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SYNOPSIS

On October L, 1960, at 17L0 e.d.t., an Eastern Air Lines Lockheed Electra,
N 5533, crashed into Winthrop Bay immediately followaing takeoff from runway 9 at
Logan International Airport, Boston, Massachusetts, Ten of the 72 persons aboard
survived the crash, The aircraft was totally destroyed.

A few seconds after becoming airborne, the aircraft struck a flock of
starlings., A number of these birds were ingested in engines Mos. 1, 2, and L.
Engine No. 1 was shut down and 1ts propeller was feathered, Nos. 2 and L expe-
rienced a substantial momentary loss of power. This abrupt and intermittent loss
and recovery of power resulted in the airerafli yawing to the left and decelerating
to the stall speed. As speed decayed during the continued yaw and skidding left
turn, the stall speed was reached; the left wang dropped, the nose pitehed up, and
the aircraft rolled left into a spin and fell almost vertically into the water. An
altatude or less than 150 feet precluded recovery.

The Board determines that the probsble cause of this accident was the unigue
and critical sequence of the loss and recovery of engine power following bird
ingestion, resulting in loss of airspeed and control during takeoff.

Investigation

N 5533, a Lockheed Electra, had arrived in Boston at 1533}/ on Qetober l,
1960, as Eastern Air Limes Flight LLl from New York City. The aircraft and its
crew were scheduled for turn-~around and were to depart as Flaght 375 to Phala-
delphia, Pennsylvania; Charlotte, North Carolina; Greenville, South Carolinaj
terminating at Atlanta, Georgia.

There were sixty-seven passengers and a crew of five aboard Flight 375.
Fifty-nine passengers and three crew members sustained fatal injuries. Nane of
the ten survivors received serious inJuries.

Routine preperations for the flight, which included filing -an Isstrument
Flight Rules (TFR) flight plan te Philadelphia via Victor Airways 3 and 147 at
10,000 fest, were completed oy the trew.

1/ A1l tames herein are Eastern Daylight based on the 2h-hour clock.

= 1Y
- Jﬁr"‘"’\‘,dpra“j
I co
a
e \\ 'ia‘-

|
,
P



-2 -

No maintenance was necessary during the turn-arcund. The aircraft was
serviced for the flight to a total of 24,900 pounds of fuel and the total gross
weaght at the ramp was calculated to be 97,987 pounds. This weight was properly
dastributed with respect to the center of gravity and was well below the maxaimum
allowable for this aircraft.

Flight 375 departed the ramp at 1735. It was issued an IFR clearance in
accordance with 1ts flight plan wath instructions to cross Natick Intersection
at 3,000 feet and to maintain runway heading for two minutes after takeoff. The
flight taxied to runway 9 where takeoff was commenced at approximately 1739.

Takeoff airspeeds computed for this flaght based on the conditions present
at the tame were: V; 10k knots; V, 116 knots; V, 121 knots.

The weather observation taken at the time of the accident as reported by the
U. S. Weather Bureau was: 6,000 feet scattered; 12,000 feet scattered; visibilily
15 miles; wind east-southeast 11 knots, The weather is not considsrsd a factor in
this accident,

Wumerous groundwitnesses were interrogated as to their observatzons of the
flight during 1ts takeoff and crash. A probable flightpath sequence of events
have been developed from the statement§ of these Wi tnesses. 2 The aircraft taxied
to runway 9 in a normal mammer. Takeoff was cormenced and the aircraft lifted off
the runway after a ground roll of about 2,500 feet and attained a height of 30 to
4O feet. It contimued at this height in nearly level flaght for a distance of sew-
eral hndred feet before establishing a normal climb attitude. During this time
the landing gear was retracted after which the airplane climbed straight ahead for
a short interval. Wmle the airplane was in this initial climb sewveral of the
witnesses observed an umusual puff of gray smoke from engine No. 13 others saw a
ball of faire from engine No. 2. None of the witnesses saw these indications of
trouble from both engines.

During this climb several persons described the aircraft as veering to the
left and then returning to its origingl course; 1ts speed was described as very
slow. After reaching an altitude of 100 to 200 feet the aireraft made a flat left
turn from the runway heading of 090 degrees magnetic to a heading of about 030
degrees. While on this heading the aircraft maintained its nose~high attitude but
appeared to settle approximately ons<half the height 1t had atiained,

Two witnesses adjacent to the takeoff area of rummway 9 snapped photographs of
the alrcraft at thas poant in the flightpath. Assessment of the first picture
confirms that the aircraft was on a heading of 030 degrees magnetic, at an alta-
tude of 121 feet m.5.l., and had reached a position approxaimately 7,000 feet dowm
the runway but was displaced about 1,350 feet to the north. It also appears that
the deck angle at the time was about 9 degrees above the horizontal and the gir-
craft was at an angle of bank of 8.5 degrees to the left. The second photograph,
taken about one second later, was also assessed., This photograph showed the air-
plane to be at an altitude of 121 feet m.s.l., on a hsading of 030 degress mag-
netic as before; however, at this time the deck angle had increased to 1l degrees
and the angle of bank to 14 degrees. Witnesses testified that the aireraft was
then seen to execute a maneuver most closely described as a wang-over. During
this maneuver the nose came up higher while the left wing dropped to near wvertical.

2/ See Attachment "Al,
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The nose then fell through rapidly and the aircraft descended, striking the

water almost vertically and while still rotating to the left. The impact area
was 1n Winthrop Bay approximately 2,000 feet to the left of the centerline of
runway 9 and approxamately 7,000 feet from the point takeoff was started. The
time of ampact was calculated as 1740 or 17.5 seconds after takeoff was commenced.

Three persons, all experienced pilots, aboard an Aero Commander approaching
runway 15 for landing had an excellent view of the Electra's takeoff., Their atien-
tion had been attracted to 1t because they knew that their landing was to follow
the Electra's passing the intersection of runways 9 - 15. They first observed the
departing aircraft, already airborne, at about the time 1t passed the intersection,
They noted that the Flectira appeared to be starting a left turn well before cross-
1ng the end of the runway and assuming a noseup angle which they considered exces-
sive, Thus, their attention was concentrated on the Electra until its contact wath
the water. The altitude of the Aero Commander was approximately 400 feet when iis
occupants first observed K’ 5533, and thereafter decreased normally, commensurate
with a landing approach. These three men stated that N 5533 never attained an
altitude equal to that of their aircraft. The copilot stated that he saw either a
puff of smoke or flame come from the No. 2 nacelle shortly after the Electra passed
runway 15. The passenger also observed this emassion but deseribed 1t as a white
puff of smoke.

Nine of the ten survivors were interviewsd, and their descriptions generally
corroborate the statements of the witnhesses on the ground and in the Aero Commander.
Both stewardesses, seated on the left side of the lounge, felt a considerable amount
of vabration shortly after becoming airborne. Both recalled "a sudden burst of
power" following their initial realization of trouble; both felt a sharp left turn;
one recognizrd the sound of the engines as '"unsynchronized."

Four of the passengers interviewed indicated a sharp, flat turn to the left
shortly after becoming airborne. One passenger, seated amidship on the raght side
stated, "one of the engines on the left side 'shot! some flames off." Another,
seated 1n the right rear of the cabin, recalled feeling a slight "bump," unlike that
assoclated wath wheel retraction, shortly after tekeoff, Looking out the right
window he saw a pattern whach he described as 2 dark smudge and which he said passed
through the propeller arc and over the engine nacelle. A former mirlatary pilot,
seated in the lounge opposite the stewardesses, stated that "shortly after takeoff,
something happened to the engines on the left side.”" Whale he could not recali
specifically, he said his awareness of trouble was through a combination of that
which he felt and heard. He was most conscious of the difference between noise of
the left engines and the right engines, He also estimated that the time from lift-off
to the skiading left turn was about five to seven seconds.

Shortly after the accident, Board investigators received a report that a
number of bird carcasses had been found on the rumway. Bodies and pieces of bodies
representing approximately 75 birds, identified as starlings, were scatiered pre-
dominantly on the left side of runway 9 between the intersections of taxdway 33 and
runway 33. The remains were strewn over an area roughly 40O feet long by 200 feet
wide, the midpoint of which was about 3,800 feet from the approach end of runway 9.
After autopsies of the birds several ornithologists as well as persomnel from the
7.5, Faish and Waldlife Service concluded that they had been killed during the late
afternoon of October k.
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The U. S. Coast Guard maintained security of the impact area throughout the '
nrght following the accident and was 1nstrumental in the 1nitial efforts to recover
the wreckage., Recovery operations were conducted by the U. 3. Navy and the wreck-
age was transported to a warehouse for study. It was determined that the aircraft
struck the water almost vertically but slightly left wing first and while stall
rolating to the left about its longitudinal axais. The Nos., 1 amd 2 engimes broke
up and over the left wing and Nos. 3 and lj broke down and under the right wng.

A1l flaght control surfaces were recovered. Impact marks made by the aileron
counterwelights on rear spar vertical stiffeners indicated the left ailerom wes in
the neutral position al the time of left wing breakup. Corresponding marks made by
the right aileron counterweights indicated that this ailerom was displaced dowmwsard
about one-third of i1ts travel when the right wing struck the water. The elevator
and rudder surfaces were undamaged prior te salvage and the position of each at
impact was indeterminable,

Control cables, push-pull rods, and linkage from the surfaces to the boost

» packages showed no abnormal conditions. Damage noted in these areas was determined
to be the result of impact forces. The landing gear was found in the fully retrae-
ted position. The wang flaps were found at the takeoff setting and were symmetrical.

Several feathers were found in the nacelle air scoopsé/ which supplied cooling
air to the generators and oil coolers of engines Nos., 1 and L. Tn addition ome gull
feather was found in the cooling duct to the generator of engine No. 3.

A1l four engines and prepellers were recovered from the bay. The No. 1 pro-
peller was fully feathered and the engine was not operating at time of impact.
Engines Nos. 2, 3, and L were operating at impact and their propellers were foumd
at approximate blade angles of li0, i1, and |1 degrees, respectavely. Mechamcally,
all four engines were found tc be 1n good condition with the exception of ispact
damage. No. 1 engine showed no rotational damage to the compressor amd turbine
sections, whereas the remaining engines displayed extensive rotational damage to
the rotors from impact. There was no evidence of over-iemperature in any of the
engines and all appeared capable of normal cperation pricr to impact.

Fumerous samples of foreign matter were removed from the differeni seectioums
of the gaspaths of the four engines. The specimens removed from the Mos. 1, 2,
and L engines contained a small amount of material identafiable as bird remains,
i.8., tissue and feathers, Some of the feather fragments were i1dentafied as
starling feathers. There was substantially more of this material in Ho. 1 engine
than in Nos. 2 and h. Portions of the material not identified as bird remains
consisted primarily of metal particles, carbon and marine Iife, There was no
evidence of bird remains found 1n any of the sections of the gaspath of the No. 3
engine,

There was no evidence of any malfunction or failure im any of the propeiler
reduction gear assemblies or actuating mechanisms, All appeared to have been
capable of nmormal operatien prior to impact.

The No. 1 emergency shutoff handle, which 1s located in the cockpit, had
been pulled. Actuation of this handle feathers the selected propelier, zleetri-
cally closes the o1l tank shutoff valve, and stops the engine fuel flow by closing

3/ The nacelle air scoop 1s located on the botiom of the nacelle whereas the
engine air inlet is at the top.
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the cutoff valve in the fuel control and at the firewall, The Mos. 2, 3, and 4
manual shutoff handles had not been actuated. Both the aubtofeather system and
the manual emergency shutoff levers require electrical power to complete the
feather process., The time reguired to feather 15 approxumately eight seconds at
120 knots.

Most of the aircraft instruments and systems components were recovered.
Readings of all instruments were taken 1mmediately upon recowery and the instzu-
ments were then disassembled to determine extent of damage and reliabilaty of the
readings., 411 instruments were subjected to ultraviolet light examination to de-
termine, if possible, whether any marks were made by instrument poinmters at impact.
The results of this examination were negative.

Various readings of engine operating parameters wers noted:

Engine Number 1 2 3 Y
Turbine Inlet Temperature (°C) LOB 978 950 950
Torgquemeter Gaugs (SHP) -850 3350 3360 3540
Torquemeter Phase Detector (SHP) -875 3315 3310 3555

A1l fuel flow indicators were recowvered; however, it was determined that the
readings were subject o change after impact and were therefore inconclusave,

All four engine-driven AC generators were recovered; however, the bell housang
for the No. 1 was missing due to impact. Detailed examnation of the gemerators
showed no indications of any in-service failures. The examunation of gemeraiors
Nos. 2, 3, and h showed circumferential scoring of the air inlet hoods by the cool-
ing tans over arcs from 30 to 6C degrees which indicated generator rotatien at the
time of impact.

The emergency inverter which operates automatlcally when all fouwr gewmerators
are off the line was not rotating at impact., This inverter wll come up to Speed
in about 1 to 2 seconds followaing disruption of AC power to the Essential AC Bus
(which can only occur af all four generators drop off the line). After AC power
15 restored to the Essentisl AC Bus the emergency inverter is automatacally de-
activated. Under these conditions the tame for the inverter rotation to eoast to
a stop 15 approxamately 13 seconds.

The two approach horizon flight instruments which are electrically powered
from Prioraty Bus A were recovered. Inspection and disassembly of these unaits
revealed almost i1dentical readings; the positions of both indices were register-
ing a left bank of 150 degrees at impact.

The two Collans Course Indicators were recowered in relatively good comditaon.
The agimuth rings of the instruments indicated 319 desrees and 311 degrees. Be-
cauge of the extensive gear reduction in these instruments the readings are con-
sidered reliable. Both of these instruments receive electracal powsr from Pricrity
Bus A.

Examinataion of the three hydraulic boost control packages dad not reveal any
conditions which would have precluded normal operation prior to impact. The damage
to these units, which occurred at impact or during recovery operation, consisted of
ruptured diaphragms and a bent elevator paston rod.
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The boost control systems are actuated by two independent hydramiie
systems. Either system 1s capable of handling all hydraulic boost comtrel
demands. Three electrically driven hydraulic pumps supply pressure for the
two systems, Pomps 1 and 14 serve system No. 1 and pump Wo. 2, system No. 2.
Pumps 1A and 2 receive electrical power from Priority Bus 4; pump 1 from Prior-
1ty Bus B. A standby pump 1s incorporated in the No. 2 system and receiwes i1ts
power from whichever bus was supplying the pump it replaces.

Examination of the hydraulic pumps and filters showed extensive corroziem
due to water immersion; however, these components were free of any evidence of
operating failure or damage prior to impact.

Passenger seats, except 19C and 19D, and the lounge seats, all located in
the rear of the eabin, failed at impact and were torm from their moumts. In mest
cases 1atial failure eceurred at the wall attachment followed by failwre of the
plate on the bottom of the aisle side of the seat. The secats then left the floexr
forward and upward at an angle of about 20 degrees. In additiom, 1h of the 33
center seat belt attach fitikangs, common to both seat belts in the double seaxds,
farled completely. In seven others there were partial failures Many of the serv-
iee trays mounted on the backs of seats showed evidermce of havaing been struck from
the rear. ;

As stated before, several eyewitnesses reported seeing smoke or fire emitted
from the engines. This evidence, together with that of the bird remains foumd in
the engines during teardown, indicated a need for more infermation concerming
engine operation after bird ingestion. A series of tests was concucted by tbhe
A1lison Drvision of General Motors, the engime marufacturer, in which starlings
were introduced 1into an operating engine 1n varying mmbers and sequoences. Im
view of 118 immediate avazilability, a static test stand was utilized., Altheugh the
test was limited in simulating the in-flight engine response to ingesting birds,
mich valuable 1nformation was obtained. The tests demonstrated that substantial
power interruptions and emissions of flame from the tailpipe would oceur when star-
lings were 1ngested; however, guantitative information was lacking wath respeet to
the engine behavior under flight conditioms.

Subsequently another test program was ineorporated 1n the study of the kroad
mroblem of trbine engine bird ingestion beilng comducted mnder the auspices of the
Federal Aviation Agency. In cooperation with Board persomnel, the test program
was planned to provide informataon pertinent to the circumstances which prevaizled
at the taime of the accident. These tests were conducted 1n the kireed Aireraft
Corporation wand tumnel in Burbank, California. An Electra QBECY was instalied
with modafications in the inlet duct to permat controlled imtroduetion of bards.,
¥arious numbers of starlings were ingested into the engine at different power set-
tings and tumnel speeds. Pertinent operating parameters were recorded during each
test. Besides substantiating the results of the static test stand program, thess
tests afforded the following information:

1. The Allison model 501-D13 engine demonstrated excellent resistemce to
structural damage from starling ingestions,

1/ QEC - Tuick Engine Changet - Allison GOL-D13 engine, equipped in this case
with an Aeroproducts 606 propeller, mounted in the forward detachable section of
the nacelle.
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2. Single-starling ingestion at cruise and takeoff conditions revealed
negligible power interruption and approxamately 90 percent of pre-test power was
recovered.

3. Two-starling ingestion at cruise power decreased shaft horsepower
approximately 15 percent after recoverv; at takeoff power, approximately 10 per-
cent. In both cases, at least 50 percent power was always available.

L. Four-starling ingestioh at takeoff power decreased shaft horsepower
approximately 15 percent after recovery. Power fell to approximately 500 SHP
and was below 50 percent rated from one to three seconds., An autofeathering
s1gnal occurred in one of the three tests conducted.

S. BSix-starling ingestion at takeoff power decreased shaft horsepower
approximately 23 percent after recovery. In one instance, the engine failed to
recover. In another test less than 50 percent power was available for four sec-
onds. In the last test the engine flamed out, relighted and produced S0 percent
or mere power after seven setonds. All tests indicated that autofeathering
would occur.

6. Eaght-starling angestion at takeoff power produced an autofeather signal
1n all three tests. The engine failed to recover in two of the tests. In the
remailning 1nstance the engine flamed aout, relighted and partially recovered when
surping and overlemperature necessitated shutdown.

7. TIngestion of eight starlings in time-sequenced groups of four each
critically complicated the recoverability of the engine., One test termnated inm
shut lown because of surging and overtemperature. In the other tesit, the engine
flamed out, relighted and recovered steady 50 percent or more power after a 10-
second 1nterruption. In both instances the propeller would have autofeathered.

The Board extracted information from reports of bird strikes experienced
by commercial air carriers. During the peried, February 25, 1961, to September 13,
1961, fourteen bona fide bird strikes were reported on the 501-D13 engine. In all
instances, the damage proved to be minor. The most critical flight regime was
takcoff., The majority of bird strakes (57 percent) including three multaple
strikes occurred at this power setting. In a multiple strike involving all four
engines, only one enginc experienced a slight decrease in horsepower; however, the
other multaple strikes, each involvang two engines, autofeathered a propeller in
both 1nstances. Most of the bard ingestions at takeoff power (62 percent) resulted
1n an engine shutdown in which the propeller was usually autofeathered (80 percent);
engines which recovered after ingestion experienced 100 to 250 HP deterioratior in
rated power. The nature of inflight ingestion precluded any accurate determination
of bird number and/or weight required to cause an engine shutdown. In flight re-
gimes other than takeoff, the bard ingestions caused neither an engine shutdown nor
a reported loss in power.

Analysis and Conclusions

The bird remasins extracted from the engines and the carcasses which were
found on the runway provided evidence that during takeoff starlings were ingested
by engines Nos. 1, 2, and L. The Board concludes that the No. 3 engine did not
ingest any bards, because detalled examination of material specimens from its
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interior revealed no traces of bird remains. The possibilaty that sea life may
have cestroyed the bird remains in No. 3 engine was considered and discarded. All
engines were removed from the water within a few hours, with No. 3 being first;
consequently the exposure of all the engines to sea life was about the same.

Evaluation of the results of the bird ingestion tests indicates that these
tests reasonably simulated engine behavior an flight. This 1s further substantiated
by a number of reporis of bird ingestions which have ocecurred subsequent to this
accident. Apart from possible sitructural damage, birds ingested into the engine
affect power output by blocking airflow, decreasing compressor airfoil efficiency
with surface debris, distorting gaspath, etc. Component efficiency may deteriorate
until the engine is unable to provide external power or 1s even incapable of surge-
free steady operaticn. It also appears that ingestion of more than three starlings
can actuate the sutofeather system, cause engine flameout, or reduce the power sub-
stantially for several seconds. Engine recovery after ingestan, eight or more star-
lings simultaneously appears very improbable., Post-test inspections indicate that
bird debrais lodges within the engines after an ingestion.

No. 1 propeller was feathered, most probably by a thrust sensitive signal,
generally known as autcfeather. The thrust sensitive signal 1s produced when the
power lever 1s advanced beyond 75 degrees, the system i1s armed by a switeh in the
cockpit, and propeller thrust decays below 500 pounds. Autofeathering of any one
propeller disarms this feature from the remaiming propeller systems, which would
account for a like zction not ceccurring to any of the remaining propellers. Auto-
feathering of No. 1 propeller further suggests that 1ts engine was the first to be
materially affected by bird ingestion and that at least four birds were ingested.

It 1s belaeved that No. 2 engine ingested about six birds; consequently, 1ts
power was the most adversely affected of all the engines, excluding the autofeather
action of No. 1 propeller. Since no direct method 18 available to determine the
number of birds ingested by an engine, this conclusion i1s induced from several
factors. The obviously critical and rapid deterioration of airplane performance
and the imitial yaw to the left after penetrating the flock of starlings indicated
a prolenged substantial power interruption on the left side, In addaition, witnesses
observed flames emitting from an engine on the left wing and several specified the
No. 2 engine. This 1s further substantiazted by recalling thet the No, 1 engine was
shut down in ceonjuncticn with the autofeather action., The flames emitied from the
ta1lpipe of No. 2 engine indicate a torchaing relight after a flame-out. The flames
emitted during engine surges observed in testis appear to be too short to extend
through the long exhaust duct 1n the Electra installation. The only conclusion
compatible with all the circumstances of this accident 1s that Ne. 2 engine in-
gested about six birds, flamed out, relighted and recovered substantial power with-
in several seconds. Tests indicate that less than 50 percent rated power would be
available for 6 to 7 seconds, following which a recovery to stable operation would
occur wWith some semi-permanent power loss.

There was no evidence that No. 3 ingested any birds. It 15 concluded that it
operated normally from the start of takeoff until impact.

The No. L engine probably ingested fewer birds than Nos. 1 and 2; consequently,
1ts power transients were least severe with substantial decrease most likely not
exceeding two or three seconds., This belief 15 based on the indications that the
starling flock was concentrated more on the left side of the airplane and lack of
observations of flames on the right side of the airplane as contrasied with
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observations of flames on the left side., Furthermore, the path of the aircraft
suggests considerable power asymmetry with the most power being on the right side.

Except for No. 1, the engines were producing near takeoff power at impaect.
This somewhat limits the number of birds that may have been ingested. Wind tunnel
tests indicate that power recovery is improbable when eight or more birds are in-
gested and 1t 1s obvious that there was recovery of No. 2 and No. ! engines before
1mpact.

Shaft horsepower readings obtained from the instruments are not compatible
with the semi-permanent power losses that the wind tunnel tests indicated would
occur following bire ingestion. Assuming the semi-permanent power losses occur as
indicated by the wind tunnel tests, the instrument readings also are not compatible
with the bird ingestion pattern that is known to have occurred, 1.e., the SHP read-
ing of No. 3 engine which did not ingest bairds was about the same as No. 2 and less
than Ne. L, both of which ingested birds. Consequently, 1t 1s concluded that the
wnstrument readings obtained are not valid eriteria by which to determine the
number of birds ingested by the individual engines.

Based on examination of the aircraft's primary hydraulic and eleetrical
systems components, 1t can be concluded that they experienced no in-service
failures prior to impact.

Since the No. 3 engine showed no evadence of power loss during the flight,
1ts generator would be supplying electrical power for essential system units
throughout. Even 1f generators Nos. 1, 2, and l were imatially lost due to engine
power loss because of the i1ngestion of birds, the No. 3 generator would automati-
cally supply electric power +to Priority Bus A; hydraulic pumps 14 and 2 would have
electrical power available to them and consequently both hydraulic power systems
would be available for flight control booster operation.

Using an arbitrary 3 seconds delay between lift-off and the selection of
gear up, and the nominal 9.5 seconds for landing gear retraction time, a period
of hydraulic and electrical capability is shown to cover approximately the first
12.5 seconds of flaght followang laft-off.

Six seconds after takeoff the aircraft struck a flock of birds and the
No. 1 propeller was feathered. The time required to feather the propeller is
approximately 8 to 9 seconds when the engine 1s at takeoff power. The feathering
operation confirms the availability of generator power, and covers the first 15
seconds of the flaght after lift-off.

During the feathering operation or a short time later, the No. 1 engine
shutdown handle was actuated., One function of this control is to close the fuel
cutoff and engine o1l shutoff valves electrically. These valves receive their
power from the Essential DC Bus and, since they were found fully closed, this
condition verifies the exisitence of power. The Essential TC Bus 1s also the
power source for the emergency inverter,

Had a1l generator capability been lost more than four to five seconds prior
to impact, the emergency inverter would have started operation at the time of the
electrical power loss and would have shut down automatically upon any restoration
of power. Since the rundown time of the emergency inverter is approximately 13
seconds and examination of the recovered inverter disclosed clear evidence that
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1ts armature was not rotating at impact, 1t can be concluded that there was no
interruption of electrical power from the time of feathering the propeller to the
time of impact. Hence, 1t can also be concluded that hydraulic boost assist to
the praimary flight controls was available throughout the flight.

Lockhsed Aircraft Corporation undertcook a series of flight tests to study
the controllability of the Flectra I-188 under conditions of multiple powerplant
failures and operating under circumstances considerably more cratical than those
required for certification. Specifically, the tests determined the minimum con~
trol speed (Vmc)s of the aircraft whaile in various bank angles, and with one
or two engines lnoperative. In addition, the tests defined the maximum asymmetric
power at which the aircraft heading could be maintained at a constant low airspeed.

It was found that with the No. 1 propeller feathered and the other three
engines developing 3,800 horsepower, Vpe ranged from 110 knots with five degrees

of right bank to 136 knots with fave degrees of left bank.

In sumilar tests wath the No. 1 propeller feathered, No. 2 propeller wind-
mlling, and engines Nos. 3 and li each developing 3,800 horsepower, Vme was found
to be 125 knots waith five degrees of right bank and up to 154 knots with five
degrees of left bank.

Another group of tests was conducted wath the No. 1 propeller feathered,
No. 2 propeller wandmlling and various power combinations on engines No. 3 and
No. L. The aircraft was flown at bank angles of five degrees left and right.
Under these conditions 1t was demonstrated that in order to maintain directional
contrel of the aireraft with two engines inoperative on the left side, the total
power output of both engines on the right side could not exceed the maximum power
output of a single engine.

The results derived from these tests provided the Board wath valuable znfor-
mation concerning the capabilities of the Flecira under predetermined adverse
conditions and also formed a basis for evaluating the operating limats which may
have prevailed at the taime of the accadent.

The test flaights did not exactly duplicate the conditions under which N 5533
was operating, in that they were conducted at constant, rather than fluctuating,
engane power conditions. The aircraft at Boston, after striking the birds,
experienced a power loss on the No. 1 engine which resulted in the featherang of
1ts propeller. The Nos. 2 and !: engines experienced an abrupt loss and nonsimul-
taneous recovery of power while the No. 3 engine remained at full power throughout
the flight.

It was brought out during the Board!s public hearaing that after strikaing the
birds and with No. 1 propeller feathered and No. 2 engine power cutput interrupted,
1t would requ1re'3;500 total horsepower to place the aircraft at the observed
points 1n space; more or less horsepower would have produced a different flight
profile, The flight test, wherein 1t was demonstrated that an Electra, sumilarly
configured, could not be controlled with more than 3,800 horsepower on 1ts right
sade, tended to corroborate this.

5/ Ve as used in this report differe from Vg, as defined in Cival Air Regula-
tions., In this case 1t refers to the minimum speed at which a constant heading can
be maintained under any prescribed power configuration and angle of bank,
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Following the hearing, further study .as made of the rerformance and con-
trol of the Eleclra under cratically adverse conditions, particularly the drag
aspects of large yaw angles. It was delcrmined that the previous information on
required horsepower can only be applied 1f the aireraft does not have a high drag
count over and above that preoduced by interrupted power cutput. The execessive yvaw
angle associated with a flat turn of small radius produces drag to the extent that
abnormally high power 1s required to maintain flying speed cr, in fact, to preventl
rapld deiterioration of airspeed to the stalling point. Inspection of a plot of
power required versus turning radius reveals that, at 110 knots and 10 degrees
banlk angle, the power-required curve becomes asymptotic at a turning radius cof
2,000 feet.

The Board recognizes that N 5533 was not at precisely this speed and bank
angle throughout the final stages of flaght, but 1% was near enough to make the
data applicable. It is known that the radius of the flat turn from an easterly
heading to northeasterly was less than 2,000 feet. It logically follows that 1f
the drag, which 1s related to powsr requared, 1s many times higher than the total
thrust available under any engine condition, additicnal thrust 18 avallable only
by assuming a steep nose-down attitudes otherwise the aireraft will rapadly lose
air speed.

Caleulations based cn the Electra 1lift curve and on the deck angles reflected
an Lhe two photographs taken by witnesses produce an airspeed of 118 knots at the
time of the first photograph and 103 knots at the time of the second. During the
appl oxamalely l-second interval between the first and second pholograph the air-
craft was approaching the stall at the rapid rate of azbout 15 knets per second,
and dt the time of the second photograph was well below the stall speed which, for
the teiphl, flap posilion, and attitude of the subject aircraft, was 108 knots.

Extreme yaw angles alsce cause the fuselage to partizlly shield one wing
trom the «ivflow, The skidding turn also reduces the lift on the shielded wing.
These twe phencmena, together with, in this case, the additional 1ift due to slip-
stream on the unshielded wing, produce a condition commenly referred to as roll
due to yaw. This condition is normelly countered by ailercn and rudder applica-
tion to the oppesite side, but becomes uncontrollable at low airspeeds where
control surface effectiveness 1s low. There 1s, then, a point where the induced
rolling moment 1s higher than the countering moment produced by control surface
deilectzions,

1n an effort to explore all facets of control difficuliies that may have
been encountered by the crew of N 5533, the Cival Aeronautics Board devased and
cbserved a series of tests utilizing an Electra L-188 flight simulator owned by
National Airlines and certificated by the Federal Aviation Agency. While recog-
nizing the lamitations of the trainer, the tests were designed to zamilate ihe
condations of airspeed, altitude, and, insofar as possible, VArious pOWer 1nter-
ruplions which might have affected the subjeect flight. These tests provided the
Board, through qualitative observation, a more thorough understsnding of the
complex problems confronting the vrew of N 5533 during the fatal emergency. The
rezulbs of the tesis made by quali.ied Electra pilots who flew the trainer under
conditions simulaling those thal provailed at Boston demonstrated that contrel of
the aircraft, under such conditionc, could have been an insurmcuntabls task.

The total time from the start of takeoff until the crash was }7.5 seconds.
Tt 18 believed that the takeoff roll ann lift-~off{ were mormal. The time required
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to the laft-off point was 20 seconds. The gpeed would have been approximately
121 knots, which was Vo for the exasting conditions. It 1s therefore evident
that the airplane was in the air approximately 27.5 seconds.

Based on the relative locations of the bird carcasses and the point of
lift-off, 1t 1s concluded that the aircraft struck the birds approximately six
seconds after laft-off. Assumang a reasonable aceceleration of 2 knots per second,
the speed at this point would have been about 133 lmots. Allowing 1 second for
ingestion to occur, 1t would then require an estimated additional 6 seconds for
total power recovery excluding the No. 1 engine. There would then be a peried of
14.5 seconds remaining during which the aireraft was in the air. Thais 1h.5
seconds would be further reduced by a 3-second interval allowed for the aircraft
to plunge meontrolled inte the bay. It 1s recognized that these times are esti-
mated, but 1t 18 believed they are sufficiently zccurate to emphasize the extremely
short period of time (approxamately 11 4o 12 seconds) that was available to the
pilot to take effeciive corrective action.

From all the evidence available, the Board concludes that about 27 seconds
after the takeoff roll commenced and 7 seconds after lift-off, engines Nos. 1, 2,
and i 1ingested sufficient numbers of birds to cause losses of power on these
engines and that Nos. 2 and L recovered in the manner previously described.

More important, however, the Board believes that the key to the sewerity,
and prcbably to the occurrence of the accident, lies in the unique and eritical
sequence of a rapidly occurring chain of events.

¥irst, the more complete loss of powsr on the left side than on the right
started the aircraft turming to the left while i1ts airspeed was decaying as a
result of the overall peower loss. The fact that the No. 1 propeller rather than
an inbrard proveller autofenthered, wnile not critical in 1tself, was more undesir-
able 1n that i1t increased the degree of asymmatry of any power combinations on the
right side.

The No, 2 engire flameout, covpled with only a partial loss of power on
No. L4, placed tne aireraft in a condition of having no power on the left side and
substantial power on the raght. This produced a severe yaw to the left which was
further aggravated by No. L engine recovering full power praor to the relight and
recovery of No. 2.

The high yaw angle, as earlier described, produced a drag of such magnitude
that the subsequent recovery of No. 2 engine could not arrest the rapad decrease
in speed before the azrcraft stalled. The recovery of No. 2 engine, whale 2t re-
duced the degree of asymmetry, could nct compensate for the high-power condition
on the right side. With some degree of asymmetric power still producing left yaw
and roll, coupled wath the effects of roll due to yaw, and with the arrcraft
rapidly entering a stall regime, roll control effectiveness degenerated and the
aircraft rolled farther to the left, stalled, and entered a spin. The only re-
covery from such 2 situwation pricr to the spin wonld have been to reduce power
and lower the nose to regain control and airspeed. Recovery in this case was
impossible since the 100-to 150-foot altitude was insufficient in an aircraft of
the Electra's dimensions and speed requirements.

It 15 not unreasonable to assume that birds may have . struck the windshield
and may also have plugged one or both pitot heads. The startling effect of the
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noxse generated by the bird slrike and impairment of forward visibalaty, in
conjunction with a possible loss of airspeed indication, would certainly be
disturbing elements 1n an already critical situation. Neither the ocuter waind-
shield panels nor the pitot heads were recovesred; therefore, no proof can be
of fered,

The Board concludes that emergency conditions cof great complexity were
thrust upon the crew in an increasingly deletericus environment, and that human
capabilaties of perception, recognition, analysis, and reaction were insufficient
in the time and space restrictions of this accident to accomplish restoration of
positive performance control.

1t has also been detsrmined that there was no structural failure or mechan-
1cal malfunction of the aircraft, other than has already been discussed, whach
conbributed to the cause of the accident,

As a result of this accident and pursuant to section 701{a)(3) of the
Federal Aviation Act of 1958, the Civil Aeronautics Board recommended on December 3,
1960, to the Admimastrator of the Federal Aviation Agency that a basic research
profram be 1mibiated by the FAA aimed at improving the tolerance of 2ll turbans
engines to bird ingestion. It was also recommended that a study be made of the
means of precluding bird entry into turbine engines. A comprehensive program of
rescarch into burbine engine bixd ingestion has since been 1nitiated by the FAA.
[nformation obtained as a result of various tests which have been cenducted thus
lfar 28 being analyzed and should prove significant in preventing accidents of this
type 1n the future.

The i1nvestigation disclosed the first failure points of the seat and seat belt
atlachments and also pinpeinted ingury-producang envirenment within the cabin. In
view of these findings, recommendations were made by the Board scon after the acci-
dent with the objective of enhancing passenger safety aspects of the Elecira 1-188
aircraft. Based on these recommendations, considerable research was engendered
which 1t 1s hoped will result in an overall improvement in passenger safety.

Probable Cause

The Board determines that the probable cause of this accident was the umique
and critical sequence of the loss and recovery of engine power following bird
ingestion, resulting in loss of airspeed and control during takeoff.

BY THE CIVIL AFRONAUTTCS BOARD:

/s/ ALAN S, BOYD
Chairman

/s/ ROBERT T. MURPHY
Vice Chairman

/s/ CHAN GURNEY
Member

/s/ G. JOSEPH MINETTI
Member

/s/ WHITWEY GILLILLAND
Member




Investigation and Hearing

The C1vil Acronautics Beard was notified of this accident at 6:15 pem.
on Qctober ), 1960, CAB Investirators were immediately daspateched to the scene
and an investigation 1nmitiated and conducted in accorddance with the provisions
of Tatle VIT of the Federal Aviation Act of 1958. A public hearing was ordered
by the Board and neld in the auditorium of the Air lJational Guard headquarters,
Logan Internationsl Airpori, Boston, Massachusetts, on January 11, 12, and 13,
1961,

Air Carrier

Faslern Axr Lanes holds a current certificate of public convenience and
necessity i1ssued by the Civil Aeronautics Beard teo engage in lhe transportation
of persons, property, and mail., 1l also possesses a valid ailr carrier operating

certificate 1ssued by the Federal Aviaticn Agency.

Flight Personnel

Captain Curtis W. Fitts, age 59, was employed by Eastern Air Lines
December 13, 193L. He held a valad FAA airline transport pilot certificate with
ratinc, for the artin 202, LOL, Convair 20, 3LO, LLO, DC-L, DC-6, DC-7, Lock-
heed Constellation, and I~-1338. Captain Fatls had a total of 23,195 flyang hours
of which 1,053 were in the I~188, li1s last FAA Class I physical examination was
given on July 20, 1960. He had received a line check on May 29, 1960, and an
instrament check on Apral 7, 1960,

Pilot Martin J. Calloway was employed as a pzlot by Easternm Air Lines on
October 5, 1953, He held a valid FAA airline transport pilot certificate with
ratings for Martin 202, L0l, Convair 240, 3LO, and LLO. He had a total of 5,820
f1lyaing hours of which 201 were in the L-188. 11z last FAA Class I physical exam-
nation was given March 17, 1960, ana a line check June 7, 1960.

Flighl Enginser Malcolm M., Hall was employed by Eastern Air Lines December 7,
1953. He held a valid TAA flaght enpineer certificate and an airframe and power-
plant mechanic ccrtificate. THe had a total of ?,?96 flying hours of which 369
were in bhe I-188. Mr. Uall's latest FAA Class I1 physical eraminabion was taken
December 1l, 1959. [Ms last line check was given May 20, 1960.

The Aircraft

The aircraft was a Lockheed Electra, model 1-188, U. S. Registry ¥ 5533,
owned and opsrated by Eastern Air Lines. It was manvfactured on June 8, 1959,
seri1al Nec. 1062, The total time on the zirframe was 3,526:29 hours.

The engines were Allison model 501-D13 with Aeroproducts propeller moael
ABLLTFN-606. No. 1 engine had a total tume of 2,51% 5l hours, No. 2 - 2,707-h6
hours, No. 3 - 2,783:06 hours, and No. L - 3,144:0L hours.
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