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SYNOPSIS 

On October &, 1960, a t  17k0 e.d.t., an Eastern Air Lmes Lockheed Electra,  
N 5533, crashed l n t o  Winthrop Bay m e d i a t e l y  fo l lomng takeoff from runway 9 a t  
Logan International Auport ,  BOstOn, Massachusetts. Ten of the  72 persons absasd 
survived the crash. The a l r c r a f t  was  t o t a l l y  destroyed. 

A few seconds after becomng a rbo rne ,  the  a l r c r a f t  struck a flock of 
s t a r l ~ n g s .  A number of these blrds were mngested i n  e n e n e s  Nos. 1, 2, aad k. 
Englne No. 1 was shut down and ~ t s  propeller was faathered. Nos. 2 srrnd b eqe- 
rlenced a subs tanha1  inomentq l o s s  of p m r .  m s  abrupt and m t a m i k k n t  l o s s  
and recovery of power resul ted Fn t h e  a i r c r a f t  y a q  t o  the  l e f t  d decs lmatmg 
t o  the s t a l l  speed. A s  speed decayed during the  continued yaw and sklddlng l e f t  
turn, the s t a l l  speed was reached3 the l e f t  mng drcpped, the  nase pitehed q, and 
the a l r c r a f t  ro l led  l e f t  i n t o  a s p m  and f e l l  almost vertically inh the water. An 
a l t l t ude  or l e s s  than 1.50 f e e t  precluded recorrery. 

The Board d e t e m n e s  tht the probable cause of this accldent wzs t h e  mcpe 
and c r i t l c a l  sequence of t he  l o s s  and recovery of englne p o w  fo l low~ng W d  
lngestlon, r e su l tmg  i n  l o s s  of a r s p e e d  and control  d u r ~ n g  takeoff. 

N 5533, a Lockheed Electsa, W arrlrPad i n  Boston a t  1 5 3 d  m O c b b e r  &, 
1960, as  Eastern A i r  Lines F h g h t  h!44 from New York Clty. The a i r c r a f t  and 
crew were scheduled fo r  turn-mound and were t o  depart as  Flight 375 to m l a -  
delphla, Pennsylvania; Charlotte, Narth Carolma; G r e m d l l e ,  South Carolina; 
termmating a t  Atlanta, Georg~a. 

These were sixty-as- p s w g e r s  and a crew of f1p.e e b d  Flight 375. 
M f t y - m e  passengers and three  crew membsrs s u s t a n e d  f a t a l  mjurles. Nxw of 
the ten surarlvors rece1re-d %wsous n n j m e s .  

Rout& p-epmt lcms  f a r  the fkght ,  W~ich i d u d e d  f i k h g  a a r Z a & r e  
Iillght Rules (m) f l i g h t  plan t o  Plnladelphla n a  Victor ~ r w q ' s  3 w d  1b7 a% 
10,000 fee&, were completed oy t he  crew. 

1/ AU t m e s  herein we Eas%m Darb&% k l~e &-km eLmk. - 



No mamntenance was necessary during the turn-around. The a u c r a f t  vsas 
servlced fo r  the  f l l g h t  t o  a t o t a l  of 2h,900 pounds of f u e l  and t h e  total  gross  
wesght a t  the ramp was calculated t o  be 97,987 pounds. T h s  weight was properly 
d ~ s t r i b u t e d  n t h  respect t o  the  center of gravity and was w e l l  below the mmm 
allowable f o r  t h s  a l r c ra f t .  

Fllght 375 departed the ramp a t  1735. It was lssued an IFR clearance m 
accordance m t h  i ts  f l l g h t  plan n t h  ~ n s t r u c t i o n s  t o  cross Natlck Interseet ion 
a t  3,000 f e e t  and t o  rnalntasn runway headlng f o r  two rmnutes a f t e r  takeoff.  The 
f l i g h t  taxled t o  runway 9 where takeoff was commenced a t  approxlrnately 1739. 

Takeoff airspeeds computed f o r  t h i s  f l l g h t  based on the conht ions  present 
a t  the tune were: V1 104 h o t s ;  VR U6 h o t s ;  V2 121 h o t s .  

The weather observation taken a t  the  tune of the accident as reported tg % 
U. S. Meather Bnreau was: 6,000 f e e t  s w t b r e d ;  X2,CaOO feet scatkerad; msi,kitg% 
15 miles; m d  east-southeast 11 krrotsl The weathe? is m S  miasfdmed a Eac&r ia 
t h s  accident. 

Numerous groundmtnesses were interrogated a s  t o  their o b s m k x o n s  of t he  
f l i g h t  during i t s  takeoff and crash. A probable f l s g w t h  2F seqsenee af m t s  
have been developed from the statement$ of these mtnesses.- m e  a i r c m f t  taxied 
to runway 9 in a normal manner. Takeoff was cornneed m d  the airoraft 11fted a f f  
the  runmay aFter a ground r o l l  of abovt' 2 , 9 0  f e e t  and a t tamed a h e q k t  a f  30 to 
40 fee t .  It contlrmed a t  ths  herght $h nearly l eve l  flight f o r  a dlstance of sw- 
era1 bnd~ed f e e t  before establlshsng a nonnal c l m b  a t t l t w k .  During t k s  the , 
the  landing gear was re t rac ted  a f t e r  @hich the airplane chmbd s t r a igh t  w a d  Em 
a shor t  interval. Mule the airplane was i n  t h l s  l n f t i a l  c l m b  sevmak af i;b 
d t n e s s e s  observed an unusual puff of &ay smoke from e m m e  Ro. 1; ot&m Sam3 B 
ball of f i r e  from englne No. 2. None 0,9 the witnesses s a w  these mdlfia%iws d 
trouble from both e w n e s .  

During t h ~ s  climb several  persum descrlbed the a r c r a f t  a s  veer- $0 tbe 
l e f t  and then r e t m n g  t o  its ori@$t course; ~ t s  speed was described as very 
slow. After reachlng an  a l t l t n d e  o? la0 to 200 f e e t  the a l r c r a f t  made a f l a t  l e f t  
tu rn  from the runway he&% of 090 degrees magnetic t o  a heabng of about Om 
degrees. W l e  on this Iteachng the  f i r c r a f t  maintasned its nose-hqh atbitude b& 
appeared t o  s e t t l e  approximately on$vRdlf the height it had attamd,  

Two witnesses adjacent t o  the  t e e o f f  area of maway 9 snapped p b ~ t o p p k s  of 
the a i r c r a f t  a t  t h ~ s  polnt in the f l ightpath.  Assessment of the first pic* 
conflrms t h a t  the =craf t  was on a headmg of 030 degrees mgnetlc,  a t  an a lb -  
tude of 121 f e e t  m.s.l., and had reached a posstson a p p r o n m t e l y  7,000 femet dam 
the runway but was displaced about 1,350 f e e t  t o  the north. It a l so  appears that 
the  deck angle a t  t h e  tlme was about 9 degrees above the horizontal and the m- 
c r a f t  was a t  an angle of bank of 8.5 degrees t o  the l e f t .  The second photopa@, 
taken about one second later, was also assessed. This photograph showed the ax- 
plane t o  be a t  an a l t i t u d e  of 121 feet m.s.l . ,  on a head~ng of 0 3  degrees mg- 
net ic  as before; however, a t  t h ~ s  tune the  deck angle had mcreased t o  degrees 
and the angle of bank t o  degrees. a t n e s s e s  t e s t r f i e d  tht the a r e r a f t  was 
then seen t o  execute a maneuver most closely descrlbed a s  a mag-over. Dvllng 
t h s  maneuver the nose came up hsgher while the  l e f t  hnng dropped to near ver t ica l .  

1/ See Attachment "AM. 



The nose then f e l l  through rapldly and the a l r c r a f t  descended, strllclng the 
water almost vertically and w h l e  st111 ro ta t lng  t o  the  l e f t .  The lmpact area  
was m Wlnthrop Bay approxlmately 2,000 f e e t  t o  the l e f t  of the center l lne  of 
runway 9 and approxlmately 7,000 fee t  from the polnt takeoff was s tar ted.  The 
tune of lmpact was calculated a s  1740 or  47.5 seconds a f t e r  takeoff was commenced. 

Three persons, a l l  q e r l e n c e d  pilots, aboard an Aero Commander approaching 
runway 15 for  landing had an excellent n e w  o i  tne  E lec t r a ' s  takeoff. Thelr a t ten-  
t ion had been a t t rac ted  t o  it because they knew t h a t  t h e l r  landlng was t o  follow 
the Electra 's  passlng the mtersec t lon  of runways 9 - 15. They first observed the 
departmg a l r c r a f t ,  already alrborne, a t  about the t m e  it passed the lntersect lon.  
They noted t h a t  the Electra  appeared t o  be s t a r t l n g  a l e f t  tu rn  well before cross- 
lng the end of the runway and asswnlng a noseup angle whch they considered exces- 
slve. Thus, t h e u  attention was concentrated on the Electra  u n t l l  i t s  contact n t h  
the water. The a l t l t ude  of the Aero Commander was approxlmately 400 f e e t  when 1Cs 
occupants f l r s t  observed N15533, and thereaf te r  decreased normally, commensurate 
wlth a landlng approach. These three men s t a t ed  tha t  N 5533 never a t ta lned  an 
a l t l tude  equal t o  t h a t  of the l r  a l r c r a f t .  The copllot  s t a t ed  tha t  he saw e i ther  a 
puff of smoke or flame come from the  No. 2 nacel le  short ly  a f t e r  the Electra  pa.ssed 
runway 15. The passenger also observed t h l s  emlsslon but aescrlbed i t  as a whlte 
puff of smoke. 

Nlne of the ten survivors were mtervlewed, and t h e l .  de sc r lp t lms  generally 
cocroborate the statements of the  hntnesses on the ground and m the Aero Commander. 
Both stewardesses, seated on the l e f t  s lde of the lounge, f e l t  a considerable amount 
of n b r a t l o n  shor t ly  a f t e r  beconung airborne. Both recal led "a sudden burst  of 
power1! fo l lomng the i r  i m t l a l  rea l lza t lon  of trouble;  both f e l t  a sharp l e f t  turn; 
one recognized the sound of the englnes as  t'unsynchromzed." 

Four of the  passengers Internewed i n h c a t e d  a sharp, f l a t  turn t o  the l e f t  
short ly  a f t e r  becomlng alrborne. One passenger, seated armdshlp on the r l g h t  side 
stated,  "one of the englnes on the l e f t  s lde ' sho t '  some flames off.'' Another, 
seated m the r l g h t  r ea r  of t he  cabln, recal led f ee l lng  a s l l g h t  unlllce that 
associated hnth wheel retraction, shor t ly  a f t e r  takeoff. Looklng out the  r l g h t  
mndow he saw a pa t te rn  whlch he described a s  a dark smudge and whlch he s a ~ d  passed 
through the propeller a rc  and over the englne nacelle. A former rmlskary p l lo t ,  
seated m the lounge opposlte t he  stewardesses, s t a t ed  tha t  Itshortly a f t e r  takeoff, 
something happened t o  the englnes on the  l e f t  side." Whlle he could not r e c a l i  
speclf lcal ly ,  he s a ld  h s  awareness of trouble was through a comblnatlon of t h a t  
whlch he f e l t  and heard. He was most conscious of the  difference between nolse of 
tne l e f t  engines and the r l g h t  englnes. He a l so  es tmated  t h a t  the  tune from l r f t -o f f  
to  the sklad-ing l e f t  turn was about f l v e  t o  seven seconds. 

Shortiy a f t e r  the accident, Board lnvest lgators  recelved a repor t  t h a t  a 
number of blrd  carcasses had been found on the runway. Bodies and pleces of b o h e s  
representing approxlmately 75 birds, l den t l f l ed  as s t a r lmgs ,  were sca t te rea  pre- 
dominantly on the l e f t  slde of runway 9 between the  lntersect lons  of taxiway 33 and 
runway 33. The remans were strewn over an area roughly LO0 f e e t  long by 200 f e e t  
mde, the mdpomt  of whlch was about 3,800 f e e t  from the  approach end of runway 9. 
After autopsies of the  blrds several  ornltholo@sts a s  well as  personnel from the 
1i.S. Flsh and Wlldlife Servlce concluded t h a t  they had been k l l l ed  durlng the l a t e  
afternoon of October 4. 



The U. S. Coast Guard malntalned securl ty  of the u p a c t  area throughout the  
mght  fo l lomng the accldent and was instrumental l n  the  I n i t i a l  e f f o r t s  to recover 
the  wreckage. Recovery operations were conducted by the U. S. Navy and the wreck- 
age was transported t o  a warehouse f o r  study. It was deternlmed that the a l r c r a f t  
struck the water almost vertically but s l l gh t ly  l e f t  wmg f l r s t  and while st111 
ro ta t lng  t o  the  l e f t  about its longi tudmal  axis. The Nos. 1 a d  2 englmes broke 
up and over t h e  l e f t  wing and Nos. 3 and 4 broke down arrd -I- ttte rjgh-t, &&g. 
A l l  f l l g h t  control  surfaces were recovered. Impact m k s  made by the a l e ~ " m  
countemelghts on r ea r  spar v e r t l c a l  stiffeners i n d x a t e d  the  Lef t  aileruxl was rn 
the neutral  poslt%on at t h e  t m e  of l e f t  m g  breakup. Correepoackmg marks Dslde by 
the  r l gh t  a l le ron  counterwaghts lndlcated t h a t  t h l s  a l e r o n  was d ~ s p h c e d  c&xmm~d 
about one- th~rd  of i t s  t r a v e l  when the r l gh t  mng struck the  water. The elevator 
and rudder surfaces were undamaged p r lo r  t o  salvage and tk p o s t i o n  of ea& a t  
1RY)act was mde temnab le .  

Control cables, push-pull rods, and llnkage frm the surfaces to the boost 
packages showed no abnormal cmchtions.  Damage noted m these areas was ck&m&-ed 
to be the r e s u l t  of mpact  forces. The l a n b n g  gear was fd m the ful ly  re t rae-  
ted poslt lon.  The mng f l aps  were found a t  t h e  takeoff se t t lng  and we= symietncal. 

3/ Several fea thers  were f o d  in the nacel le  air scm- $&lch supplled c d f n g  
a i r  t o  the generators and 011 coolers of e w e s  Wos. 1 a d  b. In a d b t i o n  one gu l l  
fea ther  was found m the  cooling duct t o  the  generator of engine Mu. 3. 

All four engmes and propel lers  were recovered froat the by. The WQ. 1 pro- 
pe l l e r  was f u l l y  feathered and the e n m e  was not operatlng a t  trate of mgact.  
Englnes Nos. 2, 3, and b were operatlng a t  impact and the- p r q e l l m s  mre found 
a t  approximate blade angles of 40, 41, and irl deqees ,  r e spec t~ve ly .  WeehanicaUy, 
a l l  four englnes were found to be i n  good condltlon m t h  the exception of mpact  
damage. No. 1 englne showed no ro t a t l ona l  damage to the compressor and iurblne 
sectlons,  whereas the remalnlng m a n e s  displayed extensive ro t a t lona l  damage t o  
the rotors  from u p a c t .  There was no evldence of over--rature I n  any of the  
englnes and a l l  appeared capable of normal operatlon prior to impact. 

~ m e r b u s  samples of f o r a g n  matter were m v e d  frm tse d i f f e rea t  seeticms 
of the  gaspaths of the four engmes. The specmeas removed fmm th W. 1, 2, 
and b englnes cuntamd a -11 amount of naaterlal identifiable a s  b u d  remalns, 
l.e., t l s sue  and feathers. Some of the feather  fragments m e  ~ d e n t l f i e d  a s  
s t a r l l n g  feathers.  There was substantially more of t h l s  materra1 in Bo. 1 engme 
than i n  Nos. 2 and h. Portlons of t he  materlal  not ldent l f red as  b<rd remalns 
consisted p r m a r l l y  of metal particles, carbon and marlne l d e .  There was no 
esldence of b u d  rma lns  found m any of the  sectlons of t he  gaspath of the No. 3 
engine. 

There was no ende rne  of any -nilfunctlon or  f a l l w e  xn any of t he  propeller 
reduction gear assembhes or  ac tuaung mechan~sms. A l l  ameared to have $een 
capable of n m a l  operatlon p r i o r  t o  impact. 

The No. 1 emergency shutoff handle, whlch i s  located m the cockpit, had 
been pulled. AcDuatlon of t h l s  handle fea thers  the selected propeller, ~ l e e t n -  
ca l ly  closes the o i l  tank shutoff valve, and stops t he  engme f u e l  flow by closmg 

3/ The nacelle a n  scoop i s  located on the bottom of the nacel le  uhereas the 
engine a l r  m l e t  1 s  a t  the top. 



the cutoff valve l n  the  fue l  control  and a t  t he  f l r e m l l .  T k e  Ha. 2, 3, and 4 
manual shutoff handles had not been actuated. Both the  autofeedher sgrsbest aryd 
the manual emergency shutoff l evers  requlre e l e c t r l c d l  peer t o  camplebe t h e  
feather  process. The tune requlred to feather  1s app~o-telx e ~ g h t  seconds a t  
120 knots. 

Most of the  axrcraf t  Instruments and systeras components wre recovered. 
Readlngs of a l l  mstruments were taken m e h a t e l y  upon recuvery and t he  mtm- 
ments were then dmsassembled t o  d e t e m n e  extent of damage and r e l r a b r h t y  of the 
readmgs. A l l  instruments were subjected to  ultraviolet h g h t  exammatun t o  de- 
termme, i f  possible, whether any marks were made by l n s t r m e n t  polnters a t  u%pact. 
The r e s u l t s  of t h s  exam~natlon were negative. 

Varmous r e a h n g s  of englne operating paranetegs were noted: 

Englne Number 1 2 3 k 
Turbine I n l e t  Temperature ('C) &5 97g 95x7 a 
Torquemeter Gauge (SIP)  -8% 3 3 3%0 
Torquemeter Phase Detector (SW) -%% 33x5 33x0 35% 

A l l  f u e l  flow rndlcators were recovered; howver, it was d e t e r m w d  t h a t  the 
readlngs were subject  t o  change a f t e r  impact and were therefore m c m l u s ~ v e .  

A l l  four engmne-drlven AC generators were recovered; hoeve r ,  the  bell hmalng 
for  the  No. 1 was mss lng  due t o  unpact. & ta i l ed  examnatlon of tbe gmera tors  
showed no rndlcatlons of any m-servlce failures. The exammt ian  of g m e r a h r s  
Nos. 2, 3 ,  and b showed clrcumferentlal scoring of the a r  d e t  h o d s  by the cool- 
mg  fans  over arcs  from 30 t o  60 degrees winch mdicaied generator roka tAa at %be 
tlme of mpact. 

The emergency lnver te r  wh~ch operakes automatically when Ktl ffam gmez=a~s 
are  off the  l l n e  was not ro ta t lng  a t  vet. T k s  inver te r  cmne up to ~d 
i n  about 1 t o  2 seconds f o l l o m g  dlsruptron of AG power to the  E s s e n t ~ a l  AC Bas 
(whlch can only occur if a l l  four generators drop off the lme). After AC g-r 
1s restored t o  t h e  Essential  AG Bus the w r g e n c y  u m e r t e r  rs a u t u @ a t s d l ~  de- 
ac t~va ted .  Under these con&tlons the tune f o r  tlre inver te r  rotaticm t o  cms'k t o  
a stop is approximately 13 seconds. 

The two approach ho r~zon  f laght  instrtlments whrch m e  electr1caU-y powered 
from P r i o r ~ t y  Bus A were recornred. Inspectman and & s a s s m b l ~  of these unxts 
revealed almost identical readmgs; the pas~txone. of bo&h x n d ~ c e s  were re@&- 
b g  a l e f t  bank of 1% degrees a t  q m t .  

The two C o f i n s  Cowse Indrcators were r e c o e m d  %a r e l a t r ~ e l g  goodcu&5kon. 
The azmuth r m g s  of the  lnstrwnenta indleatad 3 9  tte-s and 311 degrees. Be- 
cause of the extensive gear reduction i n  these mstmmearts the  readmgs a re  6-0- 
sldered re l lah le .  Both of these instruments recaw elpc t r rca l  power fram Prlontg 
Bus A. 

k a r m n a t ~ o n  of the three h y d r a , ~ l ~ c  boost control  pekages  d id  no t  reveal any 
condxtlons wbch would have precluded normal operatian prior t o  mpact .  The damage 
t o  these unl ts ,  whlch occurred a t  h p c t  o r  during recovery operation, c a n s ~ s t d  of 
ruptured bzphragms and a bent elevator pzston rd. 



The boost control  systems are  ackuated by tw Fndepcmkmt i?p&?&ee 
s~s tems.  Either system i s  capable of handling all hydraulic bwst m m t ~ o l  
h a n d s .  Three e l ec t r i ca l ly  drlven hydrauhc pmps swml~ presswe far W 
tm systems. Fmps 1 and lA serve s y s t w  No. 1 and pump Ro. 2, vtsld &. 2. 
Pumps 1A and 2 rece1-m e l ec t r i ca l  power from P r ~ o r i t y  Eus A; pmp 1 fmm FY4m- 
~ t y  Bus B. A standby pump i s  incorporated i n  the No. 2 system and reaeiwes 15s 
power from whichever bus was supplying the plwrp it replaces. 

Examination of the hydraulic pumps and f i l t e r s  showd extenmve m & m  
due to water m e m l o n ;  h w ~ r ,  these c o q o m t s  f r e e  of ;my 6 f  

ope~a t lng  f a l u r e  or dmage p r io r  t o  mpact. 

Passenger seats,  e x c ~ t  1% and 19D, and the  lounge seats, all Lacated IFI 

the rear of the cabm, f a i l e d  a t  -act and were t a rn  from t h e n  mmk. In 
cases l ~ l l t l a l  failwe occurred a t  t h e  w a l l  a t t ache r r t  followed br falnre & %be 
plate on the botteaa of the a s l e  sad8 of &he seat. The sea t s  then l e f t  '&he fl- 
forward & ap& at, an agIe of a b u t  20 degmes. In add~tiorq l& d b$te 33 
e m t e ~  seat b e l t  at tech f i t h n g s ,  c a m m  to both seat  hl%s in the  &able a z & ~ ~  
F.1e.d coriplehly. I n  s e ~ n  o ' h e ~ s  %we w%-e parks& fa i lu re s  M q  of &e m ~ v -  
IW t r q  I U ~ M  on the backs of sea ts  showed evidence of hawig  beem s+znc& SF- 
Ohe rm. 

1 

A s  skated hefore, seseral eyemtnssses reported seelng smoke or &re -2tad 
from the engures. Thls evidence, together m t h  t h a t  of the bird rema-ms f o d  m 
the engxnes durlng teardown, indicated a need f o r  more information concern= 
m i n e  operation a f t e r  blrd ingestion. A s e r l e s  of tests was conaucted by the 
Alhsm D i n s i o n  of General altars, tke W n e  mamfactmer, i n  which s t a r l m g s  
were mtroduced m t o  an uperatlng en- m varyrng ~R&X?T-S a d  s e p m e s .  Ia 
n e w  of i t s  mmebate a w i l a b i l i t y ,  a s t a t l c  t e s t  stand mas u t ~ l i a e d .  A2%m.& the 
test was l m t e d  i n  smmlatmg the in-flxht eng-ine response t o  ingestmg hr&, 
much valuable information was obtamed. The t e s t s  demonstrated t h a t  substant ia l  
perwer interruptions and emssions of flame from the  ta i lp ipe  would ocrmr *a st,=- 
l i ngs  were mgested; homt-er, quant l ta t lve m f o m t l o n  was lack- wath reqmet to 
Me e n b e  behavior under f l sgh t  c d t i o n s .  

Subsequently another t e s t  p r o p a  was ~morpmated 1i3 the st* of the broad 
p-oblem of t m b m e  engrne b i rd  ulgestrm bemg co-rtrhxted m&%- t h e  ausp*ces o i  t&e 
Federal AnatLon Agency. In  cooperation m t h  k a r d  personnel, the  t e s t  prograaa 
was planned to prnvlde d o r m a t i o n  per t inent  t o  the cirown5tances w h c h  prem13ed 
a* #e b e  of the  accident. These t e s t s  were c d u c t e d  m Me &eed A l m a &  P Wr-poration mnd tunnel i n  Burbank, Califorma. An ElectFa QE- was urskalXee2 
r e k h  2 2 f i c a t i o n s  1n the i n l e t  duct t o  penat controlled introduction ox bm-. 
Bamous numbers of s ta r l ings  were ingested mto the  en- a t  d l f f e r w t  pa-?- seb 
tugs and h e 1  speeds. P e r t ~ n e n t  operatmg parameters were record cturlng w h  
kst. Besrdes substant la tmg the r e s u l t s  of the static t e s t  stand prcgrida~, 
tests afforded the  f o l l o w g  mformatlon: 

1, The Allison model 501-Dl3 engme &mombaked ez~el lea2t  r e s x s ~ c e  to 
s h u c t u r a l  d-ge from s t a r l i ng  mgestions.  

ir/ QEC - "Quick Eh-gine Changen - Allison W-Dl3 e m ,  ecpQqxd P.n tEs && 
m t h  %I &eropo$uc%s 606 propeller, mounted i n  the for& & k b & e  wtlon c& 
the  nacelle. 



2. S~ng le - s t a r l l ng  lngestlon a t  crulse  and takeoff conh t lons  revealed 
negligible powcr interrupt ion and approxmately 90 percent of pre-test  power was 
recovered. 

3. Two-starllng lngestlon a t  crulse  power decreased shaf t  horsepower 
approxlmate1.y 15 percent a f t e r  recov-m; a t  takeoff power, approxmately 10 per- 
cent. In  both cases, a t  l e a s t  50 percent power was always avallable. 

4. Four-starllng lngestloh a t  takeoff power decreased shaf t  horsepower 
appr~xunately  15 percent a f t e r  recovery. Power f e l l  t o  approxmately 500 SHP 
and was below 50 percent ra ted from one to  th ree  seconds. An autofeathenng 
s l g n ~ l  occurred m one of the three t e s t s  conducted. 

5 ,  Slx-s tar lmg lngestlon a t  takeoff power decreased shaf t  horsepower 
3pprn:cimately 23 percent a f t e r  recovery. In  one mstance,  the  englne f a d e d  t o  
recover. I n  another t e s t  l e s s  than 9 percent power was aval lable  f o r  four sec- 
onds. I n  the  l a s t  t e s t  the  engine flamed out, re l lghted and produced 50 percent 
or more power a f t e r  seven seeonds. A l l  t e s t s  m d c a t e d  t h a t  au tofea therug  
would occur. 

6. Eight-starl lng m g e s t ~ o n  a t  takeoff power produced an autofeather s lgnal  
In a11 three Lests. The enpne  f a d e d  to recovpr i n  two of the  t e s t s .  In the 
remamlng lristance the englne flamed out, re l lgh ted  and partially recovered when 
sury,lng and overtemperature necessitated shutdown. 

7 .  Ingestion of e lght  s t a r l ~ n g s  i n  tme-sequenced groups of four each 
critically complicated the recoverabll l ty of t h e  englne. One t e s t  t e m n a t e d  m 
shlltio-m bccause of surglng and overtemperature. In the other t e s t ,  t he  englne 
flamed o ~ l t ,  re l lghted and recovered steady 50 percent or  more power a f t e r  a 10- 
second lnterruptlon.  In  both Instances the propeller would have autofeathered. 

The 3oard extracted lnformatlon from repor t s  of b ~ r d  s t r A e s  experlenced 
by commercld a l r  carriers. Durlng the perlod, February 25, 1561, t o  S e p t e W  13, 
1961, fourteen bona f lde  blrd  s t r l k e s  were reported on the 91-Dl3 engme. I n  a l l  
mstances, the  damage proved to  be mmor. The most c r l t i c a l  f l l g h t  regme ms 
takcoff. The majority of blrd  s t r l k e s  (57 percent)  lncludlng three multlple 
st,rlkes occurred a t  t h l s  power set t ing.  I n  a multiple s t r l k e  lnvolvlng a l l  four 
engines, only one enginc experlenced a s l l g h t  decrease l n  horsepower; however, the 
other ~ u l t l p l e  s t r l kes ,  each involving two engmnes, autofeathered a p ~ o p e l l e r  I n  
both instances. Most of t he  bird ingestions a t  takeoff power (62 percent) resul ted 
i n  an englne shutdown m whlch the propeller was usually autofeathered (80 ~ e r c e n t ) ;  
englnes whlch recovered a f t e r  lngestlon expeslenced 100 t o  250 IIP de te r lora t loa  m 
rated power. The nature of l n f l l g h t  i n ~ e s t l o n  precluded any accurate determnat lan 
of blrd  number and/or weight requlred t o  cause an englne shutdown. In f l ~ g h t  re- 
glmes other than takeoff, t he  blrd  rngestlons caused nel ther  an englne shutdown nor 
a reported lo s s  I n  power. 

Analysls and Goncluslons - 
The bird remalns extracted from the englnes and the carcasses whch were 

found on the runway pronded evldence t h a t  durmg takeoff s t a r l m g s  were lngested 
by englnes Nos. 1, 2, and h. The Board concludes t h a t  the NO. 3 engme d ~ d  not 
Ingest any blrds,  because detal led exam~natlon of materlal  speclrnens from rts  



l n t e r lo r  revealed no t races  of b l rd  remalns. The poss lb l l l t y  t h a t  sea l l f e  may 
have aestroyed the b u d  remalns m No. 3 englne was considered and bscarded.  A 1 1  
englnes were removed from the water m t h l n  a few hours, n t h  NO. 3 being flrst; 
consequently the exposure of a l l  the  englnes t o  sea l l f e  was about the  same. 

E-valuatlon of the  r e su l t s  of the  b l rd  Ingestion t e s t s  lndlcates  t h a t  these 
t e s t s  reasonably simulated englne behavlor m f l l g h t .  Thls 1s fur ther  substantiated 
by a number of reports  of b u d  l n g e s t ~ o n s  whlch have occurred subsequent t o  this 
accldent. Apart from posslble s t ruc tu ra l  damage, b u d s  lngested l n t o  the engine 
a f f ec t  power output by blocklng axf low,  decreasing compressor a l r f o l l  eff lc lency 
m t h  surface debrls,  h s t o r t l n g  gaspath, etc.  Component eff lc lency may de te r iora te  
u n t l l  the engme i s  unable t o  provlde external  power or  i s  even mcapable of surge- 
f ree  steady operatlon. It a l so  appears t ha t  mgestlon of more than three s t a r l m g s  
can actuate t he  autofeather system, taus? englne flameout, or reduce the power sub- 
s t a n t l a l l y  f o r  several  seconds. Englne recovery a f t e r  mgestln,, e lght  o r  more s ta r -  
lings smultaneously appears very improbable. Post-test  inspections mdlca t e  t ha t  
b i rd  debrls lodges m t h l n  the engmes a f t e r  an ingestion. 

No. 1 propeller was feathered, most probably by a t h rus t  sens l t lve  slgnal, 
generally known as  autofeather. The th rus t  sens l t lve  s lgnal  i s  produced when the 
power lever  1s  advanced beyond 75 degrees, the  system i s  armed by a s m t c h  I n  the 
cockpit, and propeller t h rus t  decays below 500 pounds. Autofeathering of any one 
propeller dlsarms t h l s  fea ture  from the remalrnng propeller qstems,  whch would 
account f o r  a l l k e  act lon not occurring t o  any of the  remaming propellers.  Auto- 
feathering of No. 1 propeller fur ther  suggests t ha t  i t s  englne was the f x s t  t o  be 
mater ia l ly  affected by b u d  mgest lon and t h a t  a t  l e a s t  four b l rds  were mgested. 

It i s  belleved tha t  No. 2 englne lngested about SIX birds;  consequently, its 
power was the most adversely affected of a l l  the engmes, excluding the autofeather 
act lon of No. 1 propeller.  Smce no d l r e c t  method i s  a v a l a b l e  t o  determne t h e  
number of birds  lngested by an engme, t h l s  concluslon is  mduced from several  
fac tors .  The obviously c r l t l c a l  and rapld deter lorat lon of a l rplane performance 
and the l r u t l a l  yaw t o  the l e f t  a f t e r  penetratmg the f lock  of starlings lndlcated 
a prolonged substant ia l  power lnterrupt lon on the l e f t  slde. In addltlon, mtnesses  
observed flames emlttlng from an englne on the  l e f t  wmg and several  speclfled the 
No. 2 engme. Thls i s  fur ther  substantiated by recalling t h a t  t he  No. 1 engme m s  
shut down l n  conjunct~on n t h  the autofeather actlon. The flames ermtted from the 
t a l l p l p e  of No. 2 engme lndlcate  a torchlng r e l l g h t  a f t e r  a flame-out. The flames 
ermtted durlng englne surges observed m t e s t s  appear t o  be too shor t  to  extend 
through the long exhaust duct l n  the Electra ms ta l l a t l on .  The only concluslon 
compatible n t h  a l l  the clrcwnstance3 of t h l s  accldent 1s  t ha t  No. 2 englne In- 
gested about SIX blrds,  flamed out, relighted and recovered substantial power m t h -  
l n  several  seconds. Tests lndlcate  t h a t  l e s s  than 50 percent ra ted power would be 
a v a ~ l a b l e  f o r  6 t o  7 seconds, fol lomng whlch a recovery t o  s tab le  operatlon would 
occur n t h  some sem-permanent power loss.  

There was no evldence tha t  No. 3 lngested any b u d s .  It 1s concluded tha t  i t  
operated normally from the s t a r t  of takeoff u n t l l  impact. 

The No. 4 engme probably lngested fewer blrds than Nos. 1 and 2; consequently, 
~ t s  power transients were l e a s t  severe m t h  s u b s t m t ~ a l  decrease most l l ke ly  not 
exceedmg two or three seconds. Thls bel lef  1 s  based on the mndlcatlons t ha t  the 
starling flock was concentrated more on the l e f t  slde of the  alrplane and lack of 
observations of flames on the r l g h t  s lde of the  alrplane as  contrasted m t h  



observations of flames on the l e i t  slde. Furthermore, the  path of the  a l r c r a f t  
suggests considerable power asymmetry m t h  the most power belng on the  r l gh t  slde. 

Except f o r  No. 1, the englnes were producing near takeoff power a t  mpact. 
Thls somewhat lmlts the number of blrds t ha t  may have been mgested. Wlnd tunnel 
t e s t s  lnd lca te  t ha t  power recovery 1s Improbable when e lgh t  or more blrds  are  in- 
gested and it 1s obvlous that  there  was recovery of No. 2 and No. 4 englnes before 
mpact. 

Shaft  horsepower readmgs obtalned from the instruments a r e  not conpatlble 
n t h  the seml-permanent power losses  t h a t  the n n d  tunnel t e s t s  i n h c a t e d  would 
occur following blru ingestlon. Assumlng the seml-permanent power losses  occur as  
lndlcated by the wrnd tunnel t e s t s ,  the  Instrument readlngs a lso are  not compatible 
n t h  the blrd  ingestlon pa t te rn  t h a t  i s  known t o  have occurred, l.e., the SHF read- 
lng of No. 3 englne which dld not m g e s t  birds was about the  same a s  No. 2 and l e s s  
than No. 4, both of mhlch lngested b u d s .  Consequently, it 1 s  concluded tha t  the 
instrument readlngs ob ta~ned  are  not val ld  c r l t e r i a  by whch t o  determne the 
number of blrds  mgested by the mdlvidual  engmes. 

Based on exanunatlon of the  aircraft's prlmary h y d r a d l c  and e l ec t r i ca l  
systems components, it can be concluded tha t  they experienced no m-servlce 
fa l lu res  pr lor  t o  mpact .  

Slnce the No. 3 englne showed no evldence of power l o s s  durlng the flaght,  
~ t s  generator would be supplying e l e c t r l c a l  power for e s s e n t ~ a l  system un l t s  
throughout. Even i f  generators Nos. 1, 2, and 4 were m t l a l l y  l o s t  due to  eqpne 
power lo s s  because of the lngestlon of blrds, the  No. 3 generator would aut0mB.t~- 
ca l ly  supply e l e c t r l c  power t o  P r lo r l t y  Bus A; hydraullc purnps 1A and 2 d d  have 
e l ec t r l ca i  power available t o  them and consequently both hydraullc power s y s t q ~  
would be available f o r  f l l g h t  control  booster operatlon. 

Uslng an arbitrary 3 seconds delay between l l f t - o f f  and the selection of 
gear up, and the nomnal 9.5 seconds f o r  landlng gear retraction t m e ,  a perlod 
of hydraullc and e l ec t r i ca l  capabl l l ty  1 s  shown t o  cover approxlmtely the f l r s t  
12.5 seconds of f l l g h t  fol lomng i l f t - o f f .  

Six seconds a f t e r  takeoff  the a l r c r a f t  struck a flock of blrds and the 
No. 1 propeller was feathered. The tlme required to  feather the  propeller i s  
approxmately 8 t o  9 seconds when the englne 1s a t  takeoff power. The feathering 
operatlon conflrms the ava l l ab l l l t y  of generator power, and covers the f l r s t  15 
seconds of t he  f l l g h t  a f t e r  l l f t -o f f .  

Durmg the feathermg operatlon o r  a short  t m e  la te r ,  the No. I englne 
shutdown handle was actuated. One functlon of this control  1s  t o  close the f u e l  
cutoff and englne 011 shutoff valves e l e c t r ~ c a l l y .  These valves recelve the r r  
power from the Essentlal  DC Bus and, smce  they were found f u l l y  closed, this 
condltlon ve r l f l e s  the existence of power. The Essentlal  DC Bus i s  a l so  the 
power source f o r  the emergency mverter .  

Had a l l  generator capabl l l ty  been l o s t  more than four t o  f l v e  seconds p r lo r  
Lo Impact, the  emergency lnver te r  would have s t a r t ed  operatlon a t  the t m e  of the  
e l ec t r l ca l  power l o s s  and would have shut down automatlcdly upon any res tora t ion  
of power. Srnce the  rundown tlme of the emergency lnver te r  1s approxmately 13 
seconds and examlnatlon of the recovered inver ter  disclosed c lear  evldence t h a t  



~ t s  armature was not ro t a tmg  a t  mpact, it can be concluded tha t  there  was no 
lnterrupt lon of electrical power from the t m e  of feathering the propeller t o  the 
tlme of impact. Hence, it can a l so  be concluded t h a t  hydraulic boost a s s l s t  t o  
the prlmary f l l g h t  controls was available throughout the  flight. 

Lockheed Alrcra f t  Corporation undertook a se r les  of f l l g h t  t e s t s  t o  study 
the con t ro l l ab l l l t y  of the Electra  L-188 under condltlons of multlple powerplant 
f a l l u r e s  and operatlng under circumstances considerably more c r l t l c a l  than those 
requlred f o r  cer t l f lca t lon .  Speclflcally,  the  t e s t s  determined the  m u l l m u m  con- 
t r o l  speed ( v m C ) y  of the a l r c r a f t  hie I n  varlous bank angles, and m t h  one 
or two engmes lnoperatlve. In addltlon, the  t e s t s  deflned the maxmum asymmetric 
power a t  whch the  a l r c r a f t  headlng could be malntalned a t  a constant low alrspeed. 

It was found t h a t  wlth t he  No. 1 propel ler  feathered and the other three 
englnes develop~ng 3,800 horsepower, Vmc ranged from 110 knots n t h  f l v e  degrees 
of r l g h t  bank t o  136 knots m t h  f l v e  degrees of l e f t  bank. 

In  s m l a r  t e s t s  m t h  the No. 1 propeller feathered, No. 2 propeller wFnd- 
rmllmg, and engmes Nos. 3 and ir each developing 3,800 horsepower, Vmc was found 
t o  be 125 knots m t h  f l v e  degrees of r l gh t  bank and up t o  1% knots hnth f i ve  
degrees of l e f t  bank. 

Another group of t e s t s  was conducted m t h  the No. 1 propeller feathered, 
No. 2 propeller mndrmlllng and varlous power comblnatlons on englnes No. 3 and 
No. k.  The a r c r a f t  was flown a t  bank angles of f l ve  degrees l e f t  and r lgh t .  
Under these condltlons it was demonstrated t h a t  m order t o  man ta in  dlrect lonal  
control  of t he  a l r c r a f t  wlth two englnes moperatlve on the l e f t  slde, the  t o t a l  
power output of both engines on the  r l gh t  s lde could not exceed the maximum power 
output of a s lngle  engme. 

The r e s u l t s  derlved from these t e s t s  provlded the Board m t h  valuable infor- 
matlon conce rmg  the c a p a b i l l t ~ e s  of the  Elec t ra  under predeterrmned adverse 
condltlons and also formed a basls f o r  evaluating the operatlng l l rmts  whlch may 
have prevailed a t  the tune of t he  accident. 

The t e s t  f l l g h t s  dld not exactly duplicate the condltlons under whLch N 5533 
was operatmg, I n  t ha t  they were conducted a t  constant, ra ther  than f luctuatmg,  
engme power c o n b t ~ o n s .  The a l r c r a f t  a t  Boston, a f t e r  s t r l k ing  the h r d s ,  
experlenced a power l o s s  on the No. 1 englne whlch resul ted in the f e a t h e m g  of 
~ t s  propeller.  The Nos. 2 and 4 englnes experlenced an abrupt l o s s  and nonsmul- 
taneous recovery of power whlle the No. 3 engme remalned a t  full power throughout 
the f l l gh t .  

It was brought out durlng the Board's publlc hearing tha t  a f t e r  s t n l a n g  the 
b u d s  and m t h  No. 1 propeller feathered and No. 2 englne power output mterrupted,  
lt would requlre 3;500 t o t a l  horsepower t o  place the  a l r c r a f t  a t  the observed 
polnts  m space; more or  l e s s  horsepower would have produced a different f l l g h t  
p rof l le .  The f l l g h t  t e s t ,  wherem it was demonstrated tha t  an Electra, smri lar ly  
configured, could not be controlled wlth more than 3,800 horsepower on i ts  r l g h t  
srde, tended t o  corroborate ths .  

Vmc a s  used m t h l s  report  d l f f e r s  from Vmc a s  defmed i n  C x v l l  A l r  Regula- 
t lons .  I n  t h l s  case it r e f e r s  to  the  mlnlmum speed a t  whch a constant heading can 
be malntuned under any prescribed power conflguratlon and angle of bank. 



Following t h e  h e a r ~ n g ,  f u r t h e r  s ~ u d y   as made of t h e  performance and con- 
t r o l  of the  ElecLra under c r l t l c a l l y  adverse condlt lons,  particularly the drag 
aspects  of l a r g e  yaw angles.  It was detcrmlned t h a t  t h e  prevlous lnformatlon on 
r e q u r e d  horsepower can oriiy be applled i f  the  a l r c r a f t  does no t  have a high drag 
count over and above t h a t  produced by in te r rup ted  power output.  The excessive yaw 
angle  associated > n t h  a f l a t  t u r n  of smal l  r ad lus  produces drag t o  t h e  e x t e n t  t h a t  
abnormally high power 1s requlred  t o  malntaln f l y l n g  speed or,  i n  f a c t ,  t o  prevent 
r a p ~ d  d e t e r l o r a t l o n  of a l r speed  to t h e  s t a l l l n g  polnt .  Inspection of a p l o t  of 
power requlred versus tu rn lng  radlus  r e v e a l s  t h a t ,  a t  110 knots  and 10 degrees 
bank angle, the  power-requlrcd curve beconles asymptotic a t  a turnlng r a d l u s  cf  
2,000 Leet. 

The Board recognizes t h a t  N 5533 was no t  a t  precisely t h l s  speed and bank 
d n g k  throughout t h e  f l n a l  s tages  of f l l g h t ,  b u t  it was near enough t o  make t h e  
d a t a  applicable. It 1s known t h a t  t h e  r a d l u s  of t h e  f l a t  t u r n  from an e a s t e r l y  
hea,llni: t o  n o r t h e a s t e r l y  was l e s s  than '2,000 f e e t .  It logically follows t h a t  rf 
the drag, whlch i s  r e l a t e d  t o  power required,  1s many t m e s  higher than t h e  t o t a l  
th rus t  a v a l l a b l e  under any engine condlt ion,  a d d l t l o n a l  t h r u s t  1s a v a l l a b l e  only 
by a s s m n g  a s t e e p  nose-down a t t l t u d e ;  o t h e r m s e  t h e  a l r c r a f t  w l l l  r a p l d l y  l o s e  
azr ipeed. 

Calculations based on t h e  Eleczra  l l f t  curve and on t h e  deck angles r e f l e c t e d  
l n  Lhe two photographs taken by r a t n e s s e s  produce an  a l rspeed of 118 knots  a t  the 
tlinr.  of t h e  f l rs t  photograph and 101  knots a t  the  t ~ m e  of t h e  second. Durlng the  
a;,j.l oxlmaicly 1-second I n t e r v a l  between t h e  f l r s t  and second phoiograph t h e  air- 

crdf  t was approachling t h e  s ta l l  a t  t h e  rapld  r a t e  of  about 15 knotz peer second, 
ar~c! d t  the tlnle of t h e  second photograph was wel l  below t h e  s t a l l  speed which, f o r  
i,llc ;~cl;'l-iL. f l a p  pos l t lon ,  and a t t l t u d e  of the  sub jec t  a l r c r a f t ,  was 100 knots. 

Extreme yaw angles a l s o  cause the fuselage t o  partially s h l e l d  one mng 
tl3orn the  <~ i lT low.  The sklddmg t u r n  a l s o  reduces t h e  llft on t h e  shle lded mng.  
' I ' hes~  two phenomena, together  m t n ,  i n  t h i s  case, the a d d l t l o n a l  l l f t  due t o  s l l p -  
s t r e a n  on the  unshlelded wlng, produce a condition commonly r e f e r r e d  t o  a s  r o l l  
due t o  yaw. Thls condlt ion i s  normally countered by a l l e r o n  and rudder appl lca-  
t ion  t o  t h e  opposlt,e s lde ,  but  becomes uncontro l lable  a t  low airspeeds where 
con t ro l  su r face  effectiveness 1s low. There IS, then, a p o l n t  where t h e  Induced 
r a l l l n g  moment 1s hlgher than t h e  countering moment produced by c o n t r o l  surface  
de i l ec t lons .  

I n  an e f f o r t  t o  explore all f a c e t s  of c o n t r o l  d l f f l c u l i ~ e s  t h a t  may have 
been encountered by t h e  crew of N 5533, the  C l n l  Aeronautics h a r d  demsed and 
observed a s e r l e s  of t e s t s  u t l l l z l n g  an E l e c t r a  L-188 f l l g h t  simulator 07wned by 
Watlonal A l r l l n e s  and c e r t l f l c a t e d  by t h e  Federa l  A n a t l o n  Agency. While recog- 
n lz lng  t h e  l m t a t ~ o n s  of the  t r a m e r ,  t h e  t e s t s  were designed t o  slmulate Lhe 
c o n d ~ t l o n s  of alrspeed,  altitude, and, Insofar  a s  poss ib le ,  var lous  power mLer- 
rup t lons  whch rnlght have affec+,ed the  sub jec t  f l l k h t .  These t e s t s  provlded the  
Board, through q u a l l t a t l v e  observation, a more thorough undsrstandmg of the 
complex problems confrontlnq t h e  Lrew of rJ 5533 durlng the f a t a l  emergency. The 
r e s u l t s  of t h e  t e s t s  made by q u a l h ~ e d  E l e c t r a  p l l o t s  who f lew t h e  t r a i n e r  under 
c o n d l t ~ o n s  s imula l lne  those t h a i  p ~ ~ w d l l e d  a t  Boston demonstrated t h a t  c o n t r o l  of 
the a l r ~ r a f t ,  under such cond~t lon; ,  could have been an insurmountabls LCISK. 

The t o t a l  tune from t h e  s t a r t  of takeoff  u n t l l  t h e  crash w a s  47.5 seconds. 
It i s  belleved t h a t  t h e  takeoff  r o l l  ann l l f t - o f f  were normal. The tune reaulred 



t o  the l l f t - o f f  polnt  w2s 20 seconds. The speed would have been approxmatdy  
1 2 1  knots, whlch was V: ( o r  the  exls t lng condltlons. It i s  therefore evldent 
t ha t  the  alrplane was m the a l r  approxmately 27.5 seconds. 

Based on the r e l a t l v e  locations of the  b l r d  carcasses and the polnt of 
l l f t - o f f ,  ~t 1s concluded t h a t  the  a l r c r a f t  struck the  b l rds  approxmately slx 
seconds a f t e r  l l f t - o f f .  Assunung a reasonable acceleration of 2 knots per second, 
the speed a t  t h l s  polnt  would have been about 133 h o t s .  A l l -  1 second f o r  
lngestlon t o  occur, i t  wovld then requlre an estimated a d d l t l m a l  6 seconds f o r  
t o t a l  power recovery excludmg the No. 1 engme. There would then be a perlod d 
1b.5 seconds remalnlng durlng whahlch the a l r c r a f t  was i n  the a x .  T h s  1b.5 
seconds would be fur ther  reduced by a 3-second ~ n t e r v a l  allowed f o r  t h e  au-craft 
t o  plunge uncontrolled ln to  t he  bay. It 1s recognized tha t  these t m e s  a r e  e s t i -  
mated, but it i s  belleved they are  su f f l c l en t ly  accurate to  emphaslae the e x t r a ~ e l x  
short  perlod of tune (appromamatdy ll t o  1 2  seconds) t h a t  was aval lable  to  t he  
p l l o t  t o  take effective corrective actlon.  

From all the endence a v a l a b l e ,  the  Board concludes t h a t  about 27 seconds 
a f t e r  the  takeoff r o l l  commenced and 7 seconds after l l f t - o f f ,  engmes Nos. 1, 2, 
and L lngested s ~ f f l c l e n t  numbers of b l rd s  t o  cause losses  of powe~ on these 
englnes and t h a t  Nos. 2 and b recovered i n  the  manner prevrously descrlbed. 

More mportant,  however, the Board belleves t h a t  the key to t h e  severity, 
and probably t o  the occurrence of the accident, l l e s  i n  the unlque and c r l t l c a l  
sequence of a rap ld ly  occurring cham of events. 

F l r s t ,  the more complete l o s s  of power on the l e f t  slde than on the r l g h t  
s t a r t ed  the a l r c r a f t  turrnng to the l e f t  whlle i ts  alrspeed was decaylng as a 
r e s u l t  of the overa l l  porser loss .  The f a c t  t h a t  the No. l p ~ c p e l l e r  r a t h e  than 
an lnbnar-d proneller autofenthered, wnlle not c r l t l c a l  l n  i t s e l f ,  was m r e  undesir- 
able l n  that  it increased the degree of asynrmetry of any power comblnatlons on the 
r l g h t  slde. 

The TJo. 2 en$ln? flameout. c o u ~ l e d  v l t h  only a p a r t l a l  l o s s  of power on 
No. 4, placed tne a l r c r a f t  i n  a condltlon of h a n g  no power on the l e f t  s lde  and 
substantial power on the r l gh t .  Thls produced a severe yaw t o  t he  l e f t  whlch was 
fur ther  aggravated by No. b englne recovermg full  power pr lor  t o  the r e l l g h t  and 
recovery of No. 2. 

The h g h  yaw angle, a s  e a r l l e r  descrlbed, produced a drag of such magrntude 
t h a t  the subsequent recovery of No. 2 englne could not a r r e s t  the  rapid decrease 
I n  speed before the a l r c r a f t  s ta l led .  The recovery of No. 2 englne, w h l e  it re- 
duced the degree of asymmetry, could not compensate for  the ]ugh-powe~ condlhon 
on the r l g h t  slde. Wlth some degree of asymmetric power st111 producing l e f t  yaw 
and r o l l ,  coupled m t h  the e f f ec t s  of r o l l  due t o  yaw, and m t h  the a x c r a f t  
rapldly enterlng a stall regme, r o l l  control  effectiveness degenerated and the 
a l r c r a f t  ro l l ed  fa r ther  to  t he  l e f t ,  s ta l led ,  and entered a spin.  The only re- 
covery from such a s l t ua t lon  pr lor  t o  t h e  spln would have been t o  reduce power 
and lower the nose t o  regarn control  and alrspeed. Recovery m ttus case was 
lmposslble slnce the 100-to 1 9 - f o o t  a l t l t ude  was lnsuf f lc len t  m an a r c r a f t  of 
the  Elec t ra t s  dmenslons and speed re~ulrements .  

It 1s not unreasonable t o  assume t h a t  b u d s  may have.s,truck the n n d s h e l d  
and may also have plugged one or both p l t o t  heads. The startling e f fec t  of the 



nolse generated by the b l rd  s t r l k e  and mpalrment of forward v l s l b l l ~ t y ,  i n  
conjunction m t h  a posslble l o s s  of alrspeed indlcatlon,  would certainly be 
d ~ s t u r b l n g  elements i n  an already c r l t r c a l  s l tuat lon.  NelLher the outer xnnd- 
shlcld panels nor the p l t o t  heads were recovered; therefore, no proof can be 
offered. 

The Board concludes t ha t  emergency condltlons of great  complexity were 
th rus t  upon the crew m an lncreaslngly deleterious envlronment, and t h a t  human 
capabl l l t res  of perception, recognltron, analysis, and reactron were insuf f lc len t  
In  the  tune and space r e s t r l c t l ons  of t h l s  accrdent t o  accomplish restoration of 
posl t lve  performance control .  

It has also been determ~ned tha t  there  was no s t ruc tu ra l  f a l l u r e  or mechan- 
r ea l  malfunction of the  a r c r a f t ,  other than has already been discussed, whlch 
cnntrlbuted to  the cause of t h e  accldent. 

A s  a r e su l t  of t h l s  accldent and pursuant t o  sect ion 701(a)(3) of the 
Federal Avlatlon Act of 1958, the  Clvil  Aeronautrcs Board recommended on December 5, 
1960, t o  the  Adnunlstrator of the  Federal Avlatlon Agency t h a t  a baslc research 
proErdm be l ru t r a t ed  by the FAA amed a t  lmprovlng the tolerance of a l l  tu rbme 
enelnes t o  b l rd  mngestlon. It was also recommended t h a t  a study be made of the  
mcms of precluding blrd en t ry  Into turbine englnes. A cmprehensive program of 
rescarch lrito turhlne englne brrd ~ n g e s t r o n  has slnce been l n l t l a t e d  by the FAA. 
[riforrnatlon obtalned as  a r e s u l t  of varlous t e s t s  whlch7have been conducted thus 
Jar 1s  belng analyzed and should prove srgnlf lcant  m preventing accidents of t h i s  
type i n  the future.  

The lnvestlgatlon disclosed the f l r s t  f a l u r e  polnts of the s ea t  and sea t  b e l t  
attschnents and also plnpolnted mjury-producing envlronment w1thI.n the cabln. In 
vlew of these fln&n::s, recomrnendatlons were made by the Board soon a f t e r  the  a w l -  
dent wrth the objective of enhancing passenger sa fe ty  aspects of the Electra  L-188 
aircraft. Sased on these recommendatlons, considerable research \ a s  engendered 
whch it i s  hoped w r l l  r e s u l t  m an overal l  mprovement i n  passenger safety.  

Probable Cause 

The Board deternmes t h a t  the  probable cause of t h l s  accrdent was the unlque 
and c r r t l c a l  sequence of the loss  and recovery of englne power following b i rd  
~nges t lon ,  resn l t lng  I n  l o s s  of alrspeed and con t ro l  durlng takeoff. 

BY THE C I V I L  AERONAUTICS BOARD: 

/s/ ALAN S. BOYD 
C ha Irman 

/s/ ROBERT T. NURPHY 
V ~ c e  Chalrman 

/s/ CHAN GURlJM 
Member 

/s/ G. JOSEPH MINETTI 
Member 

/s/ WHITNEY GILLILLAND 
Member 



S U P P L E M E N T A L  D A T A  - - - - - - - - - - - -  - - - -  
Investlgatlon and Hear lng 

The C I V J . ~  A~rorlnutlcs Roarti was no t l f l ed  of t h l s  accldent a t  6:15 p.m. 
on October ir, 1960. CAB I n v e s t l r a t c ~ ;  were imnedlately &spatched t o  the scene 
and an mnvestl::atlon m t l a t e d  and conducted l n  accordance mt,h the provlslons 
of T l t l e  VII of the Federal Avlatlon Act of 1958. A publlc heal-lng wa3 ordered 
by the Board and neld m the audltorlum of the A l r  1Jdtlonal Guard headquarters, 
Logan International Alrport, Boston, Plassachusetts, on January 11, 12, and 13, 
1961. 

Eastern A l r  Llnes holds a current c e r t l f l c a t e  of publlc convenience and 
necessity lssueti by the Csvll Aeronautics Board t o  engage m i.he transportation 
of persons, p r o p ~ r t y ,  ,md mall. I t  alco possesses a va l ld  a l r  ca r r l e r  operatmg 
c e r t l f l c a t e  lssued by the Federal Avlatlon Agency. 

Fllght Personnel 

Captaln C i r t l s  W. Fl t t s ,  age 59, was employed by Eastern A l r  i , lnes 
December 13, 1934. He held a ~ a l l d  FAA a l r l l n e  t ransport  p l l o t  certificate wlth 
r l t l n r ,  f u r  thr: l"I~rt,ln 702, 404, Convalr 240, 340, 440, DC-4, DC-6, DC-7, Lock- 
hzed Co~istclldt~lon, and L-123. Captaln F l t t s  had a t o t a l  of 23,195 flying hours 
of whlch 1,053 were i n  the L-188. 111s l a s t  FAA Class I physlcal examlnatlon was 
glven on July 20, 1960. He had recelved a l l n e  check on Hay 29, 1960, and an 
lllstr mcnt  check on A ~ r l l  7, 1960. 

P l lo t  Pfartln J .  Callo~cly was ernpl-oyed a5 a p l l o t  by Eastern A l r  Llnes on 
October 5, 1953. He held a val ld  FAA a l r l l n e  t ransport  p l l o t  c e r t l h c a t e  wlth 
ra t lngs  f o r  Plartm 202, 404, Convalr 240, 340, and h40. He had a t o t a l  of 5,820 
f l p n g  hours of wh~ch 201 rrere i n  the L-188. 111s l a s t  FAA Class I p h ~ s l c a l  exam- 
natlon was glven Flarch 1 7 ,  1960, ana a l l n e  check June 7, 1960. 

Fl lght  Ensneer  ?!alcolm M, Hall was employed by Eastern h r  Llnes December 7, 
1953. He held a va l ld  FAA f l l g h t  enrlneer c e r t l f l c a t e  and an a u f r m e  and power- 
plant mechanlc cc r t l f l ca t e .  He had n t,otdl nf 7,796 flymi: hours of whlcli 369 
were 1n the L-188. I@. IIall ls  l a t e s t  FAA Class I1 physxcal e r~mlna t~ ion  was taken 
December 14, 1959. 131s l a s t  l l n e  check was glven May 20, 1960. 

The Alrcraf t  

The a l r c r a f t  was a Lockheed Electra,  node1 L-188, U. S. Registry N 5533, 
owned and operated by Eastern A l r  Lmes. It was manvrnctured on June 8, 1959, 
s e r l a l  No. 1062. The t o t a l  tlme on the 2lrfram.e was 3,526: 29 hoilrs. 

The englnes were Alllson model 501-Dl3 m t h  Aeroproducts p r o ~ e l l s r  moael 
~ 6 4 4 ~ ~ - 6 0 6 .  No. 1 englne had a total- tune of 2,  C ; 1  5L hours, No. 2 - 2,707046 
hours, No. 3 - 2,783:06 hours, and No. 4 - 3,144:04 hours. 




