checked and then dismantled and
inspected. Each valve rcquired replacement off its impact damaged solenoid,
after which its mechanical functioning was found to be within operating limits.
Inspection disclosed no defects or abnormal wear. No significant contaminants
were found within the valves.
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The pilot valves [rom tenks 1, 2, and L were recovercd. Only the do. L valve
could be tested and it functioned novmally. HNo sipns of prc»cxjsting abnovinalitics
were noted dvring examination of these valves.

The fuel dump valves were dmpacth demaged but were in the closed position.
One tank shuloff was found in the closca pesition snd one energency shutoef{ valveo
was found in a partially closcd position Lut vas frce 1o nove. ‘fhiree eloctrically
operated shutorlt valves were found minus their motor One was closed and o

were opel.

The fuel gages of the fucling pancl werve examined by the manufactwer who
determined their final indications by two separate tecnniques, one of which inveived
gear measurenants,  The results of this method are considered to have an cstimated
accuracy of plus or minus 62 pounds and werce as follows:

No. 1 tank - 3,950 pounds, o. 2 tank - 3,610 pcunds
3 tank ~ L,080 pounds, Fo. li tank - 1,060 pounds

Tnsufficient recovery was made of anti-icing system components to provide
any useful information.

Powerplants

A great amount of the powerplani investigative effo“‘ was directed toward
determining if a failure or malfunction of any of the engi nes, p ropellers, or
their associated systems had contributed to or caussed the accident. Thl~ activity
covered the following areas:

1. 0il systems for significant contamination.

2. - Propeller reduction gear and accessory drive systems for gear and/or
bearing failures.

3. Torquemeters for rotatiocnal interference.

L. Power section rotors for over-temperature indications, bearing failuvres
‘or rotor failures

5. TFuel pumps and lucl controls for failures.

~

6. Propeller pitch change mecnanisms and controls fer failurc.

Detailed examinations in these Thu)CCL) adid not reveal any evidence of failure or
malfunction of the powerplints prior Lo th start of the separation of the No. 1
engine power scction at the ailr “nleh nousing to the comprossor split line.

The inveslipation of the powerplants as well as oiher investigations revealed
speciflic items which varrant discussion.

Some witnesscs reported hearing noises (this subject will be detailed later
in this report), which from their various locations suggestel poscible enpine
overspecding., Ixaminations of the engincs and propellers uere made in detail for
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overspeed evidence of the kinds that were noted during development tests. The
first evidence of overspeed from tests, perceptible Lurbine and compressor tip
diameter growlh and resuvltant ccempressor tip rub, occurs at 20 percent overspesd
(16,600 enginz r.p.m.). Al increasingly higher overspeeds, compressor tip rub
is more pronounced, lurbine blade tip rub and some bearing Jistress becomes
evident, No measurable growth of turbine or compresser dianmetors or bhearinz
distress oif the kind 2esociated with overspeed uas noted. Based on proveller
davelopment vork, the first evidence would be brinelling of the blade bearing
races and it would oceur at about 53 percent (21,120 engine r.p.m.) oversgead.
Forty-one percent (19,500 engine r.p.m.) overspecd tests showed no brinsllinz.
Mo brinelling of the kind that would result from overspeeding was noted on any of
the propeller bearing races.

Attention was directcd to the No. 3 powerplant by unusual markings on the
safety coupling, the S0 percent closed position of the electrically operated oil
shutoff valve and the totally closed position of the actuator of the electrically
operated fuel shutorlf valve locatled within the fuel control. These shutolf valves
are operated by the cockpit powerplant cmergency control which among other functions
feathers the propeller. Operating times from "open'" to "closed" of these valves are;
fuel, .3 to .l seconds and 0il, .5 to .97 seconds.

The safety coupling functions to disconnect the propeller from the eagine in
the event other protcctive devices have failed to function and the propeller is
furnishing encrgy (negative torque) by winamilling action to drive the engine.,
This action by the safely coupling is generally termed "decoupling" and occurs when
negative torque reaches approximately 1,700 shaft horsepower. Comparison of the
marks on the inner and intermediate members of the ilo. 3 coupling with like marks
on couplings known to have operationally decoupled and ratchcted revealed a
dissimilar pattern. Metallographic and visual study reveazled that high negative
torque loads were applied while the intermediate member was out of alignment with
the outer member. TImpact loads between the inner and intermediate members werc
applied in both the positive torque and axial direction.

Separation of the No., 1 engine at the air inlet to compressor case split
line occurred early in the sequence of events as evidenced by the parts forward
of the separation linc being the first major component along the flight path.
Except for a secction of the air inlet casting flange betuween 5:00 and 7:30
o'clock localion which broke away and remained with the compressor flange, the 1/1,-28
cap screws separated by tension failures and the 5/16-2) cap screws pulled the inscris
from the air inlet castings. Cap screw inserts which nulled out at the 10:00 1o 11:00
o'clock location wiped metal from the face Mlange. The direetion of this wiping
action indicates the inlet housing rotatled with respect to the compressor about a
point measured radially outward at 11:00 o'clock and five to six inches outside of
the bolt circle. Direction of rqtation was clockwisc relative Lo the compressor
case and looking forward. The air inlet housing Ilange showed corpressive loadin:
between the 10:00 Lo 11:00 o'clock location. A visual and metallographic cxaaina-
tion indicated that most of the scrape marks at the holes where Lhe wushings pullcd
out had been made by the external threads of the bushings and there was no evidence
found of a reversal of the scraping divection or repetitive movewent of Lo buchinrs
across the scraped wreas. llardncss tests of tie stud and case matorials were
satislactory.

ilarks vere made by contact of lhe leading cdge of the first stage compressor
blades with the surface of the shelf just rearward o the inletl guide vimes .
’
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Only a limited nwrber of front spar pieces could be identified; however, the
separation point was identified by fitting together two mating plecce of top cap,
{ihe inboard of which had been found at the main wreckage site and the outboard of
which was dug out of the ground at the lelt wing site. This point was eight
inches outboard of wing station No. 83. Most of the rear wing spar section from
station Ho. 6% lo station 137 was recoverced except Jor minor fragments. That poriion
of the rear spar inboard of wing statlon Wo. 97 remained with the center section,
while the outboard section from this wing station fell with the wing.

The lower planxing inboard of wing station No. 137 showed cvidence of upward
bendin, with the bending being slight in the area of the No. 1 plank and being
progressively more pronounced toward planks Nos. 8 and 9.

The lower planking stiffeners were soverely cclumn-buckled at every bay from
plank No. 1 to Wo. 9. The rear plank was "S! shaped, being horizontal from wing
station No. 65 to approximately wing station No. 75, curling sharply upward
through wing station No. 85, and turning down to horizontal at approximately wing
station Wo. 90.

The upper planking pieces in the No. 2 tank area were, in general, jaggedly
rectangular with the long dimension spanwise. Only a few pieces of planking
bridged a rib cap, and those which did usually contained a plank lap joint. Upper
plank No. 9 from wing station MNo. 75 to wing station No. 101 showed the same “S*
shape as did the lower plank but to a less pronounced degree. In contrast with the
lower planking the stiffeners of the upper planks had separated along or very close

5 the radii.

The fracture faces of lower wing plank No. 3 at wing station No. 65 left,
showed evidence of having recontacted each other after the fracture occurred,
Microscopic exanmination disclosed at least three cycles of recontact. Two of
these were evidenced by contact scratches; the third by a zinc chromate deposit.

The wing station No. 83 closing rib of the left leading edge contained metal-
to-metal scratches at nine points. These marks were predeminantly vertical, but
microscopic examination showed three to four changes of direction at three
different points.

Substantially the entire section of the left wing that fell separate from the
aircraft showed evidence of varying fire damage. The fire pattern on the upper and
lower planking of the No. 2 fuel tank was of a random configuration such that one
piece or scction would exhibil severe exposure to fire or heat whereas its mating
piece would not. The zinc chromate in sections of the flaps aft of and inboard of
the No. 2 nacelle and in sections of the fillet area between wing and fuselage had
been browmed by exposure to heat; however, the patterns once again were random and
showed lack of continuity. This same gencral fire pattern was evident on picces
of wing leading cdge., The left wing flap jack screws were found in the fully
retracted position.

In the No. 3 fuel tank area of the right wing the lower planking was shattered
into narrow spanwise sirips. There was more deformation prescent than there was
in the No. 2 tank arca, particularly the stiffencrs which were torn away from the
-anking and bent in random directions. There was some evidence of column-buckling
of the stiffeners on the No. 1 to No. L planks, but much less severe than in the
left wing.
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The scparation of the right wing occurrad between ving station Ro. 329 znd win
station Wo. 3li6. The lower Ro. 2 plank inboard of wing station No. 3LO srowed a
shear buckle pattern from wing ctation Mo. 329 to wing station No. 3L6. The upner
surface panels were bent slipghtly vpward in the area of thoe breal and the browen
ends ol the stiffencrs wore pulled reavvard.  The right wing showed no evidence
of having beoen exposed to hect, smoxe, coot or flame imdingement,

The propcller, enging gear case, air inlet housing, and the quick cngile cnun o
structure of the iHo. 1 powerplant separated as a unit as a result of failure of
nacelle and/or QKC longerons at the QUC - necelic fittings.,  The engine wnit aft

"

of the compressor front face remaincd ln the Yoo 1 macelle and aescended with ihco
left wing.

The forward attach point of the Ho. 1 QIC upper oulboard longeron showed haavy
1 33 o

compression loading prior to failurc and farther diselosed multiple directions

of local hending in the several longeron memboers.

The forwurd attach wrea of the No. 1 QNC upper inboard longeron showed a
tension failure followed by recontact of the fracture faces during a would-be
compression load.

The electrical connectors and their wiring at the No. 1 nacelle firewall uere
failed in multiple directions of bending.

At the No. 1 nacelle Tirewall, the fuel line was bent up/inboard and down/outboar:
prior to the ultimate failure which was up/outboard.

Indentations were found in the nacelle shroud which were made by the anti-
swirl assembly clamp, particularly in the area of the clamp bolts. There were
indications here of not less than seven contacts of the besses with the nacelle.
There were also multiple clamp marks around the shroud but less pronounced than

those at the clamp split-line.

A1l panels and structure of the No. 2 QEC and nacelle were accounted for and
included the landing gear door and starter compressor section. This entire section
with the exception of the outboard starter compressor housing showed evidence of
having becn subjected to fire and hcat exposure. A considerable amount of molten
aluminum deposits was found throughouf the nacelle area; however, none of the
deposits showed evidence of having been blown by an airstream. .

The No. 3 QFEC and nacclle were both completely demolished by ground impact.
All examined pieces of this arca revealed no cvidence of having been exposed to
fire or heat nor was thore any evidaice ol smoke or soot deposits in this area.

The No. I nacelle barrel outbonrd pancl was peceled directly oulboard and
aft, and rivets in the lower forward corner of the inboard barrel cide panel
were sheared in a forvard dircction., A1l lircwall Tittings were bent oulboara
and cables notched the Mrewall in an outhoasrd dircction., Only those peortions of
tha structure which were carried to the ground with the engine showed any indications
of exposwre to fire or heat. '

The forward fusclage section from the nose through approximately fuselage
station No. 570 was subjected to scvere impact forces when it struck the ground and
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for the most part was reduced to crushed rubble., A thorough examination of the
recovered and identifiable parts from this area showed no evidence of heat, fire,
or soot.

The rear fuselage, the center section, including the right wing-to-ving staticn
No. 229, and the reuar porticn of No. 3 engine struck the ground witk greast force.
Tho rear half of the lower center section planking remained intact. The rest ol
the center section box area was reduced to hand-sized fragments. The planking and
front spar of thic right wing stub were shattered with only the lower planking
material remaining in large sections., The fuselage side and top panels were digs-
tributed over a wide area but the individual panels were relatively free of severe
impact marks and crushing effect. There was no evidence of fire or soot on the
right side of the fuselage, in the center section, right wing stub, or the interior
of the fuselage.

The exterior surfaces of the left fuselage panels revealed considerable evidence
of inflight fire effects. The biaxially stretched plexiglass cabin windows on the
left side af't of fuselage station No. 659 had been surface distorted in the form
of intersecting trenches and variable size rectangular raised areas or islands.

The severity of the window distortion increased progressively toward the aft end of
the fuselage. This type of surface distortion is a common characteristic of this
plastic when it is exposed to above normal heating effects either by direct flame
impingement or by radiated heat. The exposure time, type of heat and applied
temperature are all variables which will cause distortion pattern changes, i.e.,
depth of trenching, size of islands, and degree of edge roughness.

Lockheed Aircraft Corporation conducted tests to attempt to determine the nature
of controlled variables which would cause ‘similar type of distortion of plexiglass
samples as evidenced by the fuselage windows. Reasonable correlation between
laboratory tests and observed heat effects on the airplane was achieved in several
instances; however, it is noted that the cantrolled test condition did not necos-
sarily represent the existing airborne conditions at the time of occurrence. The
following is a quoted summary of Lockheed's Report No. 14,281, dated 2/15/60:

"l. The surface heat effects observed on the cabin windows were caused by
flame impingement rather than by radiated heat.

"2. . Time duration of the heat exposure on window No. 18 was between 6 and
10 seconds.

"3. The flame temperature in the region of window No. 18 was approximately
2,0000F .,

The blue irim paint which runs longitudinally along the left side of the
fuselage was blistered in two areas: the lower halfl of the trim stripe on the
galley door and the cenlral part of lhe stripe aft of fuselage station No. 1117.
The paint blistering occurred in narrow bands running parallel to the normal air
stream and was most scvere in the area under the stabilizer. Paint had {laked of(
in patches throughout the affected areas. It was noted that no paint blistering
occurred in the immediate vicinily of any of the windows, even those showing the
most sevcie heat effects. ’
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Smoke and soot deposils existed in a nunber of places on the lelt fuselage
surfaces. The vhite painled arcs above the windows frow fuceiaze station No. 875
to fuselage staticn No. 1030 wus heavily socted with streaks rurning up and back
al a 20 degree angle. The soot deposits were heavier in areas between the rings
and stringers than they were directly over the ring and strin"nv stitfeners. A
scallop patvern of soob deposit wis evidenl for zbout 1.5 inches aft of each ring
hetween stringerss.  Thic soenll ‘ s prorresolvely more evident toward
the rear fusclages scction, A straci of bilaeil oily qubsbancv ves Acpocsitld from

uselage station Ho. 570 to the tail cone. This streal, unlike scme of the other
dprultu on the aircraft, could nol casily be Ulpc“ of f and gave the appsarance

S S
SLLETn OeCnn
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of having been parbially baled to the metal. In daition to the 1k inch wide band
which started aboul 42 inches behlid the galley door and uXoended 21l the way rear-
ward, numerous fire stroaxs existed both ubove & 1 velow the window line. VWhile
most of the streacks were parallel Lo the flight prth, there were minute streaks

upward and af't «t an approvimate anzle of 20 derrees.
[l [ &3

The tail section consisived of vertical fin and rudder, stabilizer stubs, tail
cone (fusclage station Ho. 1117 and aft), and the lownre floor. The direction of
collapse of the right undercide of the cone indicated that this section struck the
ground while moving rearvard, causing damage to the elevater power package, the
base of the ruddcr, and the elevator rool sections. The vertical fin was undamaged
except for a serles of slight linecar dents in the leading edge. It was found that
the wing planking stiffencrs exactly it these marks.

One other matter should be menticred. On the ground at Houston and shortly
before departure, First Office well remarked to a representative of the engine
manufacturer (Allnson-cenprul Votors), "rhis aircreft trims up funny." There was
no further discussion on the matter nor wus 1t made an item of record in the air-
craft's logbook.
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As a result of thils and another accldent six months later to the came model
aircraft, the manuflucturer instituted a searching reasscscment of the aircraft's
design. The work was largely analyticeal bul also included wind tunnel testing and
flight testing. The program of design reevaluation was extremely extensive.

Two questionable items in the design of the airplene came to light. One of
these was that significant loads Imposed on the wing intermediate ribs between the
fuselage and outboard nacelles by e‘aLl distortion had not been included in the
design loads. The other was that the dynsmic response of the outboard nacelles in
turbulence was different than thot used in the original design, with the result
that the torsiocnal loadings of the wing inbonrd thereof was increased. In addition,
the reevaluation program disclescd thotl, with the stiffness of a powerplant nacelle
installation reduced below novmal, propeiicr "whirdl mode" could persist undampened
and couple with the wing thus exciling 1t Lo failure.

Adrerafi Hiotory

N 9705C was o now aiz
the first of its Lhrece production ooy
prior Lo the accident.

erelt. Lo Tindl soocnbly was started in Aprid 1959, and
AN

chbo vas o Seplaaner 4, 165G, 25 doys
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( Braniff Airways accepted delivery of the aircraft at the factory, Burbank,
California, on Septemver 18, 1959, Acceptance had been preceded by a total of
three production test flights and one zcceptance flight.

]
installed new (zerc time). The No. 1 engine had accumulated 26 hours and 25
minutces of operaticn at the time of dnstallatvicn.

The four propellers and three engines in Nos. 2, 3 and 4 positions had been
proy ’ p

Upon arrival of MW 9705C at the Branifl Airways Base at Dallas, Texas, an accept-
ce inspection was conductcd incorporatln" the OQeratLons of Nos. 1, 2, 3 and 4
maintenance and inspection procedures. After the acceptance inspection N 9705C
operated approximately 122 hours in scheduled and training flight (total time was
132 hours and 33 minutes); therefore the first or No. 1 inspection duc at 205 hours
had not been performed. As a result only preflight service checks and nonrsutine
items were accomplisiied during the ten days of operation.

The only areas of chronic difficulties with N 9705C appeared to have been with
the radio, navigational equipment and the generator malfunctioning during the last
few flights. This latter generator malfunctioning was reported to have been corrected.

Several incidents to other Electras were investigated. These consisted of: (a)
possibility of excessive fuel tank pressures; (b) review of a report concerning a
landing gear tire failure caused by excessive brake temperatures that resulted in an
explosion of the tire approximately 30 minutes after takeoff. This caused excessive
damage- to the nacelle structures; (c¢) loss of an intermediate tail pipe cover in

( light; (d) review of starter bottle compressor difficulties. (This last item has
"veen a chronic difficulty flezstwise and the No. 2 compressor in the No. 3 nacelle
had been de-activated in N 9705C at the Dallas Terminal some two hours prior to the
final flight); and (e) an over-all general monitoring of L-188 dlif¢cultles for any
correlation with the findings to date.

A1)l areas investigated resulted in negative findings. All squawk items during
factory flight tests were signed off as corrected. All maintenance items on this
aircraft, including all checks and inspections as well as correction of all items
pertaining to airworthiness appearing in the flight log (squawks) had, according
to company records, been complied with by Braniff personnel in full accordance with
prescribed and approved methods.

Braniff Airways maintains a special technical group to monitor the Lockheed
L-188 operation. A folder is kept for each aireraft as a means for keeping indi-
vidual aircraft chronologicul records. No significant entries were Iound

On September 22, one weck before ibhe disaster, the alreraft was used on a
routine training flight. Reccovery from a planned stall was made incorrectly and
secondary stall developed, attended by buffeting more scvere than normally allowcd.
The Braniff caplain in command exprossed the opinion that structuradd inteprity was
not impaired and that no inspectlon was nceded.

Crew History

Captain Wilson kluw Stone completod Lockheod Electra L-188 pround school train-
L g oon April 10, 1959. The course consisted of 120 hours of instruction on aircraft
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systeums, perfloviance, and flignt pizoning, His averape grade Zor the course was
96. In addition, an L1838 rofrsoher course and cockpiu clieck was cuapletoed by
Captain 3Stonc on Muy 17, 1959, and dnvolved a total off 12 hours attondance,

Captain Stone's I,—-' 'J§ flight Lraining comacnced May 1u 1959, and was couplicted
May 27, 1959. Thiu aing covaered penaral ;.kllj"i or
and emergency procedurcs, Snelusing similabed o aging Tullure and eng
altitude; simaluted ernervpgoney procedures, day and night takeor?s u“d lu ndings; and
instrument proccdurcs. This type rating check was given by an Tah designated AT
examiner aftor 8 hours wnd 45 minates ol {light training. His flight proficiency
was above average on this check. Caplain Stoae then flew for 12 hours and 34
minutes with company check pilots prior to being assizgned to reguwlar line operations,
His total Blectra time was 68 hours and 39 minutes.

L3 WOIl '., ('14 roube
ir

1fire oy

First Officer Dan Hollowell completed Blectra ground school traininmg on July 3
1959. He received an average grade of 95 for the 120-hour course. u]luut treining
commenced July 10, 1959, and vas complcled July 31, 1959, First Officer Hollowell
received a total of 4:30 hours of flight time in the Zlectra, and 8:45 hours of
observation time. A review of the records indicaled that he was current in all re-

quirements. His total Electra time was 95 hours und 20 minutes.

~
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Second Officer Roland Longhill completed the 120-hour Electra ground school
course on March 20, 1959. His final exemination grade was 93. IHe wvas qualified
for duty as a flight enginecr on Elecira equipment on Auvgust 12, 1959, after com-
pleting 10:40 hours of instruction. His totel Blectra tire was 83 hours and three
minutes,

Crash Injury Research

Traumatic injuries to occupants, sowe of whom had fallen free of the aircraft,
were severc and cxtensive and with much mutilation.

Examination of tissue for curbon monoxide level was made from nine bodies, one
of which was that of First Officer Hollowell. It and seven others showed carboxy-
hemoglobin saturation of the blced and tissue at less than ten percent. Medical
opinion is that this is not an incanavitating quantity. One of the nine showed a
13 percent concentration, indicating pousible inhalaiion of smoke laden air prior
to death.

Analysis

The investigation of this accideni hus produced such a voluwinous quantity of
data that this repori will bhe confined to the discussion and analysis ol only those
data considered to .o apropos to the consideration of probuble CdU)b. SC»cLul
incidents and accidents dnvolving Mlectras have occurred during the course of this
investigation, all of which hive also boen nnvcstjgaicd. hwone of thesce is con-
sidered Lo have any associalion with Llde aceiddent exeopt the aceident to a sicuor
aircraft at Cannelton, Indiana, on Pereh 17, 1980, Tho dnvestigsticnal resulis of
that accident and thelr veleviance to the solution of this casce are discussed below.

Much of the informmution appoaring under [nveshic f 4 negative naturc
insofar as the probable cavsoe of this accident in con Such matters as almos-
pheric turbulcence cannob be lepically linked Lo this aceldent. The airvceraft was
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operating in the clear at the time of the accident, well removed from the closest
significant convective aclivity; and the necessary meteorological parameters for
the formation of clear air turbulence were not present (i.e., vertical or hori-
zontal wind shear, strong jet stream, sharp upper trough). The subject of pilot
and flight engineer competence cannot be considered a factor, for all three were
well qualified and experienced airmen despite having less than 100 hours in
Electras. ilsc, the possibility of crew incapacitation, even in small degree, by
eny toxicity is without fouhdation and 1s not even suspscted. - The aircraflt ltself
was virtually new and had not needed appreciable masintenance work; that which had
been accomplished had been signed off in accordance with established practices.
Collision or threastened collision with another aircraft or object has been ruled
out and the flight was being nravigated properly.

Laywitnesses are often in error, particularly in their attempts to recount
time lapses, the exact sequence of events, or altitudes. It is difficult, even
to a trained observer, to recall accurately the order of an unsnticipated rapid
succession of events. There is in this accident, however, one conditioa which
fixes the sequence and establishes to some extent a time boundary between two
important elements of observation: (1) the sound, variously described as "jet
noise," "low flying aircraft," "unsynchronized motor," and (2) the observation as
"g large orange ball of fire." Six witnesses were indoors when startled by a noise
of sufficient intensity to get them to look or go outside.

Certainly, some of their observatiocns cannot be reconciled such as the white
light seen by one witness; nor do the various times between events check out with
any high degree of accuracy. However, all of the witnesses who were indoors first
heard a noise which was followed by a ball of fire.

Several witnesses gave reasonably good descriptions of objects silhouetted
between them and the ball of fire. This information correlated well to fix the
geographic position and an approximate altitude band for the fireball. When
plotted, the altitudes of sighting varied from 17,000 feet to about 24,000 faet.
While the variation here is wide, it does indicate that the fireball was at high
altitude and probably no lower than the 15,000 feet reported on the radio by the
crev. o

Using a speed of sound of 1,088 feet per second, which is the standard-day
average between sea level and 15,000 feet, it can be shown that from a simultaneous
‘noise and light at 15,000 feet, an observer directly below would hear the sound
about 1/ seconds after seeing the light. An observer three miles away would not
hear the sound for an additional six seconds. (Normal temperature variations and
even strong winds will make only negligible differences in time.) The loud con-
tinuing noise, then, had to occur 14 or more seconds prior to the appearance of the
fireball, plus the time interval between the witness observations of noise and light.

Analysis of the witness statements shows that the information provided by a
majority of the witnesses is reasonably consistent. The average time from noise
(at the source) to the appearance of the ball of fire was in the order of 33 seconds,
with the largest variation from the average being about cight seconds.

The witnesses who saw the fireball from inception agree that there was no pro-
longed fire, but rather a small one which grew quickly into a large orange of red
ball and then disappeared in a few seconds. Several witnesses observed that just



18
prior to extinguisiment, a smaller fire cwovged from the large ball and fell to
the northeast, dying oul well before reaching ground level.

That, the airveraft broke up violently is self-evident. That the breakup process
was both quick and with little or no warning is also clear for two reasons. First,
only one of the 37 aircraft's passcuger seals recognizable as such was found with
the safetly helt fastencd, and this probably weans there was no time to order their
fustening., Second, the ijnu] radio messapge preceded the breakup by an interval of
something less Lhan Lwo minutes and Lhat message gave no hint of trouble.

A dofinite sequence of failures and breakages appears discernible and will t
mentioned bbbﬁUuG it may be considered as somevhat basic for this analysis Sep*

aration of the lefl wing and the No. 1 gear box propeller and QEIC 5truvture ocecurred
at about the same time; it 1s impossible bto say which went first. The horizontal
stabilizer then broke up wnder the impact of paxtu coming from the wing; wing
planking from the right wing tip came free; the No. 4 powerplant tore loose; and

the right wing outboard of No. 4 separated. ALl of these events happened in a

short perlod of time. Somewhat later, at much lower aliitudes, the fuselage broke
in two separate portions at a point about halfway back near fuselage station No. 570.

Under Powerplants mention was made of there being no evidence of overspeeding.
However, in view of the tolerance of both the engine and propeller to overspeeding
before any physical evidence develops, 20 percent and 53 percent, respectively,
lack of this evidence does not permit concluding an overspeed of a lesser amount did
not occur. However, it is difficult to project an overspeed as such into an
accident of this kind., The following devices are incorporated in the engine pro-
peller design to protect against overspeeding and/or high drag: (1) fuel control
overspeed governor, (2) negative torque signal, (3) safety coupling, (4) hydraulic
and mechanical low pitch stops, (5) beta followup, and (6) pitch lock. These
features, gome of which function entirely independently, provide multiple protec-
tion against powerplant induced drag of a degree which would present airplane
control or structural loading problemas.

Also, under Powerplants there is mention of possible emergency procedures
having been used on No. 3 powerplant. However, the evidence indicating that
emergency action may have been taken with respect to No. 3 powerplant is not sup-
ported by the physical condition of the engine and propeller. This powerplant
was the lagt Lo separate from the airplane, possibly at contact with the ground.
That the oil shutoff valve was only partially closed indicates the operation was
prematwrely terminated, most likely by a loss of electrical power. Tt appears
that emergency action with respect to thls engine was initiated just prior to or
during breaskup by either the crecuw or by actualicn of the control due to disruption
by the alrplane broakup. Any significance of thesse valves with respect to the
accident 1s not discernible.

In referenco to the statement under Powerplants that the No. 1 propeller,
engine gear case, lorquemotor, air inletl case, and QiC structure separated and fell
as a unit, the following chould be noted. This separation occurred following
failures in the QLEC which permitted movement of the rear of the engine. Had the
engine separation occurred first Lhe repeated markings wade on the adjacent shroud-
ing by the clamp on the rcear of the engine wonld not have occurred. It is conclwied
that the normal support provided by the mounts al the reduction gear case was dic-

rupted, thus permiliing loads gonorated by the rotating propeller to be transmitted
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through the engine Jtructure causing gyrations of the rear of the engine within
the confines of the adjacent shrouding and ducting. Separation at the air inlet
and compressor case junction occurred in an upward and slightly to the left di-
rection with the forward portion also rotating clockwise about a center five to
six inches outside the bolt circle positioned radially about the 11:00 o'clock
postion. This separation occurred by tension failures of the 1/4 ~ 28 cap crews
*and pullout of the 5/16 - 24 inserts. A study of this separation failed to reveal
any evidence of repctitive relative motion as separation occurred. The loading
necessary to bring about this separation could have occurred only after the QZC
structural integrity was disrupted, and propeller-generated loads that were intended
to be absorbed by the Lord mounts which support the reduction gear assembly were
instead transmitted rearward through the intact engine structure.

Interference of the first stage compressor blades with the air inlet housing
occurred on the No. 1 engine of this aircraft and on the Nos. 1 and 4 engines of
the Electra involved in the accident at Cannelton, Indiana. There was separation
in flight of some portion of these three engines. These similar circumstances
cannot be accepted as coincidental since like circumstances prevailed in each case.
It is believed this rotational interference was caused by air inlet case deflection
due to abnormal loads being applied through the engine torquemeter housing and struts.
Furthermore, these abnormal loads followed disruption of the engine supporting
structure such that loads normally taken out by the forward QEC Lord mounts and
structure were, instead, imposed on the engine structure. It follows that the basic
engine structure forward of the compressor must have been intact in order to trans-
mit propeller generated case distorting loads. The design strength of the basic
engine structure is materially greater than that required by the Civil Air Regula-
tions for its supporting structure. This suggests that structural damage due to
overloads by whatever means would be confined initially to the supporting structure.
Thus, the previous conclusion that engine supporting structure disruption preceded
the engine structure damage is further substantiated.

No. 1 propeller blade angle and markings on the load side of the compressor
extension and stub shafts' splines indicate power was being produced when the
separation occurred.

As stated under Investipation no indication of operational distress was found
through examination of the hydraulic and electrical system components.
Examination of the radio transmitters and receivers revealed no sign of mal-
functioning.

Damage to the control surface boosters precluded establishment of booster
selection, i.e.: "On" or "Off" or whether the autopilot had been in operation
prior to the breakup of the aircraft. Although the broken lead at the elevator
load sensor probably failed as the result of a few (possibly three or four) cycles
of reversed bending, it is not known whether the failure occurred prior to or as
a result of the accident. It may well have broken during the violent shaking which
could have preceded the inflight breakup. If the failure existed in flight and the
alrcraft were being flown on autopllot tho automatic elovator trim feature would be
inoperative and any change in longitudinal trim would be accommodated by the auto-
pllot. With the autopilot holding against an out-of-trim condition, up to the
limit of its authority, sudden release of the autopilot would result in a rela-
tively mild pitchup or pitchdown, depending upon the direction of trim imbalance.
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This would not create a hazard or place the aircraft in an attitude from which
recovery would be difficult.

The extremely brittle ash residue of the left air coipressor of the alr staxt
system flalcd avay readily when handled, indicating thal the coapressor had burned
where found on tho pround zbi the lefl wing dmpact site. Bxamination of the engine
fire extinguishing system showed that the selector valves were in their normal

positions «nd that none of the five boltles had bheen discharged ty crew acticn.

The pertinent observations of the physical evidence can be summarized as
follows:

1. Inflight fire was confined to the extreme inboard pertion of the left
wing, causing heat damage to the lefti windows rear of ile wing trailing edge and
sooting of the left rear fuselage.

2. The No. 2 fuel tank showed no evidence of internsl pressure or explosiocn
and the planking fragments were burncd snd socted in a random pattern.

3. The left inboard leading cdge, the lower planking and ths rear spar shou-
ed that the left wing failed at the inboard one-third of the No. 2 tank in upuard
bending and noseup torsion. The relatively small fragments of the upper planking
indicated a strong probability of failure resulting from a high positive load.

L. The wing station No. 83 closing rib of the left leading edge showed
metal-to-metal scratehes. Microscopic examination disclosed three to four changes
of direction in these predominantly vertical marks.

5. The fracture faces of lower wing plank No. 3 at wing station No. 65, left,
showed evidence of having recontacted each other after the fracture occurred.
Microscopic examination revealed at least three cycles of recontact.

6. The forward attach point of the No. 1 QEC upper outboard longeron showed
heavy compression loading prior to failure and further disclosed multiple direc-
tions of local bending in the several longoron members.

7. The forward attach area of the No. 1 QEC upper inboard longercn revealed
a tension failure followed by a recontact of the fracture faces in a would-be
compression load. .

8. The elcctrical connsctors and their wiring at the No. 1 nacelle firewall
were failed in multiple directions of bending.

9. At the No. 1 fivewall, the fuel line was bent up/inboard and down/outbosrd
prior to ultimate failure which was up/ocutboard.

10. Found in the No. 1 nacelle shroud were indentations which were made by
the antiswirl assembly clamp bosses. There were also multiple clamp muirks arcund
the shroud but less pronounced than those at. the clamp splitline.

11. Bolh No. 1 gear box Lord mounts showed evidences of repcated yaw loads
and some indication of rear load. The rear mount discloscd excessive relativo
motion of the mount with respect to the nacelle structure.
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12. The No. 1 engine's first stage compressor blades rubbed the inside of
the air inlet housing.

13.. Examination of the structure for fatigue produced ccmpletoly negative
results.

In reference to the localization of the lett inboard wing fire, as mentioned,
it seems proper to present the following: At no point can there be found a con-
tinuous fire or heat pattern across the rear portion of the wing, particularly
along the spar, the back side of which is white, and the upper trailing edge sur-
face, the under side of which 1s white. This material was clean. Two of the flap
beams, flap station No. 174 and flap station No. 106, showed some sooting; however,
the soot marks are not continuous across break lines. The inboard flap beam at
wing station No. 72 was completely clean. This beam went into the main wreckage
area with the center section. The flaps themselves had fire patterns on them;
however, at any point where there was a fire pattern it could be shown that it did
not exist prior to the breakup of the flap and most of this fire occurred in the
area where the flap was torn through as a result of wing failure. Inboard of the
station No., 72 flap beam there was evidence of inflight fire, and such would be
expected since there was a ball of fire passing through this area at the time of
wing failure. The only point at which fire or heat can get into the fillet area
on the rear portion of the wing is through a small opening under the fillet and
above the junction point of the upper cap of the rear spar to the fuselage. This
area was completely clean and showed no evidence of soot, fire, or heat. This
area, incidentally, is white and would show soot very readlly. The only other way
to get heat into the fillet area from outboard would be through the leading edge
and through a similar opening from the leading edge into the fillet area; however,
this did not get sooted in any way. It was noted during the mockup period that
the trailing portion of the wing fillet makes a scoop or funnel capable of holding
several gallons of kerosene, and ahead of this area there is a place where addi-
tional fuel could be trapped for a short period of time. This could contribute
to a more prolonged fire than might normally be considered possible.

.'Any,comprehénsive analysis must consider, along with the positive evidence in
the wreckage, the following negative points:

1. In the 07 radio call to the company the only maintenance items reported
were an inoperative No. 3 sump purp and the bonding of a terminal strip. This was
only two minutes prior to the accident.

2. There was no turbulence along the route of this flight at operating
altitudes.

3.. There was no record of this aircraft being subjected to a hard landing
or to any appreciable turbulence during its 100-plus hours since manufacture.
There could be found only one incident of any possible maltreatment of the air-
frame. This occurred on Septecmber 22, 1959, during a training flipght wherein the
pilot entered a secondary stall following an improperly executed stall recovery.
Any likelihood of damage resulting from this maneuver has been evaluated and dis-’
missed under Investigation.

4. According to ARTC records there was no conflicting traffic of aircraft
operating on flight plan. The U. S. Navy advised that there were no aircraft
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operating from the only Navy facility in the arca and further that no other Naval
comnind had aircraft operating in the vicinity of Buffalo. The Air Force reported
no local flights from Barksdale Air Force Basc betwcen the hours of 2200 and 240C0.
Connally Air Force Base had aircraft in the area, but all had landed prior to the
time of the accident. Carswell Air Force Rase had two KC-135's on IFR round
robins at accident time. (If these two had been in tho Buffalo area IFR, ARTC
should have had a record of this.)

5. "In all of the exsmination, testing, and analysis of the flight ccntrol
systems, boost, and autopilot, no phonomenon ‘coudd be produced which would pro-
duce or lezd to a structural fallure (There was further work done in this area
after the Canneltcn accident. ) :

There is one other very important consideration. This is the Cannelton,
Indiana, accident of a similar Zlectra, which also experienced a wing failure
(right) and loss of QEC units to form 2 similar destruction pattern of the Buffalo
accident. While a mirror image type of pattern itself is not positive proof of
similarity of cause, there are indications of oscillatory motions of wing and ocut-
board QEC structure in both the Buffalo and Cannelton wreckages. '

Following the accident at Cannelton, Indiana, Lockheed undertook a reevalu-
ation program in which the entire Elcctira concept and design was audited. 4An
enormous quantity of data was produced, the majority of which was negative. It is
sufficient for the purpose of this report to state that, insofar as causal factor
is concerned, only one area of the program is 81gn1flcgnt This 1s the phenomenon
known as "whirl mode," an oscillation which under certain conditions can produce
flutter.

All of the flutter tests and analyses made by Lockheed during the original
certification process and during reevaluation showed the Electra to be flutter-
free during and even above normal operating speeds and further disclosed that the
wing has a high degree of damping. The term "damping" means that if a motion is
imparted to the structure, the motion will die out when the exciting force is re-
moved; the damping forces are those which take energy away from the oscillation.

A small amount of damping is from internal energy absorption in the structure and
in energy absorbers such as engine mounts. The most significant damping, however,
is the result of aerodynamic forces acting in opposition, thus absorbing energy
from the oscillation. Conversely, if a major change occurs that allows the aero-
dynanic forces to be additive to the exciting force, the oscillation grows, and
the result is flutter.

Since the Electra wing is basically flutter resistant, in order to produce
fluttor there must be an external driving force. The possible force generators
are the control surfaces snd the preopellers. Analyses indicated that the control
surfaces would not produce wing oscillations of sufficient amplitude to produce a
wing failure; conscquently, further analysis was centered arcund the propeller.

The propellers boing normully sbabilizing, it ves ncecessary to conslder
abnormal propeller behavior, such as overspeeding and webbling. The studies and
tests conducted during the Iecvulu4tnon program proved that a wobbling outboard
propeller caused by weakened nacello and/or engine structure can induce wing
oscillations.



-23

Since a:propeller has pyroscopic character
its plune of rotation until it is displaced by
such ¢ force or moument 1s applied, the
to the forco. Yor example, if the propeller

-of .the structure applies
to suing to the lefl due to precession. Thoe

causing proceasicn dowaward,
precesusicnal swing to the right.
precessicon Lo complele Lhe cycle.
direction ol rotation ig cownter

Thiuy,
Thig el fect

Lo that of the

ristics 1t vwill tend to slay in
SONG rong external forcc.  When

propeller rﬂ"ctu in a direction 90 degrees
is displaced upw
a nosedoun pitching mozent cavsing the propeller
Yau

resisted by pibtehdng
in turn, is resisted to cause an upwar

ard the resistance
disc
;pists Lhis motion

.
nrofutes o

sLiffrness o
stilfucess wnich

terized "whirl mode," and its

is
propeller.

Normally, whirl mode can operate only within the flexibility limits of the

engine mounting structure and guickly damped.
the supporting system is reduced through

nacelle g

poverplant structure, mouats, or
the amount of

reduced to a degree depeading on

Structural weakness or damzge does
whirl mode may be initiated, but in three ways
danger:

1.
freedom, hence it can become more violent.

The greater floxibility of a weakened
In

increases with increasing deflections but this
structure is damaged.
2. In a weakened instsllatiocn, the increa

further damage the supporting structure, in turn 1e¢d1nv progresaively to

-violence and even further damage.

plltudc of whirl mode increuses
value to lower valucs whlch
fundamental frequencies.

- The nalural frequency of whirl mode .in an
mately five cycles per second.
wing bending about two cycle
loadnhg

in an overly fle:

from

. As wh1rj modc progresses
Jation, its frequency can reduce
the wing in three c.p.s. torsion
ldtl0n° will re-cnforce and perpetuate the

*mploﬁozly lnatdllch, failed, or duiuige
vructurc, the d

not change the

five Lo threc c. D.g.
L and bending
whirl

If, hewever, the stiffness of

amping of whirl mods:

stiffness reduction.

onditions under which
it nahcs the phencmenon a potentiali

system can allow whirl mode more
an undanaged system the stiffnes
is not necessarily true if the

whirl mede can
mOTe

sing violence of

3. As the structural gySuem is damaged, reducing the spring-constant, the
and the frequency decrea

.in the case of the Electra, approach the wing

ses from its natura. -

undamaged installation is approxi-

The wing torsional frequency is about 3.5, and
per second, with scme slight varistion with fuel

xible or dam&pcd poverplant instal-

where it will dri"
oscillations.  Thece wing occil-
wude. The three oscillations

are then coupled aut LHL Sane f“LqubﬂC” of' about three c.p.s., thus beccning o

flu
ae

below

florced by
dgmo1st1 ed 1n

e
21
that 2t whic

form of induced Aer
non. can, |

.an alropeed ter

\--'. i
v Ll

at,
1 classloenld

stiffness factor for an Elec
per radian, (root-mean-nquare) .
whirl mede cannot force wing

Tho desipn

107 inch pounds
stiffnass level
S - ) T

,O”C“ill ha
tunnel
i]u

Tra poverplant

it This lJ TGEOILG -

IrmONic 05 L,...,L,.Lu.t
‘( )L .‘;nd in uul(Ll, l)A(/<~-l. et }IC\iiE’ (xt
ver can develop.

installution is 15.9
indiculed that at this

The

tests

oscillation al an airspeed lower



.__24_

than 120 percent of the design dive speed of the aircraft. If, however, the
stiffness is reduced, forced oscillaticns become more likely depending on emount
of stiffness reduction and on equivalent airspeed. More specifically, the data
show thal if the stiffness is reduced to some value less than 8 x 10° inch pounds
per radian, whirl mode could beceme a driving force on the wing in the crulsing
speed range. The tests further showed that whirl mode of catastrophic proportions
could develop, reduce its frequency, and couple with the wing in a period of from
20 to 40 seconds.

Certain causal possibilities can be eliminated from {urther discussion be-
cause ¢, « complete lack of evidence or evidence to the contrary:

1. Collision with another aricraft

2. Structural fajlure due to turbulence during this flight

3. Structural failure from fatigue

4. Structural failure as a resull of bioost and/or autopilot malfunction
5. Sabotage

The shattered upper planking of the left inboard wing suggested a strong
possibility of failure due to excessive positive loading. The horizental tail
or rear fuselage shouwed no such evidence; however, Lockheed testified that at
275 KIAS (last known airspecd) the wing and tail were about equally critical
under positive loading. There was further testimony that above 275 knots the
wing becomes the more critical of the two.

This leads to the premise that high-load wing failure (if it existed) occurred
at an airspeed in the order of 275 knots (cruise) or higher. Such an overload
failure, with boost, autopilot, and turbulence out of the picture, would have to
develop from a pullup maneuver brought on by collision avoidance or following loss
of control. Since there was no known conflicting traffic, there is nothing to
substantiate a theory of collision avoidance.

Loss of control has occurred in other instances because of a pilot's inatten-
tion to duty resulting in a dive or diving spirel. An analysis of a plot of the
witness sightings, however, places the ball of fire at or above 15,000 feet. 1If,
then, the ball of fire (wing-tank fuel ignition) was at or above 15,000 feet it
would riquire a climb, intentional or not, prior to any loss of control of a type
vhich would creale excessive airspeed. (Hote: Tt is extremely difficult to con-
ceive of a recovery from an "unusual positien' causing structural failure without
first having excessive speed, particularly at the gross weight of this aircraft
at the time of thie accident.) This hypothesces cannot be maintained for it first
presupposcs a climb for which there would be no known purpose. I it be wrpued
that the clinmb is unintenticnal, it becomes nccessary to asgsume an extreuwcly
lengthy inattenlion. TU must wlso be rewenmbered thal a scant four ninutes prior
to impact, or about three minutcs prior Lo the witnessed noise, the £light reported
15,000 fecet.

A1l this lcads Lo a conclusica that, ceven with indications of high positive
louding, Lhere is a causal factor fur more insidious than excessive air loads.
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It thus becomos necessary to considor "whirl mode" which has been described,
a phenomenen shown by wind tunnel tests and znalysis to be a potential destructoer,
Sowe evidence of oscillatory moticon was found in the left wing and No. 1 Q&0/nacelle.
While this is not positive evidence of whirl mode, it is certainly compatibie with
the motions shown by tests to exist during the latter stapge of oxcitation.

Another fector which 1s cczpatlible with, bub not proct of, uhirl mcde is tha
intense nolse attostod to by groundultneascs. Analyses by Leckhood and Boozd
technical personnel have shown that during whirl mode the propellor tips approach
sonic velocity withoul increase in r.p.m. or airspesd, and probably produce a
noise in the order of 120 decibels. The witnesscs heard such a noise at a time
which would place the noise aboul 33 seconds prior to the fuel ignition. Analysis
has shown that whirl mode, from incepbtion to destruction, would last about 20 to
40 seconds. No avenue of investigation hias revealed any other reason for the
gsound described and later identificd by the witneusses.

As mentioned earlier, the left wing showed indications of high positive load.
This is in complete contrast to the right wing failure at Cannelion. There is no
way to establish with any degree of certainty this diffcerencs in winzg fzilure
patterns, but it is possible to ratiocnalize a poseibility. The first impulse of
a pilot, when subjected to either severe Vvibration, a runaway propeller noise,
or both, is to slow the aircraft down. Normal action wouldbe to reduce power and
to climb. Of the two, climbing is the more immediately effective, particularly
in the Electra, which takes several minutes to reduce speed from 275 to 200 lmots
by power reduction. Thers is, then, the possibility that in the excitemont end
in his desire to slow down quickly, the pilot exerted back pressure suftficlent
to fall the wing earlier than if failure had reswlted from oscillation alone.
This 1s not to imply that the pllot applied a stick force capable of falling a
structurally sound wing, but rather that his actlon dictated direction and time
of failure. ’

There remains one point, the element of "prior damage," which cannoct be
satisfactorily explained. According to Lockheed, the stiffness factor of the
QEC must be substantially reduced to produce an undamped whirl mode, or propeller
precession. This suggests damaged or failed structurc, engine mounts, or engine
structural components. No such evidence was found. The No. 1 QEC and powerplant
were examined minutely for fatigue, with negatbive results. No other type of
failure was discovered which could be definitely considered damage prior to whirl
mode, QEC fallure, and impact. There 1s serious doubt whether such a determina-
tion could be made with any degree of accuracy. For example, there uere several
pure tension and compression fellures in the QEC structure which could have
occurred prior to wvhirl mode or early in the precession. Furthernocre, there is
nothing in the aircraft's recent history, such as hard landings or turbulence,
to indicate the possibility of prior damuge, nor was thore on the finsl {light,
as far as can be determined, any incident leading to structural demzpe prior to
the accident. ‘

Conclusion

There was in this investipation no positive indication of the cause. For
this reason, an attompt has been uade in this report to elimingte cortain possi-
bilities by epplication of the cvallable cvidence to esch of them. Once those
possibilities have been disposcd of, the only remaining causal factor for which
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there is some known basis is the condition of whirl mode. The probability that
this accident was su - .sed is supported by the following:

l. So far as is known, the aircraft was in straight and level flight and
at a normal crulse speed with no serious mechanical problems.

- 2. A sound lidentified as a superconic or high speed propeller occurred
30 seconds prior to fuel ignition (wing failure).

3. There was structural damage evidence compatible with oscillatory motion
of the No. 1 QEC and the left wing.

4. First stage compressor blades of No. 1 engine rubbed the air inlet
housing supports.

5. The probable cause of a similar accident of another Electra was due to
whirl mode. ~

If prior damage is a requirement for the necessary reduction in stiffness,
it must be assumed that the evidence of such damage was either obliterated in ths
crash or never existed in a discernible form.

Probable Cause

The Board determines that the probable cause of this accident was structural
failure of the left wing resulting from forces generated by undampened propeller
whirl mode.

BY THE CIVIL AERONAUTICS BOARD:

/s/ ALAN S. BOVD
Chairman

/s/ ROBERT T. VMURPHY
Vice Chairman

/s/ CHAN GUARNEY
Member

/s/ G. JOSEPH MINETTT
Member

/s/ WIITHEY GILLILLAND
Member




SUPPLEMENTAL DATA

[ R T~ T - S A SR

Investigation and Hearing

The Civil Acrcnautics Board was notified of this accident immediately after
occurrence. An investigatl! . was started at once in accordance with the provisions
of the Fedsral Aviaticn Act of 1958. A public hearing was ordered by the Bozrd and
helid in Buffelo, Texas, on October 21, 1959, and In Dallzs, Texas, on March 9 and 10,
1960.

The Carrier

Braniff Airways, Inc., is an Oklshcma corporation with its principal office in
Dallas; Texas. The carrier holds a certificate of public convenience and necessity
issuced by the Civil Aeronautics Board and an air carrier operating certificate
issued by the Federal Aviation Agency. These certificates authorize the carrier to
engage in air transportation of persons, cargo and mail within the United States,
including the route involved.

Flight Personnel

Captain Wilson Elza Stone, age 47, was employed by Braniff airways on April 22,
1939. He held a currently effective airman certificate with airline transport pilot
rating number 24487. His other ratings included DC-3-4-6-7C, Convair 340-440, MEL,
SEL and L-188. He had a total recorded flying time of 20,726 hours, of which
68:39 were in Lockheed Electra aircraft. He passed his last FAA physical examina-
sion September 21, 1959.

First Officer Dan Hollowell, age 39, was employed by the company on November 29,
1948. He held a currently effective airline transport rating certificate number
418671 with other ratings in DC-3 and Convair 340-440. He had a total recorded time
of 11,316 hours of which 95:30 hours were in Electra aircraft. His last FAA
‘physical was passed on June 11, 1959.

Second Officer Roland Longhill, age 29, was employed by the company July 16,
1956. He held a current airman certificate, flight engineer certificate number
1358795 and commercial pilot certificate number 1304814. He had a total recorded
time of 3191:35 flying hours of which 83:03 were in Electra aircraft.

. Hostess Alvilyn Harrison, age 25, was employed by the company December 29, 1953.
She completed her Electra training June 4, 1959. Hostess Betiy Rusch, age 24, was
employed by the company on April 18, 1956, and completed her Electra training
June 2, 1959. Hostess Leona Winkler, age 25, was employed by the company on
March 21, 1958. She completed her Electra training June 4, 1959.

Extra crew member Wendell Jokn Ide, age 35, was employed by the company July 9,
1951. His position was Technical Instructor to Engincer Specialists, lHe hud
mechanic's c¢ngine certificate nuaber 1287530 issued November 30, 1955.



The Aircraft

At the time of departure from Houstcn N 9705C, a Lockhesed Model L-1884, had
had a total time of 132 hours and 23 minutes. Thus none of the periodic inspec-
tions, the first of which was to have been at 205 hours, had become due. All of the
customary preflight service checks were performed during the ten days the aircraft
was in use. All pilot complaints (squawks) had been signed off as corrected. The
engines were Allison (e division of General Motors) model 501-D13 ard the pro-
pellers were Aero Products (also a division of General Motors), model AG441IFH-606.
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