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16 .Abstract  

Nat iona l  Jet Serv ices ,  I n c . ,  as a passenger  c h a r t e r  f l i g h t  t o  t r a n s p o r t  t h e  
Univers i ty  of Evansv i l l e  b a s k e t b a l l  t e a m  and a s soc ia t ed  personnel  from Evansv i l l e ,  
Ind iana ,  t o  Nashvi l le ,  Tennessee, crashed w i t h i n  t h e  boundaries  of t h e  Evansv i l l e  
Dress Regional A i rpo r t ,  Indiana.  
meteoro logica l  cond i t ions .  
t a k e o f f .  A l l  29 persons aboard d i ed  i n  t h e  c rash .  

A t  1922:22 c . s . t .  on December 13,  1977, a Douglas DC-3, N51071, opera ted  by 

The a i r c r a f t  depar ted  runway 18  i n  instrument  
The c ra sh  occurred less than  1 minute 30 seconds a f t e r  

The Nat iona l  T ranspor t a t ion  Sa fe ty  Board determines t h a t  t h e  probable  cause of 
t h e  acc iden t  w a s  an at tempted takeoff  wi th  t h e  rudder  and r i g h t  a i l e r o n  c o n t r o l  locks 
i n s t a l l e d ,  i n  combination wi th  a rearward c .g . ,  which r e s u l t e d  i n  t h e  a i r c r a f t ' s  
r o t a t i n g  t o  a nose-high a t t i t u d e  immediately a f t e r  takeoff  and e n t e r i n g  t h e  reg ion  
of reversed  command from which t h e  p i l o t  w a s  unable  t o  recover .  Cont r ibu t ing  t o  t h e  
acc iden t  w a s  t h e  f a i l u r e  of t h e  f l i g h t c r e w  t o  i n s u r e  t h a t  t h e  passenger  baggage w a s  
loaded i n  accordance wi th  t h e  conf igu ra t ion  contained on t h e  load mani fes t .  Thei r  
f a i l u r e  r e s u l t e d  i n  a rearward c e n t e r  of g r a v i t y  t h a t  w a s  a f t  of t h e  optimum range,  
bu t  forward of t h e  rearmost l i m i t .  
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NATIONAL TRANSPORTATION SAFETY BOARD 
WASHINGTON, D.C. 20594 

AIRCRAFT ACCIDENT REPORT 

Adopted: August 17, 1978 

NATIONAL JET SERVICES, INC. 
DOUGLAS DC-3, N51071 

EVANSVILLE DRESS REGIONAL AIRPORT, INDIANA 
DECEMBER 13, 1977 

SYNOPSIS 

At 1922:22 c.s.t. on December 13, 1977, a Douglas DC-3, N51071, 
operated by National Jet Services, Inc., as a passenger charter flight 
to transport the University of Evansville basketball team and associated 
personnel from Evansville, Indiana, to Nashville, Tennessee, crashed 
within the boundaries of the Evansville Dress Regional Airport, Indiana. 
The aircraft departed runway 18 in instrument: meteorological conditions. 
The plane crashed less than 1 minute 30 seconds after takeoff. All 29 
persons aboard died in the crash. 

The National Transportation Safety Board determines that the 
probable cause of the accident was an attempted takeoff with the rudder 
and right aileron control locks installed, in combination with a rearward 
c.g., which resulted in the aircraft's rotating to a nose-high attitude 
immediately after takeoff, and entering the region of reversed command 
from which the pilot was unable to recover. Contributing to the accident 
was the failure of the flightcrew to insure that the passenger baggage 
was loaded in accordance with the configuration contained on the load 
manifest. Their failure resulted in a rearward center of gravity that 
was aft of the optimum range, but forward of the rearmost limit. 
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1. FACTUAL INFORMATION 

1.1 His to ry  of t h e  F l i g h t  

About 1759 L/ on December 13,  1977, Nat ional  Je t  Se rv ices ,  
Inc . ,  Douglas DC-3, N51071, o p e r a t i n g  as  A i r  Indiana 216, departed 
I n d i a n a p o l i s ,  Indiana,  f o r  Evansv i l l e ,  Indiana.  The a i r c r a f t  had been 
c h a r t e r e d  by t h e  Un ive r s i ty  of E v a n s v i l l e ' s  A t h l e t i c  Department t o  
t r a n s p o r t  i t s  b a s k e t b a l l  team t o  Nashvi l le ,  Tennessee. I n  a d d i t i o n  t o  
t h e  c a p t a i n ,  f i r s t  o f f i c e r ,  and f l i g h t  a t t e n d a n t ,  two Nat ional  Je t  
Se rv ices ,  Inc . ,  o f f i c i a l s  were on board. The f l i g h t  landed a t  Evansv i l l e  
Dress Regional A i rpo r t  about 1900, t a x i e d  down t h e  ramp p a s t  t h e  passenger 
t e r m i n a l ,  and parked i n  f r o n t  of T r i  State  Aero, I n c . ,  t o  load passengers.  
Both engines  were s h u t  down a f t e r  t h e  a i r c r a f t  stopped. The f l i g h t  had 
been delayed by weather a t  I n d i a n a p o l i s  and, based on t h e  s c h o o l ' s  
schedule  f o r  t h e  t r i p ,  i t  w a s  about 3 h r s  l a te  when it landed. 

The boarding passengers  c a r r i e d  t h e i r  luggage and team equipment 
from T r i  S t a t e  Aero, I n c . ' s ,  lounge t o  t h e  a i r c r a f t .  A f t e r  t he  baggage 
was loaded and t h e  passengers  were boarded, t h e  doors w e r e  c lo sed ,  and 
t h e  engines were s t a r t e d .  Ground wi tnesses  s t a t e d  t h a t  t h e  start  w a s  
normal wi th  no d i f f i c u l t i e s .  

A t  1912:17 A i r  Indiana 216 requested i t s  IFR c l ea rance  from 
Evansv i l l e  ground c o n t r o l .  (From t h e  ATC tower t apes ,  t he  company's 
d i r e c t o r  of o p e r a t i o n s  determined t h a t  t he  f i r s t  o f f i c e r  w a s  conducting 
a l l  communications between t h e  f l i g h t  and t h e  tower.) 
f l i g h t  requested t a x i  c l ea rance  and w a s  c l e a r e d  t o  runway 18. 
of t a x i  w a s  v i a  taxiway F. 

A t  1912:41 t h e  
The r o u t e  

A t  1915:53 Evansv i l l e  ground c o n t r o l  informed A i r  Indiana 216 
t h a t  t h e  weather w a s  "measured fou r  hundred ove rcas t ,  v i s i b i l i t y  t h r e e  
q u a r t e r s ,  l i g h t  r a i n  and fog." The f l i g h t  acknowledged t h e  t ransmission.  
A t  1916:11, Evansv i l l e  ground c o n t r o l  c a l l e d  t h e  f l i g h t  and d e l i v e r e d  an 
I F R  c l ea rance  t o  Nashv i l l e ;  t h e  f i r s t  o f f i c e r ' s  readback w a s  c o r r e c t .  

A t  1919:32 A i r  Indiana 216 w a s  c l ea red  i n t o  p o s i t i o n  on runway 18 
and w a s  t o l d  t o  hold u n t i l  Delta F l i g h t  619, a Douglas DC-9-30, departed 
from runway 22. Runways 1 8  and 22 i n t e r s e c t  a t  t h e  southwest p o r t i o n  of 
t h e  a i r p o r t .  (See Appendix E . )  

A t  1919:50 Delta 619, t hen  a i r b o r n e ,  w a s  c l e a r e d  t o  con tac t  
d e p a r t u r e  c o n t r o l .  A t  1919:54 t h e  l o c a l  c o n t r o l l e r  caut ioned A i r  
Indiana 216 about wake turbulence from t h e  depa r t ing  DC-9 and i s sued  
takeoff  c l ea rance .  A t  1920:OO t h e  f l i g h t  acknowledged t h e  c l ea rance  and 
began the  takeoff  r o l l .  A t  1921:33 t h e  l o c a l  c o n t r o l l e r  c l e a r e d  A i r  
Indiana 216 t o  d e p a r t u r e  c o n t r o l ;  3 secs la te r  A i r  Indiana 216 answered 
"standby." 

- 1/ 

Thi s  w a s  t h e  las t  known transmission from t h e  f l i g h t .  

A l l  t i m e s  h e r e i n  are c e n t r a l  s tandard t i m e  based on t h e  24-hour c lock.  
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A t  1922:12 and 1922:18 t h e  l o c a l  c o n t r o l l e r ,  a f t e r  n o t i n g  what 
h e  desc r ibed  as an  "abnormal" r o a r  of engines ,  made two unsuccess fu l  
a t t e m p t s  t o  c o n t a c t  A i r  Indiana 216. H e  s t a t e d  t h a t  he i n i t i a t e d  t h e  
c r a s h  alarm a f t e r  he s a w  t h e  f i r e b a l l .  A t  1922:24, one of t h e  c o n t r o l l e r s  
shouted "Oh, h e ' s  crashed." 
t h e  p l ane  crashed about 1922:22. 

Since t h i s  remark w a s  made a f t e r  t h e  impact, 

The l o c a l  c o n t r o l l e r  t e s t i f i e d  t h a t  A i r  Indiana 216 had no t  
reached t h e  runway when he turned h i s  a t t e n t i o n  t o  t h e  DC-3 a f t e r  v i s u a l l y  
c l e a r i n g  t h e  DC-9 through t h e  i n t e r s e c t i o n  of runways 18 and 22. H e  
s a i d  t h a t  t h e  DC-3 w a s  n o t  on t h e  runway when he c l e a r e d  i t  t o  t a k e  o f f .  
The DC-3 tu rned  d i r e c t l y  t o  t h e  runway from taxiway F,  and w a s  t a x i e d  
slowly. 
t h e  a i r c r a f t  w i th  t h e  runway c e n t e r l i n e ,  "and I noted t h e  a i r c r a f t  
f i s h t a i l .  The t a i l  moved l a t e r a l l y  once o r  t w i c e . "  H e  t e s t i f i e d  t h a t  
t h e  t o t a l  time t o  t a x i  on to  t h e  runway and start t h e  takeoff  w a s  30 t o  
35 secs .  

According t o  t h e  c o n t r o l l e r ,  t h e  p i l o t  "took some t i m e "  a l i g n i n g  

The l o c a l  c o n t r o l l e r  d i d  n o t  see t h e  DC-3 t u r n  wh i l e  he had i t  
i n  s i g h t .  H e  s a i d  t h a t  he s a w  t h e  a i r c r a f t  r o t a t e  and, "it w a s  ou t  of 
s i g h t  almost i n s t an taneous ly . "  H e  c l e a r e d  A i r  Indiana 216 t o  d e p a r t u r e  
c o n t r o l  a f t e r  he l o s t  s i g h t  of t h e  a i r c r a f t ,  and he e s t ima ted  t h a t  t h e  
f l i g h t  w a s  about 1 / 2  t o  1 m i  sou th  of t h e  f i e l d  when t h e  c l e a r a n c e  w a s  
i s sued .  

S e v e r a l  w i tnes ses  s a w  and heard A i r  Indiana 216 t a k e  o f f .  
The m a j o r i t y  of t h e s e  witnesses  s t a t e d  t h a t  t h e  a i r c r a f t  w a s  a i r b o r n e  
and about  20 t o  50 f t  high i n  f r o n t  of t h e  t e rmina l  bu i ld ing .  Two 
w i t n e s s e s ,  l o c a t e d  i n  T r i  S t a t e  Aero's l i n e  shack about 2,000 f t  from 
t h e  th re sho ld  of runway 18 s t a t e d  t h a t  t h e  DC-3 w a s  a i r b o r n e  when it  
passed t h e i r  p o s i t i o n .  One wi tness ,  l o c a t e d  about 750 t o  1,000 f t  sou th  
of t h e  t e r m i n a l ,  s a i d  t h a t  t h e  DC-3's t a i l  came up, and t h a t  i t  "broke 
ground" b e f o r e  reaching t h e  t e rmina l  bu i ld ing .  H e  s a i d  t h a t  t h e  a i r c r a f t  
"popped" o f f  t h e  ground. I n  response t o  f u r t h e r  ques t ion ing  r ega rd ing  
t h e  l i f t o f f ,  t h e  wi tnes s  s a i d  t h e  a i r c r a f t  w a s  "pul led o f f . "  

Two w i t n e s s e s  on t h e  passenger t e rmina l  ramp s t a t e d  t h a t  t h e  
DC-3 en te red  a nose-high, s t e e p  cl imbing l e f t  t u r n  s h o r t l y  a f t e r  l i f t -  
o f f .  One w i t n e s s  e s t ima ted  t h a t  t h e  a i r c r a f t  w a s  i n  a 15" t o  18" nose- 
up a t t i t u d e  and s a i d  t h a t  he "d idn ' t  t h i n k  he could make it ,  he w a s  
going t o  s t a l l  from t h e  a t t i t u d e  of t h e  a i r p l a n e . "  
s t a t e d  t h a t  t h e  a i r c r a f t  en t e red  a s t e e p  climbing l e f t  t u r n  a t  a 45" 
bank a n g l e  about 25 f t  above t h e  runway, and t h e  t u r n  began about 2,500 f t  
beyond t h e  th re sho ld  of runway 18. The wi tnes ses  agreed t h a t  t h e  
a i r c r a f t  w a s  on an  eas t - sou theas t  heading when it reached t h e  i n t e r s e c t i o n  
of taxiway B and runway 22. (See Appendix E . )  

Both wi tnes ses  

Most of t h e s e  wi tnes ses  agreed t h a t  t h e  engine n o i s e  w a s  
normal. One wi tness ,  a Delta A i r l i n e  mechanic wi th  e x t e n s i v e  DC-3 
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experience,  s t a t e d  t h a t  he could hea r  "the engines good, a t  what I would 
c a l l  good normal takeoff  power, no overspeed. They w e r e  i n  'sync'  and 
nothing I could hea r  w a s  wrong." 
r i g h t  a f t e r  l i f t o f f ,  s t a t e d  t h a t  he s a w  t h e  l and ing  gea r  r e t r a c t i n g .  

Another w i tnes s ,  who s a w  t h e  DC-3 

Some wi tnesses  agreed t h a t  t h e  a i r c r a f t  climbed up i n t o  t h e  
Only two wi tnesses  on t h e  ramp were a b l e  t o  see e i t h e r  t h e  ove rcas t .  

a i r c r a f t  o r  i ts  nav iga t ion  l i g h t s  throughout i ts  e n t i r e  f l i g h t .  According 
t o  one of t h e s e  wi tnes ses ,  t h e  a i r c r a f t  en t e red  a l e f t  bank s h o r t l y  
a f t e r  l i f t o f f  and climbed t o  about 50 f t  a.g.1. The l e f t  bank remained 
f a i r l y  cons t an t ,  and t h e  plane turned i n s i d e  of a housing development 
s o u t h e a s t  of t h e  a i r p o r t .  Its h i g h e s t  a l t i t u d e  w a s  about t he  he igh t  of 
t h e  top of t h e  water tower w e s t  of t h e  f i e l d .  The tower is  135 f t  above 
f i e l d  e l e v a t i o n .  Th i s  w i tnes s  s t a t e d  t h a t  he heard an exp los ive  n o i s e ,  
l i k e  a shotgun b l a s t ,  followed by a power r educ t ion  while  t h e  a i r c r a f t  
w a s  i n  i t s  l e f t  bank and " w a s  going away from me a t  the  time." 
b e l i e v e d  t h e  a i r c r a f t  w a s  over t h e  r a i l r o a d  t r a c k s  when t h i s  occurred. 
(See Appendix D.) 

H e  

The second of t h e s e  two wi tnesses  s t a t e d  t h a t  t h e  a i r c r a f t  

H e  t hen  heard an "extreme amount of 
completed a l e f t  t u r n  be fo re  reaching taxiway B y  "and w a s  (on) a heading 
of approximately 110' t o  120'." 
power" being added, t h e  a i r c r a f t  assumed an "extreme nose-high, t a i l - l ow 
a t t i t u d e , "  climbed i n t o  t h e  ove rcas t ,  and disappeared f o r  an i n s t a n t .  
The a i r c r a f t  reappeared i n  a nose-low a t t i t u d e  on "approximately a 
northbound heading and swooped low i n t o  t h e  housing p r o j e c t  around 
Twickingham, then  made another  c o n t r o l  c o r r e c t i o n ,  came up above the  
trees j u s t  n o r t h  of what would be Twickingham . . . . I '  

The a i r c r a f t  then turned eastbound away from t h e  a i r p o r t  and disappeared 
from h i s  view 1 t o  2 s e c s  later.  S h o r t l y  t h e r e a f t e r ,  he s a w  t h e  a i r c r a f t  
on a westbound heading descending toward t h e  a i r p o r t .  
t h e  e a s t e r n  boundary of t h e  a i r p o r t ,  "the engine rpm and t h e  engine 
i n t e n s i t y  seemed t o  i n c r e a s e ,  and about 1 t o  2 s e c s  a f t e r  t h e  engine 
i n c r e a s e ,  t h e  a i r c r a f t  s t r u c k  t h e  ground and b u r s t  i n t o  flames; about a 
h a l f  a second later t h e r e  was a muffled exp los ive  noise ."  

(See Appendix D.) 

A s  i t  approached 

Two w i t n e s s e s  i n  t h e  housing development east of t h e  f i e l d  s a w  
and heard t h e  a i r c r a f t  j u s t  b e f o r e  i t  crashed.  One wi tness  s t a t e d  t h a t  
when she  heard t h e  plane,  i t  sounded l i k e  i t  w a s  too low. When t h e  DC-3 
came i n t o  view, i t  w a s  descending, and w a s  "dipping w i l d l y  from s i d e  t o  
s ide . "  The a i r c r a f t  w a s  f l y i n g  low a long  t h e  w e s t  border  of t h e  housing 
development. The p l ane  then  veered t o  t h e  r i g h t  and was l o s t  from h e r  
view. Seconds later,  t h e  wi tnes s  s t a t e d  t h s t  t h e  engine n o i s e  inc reased ,  
i t  became "tremendous ,'I t hen  ceased; t h e r e  w a s  " t o t a l  s i l e n c e "  followed 
by a "thud--very d u l l . "  
northwest  co rne r  of t h e  housing development s t a t e d  t h a t  he s a w  a DC-3 
approach from t h e  southwest. It appeared t o  have e i t h e r  s t r u c k  o r  j u s t  
c l e a r e d  t h e  trees i n  h i s  backyard. H e  s a i d  t h e  a i r c r a f t  had i t s  landing 
l i g h t s  on, and he s a w  t h e  cab in  l i g h t s .  The p l ane  w a s  i n  a l e f t  bank, 

The o t h e r  witness ,  who w a s  l o c a t e d  i n  t h e  
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had i t s  nose up, and w a s  t r y i n g  t o  g e t  ove r  and away from t h e  house and 
trees. H e  noted t h a t  t h e  eng ines  were making a s t r a n g e  n o i s e ,  " l i k e  
they  were p u l l i n g  a g a i n s t  each o t h e r , "  and tha t , t he  n o i s e  continued f o r  
a b o u t  10 secs t o  15 secs; then,  "it w a s  as i f  t h e  engines  were turned 
o f f  l i k e  a r ad io .  I heard no c r a s h  o r  explosion."  Complete s i l e n c e .  

The a i r c r a f t  s t r u c k  two trees almost due east of t h e  a i r p o r t ' s  
passenger  t e rmina l .  (See Appendix D. )  P i e c e s  of l and ing  l i g h t  l e n s ,  
s t r o b e  l i g h t  l e n s ,  and t h e  green r i g h t  wing n a v i g a t i o n  l i g h t  were found 
around t h e s e  trees. The e l e v a t i o n  a t  t h e  s i te  w a s  400 f t  m . s . 1 ,  The 
trees were o r i e n t e d  on a n  east-west l i n e  and w e r e  about  40 f t  a p a r t .  
The midpoint between them w a s  about  2,815 f t  east of t h e  c e n t e r l i n e  of 
runway 18. 
52 f t  above t h e  ground; t h e  t o p  of t h e  broken branches of t h e  o t h e r  tree 
w a s  4 4  f t  a .g . l . ,  and t h e  a n g l e  formed by t h e  b reaks  w a s  about  11.3'. 

The top  of t h e  broken branches on t h e  eastern-most tree w a s  

The c r a s h  s i t e  was almost due east of taxiway H about  4,450 f t  
east of t h e  c e n t e r l i n e  of runway 18, and about  1,500 f t  almost due east 
o f  t h e  tree s t r i k e .  The a i r c r a f t  crashed du r ing  t h e  hours  of darkness ,  
a n d  t h e  29 persons on t h e  a i r c r a f t  were k i l l e d .  The c o o r d i n a t e s  of t h e  
c r a s h  site are 38'02'N, 87"31'W. 

1.2 I n j u r i e s  t o  Persons 

I n  j u r  ies C r e w  
_c 

F a t a l  3 
S e r i o u s  0 
Minor/none 0 

Passengers  

26 
0 
0 

Other 

0 
0 

1.3 Damage to  A i r c r a f t  

The a i r c r a f t  w a s  destroyed.  

1.4 Other Damage 

Branches were broken o f f  two trees, and l o c a l i z e d  ground f i r e s  
des t royed  s m a l l  trees n e a r  t h e  wreckage. 

1.5 Personnel  Information 

The p i l o t s  and f l i g h t  a t t e n d a n t  were c e r t i f i c a t e d  and q u a l i f i e d  
(See Appendix B.)  for the f l i g h t  i n  accordance w i t h  c u r r e n t  r e g u l a t i o n s .  

1.6 A i r c r a f t  Information 

The a i r c r a f t  w a s  c e r t i f i c a t e d  i n  accordance wi th  c u r r e n t  
r e g u l a t i o n s .  (See Appendix C. )  
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1 . 6 . 1  A i r c r a f t  Weight and Balance and Loading Information 

The maximum a l lowab le  takeoff  g r o s s  weight f o r  t h e  a i r c r a f t  
w a s  26,900 l b s .  The f o r e  and a f t  c e n t e r  of g r a v i t y  (c .g . )  l i m i t s  were 
11 t o  28 pe rcen t  MAC. The C i v i l  Aeronautic Adminis t ra t ion (CAA)-approved 
a i r p l a n e  f l i g h t  manual i s sued  i n  1953 when t h e  26,900-1b takeoff  weight 
and t h e  higher  performance engines  were approved, s ta tes ,  "The a i r p l a n e  
must be loaded wi th in  t h e  l i m i t s  of 11 percen t  t o  28 pe rcen t  of t h e  
MAC. 
pe rcen t .  I' 

The i d e a l  loading would p l a c e  t h e  c.g. a t  between 20 pe rcen t  t o  23 

The f i r s t  o f f i c e r  computed t h e  weight and balance f o r  t h e  
f l i g h t  using t h e  company's passenger and baggage loading t a b l e s  and load 
manifest  (Form 105A). The takeoff  weight w a s  26,748 l b s  and t h e  c.g. w a s  
23 percen t  MAC. However, he used t h e  wrong b a s i c  ope ra t ing  weight and 
index number and made mathematical e r r o r s .  

The S a f e t y  Board recomputed t h e  a i r c r a f t ' s  weight and balance 
by us ing  t h e  company's documents and procedures,  t h e  a i r c r a f t ' s  proper 
b a s i c  o p e r a t i n g  weight and index number, and t h e  same a d d i t i o n a l  d a t a  
used by t h e  f i r s t  o f f i c e r .  The r e s u l t a n t  takeoff  weight w a s  26,716 l b s  
and t h e  c.g.  w a s  23 pe rcen t  MAC. 

Because t h e  a i r c r a f t  broke up and burned on impact, i t  w a s  no t  

According t o  t h e  company's d i r e c t o r  of o p e r a t i o n s ,  t h e  
p o s s i b l e  t o  determine where t h e  baggage w a s  l o c a t e d  on t h e  p l ane  and 
then  weigh i t .  
Un ive r s i ty  supp l i ed  them wi th  t h e  baggage weights and t h e s e  weights  were 
used on t h e  Form 105A. The form f o r  t h i s  f l i g h t  d i s c l o s e d  t h a t  500 l b s  
of baggage w a s  t o  be loaded i n  compartment C ,  t h e  forward baggage compartment, 
and 1 2 4  l b s  i n  compartment H, t h e  a f t  baggage compartment. According t o  
t h e  witnesses, a l l  baggage, except  f o r  a few c l o t h i n g  bags c a r r i e d  
aboard t h e  a i r c r a f t  by passengers ,  w a s  loaded i n t o  t h e  a f t  baggage 
compartment. These wi tnes ses  s a i d  t h a t  t h e  a f t  baggage compartment w a s  
one h a l f  t o  t h r e e  q u a r t e r s  f u l l .  

The Un ive r s i ty  a l s o  supp l i ed  t h e  a c t u a l  passenger weights  t o  
t h e  company; however, t h e  passenger weights  on t h i s  manifest  had been . 

added i n c o r r e c t l y .  The a c t u a l  passenger weight w a s  4,515 l b s ,  i n s t e a d  
of 4,315 l b s .  
4,420 l b s ,  t h e  new weight i nc reased  t h e  takeoff  weight t o  26,811 l b s .  

Since t h e  passenger weight used on t h e  Form 105A w a s  

A s  a r e s u l t  of t h e  evidence concerning t h e  manner i n  which the  
baggage w a s  loaded, t h e  S a f e t y  Board made two a d d i t i o n a l  weight and 
ba lance  computations. The company's weight and balance computation 
t a b l e s  were used and only t h e  baggage loading c o n f i g u r a t i o n s  were changed. 
The takeoff  weight f o r  both computations w a s  26,811 l b s .  

The f i r s t  computation w a s  based on 100 l b s  of baggage i n  
compartment C and 524 l b s  i n  compartment H; a l l  o t h e r  d a t a  remained t h e  
same. The r e s u l t a n t  c.g.  w a s  26.8 pe rcen t  MAC. The second computation 
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was based on the entire 624 lb baggage load being placed in compartment H, 
and the resultant c.g. was 27.9 percent MAC. 

1.7 Meteorological Conditions 

The aircraft crashed in a south-southeasterly flow of air 
ahead of a cold front which was moving through Illinois and Missouri. 
The Evansville 1931 radar observation was, in part, as follows: An area 
8/10 covered by weak echoes containing light rain, no change in intensity 
during the last hour.... Maximum echo tops are uniform at 12,000 ft, 
aircraft accident. 

The pertinent surface weather observations taken by the National 
Weather Service at Evansville were, in part, as follows: 

1852, Sky condition - measured ceiling, 400 ft 
overcast; visibility--2 mi. 
1907, special: Indefinite ceiling 300 ft sky obscured, 
visibility--1 1/2 mi, light rain and fog, surface--wind 
120" at 6 kns, altimeter setting--29.88 in., visibility 
northeast--3/4 mi., light rain occasionally moderate 
rain. 

1915 special: Indefinite ceiling 300 ft sky obscured, 
visibility--3/4 mi., light rain and fog, surface wind-- - 
110" at 6-  kn, altimeter setting--29.87-in., light rain 
intermittently moderate rain. 

1925 local: Indefinite ceiling 300 ft sky obscured, 
visibility--3/4 mi. light rain and fog, temperature-- 
47"F, dewpoint--46"F, surface wind--110" at 5 kns, altimeter 
setting--29.87 in., light rain intermittently moderate 
rain, aircraft mishap. 

The 1852 observation was being broadcast on the Automated 
Terminal Information Service (ATIS) "Information Quebec." The 1907 
observation had been available to Evansville tower personnel on the 
Electrowriter equipment in the tower cab from 1910--2 min before initial 
contact with Air Indiana 216. The 1915 observation was available in the 
tower about 4 min before Air Indiana 216 was cleared for takeoff. The 
electro-writer equipment was not equipped with a visual or an aural alarm, and 
none was required. The tower personnel were not aware of the new weather 
observations, and as a result, Air Indiana 216 received incorrect takeoff 
weather. Although the weather conditions at takeoff were different from 
those given to the flight, the existing conditions were above the required 
IFR takeoff minimum of 1/4 mi. (See Appendix E.) 

The pilot of Delta Flight 619 noted that the cloud base was 
about 400 ft a.g.1.; that there was light to moderate precipitation; and 
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t h a t  h e  encountered no i c i n g ,  t u rbu lence ,  o r  a i r s p e e d  f l u c t u a t i o n s .  He 
a l s o  s t a t e d  t h a t  t h e  v i s i b i l i t y  w a s  more r e s t r i c t e d  on t h e  "north one-half 
o r  one-third of t h e  f i e l d  t h a n  t h e  s o u t h  end.. . .  It w a s  as though t h e  
c louds  were almost t o  t h e  s u r f a c e  o r  i t  w a s  foggy over t h e  n o r t h  30 t o  
40 percen t  of t h e  f i e l d . "  

Witnesses i n  t h e  housing development east of t h e  a i r f i e l d  
s t a t e d  t h a t  t h e r e  w a s  r a i n  and fog  i n  t h e i r  area. 

1.8 Aids t o  Navigation 

Not a p p l i c a b l e .  

1.9 Communications 

There were no communications problems r e l a t i n g  t o  t h i s  acc iden t .  

1.10 Aerodrome Information 

The E v a n s v i l l e  Dress Regional A i r p o r t  is  l o c a t e d  5 m i  north- 
east of Evansv i l l e ,  Indiana,  a t  an  e l e v a t i o n  of 418 f t  m . s . 1 .  (See 
Appendix E.) 
i s  8,021 f t  long and 150 f t  wide. 
f t  wide. A l l  runways are a s p h a l t  surfaced.  

Runway 18/36 is  5,088 f t  long and 150 f t  wide. Runway 4/22 
Runway 9/27 is 2,968 f t  long and 100 

Runways 18/36 and 9/27 are equipped wi th  medium i n t e n s i t y  
runway l i g h t s ;  however, runway 9/27 w a s  n o t  l i g h t e d  when F l i g h t  216 
crashed.  Runway 4/22 i s  equipped wi th  high i n t e n s i t y  runway l i g h t s  and 
runway end i d e n t i f i e r  l i g h t s  (REIL) are i n s t a l l e d  on runway 4 .  

Runways 22 and 18 i n t e r s e c t  a t  t h e  south p o r t i o n  of t h e  
a i r f i e l d  about 7,200 f t  from t h e  beginning of runway 22 and 3,700 f t  
from t h e  beginning of runway 18. 

Runway 18 i s  i n t e r s e c t e d  by f o u r  taxiways and runway 9/27. 
The approximate d i s t a n c e s  from t h e  n o r t h e r n  end of runway 18 t o  t h e  
midpoint of t h e s e  i n t e r s e c t i o n s  are as fol lows:  To taxiway F--200 f t ;  
t o  runway 9/27--1,600 f t ;  t o  taxiway H--2,200 f t ;  t o  taxiway D--2,700 
f t ;  and, t o  taxiway B--3,125 f t .  The d i s t a n c e  from t h e  c e n t e r l i n e  of 
runway 18 due east t o  mickingham Drive is  about 3,075 f t .  (See 
Appendix D. ) 

1.11 F l i g h t  Recorders 

F l i g h t  r e c o r d e r s  were n o t  i n s t a l l e d  on N51071, nor  were they 
r equ i r ed .  
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1.12 Wreckage and Impact Information 

The a i rc raf t  heading a t  impact w a s  about 200' magnetic. The 
i n i t i a l  impact marks c o n s i s t e d  of t h r e e  elongated craters which w e r e  
c r e a t e d  when t h e  a i r c r a f t ' s  nose,  l e f t  engine n a c e l l e ,  and r i g h t  engine 
n a c e l l e  h i t  t h e  ground. 
level t e r r a i n .  The major components of t h e  a i r c r a f t  came t o  rest a t  t h e  
edge of a r a v i n e  about  200 f t  beyond t h e  p o i n t  of i n i t i a l  impact. (See 
Appendix F.) Some p o r t i o n s  of t h e  wreckage were moved by r e scue  workers 
b e f o r e  wreckage l o c a t i o n  could be documented. 

The a i r c r a f t  crashed on s o f t ,  muddy, b u t  r e l a t i v e l y  

The a i r c r a f t ' s  f u s e l a g e  sepa ra t ed  i n t o  t h r e e  main segments 
a f t e r  impact. 
forward l e f t  s i d e ,  t op ,  and r i g h t  s i d e  s k i n  and a s s o c i a t e d  s t r u c t u r e .  
The p o r t i o n  of t h e  f u s e l a g e  con ta in ing  t h e  cockp i t  s t r u c t u r e  had been 
sub jec t ed  t o  s e v e r e  impact f o r c e s  and i n t e n s e  pos t c ra sh  f i r e .  

Postimpact f i r e  consumed a major p o r t i o n  of t h e  f u s e l a g e ' s  

The a f t  p o r t i o n  of t h e  f u s e l a g e ,  i nc lud ing  t h e  empennage 
forward t o  f u s e l a g e  s t a t i o n  (FS) 362 w a s  u p r i g h t ,  b u t  l y i n g  p a r t i a l l y  on 
i t s  l e f t  s i d e .  The f u s e l a g e  bottom from FS 583 forward had been crushed, 
t w i s t e d  t o  t h e  r i g h t ,  and t o r n  seve re ly .  A l a r g e  h o l e  had been t o r n  i n  
t h e  f l o o r  of t h e  a f t  baggage compartment. The p o r t i o n  of t h e  f u s e l a g e  
c o n t a i n i n g  the  c e n t e r  wing s e c t i o n  from wing s t a t i o n  (WS) 142 on t h e  
l e f t  s i d e  t o  WS 85 on t h e  r i g h t  s i d e  had sepa ra t ed  from t h e  f u s e l a g e  and 
r o t a t e d  t o  t h e  r i g h t  about  45". 

Both engines  d i sp layed  heavy impact and breakaway damage. The 
l e f t  engine w a s  found n e a r  t h e  cockp i t  wreckage. The r i g h t  engine w a s  
c l o s e  t o  t h e  r i g h t  s i d e  of t h e  f u s e l a g e  nea r  FS 450. 

The p r o p e l l e r  a s sembl i e s  had sepa ra t ed  from t h e i r  engines .  
The l e f t  assembly w a s  found under t h e  f u s e l a g e  nea r  t h e  r i g h t  engine.  
The r i g h t  p r o p e l l e r  assembly w a s  found forward and t o  t h e  r i g h t  of t h e  
i n i t i a l  impact p o i n t .  

The l e f t  wing s e p a r a t e d  from t h e  c e n t e r  wing a t  WS 142 and 
came t o  rest i n  an u p r i g h t  p o s i t i o n  about 35 f t  r i g h t  of t h e  cockp i t  
wreckage. 
r av ine .  
board t o  WS 43 ;  however, t h e  l and ing  l i g h t  assembly w a s  i n t a c t  and 
undamaged. 

The t i p  of t h e  wing extended about 3 f t  over  t h e  edge of t h e  
The l e a d i n g  edge had been damaged moderately from WS 142 out- 

The r i g h t  wing sepa ra t ed  from t h e  c e n t e r  a t  WS 85 and came t o  
The l e a d i n g  edge was rest i n  an  u p r i g h t  p o s i t i o n  a f t  of t h e  empennage. 

o r i e n t e d  o p p o s i t e  t h e  d i r e c t i o n  of impact, and t h e  r i g h t  w ing t ip  was 
r e s t i n g  on t h e  outboard end of t h e  l e f t  h o r i z o n t a l  s t a b i l i z e r .  

The wing pane l  planking between t h e  f r o n t  and rear s p a r s  and 
from WS 145 on outboard had buckled s e v e r e l y .  The l e a d i n g  edge had been 
s e v e r e l y  crushed and d i s p l a c e d  a f t  from WS 142 outboard t o  and inc lud ing  
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t h e  landing  l i g h t  cu tou t  area. The landing  l i g h t  l e n s ,  bu lb ,  and metal 
l i g h t  d e f l e c t o r  were missing.  

The r i g h t  wing t r a i l i n g  edge s t r u c t u r e  from WS 107 inboard t o  
about WS 98 had been bent  downward about 40".  The inboard edge of t h e  
a i l e r o n  a d j o i n s  t h e  wing s t r u c t u r e  a t  WS 107. The outboard co rne r  of 
t h e  t r a i l i n g  edge s t r i n g e r  and t h e  r i b  s t r u c t u r e  a t  t h e  WS 107 , juncture  
had been t o r n  wi th  a p o r t i o n  of t h e  t o r n  s k i n  ben t  downward. 

The outboard end of t h e  upper wing panel  and a s soc ia t ed  r i b  
s t r u c t u r e  a t  WS 107 ( s t a r t i n g  a t  a p o i n t  about 7 i n s .  forward of t h e  
t r a i l i n g  edge co rne r  t o  a po in t  about  19  i n s .  forward of t h e  t r a i l i n g  
edge corner )  had been buckled and r o l l e d  outward and downward. The 
s t i f f e n e r ,  pos i t i oned  about  12 i n s .  forward of t h e  t r a i l i n g  edge s t r i n g e r  
and p a r a l l e l  t o  t h e  t r a i l i n g  edge s t r i n g e r ,  had pene t r a t ed  through t h e  
r i b .  (See Appendix G,  f i g u r e s  1 through 7.) 

The landing  gear  and wing f l a p s  were r e t r a c t e d .  The l e f t  
h o r i z o n t a l  s t a b i l i z e r  had been compressed i n  a f o r e  and a f t  d i r e c t i o n  
from t h e  t i p  inboard t o  about  s t a t i o n  131. The l e f t  e l e v a t o r  w a s  i n t a c t  
and a t t ached  t o  t h e  s t a b i l i z e r ;  t h e  t i p  had been damaged on impact. 

The r i g h t  h o r i z o n t a l  s t a b i l i z e r ' s  l ead ing  edge w a s  s eve re ly  
crushed and d i sp laced  a f t  about 22 i n s .  a t  i t s  inboard end. 
assembly w a s  bent  about  50' downward with t h e  t i p  r e s t i n g  on t h e  ground. 
The r i g h t  e l e v a t o r  remained a t t ached  t o  t h e  s t a b i l i z e r  and w a s  damaged 
ex tens ive ly .  

The s t a b i l i z e r  

The rudder  assembly remained a t t ached  t o  t h e  ve r t i ca l  s t a b i l i z e r .  
The rudder  w a s  pos i t i oned  90' t o  t h e  l e f t  of t h e  ve r t i ca l  s t a b i l i z e r  
c e n t e r l i n e ,  and t h e  l e f t  and r i g h t  rudder s t o p  b o l t s  had been extended 
5/16 i n .  and 7/16 i n . ,  r e s p e c t i v e l y  (measured from t h e  top  of t h e  b o l t  
l ock  n u t ) .  The r i g h t  b o l t  w a s  bent  downward about  6". 

The f u s e l a g e  t a i l  cone assembly remained a t t ached  t o  the 
a f t  fu se l age  s t r u c t u r e .  The ver t ica l  t r a i l i n g  edge of t h e  t a i l  cone 
from a po in t  10  i n s .  down from t h e  top  r i b  had been bent  t o  t h e  l e f t  on 
about  a 50" plane.  
t h e  r i g h t  wi th  a severe buckle  a t  t h e  r i b  and r i g h t  s k i n  junc tu re .  The 
top r i b  a l s o  had been t o r n  and buckled on t h e  l e f t  s i d e  a t  t h e  l e f t  s i d e  
s k i n  t o  r i b  j u n c t u r e  1 2  i n s .  forward of t h e  v e r t i c a l  t r a i l i n g  edge. 
S i m i l a r  damage w a s  a l s o  noted on t h e  r i g h t  s i d e  of t h e  r i b  about  1 i n .  
forward o f  t h e  r i b  damage on t h e  l e f t  s i d e .  
through 11.)  

The uppermost r i b  of t h e  cone had been tw i s t ed  t o  

(See Appendix G ,  f i g u r e s  8 

The cabin  a r e a  broke open and d i s i n t e g r a t e d  dur ing  t h e  impact 
sequence. Except f o r  t h e  damaged t h r o t t l e  quadrant ,  p i e c e s  of each 
c o n t r o l  wheel, and t h e  p i l o t ' s  a t t i t u d e  i n d i c a t o r ,  no th ing  remained of 
t h e  cockpi t .  The t r i m  c o n t r o l  knobs were not  recovered and t h e  cockpi t  
c o n t r o l  s e t t i n g s  could n o t  be determined. 
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The e l e v a t o r  c o n t r o l  c a b l e s  had broken a t  t h e  midsect ion area 
o f  t h e  f u s e l a g e  du r ing  t h e  impact sequence. 3 h e  c o n t r o l  c a b l e s  were 
t r a c e d  a f t  from t h e  c o n t r o l  columns t o  t h e  break area, and then,  a f t  
from t h a t  p o i n t  t o  t h e  empennage. Within t h e  empennage area t h e  c o n t r o l  
c a b l e s  were i n t a c t  and a t t a c h e d  t o  t h e  horn assembly. 
o f  damage noted i n  t h e  area of t h e  bulkhead a t  FS 63, no o t h e r  evidence 
o f  damage t o  t h e  c o n t r o l  system w a s  discovered.  

With t h e  except ion 

The c o n t r o l  c a b l e s  are routed a f t ,  i n  p a i r s ,  from t h e  base  of 
t h e  c o n t r o l  columns through an  upper and lower r ace - t r ack  shaped h o l e s  
i n  a bulkhead beneath t h e  cockp i t  f l o o r  l e v e l  a t  FS 63.  A t  t h e  p o i n t  of 
passage through t h e  ho le ,  t h e  p a i r e d  c a b l e s  are pe rpend icu la r  t o  t h e  
bulkhead and are pos i t i oned  h o r i z o n t a l l y ,  s i d e  by s i d e .  The examination 
of t h e  h o l e s  showed t h a t  t h e r e  w e r e  a series of e q u a l l y  spaced grooves 
on t h e  bottom edge of t h e  upper r ace - t r ack  hole .  These markings were 
l i m i t e d  t o  t h e  forward face of t h e  h o l e  except  f o r  a small area on t h e  
a f t  f ace .  S i m i l a r  damage w a s  p r e s e n t  on o t h e r  areas of t h e  h o l e s '  edges; 
however, i t  w a s  much less marked, and t h e r e  w a s  no evidence of t h e  
grooving noted on t h e  lower f a c e  of t h e  hole .  There w a s  no evidence 
t h a t  t h e  swaged f i t t i n g ,  which a t t a c h e d  t h e  c a b l e  t o  t h e  base  of t h e  
c o n t r o l  column, impacted t h e  forward f a c e  of t h e  hole .  It appeared t h a t  
t h e  damage t o  t h e  h o l e  edges w a s  caused by c o n t a c t  w i th  a cab le .  

I n  a d d i t i o n  t o  t h e  damage noted above, t h e r e  was a gouge about 
1/32 of an inch  deep l o c a t e d  about  t h e  midpoint of t h e  r i g h t  s i d e  of t h e  
upper r ace - t r ack  hole .  The forward and a f t  s u r f a c e s  of t h e  bulkhead 
were l i p p e d  i n  t h e  areas of t h e  gouge, and t h e  l i pped  areas appeared 
equa l  i n  s i z e .  
and spaced f a r t h e r  a p a r t  t han  t h e  grooves i n  t h e  damage noted above. 
The gouge and t h e , g r o o v e s  w i t h i n  i t  were a t  an  a n g l e  of about 50" t o  t h e  
c a b l e .  The damage appeared t o  have been caused by c o n t a c t  w i th  a 
c a b l e .  

The gouge contained grooves which appeared t o  be deeper 

Except f o r  t h e  gouge a t  t h e  midpoint of t h e  r i g h t  s i d e  of t h e  
upper h o l e ,  t h e r e  w a s  similar damage t o  t h e  edge of t h e  lower r ace - t r ack  
h o l e .  However, t h e  damage noted on t h e  lower h o l e  w a s  no t  as severe. 

The m e t a l  r i g h t  a i l e r o n  c o n t r o l  l o c k  wi th  bungee cord a t t a c h e d  
w a s  found under t h e  r i g h t  wing a i l e r o n  assembly j u s t  outboard of WS 232. 
(See Appendix F . )  The p o r t i o n  of t h e  l o c k  which s l i d e s  between t h e  
a i l e r o n  and t h e  t r a i l i n g  edge wing s t r u c t u r e  w a s  covered wi th  rugging t o  
p r o t e c t  t h e  wing and a i l e r o n  when t h e  l o c k  is  removed and i n s e r t e d .  The 
rug material on t h e  s i d e  of t h e  lock  s l i d e  which i n t e r f a c e s  wi th  t h e  
t r a i l i n g  edge of t h e  r i g h t  wing had a marked depres s ion  a t  a po in t  
o p p o s i t e  t h e  p ro t rud ing  t r a i l i n g  edge s t r i n g e r .  (See Appendix F.) 

The metal rudder c o n t r o l  l o c k  w i t h  bungee cord and red s t reamer 
a t t a c h e d  w a s  found i n  t h e  mud about 25 t o  30 f t  behind t h e  empennage and 
t o  t h e  l e f t  of t h e  f u s e l a g e ' s  c e n t e r l i n e .  
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When t h e  wreckage of  t h e  a f t  fu se l age  s t r u c t u r e  w a s  removed, 
t h e  metal e l e v a t o r  c o n t r o l  l o c k  f e l l  o u t  of t h e  r i g h t  s i d e  of t h e  d i s rup ted  
fuse l age .  

1.13 Medical and Pa tho log ica l  Information 

Autopsies  of t h e  p i l o t ,  c o p i l o t ,  f l i g h t  a t t e n d a n t ,  and t h e  two 
company o f f i c i a l s  revea led  no evidence of preimpact i n c a p a c i t a t i o n .  A l l  
persons  had sus t a ined  m u l t i p l e  b lun t  f o r c e  trauma. In  a d d i t i o n ,  t h e  
c a p t a i n  and t h e  company o f f i c i a l ,  who had occupied t h e  cockpi t  observer  
jumpseat,  had sus t a ined  post-mortem burns.  

F i r e  - 1.14 

The a i r c r a f t  had about  1,700 l b s  of 100 oc tane  a v i a t i o n  gaso l ine  
onboard a t  impact. Although t h e r e  w a s  no evidence of i n - f l i g h t  f i r e ,  
f i r e  d i d  e r u p t  a f t e r  t h e  a i r c r a f t  s t r u c k  t h e  ground. 

1.15 Surv iva l  Aspects 

The acc iden t  w a s  n o t  su rv ivab le .  Except f o r  t he  p i l o t  and t h e  
observer ,  a l l  persons  were thrown f r e e  of t h e  wreckage; most occupants  
were found down t h e  s i d e  of t h e  rav ine ,  on t h e  r a i l r o a d  t r a c k s  below, 
and t o  t h e  south  of t h e  wreckage. According t o  t h e  rescue  workers,  
most of t h e  passengers  remained s t rapped  i n  t h e i r  seats. Although f o u r  
passengers  were found a l i v e ,  t h r e e  d i ed  s h o r t l y  a f t e r  being found and 
t h e  f o u r t h  d i ed  about 0025 on December 14, a f t e r  being taken t o  a h o s p i t a l .  

The a i r p o r t  f i r e  department and s e c u r i t y  o f f i c e  were a l e r t e d  
immediately a f t e r  t h e  crash.  The tower c o n t r o l l e r  telephoned the  Evansvi l le  
C i t y  F i r e  Department a t  1922:40. Fog prevented tower personnel  from 
determining p r e c i s e l y  t h e  l o c a t i o n  of t h e  f i r e .  

The a i r p o r t  f i r e  department d i spa tched  two crash-f i re-rescue 
(CFR) u n i t s  t o  t h e  acc iden t  scene. CFR-1, a 1971 Oshkosh Model MB-1 
four-wheel d r i v e  v e h i c l e ,  a t tempted t o  reach t h e  c ra sh  scene v i a  an o f f -  
a i r p o r t  rou te .  The t r u c k  w a s  blocked by c a r s  temporar i ly ,  r een te red  t h e  
a i r p o r t  a t  t h e  Eastview Drive ga te ,  and proceeded t o  the  r a d a r  antenna. 
S ince  t h e  rescue  personnel  could not  see t h e  f i r e  and had no knowledge 
of t h e  p r e c i s e  l o c a t i o n  of t h e  c ra sh  s i t e ,  t h e  v e h i c l e  d i d  not  reach  t h e  
c r a s h  s i t e .  

CFR-2, a 3/4-ton Ansul d ry  chemical qu ick  response t ruck ,  
a t tempted  t o  reach t h e  a i r c r a f t  v i a  t h e  a i r p o r t  per imeter  road. The 
t r u c k  s l i d  o f f  t h e  road,  became s tuck  i n  t h e  mud, and d i d  not  reach t h e  
acc iden t  s i t e  . 

The Evansv i l l e  F i r e  Department d i spa tched  n ine  veh ic l e s .  
Thei r  personnel  also were n o t  aware of t h e  p r e c i s e  l o c a t i o n  of t he  
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a i r c r a f t ;  consequently,  none of t h e  appa ra tus  reached t h e  si te.  The 
f i r s t  department personnel  t o  a r r i v e  on t h e  scene w e r e  from t h e  r e scue  
squad. 

The McCutcheonville Volunteer F i r e  Department d i spa tched  t h r e e  
u n i t s  a t  1926. One u n i t ,  a 3/4-ton t ruck ,  went south a long  t h e  r a i l r o a d  
t r a c k  and a r r i v e d  a t  t h e  scene about 18 t o  20 min a f t e r  t h e  crash.  The 
f i r e f i g h t e r s  dep le t ed  t h e  5 g a l  supply of h igh  expansion foam and 200 
g a l s  of water on l o c a l i z e d  f i r e s  nea r  t h e  r i g h t  wing, t h e  engine,  and on 
burning rubber.  The f i r e  w a s  desc r ibed  as slow burning and w a s  no t  a 
metal f i r e .  

The f i r s t  persons on t h e  a c c i d e n t  scene were r e s i d e n t s  of t h e  
Melody H i l l  r e s i d e n t i a l  area. 
t o  15 min a f t e r  t h e  impact and be fo re  e i t h e r  t h e  f i r e  t r u c k  o r  t he  
r e s c u e  personnel  a r r i v e d .  By t h i s  t i m e  t h e  major f i r e  had subsided and 
was e i t h e r  ou t  o r  burning i t s e l f  ou t .  

They reached t h e  acc iden t  s i te  about 10 

1.16 Tests and Research 

The S a f e t y  Board examined t h e  engines  and p r o p e l l e r  assemblies  
a t  Piedmont Aviat ion,  Inc. ,  Winston-Salem, North Carol ina.  There w a s  no 
evidence t o  i n d i c a t e  t h a t  t h e  engines  had malfunctioned b e f o r e  impact. 

Examination of t h e  p r o p e l l e r  assemblies  d i s c l o s e d  no evidence 
of preimpact malfunct ion o r  d i s t r e s s .  
domes and b l ade  shim p l a t e s ,  t h e  examiner concluded t h a t  t h e  p r o p e l l e r  
b l a d e  a n g l e s  were about 22" a t  impact. 
p r o p e l l e r  w a s  18". 

Based on examinations of t h e  

The low p i t c h  s t o p  f o r  t h i s  

On January 4, 1978, t h e  c a p t a i n ' s  e l e c t r i c a l l y  d r iven  gyro- 
ho r i zon  instrument ,  Sperry Model H6-A S/N 2336, w a s  examined a t  t h e  
Sperry f a c i l i t y  i n  Phoenix, Arizona. Although dented and burned a t  t h e  
a f t  s e c t i o n ,  t h e  fol lowing information w a s  obtained: 

"The p i t c h  a t t i t u d e  w a s  85" ( a g a i n s t  t h e  gyro gimbal s t o p ) .  

"The r o l l  a x i s  w a s  i n  t h e  20" r i g h t  bank p o s i t i o n .  

"The g l a s s  f a c e  was broken. 

"The caging s h a f t  a t  t h e  p u l l  knob w a s  bent  s l i g h t l y  upward. 

"The power f l a g  w a s  ou t  of view and he ld  t h e r e  by t h e  r o l l  
r i n g  mask. 

"The min ia tu re  a i r p l a n e  responded wi th  movement of t h e  p i t c h  
t r i m  knob. 
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"There w a s  a l a r g e  amount of mud w i t h i n  t h e  instrument .  

'The inne r  gimbal, when removed from t h e  o u t e r  gyro gimbal, 
d i sp l ayed  two broken p i v o t s  ( p i t c h  gimbal).  

"The rear e lectr ical  plug w a s  burned out.  

"There were s p i r a l i n g  watermarks on t h e  f a c e  of t h e  gyro 
wheel. 

A gyro motor bea r ing  w a s  replaced because r u s t  had accumulated 
s i n c e  i t  was removed from t h e  a c c i d e n t  s i t e .  The gyro motor w a s  then 
e x c i t e d  by 3-phase v o l t a g e  a t  about 50 v o l t  a.c. The motor responded 
and r a n  up t o  h igh  rpm r a p i d l y .  

Wingtip l i g h t  bulbs  and t h e  l e f t  l and ing  l i g h t  bulb which were 
recovered a t  t h e  wreckage s i t e  e x h i b i t e d  unbroken, bu t  s l i g h t l y  s t r e t c h e d  
f i l a m e n t s .  

1 .16.1 Microscopic - Instrument Analyses 

On January 6, 1978, t h e  Sa fe ty  Board d e l i v e r e d  a s e c t i o n  of 
t h e  r i g h t  a i l e r o n  c o n t r o l  lock,  a s e c t i o n  of t h e  r i g h t  a i l e r o n ,  and a 
s e c t i o n  of r i g h t  wing upper s t r u c t u r e  t o  t h e  Federal  Bureau of I n v e s t i g a t i o n  
(FBI) Laboratory t o  determine by microscopic and in s t rumen ta l  a n a l y s i s  
i f  any materials o r  p a i n t s  from e i t h e r  t h e  lock  o r  t h e  wing-aileron 
s t r u c t u r e  had impinged upon, o r  had been t r a n s f e r r e d  from, one s u r f a c e  
t o  t h e  o t h e r .  The a n a l y s i s  r evea led  no evidence of such impingement o r  
t r a n s f e r e n c e .  

On March 3, 1978, p o r t i o n s  of t h e  r i g h t  a i l e r o n  c o n t r o l  l o c k ' s  
rugging material were s e n t  t o  t h e  FBI l a b o r a t o r y  f o r  microscopic a n a l y s i s  
t o  a s c e r t a i n  i f  t h e r e  w a s  a p o s i t i v e  r e l a t i o n s h i p  between t h e  i n d e n t a t i o n  
i n  t h e  rugging and t h e  wing panel  s t r i n g e r  which had pene t r a t ed  t h e  wing 
panel  c l o s u r e  r i b .  (See Appendix G, f i g u r e  4 . )  

The FBI responded t h a t  t h e  p i l e  on one of t h e  p i e c e s  of rugging 
w a s  depressed,  and t h e  area corresponded i n  measurement t o  t h e  f r a c t u r e d  
s u r f a c e  i n  t h e  panel  c l o s u r e  r i b .  

1.17 Add i t iona l  Information 

1 . 1 7 . 1  Construct ion and Use of E x t e r n a l  Control  Locks 

The rudder e x t e r n a l  c o n t r o l  l ock  assembly w a s  cons t ruc t ed  from 
The lock  i s  1/8-gage aluminum s h e e t  metal and 90" ang le  s t o c k  material. 

wedge-shaped, is  approximately 15 i n s .  long, and has a h o r i z o n t a l  s h e e t  
member pos i t i oned  between two upper and two lower v e r t i c a l  s e c t i o n s  a t  
r i g h t  ang le s  t o  t h e  h o r i z o n t a l  s h e e t  member. The f o u r  v e r t i c a l  ang le  
s e c t i o n s  extend 1 1 / 2  i n .  above and below t h e  c e n t e r  h o r i z o n t a l  member. 
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When t h e  rudder  c o n t r o l  l ock  i s  i n  p o s i t i o n ,  i t  rests e n t i r e l y  
on t h e  u p p e r  s u r f a c e  of t h e  f u s e l a g e  t a i l  cone c l o s u r e  r i b  and, because of 
i t s  des ign ,  d i s p l a c e s  t h e  rudder t r a i l i n g  edge about 1 / 2  i n .  t o  t h e  l e f t  
of t h e  v e r t i c a l  s t a b l i z e r  c e n t e r l i n e .  
t h e  lock  i s  2 i n s .  forward of t h e  rudder  t r a i l i n g  edge and f u s e l a g e  t a i l  
cone t r a i l i n g  edge. 
t o  t h e  v e r t i c a l  s t r u c t u r a l  member w i t h i n  t h e  cone assembly. (See 
f i g u r e  2. )  

(See f i g u r e  1 . )  The a f t  end of 

The forward end of t h e  l o c k  is  p o s i t i o n e d  a d j a c e n t  

F igu re  1. Upper s i d e  of t h e  rudder c o n t r o l  l ock  showing 
h o r i z o n t a l  and v e r t i c a l  members. The forward 
end of t h e  c o n t r o l  l ock  is  a t  t h e  top  of t h e  
p i c t u r e .  

The a i l e r o n  e x t e r n a l  c o n t r o l  l ock  w a s  cons t ruc t ed  from 
1/16-gage f e r r o u s  s h e e t  s t o c k  material. 
1 4  1 / 2  i n s .  long,  8 1 / 2  i n s .  wide a t  i ts  a f t  end, and 3 i n s .  wide a t  
i t s  forward end. (See f i g u r e s  3 and 4 . )  The design of t h e  c o n t r o l  
l ock  is  such t h a t  i t  r e t a i n s  t h e  a i l e r o n  by an upper and lower curved 
h o r i z o n t a l  member t h a t  extends outboard from t h e  v e r t i c a l  member. The 
a i l e r o n  is  h e l d  i n  t h e  n e u t r a l  p o s i t i o n  by (1) a l e f t  upper h o r i z o n t a l  
member which extends inboard from t h e  ver t ical  member and rests on t h e  

The c o n t r o l  l ock  is  about 
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Figure 2. Lower s i d e  of t h e  rudder c o n t r o l  l ock  showing 
t h e  h o r i z o n t a l  and v e r t i c a l  members. The 
forward end of t h e  lock  i s  a t  t h e  top  of t h e  
p i c t u r e .  

upper s u r f a c e  of t h e  wing panel ;  and ( 2 )  t h e  r e t e n t i o n  of t h e  outboard 
end of t h e  wing panel  t r a i l i n g  edge s t r i n g e r .  
s t r i n g e r  r e t a i n e d  by t h e  c o n t r o l  l ock  is 1 118 i n s .  by 718 i n .  
lower inboard h o r i z o n t a l  member extends from t h e  c o n t r o l  l ock  v e r t i c a l  
member i n  t h e  area of t h e  landing f l a p .  This  is t o  a l low t h e  e x t e n t i o n  
and r e t r a c t i o n  of t h e  landing f l a p  wi th  t h e  c o n t r o l  l ock  i n s t a l l e d .  
The t r a i l i n g  edge of t h e  c o n t r o l  l ock  is  enclosed. 

The area of t r a i l i n g  edge 
N o  

There is  a bungee cord which can be used t o  lock t h e  a i l e r o n s  
from i n s i d e  t h e  a i r c r a f t .  
can be f a s t ened  t o  t h e  p i l o t ' s  and c o p i l o t ' s  c o n t r o l  wheels i n  t h e  cock- 
p i t  and dampens t h e  a i l e r o n ' s  movement during gusty wind cond i t ions .  

The a i l e r o n  bungee is  an e l a s t i c  cord which 

The Na t iona l  Je t  Se rv ices ,  I n c . ,  s t anda rd  o p e r a t i n g  procedure 
r e q u i r e d  t h e  c o p i l o t  t o  p l a c e  t h e  e x t e r n a l  rudder c o n t r o l  l ock  on t h e  
a i r c r a f t ,  and t h e  c a p t a i n  t o  pu t  t h e  i n t e r n a l  a i l e r o n  bungee cord on t h e  
c o n t r o l  wheels whenever t h e  engines were shu t  down. The procedure d id  
n o t  r e q u i r e  t h e  c o p i l o t  t o  i n s e r t  t h e  e x t e r n a l  a i l e r o n  c o n t r o l  lock.  
Before depa r tu re ,  t h e  c o p i l o t  w a s  r equ i r ed  t o  remove and stow t h e  rudder 
lock ,  and then he lp  t h e  f l i g h t  a t t e n d a n t  c l o s e  t h e  main door be fo re  
proceeding t o  t h e  cockpi t .  



I 
c-' 

I 

Figure 3. L e f t  ( inboard)  s i d e  of t h e  r i g h t  
a i l e r o n  c o n t r o l  l ock  showing t h e  inboard s i d e  
of t h e  v e r t i c a l  member, and t h e  upper ho r i -  
z o n t a l  member which ho lds  t h e  wing s t r u c t u r e .  
There i s  no lower h o r i z o n t a l  member t o  permit 
ope ra t ion  of t h e  f l a p s  wi th  t h e  lock  i n s t a l l e d .  

F igu re  4 .  The r i g h t  (outboard) s i d e  of t h e  
r i g h t  a i l e r o n  c o n t r o l  l ock  showing t h e  
v e r t i c a l  member of t h e  lock  and t h e  upper 
and lower h o r i z o n t a l  members which hold t h e  
inboard end of t h e  a i l e r o n .  
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The e x t e r n a l  c o n t r o l  locks  w e r e  t o  be  stowed i n  an  open-topped 
box i n  t h e  a f t  baggage compartment. The box w a s  l oca t ed  on t h e  f l o o r  of 
t h e  compartment, a g a i n s t  t h e  l e f t  fu se l age  w a l l ,  and j u s t  forward of t h e  
a f t  cargo door.  The procedure requi red  t h a t  t he  c o p i l o t  p l ace  t h e  
rudder  lock  i n  t h i s  box a f t e r  removing i t  from t h e  rudder .  

Two of T r i  S t a t e  Aero, I n c . ' s ,  l i n e  personnel  s a w  t h e  DC-3 
whi l e  i t  w a s  being loaded. Both remained on t h e  l e f t  s i d e  of t h e  a i r c r a f t  
and were no t  i n  a p o s i t i o n  t o  see e i t h e r  t h e  r i g h t  wing o r  t h e  a f t  
s e c t i o n  of t h e  empennage. These wi tnesses  s t a t e d  t h a t  t h e  a i r c r a f t ' s  
main passenger cabin  door and rear baggage ha tch  were t h e  only doors  
opened during t h e  s t o p  a t  Evansvi l le .  

One of t h e s e  wi tnes ses  s t a t e d  t h a t  t h e  passenger door w a s  
opened by a man i n  c i v i l i a n  c l o t h e s  and t h a t  t h i s  man went d i r e c t l y  
forward t o  t h e  l e f t  wing and remained t h e r e  t a l k i n g  t o  team personnel  
wh i l e  t h e  baggage was loaded. A second man, who w a s  wearing a b lue  
p i l o t ' s  uniform cap and b lue  overcoat ,  go t  o f f  t he  a i r c r a f t .  H e  proceeded 
t o  t h e  l e f t  wing f o r  a few moments; t he  wi tnes s  d i d  not  see t h i s  man 
proceed t o  t h e  r i g h t  wing; he s a i d  t h a t  t h e  man helped t o  load  t h e  
baggage. 

The second of t h e s e  wi tnes ses  a l s o  s a w  t h e  man i n  c i v i l i a n  
c l o t h e s  and corroborated t h e  f i r s t  wi tness '  testimony of h i s  a c t i v i t i e s .  
H e  s a i d  another  man wearing an  a i r l i n e - t y p e  uniform looked under the  
l e f t  wing and walked back i n t o  t h e  a i r c r a f t .  According t o  t h i s  w i tnes s ,  
when t h e  passengers  came o u t  t o  board "someone had a l r eady  opened the  
rear baggage hatch." 
helped wi th  t h e  baggage and s tayed  u n t i l  they completed loading.  

H e  s a i d  t h a t  " the  second gentleman" t o  g e t  o f f  

Both wi tnes ses  s t a t e d  t h a t  they d i d  no t  see any of t h e  men 
l e a v e  t h e  a i r c r a f t  wi th  an  e x t e r n a l  c o n t r o l  l o c k  i n  t h e i r  possess ion ,  
and t h a t  t h e r e  w a s  no c o n t r o l  l ock  a f f i x e d  t o  the  l e f t  wing. One of 
t h e s e  wi tnesses  s t a t e d  t h a t  he saw t h e  DC-3's empennage as it t ax ied  
from t h e  ramp. H e  s a w  t h e  e l e v a t o r s  move up and down, t h e  rudde'r move 
l e f t  and r i g h t  "about a f o o t  i n  each d i r e c t i o n . "  H e  d i d  not  observe the  
a i l e r o n s  because he wasn ' t  looking i n  t h a t  d i r e c t i o n ,  he w a s  "looking a t  
t h e  tai l ."  H e  es t imated  t h a t  he was 200 t o  300 f t  from t h e  t a i l  of t h e  
a i r c r a f t  when he saw t h e  t h e  rudder  and e l e v a t o r s  move. 

1 . 1 7 . 2  Nat iona l  Je t  Se rv ices  Checkl i s t  Procedure 

I t e m  5 on t h e  before- takeoff  c h e c k l i s t  i s :  "Controls ... 
FREE FULL TRAVEL.'' 

Although t h e  ampl i f ied  c h e c k l i s t  does not  con ta in  i n s t r u c t i o n s  
a s  t o  t h i s  i t e m ,  t h e  response i s  s e l f  explanatory.  I t e m  A-3 i n  t he  
"General" s e c t i o n  of t h e  company's ope ra t ing  manual exp la ins  t h e  use of 
t h e  c h e c k l i s t ,  and s ta tes ,  i n  p a r t ,  " A l l  a c t i o n  items are normally t o  be 
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accomplished from memory p r i o r  t o  t h e  use  of t h e  c h e c k l i s t .  
t o  a l l  f l i g h t  regimes whether i t  be  b e f o r e  s t a r t ,  b e f o r e  takeoff  o r  
o t her  . I' 

This  a p p l i e s  

The takeoff  procedure r e q u i r e s  t h e  p i l o t  f l y i n g  t o  apply 
s l i g h t  back p r e s s u r e  b e f o r e  reaching  V2 21, r o t a t e  t h e  a i r p l a n e  s o  as 
t o  become a i r b o r n e  a t  84 kns,  V2, c a l l  f o r  t h e  gear  v e r b a l l y  and by hand 
s i g n a l .  The f i r s t  o f f i c e r  i s  t o  c a l l  V2 v e r b a l l y  and t o  i n d i c a t e  i t  by 
hand s i g n a l .  The CAA-approved a i r p l a n e  f l i g h t  manual states,  i n  p a r t ,  
"In t h e  DC-3, V i  31 = V2," and VI i s  84 kn i n d i c a t e d  a i r s p e e d  (KIAS). 
The c a p t a i n  i s  t o  ma in ta in  a p o s i t i v e  climb and t o  a c c e l e r a t e  t o  96 KIAS. 
The f i r s t  power r educ t ion  t o  43.5 i n s .  of manifold p r e s s u r e  (hg.) and 
2,600 rpm, " s h a l l  normally n o t  be made u n t i l  400 ( f t )  is  reached and an 
(K)IAS of a t  least  96 kns i s  a t t a ined . ' '  

The procedures  a l s o  i n d i c a t e  t h a t  t h e  a i r c r a f t  is t o  be 
al lowed t o  a c c e l e r a t e  t o  105 KIAS and t h a t  climb speed i s  t o  be maintained 
u n t i l  a t  least  1,000 f t  over  t h e  t e r r a i n .  

1 .17.3 Wake Turbulence 

The S a f e t y  Board p l o t t e d  t h e  probable  l o c a t i o n  of t h e  wake 
v o r t e x e s  genera ted  by t h e  depa r t ing  DC-9 on runway 22. The c a l c u l a t i o n s  
were based upon wake v o r t e x  c h a r a c t e r i s t i c s  as determined i n  Federa l  
Avia t ion  Adminis t ra t ion  (FAA) and i n d u s t r y  tests; t h e  s u r f a c e  wind 
c o n d i t i o n s  a t  t h e  a i r p o r t  when t h e  two a i r c r a f t  depar ted ;  t h e  takeoff  
performance of t h e  DC-9; and t h e  geographic  l o c a t i o n  of t h e  two runways 
involved.  

Testimony a t  t h e  S a f e t y  Board ' s ,pub l i c  hear ing  and FAA Advisory 
C i r c u l a r  90-23D d i s c l o s e d  t h a t  wh i l e  some wake v o r t e x  would be  generated 
when t h e  DC-9 w a s  r o t a t e d ,  t h e  wing would n o t  begin  t o  gene ra t e  a 
s i g n i f i c a n t  wake v o r t e x  u n t i l  l i f t o f f .  A w e l l  de f ined ,  r o l l e d  up, 
v o r t e x  system would n o t  be genera ted  u n t i l  t h e  DC-9 reached about 50 f t  
a .g .1 .  
t h e r e f o r e ,  t h e  wake v o r t e x e s  of t h e  DC-9's wings would have d r i f t e d  
toward runway 18 i n  t h e  d i r e c t i o n  of t h e  s u r f a c e  wind. The r i g h t ,  o r  
downwind, wing v o r t e x  would have preceded t h e  l e f t ,  o r  upwind wing 
vo r t ex ,  and a t  a f a s t e r  rate.  

The s u r f a c e  wind a t  t h e  t i m e  of t h e s e  t a k e o f f s  w a s  110" a t  5 kns; 

C o r r e l a t i o n  of t h e  performance traces and r a d i o  t ransmiss ion  
traces on t h e  DC-9's f l i g h t  d a t a  r eco rde r  w i th  t h e  r a d i o  t r ansmiss ions  
on t h e  a i r  t r a f f i c  c o n t r o l  t r a n s c r i p t  d i s c l o s e d  t h a t  t h e  DC-9 l i f t e d  o f f  
about  6,500 f t  down runway 22 a t  1919:36. The f i r s t  s i g n i f i c a n t  r i g h t  
wing wake vo r t exes  would have reached runway 18 about 2,900 f t  beyond 
i t s  th re sho ld ,  o r  i n  t h e  v i c i n i t y  o f  t h e  i n t e r s e c t i o n  wi th  taxiway C ,  a t  
about  1920:06, and would have d r i f t e d  t o  t h e  w e s t  of t h e  runway by 1920:36. 

- 2/ Takeoff s a f e t y  speed. 
- 31 C r i t i c a l  engine f a i l u r e  speed. 
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The s t u d i e s  a l s o  d i s c l o s e  that v o r t e x  tu rbu lence  diminishes  
w i t h  t i m e  and t h a t  t h e  v o r t e x  system w i l l  subs ide  w i t h i n  1 min 30 sec t o  
2 min a f t e r  i t  w a s  generated.  Therefore ,  t h e  l e f t ,  o r  upwind wing 
vo r t exes  probably would n o t  have reached runway 18, except a t ,  o r  c l o s e  
t o ,  i t s  i n t e r s e c t i o n  wi th  runway 22. 

C o n t r o l l e r  r e s p o n s i b i l i t i e s  concerning wake tu rbu lence  are  set 
f o r t h  i n  ATC Handbook 7110.65. Paragraph 911 states, i n  p a r t :  

I s s u e  cau t iona ry  information t o  a i r c r a f t  concerned, 
i f ,  i n  your opinion,  wake tu rbu lence  w i l l  have an 
adve r se  e f f e c t  on i t  .... 
NOTE: ... Because i t  (wake tu rbu lence )  is unpred ic t ab le ,  
t h e  c o n t r o l l e r  i s  n o t  r e s p o n s i b l e  f o r  a n t i c i p a t i n g  i t s  
e x i s t e n c e  o r  e f f e c t .  

Based on c u r r e n t  d i r e c t i v e s  and r e g u l a t i o n s ,  t h e  c o n t r o l l e r  a t  
Dress Regional A i rpo r t  w a s  no t  r equ i r ed  t o  provide s p e c i f i c  t i m e  o r  
d i s t a n c e  s e p a r a t i o n  t o  t h e  a i r c r a f t .  The c o n t r o l l e r ,  however, d i d  
c a u t i o n  A i r  Indiana 216 of t h e  p o s s i b l e  e x i s t e n c e  of wake tu rbu lence  i n  
t h e  takeoff  area. 

1.17.4 DC-3 Performance C h a r a c t e r i s t i c s  

The c o r r e c t e d  takeoff  g r o s s  weight f o r  t h e  a i r c r a f t  w a s  26,811 
l b s .  The power-off s t a l l  speeds f o r  t h a t  weight are: Flaps up--66 
K I A S ;  f l a p s  f u l l  down-- 62 KIAS. Although t h e  a i r p l a n e  f l i g h t  manual 
does no t  supply power-on s t a l l  speeds,  t h e  s t a l l  speed i n  t h e  power-on 
c o n f i g u r a t i o n  is  reduced by t h e  s l i p s t r e a m  e f f e c t  of t h e  p r o p e l l e r  b l a s t ,  
over t h e  wing s e c t i o n ,  and by t h e  v a r i a b l e  v e c t o r  i n  t h e  eng ine ' s  t h r u s t  
component which, i n  t h i s  i n s t a n c e ,  is  downward. 

Assuming a 26,680-1b t akeof f  weight,  a temperature  of 47"F, an 
alt imeter s e t t i n g  29.87 i n ;  a 1.7-kn headwind component, and engines  set  
a t  t akeof f  power b e f o r e  brake release, t h e  manufacturer computed t h a t  
i t  would r e q u i r e  1,790 f t  and 26 sec t o  a c c e l e r a t e  t h e  a i r c r a f t  t o  Vi 
speed. The takeoff  weight used i n  t h i s  computation w a s  based on t h e  
weight developed during t h e  on-scene i n v e s t i g a t i o n .  Inc reas ing  t h i s  
weight t o  26,811 l b s  would have a l i t t l e  e f f e c t  on t h e s e  f i g u r e s .  

A DC-3 tes t  p i l o t ,  and former company DC-3 p r o j e c t  manager a l s o  
noted t h a t  p i l o t  technique would in t roduce  a v a r i a b l e  i n t o  t h e  d i s t a n c e  
noted above, and i f  a r o l l i n g  t akeof f  w a s  made o r  i f  t h e  power w a s  no t  
advanced i n  t h e  same manner as noted above, t h e  t akeof f  d i s t a n c e  would 
b e  g r e a t e r  than 1,790 f t .  

S a f e t y  Board c a l c u l a t i o n s  based on t h e s e  t akeof f  d a t a  i n d i c a t e d  
t h a t  t h e  a i r c r a f t  would reach 1,690 f t  a t  SO K I A S ;  1,590 f t  a t  78 KIAS; 
and, 1 ,490 f t  a t  75 KIAS.  
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An FAA DC-3 f l i g h t  examiner s t a t e d  t h a t  a premature l i f t o f f  on 
takeoff  could ensue i f  t h e  a i rcraf t  had a n  a f t  c.g. and i f  t h e  t r i m  t ab  
had no t  been centered  a f t e r  landing .  H e  f u r t h e r  noted t h a t  t h e  c o n t r o l s  
on t h e  a i r c r a f t  a r e  reasonably e f f e c t i v e  because,  "DC-3's have been 
flown o u t  of c .g .  i n  many areas of t h e  world f o r  many y e a r s  and t h a t ' s  
why they  are s t i l l  around." 
could  l i f t  o f f  prematurely a t  speeds below the  power-off s t a l l  speeds 
s i n c e  t h e  power-on s t a l l  speed i s  lower than  t h e  power-off s t a l l  speed, 
and t h a t  l e v e l  f l i g h t  could be maintained a t  t h e  power-off s t a l l  speeds.  
Under t h e s e  circumstances,  t h e  a i r c r a f t  would b e  i n  a h igh  nose-up 
a t t i t u d e ,  bu t  "you ' l l  s t i l l  be  a b l e  t o  f l y  t h e  a i r c r a f t  bu t  n o t  a c c e l e r a t e . "  

The p r o j e c t  manager noted t h a t  t h e  a i r c r a f t  

The DC-3 a i r p l a n e  w a s  designed be fo re  the  formula t ion  of FAA 
a i r w o r t h i n e s s  s t anda rds .  The Nat iona l  Advisory Committee f o r  Aeronaut ics  
(NACA), t h e r e f o r e ,  conducted a series of f l i g h t  tes ts  t o  determine t h e  
l o n g i t u d i n a l  and la te ra l  s t a b i l i t y  c h a r a c t e r i s t i c s ,  c o n t r o l  c h a r a c t e r i s t i c s ,  
and s t a l l i n g  behavior  of t h e  a i r c r a f t .  The test r e s u l t s ,  publ ished i n  
December, 1953 51, d i s c l o s e d  t h a t  t h e  a i r c r a f t  s a t i s f i e d  most of t h e  
s p e c i f i c a t i o n s  f o r  i t s  type. However, t h e  r e p o r t  s t a t e d  t h a t  t h e  a i r p l a n e  
w a s  " l o n g i t u d i n a l l y  u n s t a b l e  f o r  c e r t a i n  cond i t ions  of a i r speed  and 
center -of -gravi ty  p o s i t i o n  f o r  t h e  power on conf igura t ions ."  

The s tudy  noted t h a t  a t  normal r a t e d  power (43 in.hg. manifold 
p r e s s u r e ,  o r  f u l l  th ro t t le - -2 ,550  rpm), c l ean  cond i t ion  ( landing  gear  
and f l a p s  r e t r a c t e d )  w i t h  t h e  c.g. a t  i t s  a f t  l i m i t ,  t h e  a i r p l a n e  would 
be l o n g i t u d i n a l l y  uns t ab le ,  s t i c k  f i x e d ,  throughout t h e  speed range. 

A t i m e  h i s t o r y  of a t y p i c a l  f laps-up takeoff  w i t h  t h e  c.g.  a t  
26.5 percent  MAC d i s c l o s e d  t h a t  e l e v a t o r  push f o r c e s  nea r  70 l b s  were 
recorded du r ing  t h e  maneuver. The t i m e  h i s t o r y  of t h e  e l e v a t o r  push 
f o r c e s  d i sc losed  t h a t  t h e  maximum f o r c e  w a s  reached a t ,  o r  s l i g h t l y  
below 44.5 kn. The push f o r c e s  decreased w i t h  a i r c r a f t  a c c e l e r a t i o n .  
A t  69.5 kns t h e  push f o r c e  w a s  about 30 l b s .  
t h e  push f o r c e s  ranged from 0 t o  20 l b s ,  and no p u l l  f o r c e s  were recorded 
throughout t h e  maneuver. 

From 87 kns t o  104 kns 

I 

The e f f e c t  of power on l o n g i t u d i n a l  t r i m  d i sc losed  t h a t  a 
r educ t ion  of power r equ i r ed  a p u l l  f o r c e  on t h e  e l e v a t o r  t o  maintain the  
trimmed cond i t ion ,  and a push f o r c e  when power w a s  app l i ed .  A t  an 
i n d i c a t e d  a i r s p e e d  of  7 8  kns,  l anding  gear  and f l a p s  down, engines  
i d l i n g ,  an  i n c r e a s e  of engine power t o  takeoff  power r equ i r ed  a 15.3-lb 
push f o r c e  on t h e  e l e v a t o r  t o  main ta in  t h e  a i r speed  and a l t i t u d e .  

The s tudy  examined t h e  dynamic lateral  and d i r e c t i o n a l  s t a b i l i t y  
c h a r a c t e r i s t i c s  of  t h e  a i r p l a n e  a t  c r u i s i n g  cond i t ions  a t  a i r s p e e d s  of 

- 41 Nat iona l  Advisory Committee f o r  Aeronaut ics ,  Technical  Note 3088: 
Determinat ion of  t h e  F ly ing  Q u a l i t i e s  of t h e  Douglas DC-3 Ai rp lane ,  
by Ar thur  Assadourian and John A. Harper. 
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147.5 kns, and 104 kns,  by ab rup t ly  d e f l e c t i n g  and r e l e a s i n g  t h e  rudder 
and a i l e r o n .  I n  a l l  cases, the r e s u l t i n g  o s c i l l a t i o n s  were damped 
s a t i s f a c t o r i l y ,  t h e  t i m e  r equ i r ed  t o  damp t o  one-half ampli tude w a s  
about one cyc le .  

The NACA i n v e s t i g a t i o n  of t h e  s t a l l i n g  c h a r a c t e r i s t i c s  of t h e  
a i r p l a n e  d i sc losed  t h a t  i n  t h e  power-on condi t ion ,  t h e  l e f t  wing dropped 
a b r u p t l y  and t h e  nose f e l l .  
noted by t h e  p i l o t .  The p r o j e c t  manager s t a t e d  t h a t  if asymmetrical  
engine power o r  c o n t r o l  f o r c e s  caused t h e  r i g h t  wing t i p  t o  s t a l l  be fo re  
t h e  l e f t ,  t h e  a i r c r a f t  would r o l l  t o  t h e  r i g h t .  

I s o l a t e d  cases  of a i l e r o n  sna tch  I! were 

The NACA made no tests t o  determine a l t i t u d e  l o s s  dur ing  
recovery.  However, i n  power-on s t a l l s  wi th  t h e  a i r p l a n e  r o l l i n g  ab rup t ly ,  
i t  r epor t ed  t h a t  cons iderable  a l t i t u d e  w a s  requi red  before  c o n t r o l  could 
be  regained.  T e s t  d a t a  d i sc losed  t h a t  a t  normal r a t e d  power, c l ean  
conf igu ra t ion ,  25.5 percent  MAC, and a t  a weight of about  26,200 l b s ,  
t h e  s ta l l  speed w a s  about 62 kns.  

F l i g h t  a t  ind ica t ed  a i r  speeds between maximum endurance speed 
and s t a l l  speed f o r  a l l  fixed-wing a i r c r a f t  r e q u i r e s  power s e t t i n g s  
which i n c r e a s e  wi th  a decrease  i n  a i r speed .  Since t h e  inc rease  i n  
r equ i r ed  power s e t t i n g  wi th  decreased v e l o c i t y  i s  cont ra ry  t o  t h e  normal 
command of  f l i g h t ,  t h e  regime of f l i g h t  between t h e  speed of  t h e  minimum 
requ i r ed  power s e t t i n g  and t h e  s ta l l  speed is  termed t h e  "region of 
reversed  command 6/" o r  t h e  back s i d e  of t he  power curve. 
i n  t h i s  regime r e q u i r e s  t h a t  t h e  a i r c r a f t  be  flown i n  a nose-high a t t i t u d e  
t o  produce t h e  proper ang le  of a t t a c k .  Slower a i r  speeds r e q u i r e  h igher  
a n g l e s  of a t t a c k  and h igher  power s e t t i n g s .  Therefore,  as the  angle  of 
a t t a c k  i s  increased t h e  power requi red  t o  maintain l e v e l  f l i g h t  may 
equal  t h e  t o t a l  power a v a i l a b l e .  Under t h e s e  condi t ions ,  t h e  only way 
t h e  a i r c r a f t  can be acce le ra t ed  from t h i s  po in t  i s  t o  lower t h e  nose and 
descend, p a r t i c u l a r l y  i f  t h e  a i r speed  a t  which l e v e l  f l i g h t  is  being 
conducted is  c l o s e  t o  t h e  s t a l l  speed. Both t h e  p r o j e c t  manager and t h e  
f l i g h t  examiner t e s t i f i e d  t h a t  i f  t h e  DC-3 l i f t e d  o f f  prematurely,  o r  
w a s  r o t a t e d  r a p i d l y  a f t e r  t akeof f ,  t h a t  t h e  a i r c r a f t  could have been 
placed i n t o  t h e  reg ion  of reversed  command. 

Level f l i g h t  
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The c o n t r o l  wheel i s  r o t a t e d  v i o l e n t l y  toward t h e  f u l l y  d e f l e c t e d  
p o s i t  ion.  
The r eg ion  of normal command e x i s t s  a t  speeds above t h e  maximum 
endurance speed. I n  t h i s  reg ion ,  speeds g r e a t e r  than t h e  speed f o r  
maximum endurance r e q u i r e  inc reas ing ly  h igher  power s e t t i n g s  t o  
achieve  s t eady ,  l e v e l  f l i g h t .  Conversely, f l i g h t  i n  t h e  reg ion  of 
reversed  command means t h a t  a h igher  a i r speed  w i l l  r e q u i r e  a lower 
power s e t t i n g  and a lower a i r speed  w i l l  r e q u i r e  a h ighe r  power 
s e t t i n g  t o  hold a l t i t u d e .  AerodyTamics f o r  Naval Avia tors ,  
H. H. Hunt, Jr.,  1960, pgs 353-357. 
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1.17.5 Add i t iona l  Control  Lock Data 

The p r o j e c t  manager s t a t e d  t h a t  t h e r e  have been s e v e r a l  
i n s t a n c e s  wherein t h e  DC-3 has  been flown and landed s u c c e s s f u l l y  wi th  
t h e  a i l e r o n  and rudder l o c k s  i n s t a l l e d .  I n  one i n s t a n c e  invo lv ing  a 
t akeof f  w i t h  t h e  rudder and a i l e r o n  l o c k s  i n s t a l l e d ,  t h e  p i l o t s  w e r e  
n o t  aware t h a t  t h e  l o c k s  w e r e  on u n t i l  they had climbed t o  almost 5,000 
f t .  

H e  a l s o  s t a t e d  t h a t  because of c o n t r o l  c a b l e  s t r e t c h ,  i t  might 
be p o s s i b l e  t o  move t h e  c o n t r o l  wheel and rudder pedals  s l i g h t l y  i f  t he  
p i l o t  a t tempted t o  use  t h e s e  c o n t r o l s  w i t h  t h e  locks  i n s t a l l e d ,  "but you 
do n o t  g e t  any movement on t h e  c o n t r o l  su r f aces . "  

The S a f e t y  Board's a c c i d e n t  r eco rds  d i s c l o s e d  t h a t  from 1966 
through 1975 t h e r e  have been s i x  a c c i d e n t s  caused by f a i l u r e  t o  remove 
c o n t r o l  l ocks  b e f o r e  t a k e o f f .  One a i rcraf t  w a s  damaged s u b s t a n t i a l l y ;  
f i v e  w e r e  destroyed.  I n  two of t h e s e  a c c i d e n t s ,  persons were k i l l e d ;  
b o t h  involved DC-3 a i r c r a f t .  I n  one i n s t a n c e  t h e  e l e v a t o r  c o n t r o l  lock 
w a s  n o t  removed, and, i n  t h e  o t h e r ,  t h e  e l e v a t o r  and rudder c o n t r o l  
l o c k s  w e r e  no t  removed. 

2. ANALYSIS 

The f l i g h t c r e w  w a s  q u a l i f i e d  i n  accordance wi th  Fede ra l  and 
company r e g u l a t i o n s  and procedures.  
accordance wi th  Fede ra l  and company r e g u l a t i o n s  and procedures.  
power w a s  a v a i l a b l e  throughout t h e  f l i g h t ,  and t h e r e  w a s  no evidence of 
any a i r c r a f t  s t r u c t u r e ,  a i rc raf t  systems, a i r c r a f t  i n s t rumen t s ,  o r  
engine malfunct ions b e f o r e  impact. 

The a i r c r a f t  w a s  maintained i n  
Electrical  

Based on t h e  weather e x i s t i n g  a t  t akeof f  and t h e  f a c t  t h a t  i t  
w a s  da rk ,  t h e r e  may have been l i t t l e  o r  no horizon a v a i l a b l e  t o  t h e  
p i l o t  f o r  a i r c r a f t  a t t i t u d e  r e f e r e n c e  o r  c o n t r o l .  Although i t  is  d i f f i c u l t  
t o  d i scoun t  weather as a c a u s a l  f a c t o r ,  t h e r e  w a s  no evidence t o  show 
t h a t  it a f f e c t e d  t h e  p i l o t ' s  handl ing of t h e  a i r c r a f t .  

S ince  a DC-9 took o f f  from a converging runway b e f o r e  A i r  
I nd iana  216 depa r t ed ,  i t  w a s  necessa ry  t o  determine i f  t h e  DC-9's wake 
v o r t e x e s  could have a f f e c t e d  t h e  t a k e o f f .  Although t h e  exac t  t i m e  
cannot be e s t a b l i s h e d ,  t h e r e  is  no doubt t h a t  A i r  Indiana 2 1 6 ' s  t akeof f  
r o l l  d i d  n o t  begin u n t i l  w e l l  a f t e r  t h e  DC-9 l i f t e d  o f f .  Witnesses 
e s t ima ted  t h a t  t h e  de l ay  ranged from 40 sec t o  2 min. Witnesses on t h e  
a i r p o r t  parking ramp w e r e  unanimous t h a t  A i r  Indiana 216 s t a r t e d  a l e f t  

on an eastbound heading b e f o r e  i t  reached taxiway B ,  about 3,125 f t  
beyond t h e  th re sho ld  of runway 18. 

t..C-. . about  2,500 f t  beyond t h e  th re sho ld  of runway 18 and w a s  e s t a b l i s h e d  
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A t  1920:OO A i r  Ind iana  216 acknowledged i t s  takeoff  clearazice.  
and a t  1921:33 t h e  l o c a l  c o n t r o l l e r  c l e a r e d  i t  t o  depa r tu re  c o n t r n l .  
The a i r c r a f t  w a s  no t  on runway 18 when t h e  takeoff  c l ea rance  was ackiiowi- 
edged, and t h e  c o n t r o l l e r  s a i d  t h a t ,  based on t h e  1920:OO t ransmiss ion ,  
30 t o  35 sec e lapsed  be fo re  t h e  takeoff  r o l l  began. Therefore ,  t akeoff  
w a s  begun about  1920:30 t o  1920:35, and us ing  a 30-sec takeoff  r o l l ,  t h e  
a i r c r a f t  would have l i f t e d  o f f  between 1921:OO and 1921:05. 

The 1921:33 c l ea rance  w a s  n o t  i s sued  u n t i l  t h e  c o n t r o l l e r  
e s t ima ted  t h e  DC-3 was 112 t o  1 m i l e  sou th  of t h e  f i e l d ,  o r  about  15  sec 
t o  30 s e c  a f t e r  he l o s t  s i g h t  of t h e  a i r c r a f t .  Using a 22-sec midpoint,  
t h e  c o n t r o l l e r  l o s t  s i g h t  of  t h e  a i r c r a f t  about 1921 : l l .  H e  d i d  not  see 
t h e  t u r n  which began 2,500 f t  down t h e  runway. According t o  wi tnes ses  
t h e  a i r c r a f t  w a s  i n  t h e  a i r  2,000 f t  down t h e  runway; t h e r e f o r e ,  t h e  
c o n t r o l l e r  must have l o s t  s i g h t  of t h e  a i r c r a f t  about 5 seconds a f t e r  i t  
l i f t e d  o f f .  Thus, t h e  a i r c r a f t  was a i r b o r n e  about  1921:06, and t h e  
t akeof f  began about 1920:36. Therefore ,  evidence i n d i c a t e s  t h a t  t he  
takeoff  began between 1920:30 sLid 1920:40, and l i f t  o f f  took  p l a c e  
between 1921:OO and 1921:lO. 

The DC-9's f i r s t  s i g n i f i c a n t  wake vo r t exes  would have reached 
runway 18 about 2,900 f t  beyond i t s  th re sho ld  a t  1920:06, and would have 
diminished completely by 1921:06 t o  1921:36. Therefore ,  n o t  on ly  d i d  
A i r  Indiana 216 l i f t  o f f  a f t e r  t h e  DC-9's wake vo r t exes  had d i s s i p a t e d ,  b u t  
i t  d i d  n o t  even o v e r f l y  t h e  p o r t i o n  of  runway 18 where t h e  vo r t exes  
would have been loca ted .  The S a f e t y  Board, t h e r e f o r e ,  concludes t h a t  
A i r  Ind iana  216 d i d  n o t  encounter  t h e  wake v o r t e x  of t h e  DC-9. 

S ince  t h e  manner i n  which t h e  DC-3 w a s  flown a f t e r  takeqff  
could no t  be a t t r i b u t e d  t o  a wake v o r t e x  encounter ,  t h e  S a f e t y  Board 
a t tempted  t o  de te rmine  why these maneuvers occurred.  I n  o rde r  t o  do 
t h i s ,  t h e  f l i g h t p a t h  w a s  examined t o  determine,  i f  p o s s i b l e ,  t h e  i n d i c a t e d  
a i r s p e e d s  a t t a i n e d  du r ing  t h e  f l i g h t .  A i r  Ind iana  216 's  f l i g h t p a t h  from , 
t akeof f  t o  impact resembled a f i g u r e  S. It passed through t h e  trees 
2,815 f t  east of  t h e  takeoff  runway on a northbound heading; i t  then  
turned  r i g h t  and crashed  about  4,450 f t  east of t h e  takeoff  runway on a 
heading of  200". Evidence regard ing  t h e  t i m e  i n t e r v a l  between t h e  tree 
s t r i k e  and impact r u l e  o u t  any p o s s i b i l i t y  of a long  p r o t r a c t e d  f l i g h t  
east  of  t h e  c ra sh  si te.  

I 

(See Appendix D.) 

According t o  wi tnes ses  i n  t h e  T r i  S t a t e  Aero, Inc . ,  l i n e  
shack, t h e  DC-3 w a s  a i r b o r n e  when i t  passed t h e i r  p o s i t i o n .  Therefore ,  
i t  must have l i f t e d  o f f  a t ,  o r  j u s t  beyond, t h e  i n t e r s e c t i o n  of runways 
18 and 9/27. S ince  t h e r e  w a s  no f l i g h t  d a t a  r eco rde r ,  t h e  exac t  d i s t a n c e  
from takeoff  t o  impact cannot be  e s t a b l i s h e d ;  however, t h e  d i s t a n c e  can 
be  reasonably approximated based on t h e  fo l lowing  assumptions: 
l i f t e d  o f f  a t  runway 9/27; i t  began t o  t u r n  l e f t  midway between taxiways 
B and D; i t  completed a symmetrical 180" t u r n  t o  a 360" heading and 
s t r u c k  t h e  trees; and,  f l ew  due n o r t h  t o  a po in t  w e s t  of t h e  impact 

TPe a i r c r a f t  
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site.  It then  made a symmetrical t u r n  t o  the  c ra sh  si te.  Based on 
t h e s e  assumptions and t h e  a p p l i c a t i o n  of geometric equa t ions ,  t h e  ground 
d i s t a n c e  t r a v e r s e d  by A i r  I nd iana  216 from takeoff  t o  c r a s h  w a s  about 
8,700 f t .  

The a i r c r a f t  crashed a t  1922:22. Consequently, t h e  DC-3 w a s  
a i r b o r n e  between 72 t o  82 sec, and t h i s  t i m e  i n t e r v a l  i s  corroborated by 
wi tnes ses .  By applying s u r f a c e  wind v e c t o r s  f o r  t h e s e  t i m e  i n t e r v a l s  t o  
t h e  8,700-ft  ground d i s t a n c e ,  t h e o r e t i c a l  f l i g h t p a t h  d i s t a n c e s  of between 
9,430 and 9,530 f t  and a i r s p e e d s  between 69 t o  77 kns w e r e  produced. 
However, had t h e  a c t u a l  t u r n s  been symmetrical, A i r  I nd iana  216 would 
have flown cons ide rab ly  t o  t h e  sou th  of t h e  i n t e r s e c t i o n  of runways 18 
and 22. The wi tnes ses  on t h e  a i r p o r t  ramp are unanimous t h a t  i t  d i d  
n o t .  Therefore ,  t h e  f l i g h t p a t h  d i s t a n c e  w a s  less than t h a t  used t o  
compute t h e  speeds above. Based on t h e  a l t i t u d e s  achieved by t h e  a i r c r a f t ,  
t h e  low wind v e l o c i t y ,  and o u t s i d e  a i r  temperatures ,  t h e  speeds noted 
above would be c l o s e  t o  i n d i c a t e d  a i r s p e e d s .  

Based on t h e s e  c a l c u l a t i o n s ,  t h e  f l i g h t p a t h  desc r ibed  by t h e  
w i t n e s s e s ,  t h e  maneuvers performed by t h e  a i r c r a f t  en r o u t e  t o  t h e  c r a s h  
s i t e ,  and t h e  s h o r t  d u r a t i o n  of t h e  f l i g h t ,  t h e  S a f e t y  Board concludes 
t h a t  s h o r t l y  a f t e r  l i f t o f f ,  A i r  Indiana 216 e i t h e r  en te red ,  o r  w a s  
placed i n t o  a h igh  a n g l e  of a t t a c k ,  h igh  d rag  mode of f l i g h t .  It w a s  
being ope ra t ed  i n  t h e  r eg ion  of reversed command a t  a low a l t i t u d e  and 
t h e  p i l o t  w a s  unable t o  escape from t h i s  f l i g h t  regime. 

I n  o r d e r  t o  determine t h e  cause of t h e  a c c i d e n t ,  t h e  S a f e t y  
Board examined a i r c r a f t  weight and balance,  f l i g h t  c o n t r o l s ,  takeoff  
performance c a p a b i l i t i e s ,  and t h e  way t h e  takeoff  w a s  made, a l l  of which 
could have caused t h e  f l i g h t c r e w  t o  permit t h e i r  a i r c r a f t  t o  e n t e r  t h i s  
f l i g h t  regime. 

The testimony d i s c l o s e d  t h a t  t h e  baggage w a s  no t  loaded as 
shown on t h e  company's load manifest .  
a l l  t h e  baggage e v i d e n t l y  w a s  placed i n  t h e  a f t  baggage compartment H. 
T h i s  produced a c.g. w e l l  a f t  of t h e  c.g. shown on t h e  man i fe s t ,  and a f t  
of t h e  optimum range, b u t  probably forward of rearmost a l lowable l i m i t .  
The new c.g. w a s  probably w i t h i n  t h e  26.8 pe rcen t  t o  27.9 pe rcen t  MAC 
range,  and would produce c o n t r o l  f o r c e s  du r ing  t h e  takeoff  which t h e  
p i l o t  might no t  expect  o r  a n t i c i p a t e .  I n  a d d i t i o n ,  t h e  new c.g. w a s  a t  
o r  beyond t h e  26.5 pe rcen t  MAC used i n  t h e  NACA t akeof f  test. Consequently, 
t h e  push f o r c e s  r equ i r ed  on t h e  e l e v a t o r  t o  prevent a premature l i f t o f f  
and subsequent p i t chup  would equal  o r  exceed those recorded on t h a t  
test .  Unless t h e  p i l o t  w a s  a ler t  and recognized and countered t h e s e  
inc reased  f o r c e s ,  h i s  a i r c r a f t  would l i f t  o f f  prematurely a t  a low 
i n d i c a t e d  a i r s p e e d ,  cont inue t o  p i t c h  up, and e n t e r  a high ang le  of 
a t t a c k ,  h igh  d rag  f l i g h t  envelope. 

Except f o r  some c l o t h i n g  bags, 
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Besides t h e  problems r e s u l t i n g  from t h e  new c.g.  l o c a t i o n ,  t h e  
evidence a l s o  d i s c l o s e d  t h a t  t h e  p i l o t  w a s  t o  encounter a d d i t i o n a l  
c o n t r o l  d i f f i c u l t i e s  during t h e  t a k e o f f .  The p o s i t i o n  of t h e  e x t e r n a l  
rudder  and r i g h t  a i l e r o n  c o n t r o l  l o c k s  a t  t h e  c ra sh  site--behind t h e  
empennage and t o  t h e  l e f t  of t h e  f u s e l a g e ' s  centerline--and the  impact 
damage t o  t h e  empennage and r i g h t  wing i n d i c a t e d  t h a t  t h e s e  two locks  
may have been i n s t a l l e d  on t h e i r  r e s p e c t i v e  c o n t r o l  s u r f a c e s  during t h e  
f l i g h t .  (See Appendix F.)  

The ground depres s ions  a t  t h e  p o i n t  of impact, t h e  p o s i t i o n  of 
t h e  r i g h t  p r o p e l l e r  assembly forward and t o  t h e  r i g h t  of t h e  i n i t i a l  
impact p o i n t ,  and t h e  f a c t  t h a t  t h e  r i g h t  wing f a i l e d  i n  t h e  a f t  d i r e c t i o n  
and then  r o t a t e d  t o  t h e  rear and t o  t h e  r i g h t  and s t r u c k  t h e  empennage 
i n d i c a t e  t h a t  t h e  a i r c r a f t  s t r u c k  t h e  ground i n  a nose-low, right-wing- 
down a t t i t u d e .  

S ince  t h e r e  w a s  no impact damage t o  t h e  t a i l  cone assembly, t h e  
e x t e r n a l  rudder c o n t r o l  l o c k  w a s  i n  p l a c e  a t  impact. Although t h e  
s t u r d i l y  cons t ruc t ed  lock  p r o t e c t e d  t h e  t a i l  cone from d i r e c t  impact 
by wing s t r u c t u r e ,  i t  a l s o  t r a n s m i t t e d  t h e  impact f o r c e s  t o  i t .  This  
is  s u b s t a n t i a t e d  by t h e  cone 's  r o t a t i o n  t o  t h e  l e f t .  

The 50" bend t o  t h e  l e f t  of t h e  t a i l  cone 's  t r a i l i n g  
edge, t h e  t w i s t  t o  t h e  r i g h t  of t h e  top  c l o s u r e  r i b ,  and t h e  inward 
compression buckle a t  t h e  r i g h t  s k i n  t o  r i b  j u n c t u r e ,  and t h e  t e a r i n g  
and l e f t  d i s t o r t i o n  on both s i d e s  of t h e  c l o s u r e  r i b  a t  t h e  p r e c i s e  end 
of t h e  c o n t r o l  l o c k  when i t  i s  i n  p o s i t i o n  on t h e  t a i l  cone assembly 
f u r t h e r  s u b s t a n t i a t e  t h e  f a c t  t h a t  t h e  rudder e x t e r n a l  c o n t r o l  l ock  w a s  
i n s t a l l e d  on t h e  a i r c r a f t  when i t  crashed.  (Appendix G, f i g u r e s  8 
through 11.) 

A w i t n e s s  t e s t i f i e d  t h a t  he s a w  t h e  e l e v a t o r  and rudder being 
moved as t h e  a i r c r a f t  t ax i ed  from t h e  ramp. The ramp w a s  no t  f l o o d l i t ,  
i t  was da rk  and r a i n y ,  and he w a s  almost 200 t o  300 f t  from the  a i r -  7 

c r a f t ' s  t a i l  when he s a w  t h e  c o n t r o l s  move. The Sa fe ty  Board concludes 
t h a t  t h e  p h y s i c a l  evidence assumes a g r e a t e r  weight,  and, t h e r e f o r e ,  t h e  
rudder c o n t r o l  l ock  w a s  i n s t a l l e d  when t h e  a i r c r a f t  t a x i e d  from t h e  
ramp.  

When t h e  r i g h t  wing r o t a t e d  a f t  and s t r u c k  t h e  empennage, 
i t  a l s o  s t r u c k  t h e  r i g h t  h o r i z o n t a l  s t a b i l i z e r  and fo rced  t h e  s t a b i l i z e r  
down and a f t .  This  f o r c e  caused seve re  rearward crushing.  During t h i s  
sequence t h e  inboard s e c t i o n  of t h e  r i g h t  a i l e r o n  sepa ra t ed  from t h e  
wing, and t h e  r i g h t  a i l e r o n  c o n t r o l  l ock  f e l l  from t h e  wing. 

Based on t h e  damage t o  t h e  a i l e r o n  c l o s u r e  r i b ,  t o  t h e  upper 
wing panel  c l o s u r e  r i b ,  and t o  t h e  upper wing panel  i n  t h e  area Adjacent 
t o  t h e  r i g h t  a i l e r o n ,  t h e  r i g h t  a i l e r o n  e x t e r n a l  c o n t r o l  l ock  e v i d e n t l y  
w a s  i n  p o s i t i o n  on t h e  wing a t  impac t .  Although the  wing panel  and wing 
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pane l  c l o s u r e  r i b  were compressed and ben t  h e a v i l y ,  t h e r e  w a s  no evidence 
of similar damage t o  t h e  a d j o i n i n g  a i l e r o n  c l o s u r e  r i b .  Also, s i n c e  t h e  
wing pane l  and i t s  c l o s u r e  r i b  d i d  n o t  r e c e i v e  any impact damage, t h e  
s t u r d i l y  cons t ruc t ed  c o n t r o l  l ock  p r o t e c t e d  them from d i r e c t  con tac t  
w i t h  t h e  r i g h t  wing, b u t  t r a n s m i t t e d  t h e  impact f o r c e s  t o  t h e  panel  and 
c l o s u r e  r i b .  Th i s  con ten t ion  i s  confirmed by t h e  p e n e t r a t i o n  of t h e  
suppor t  s t r i n g e r  through t h e  wing pane l  c l o s u r e  r i b  and t h e  forward 
bending of t h e  outboard end of t h e  s t r i n g e r .  I n  o r d e r  f o r  t h e  s t r i n g e r  
t o  be ben t  i n  t h i s  manner, i t  would have t o  h i t  a s o l i d  o b j e c t .  The 
s o l i d  o b j e c t  w a s  t h e  v e r t i c a l  member of t h e  a i l e r o n  c o n t r o l  l ock .  
(See Appendix G, f i g u r e s  1 through 7 . )  

The conclusion t h a t  t h e  r i g h t  a i l e r o n  c o n t r o l  l o c k  w a s  i n  
p l a c e  i s  s u b s t a n t i a t e d  by t h e  following: 
inboard top edge of t h e  a i l e r o n  c l o s u r e  r i b ,  1 3  i n s .  forward of t h e  
a i l e r o n ' s  t r a i l i n g  edge, i s  l o c a t e d  a t  a p o i n t  which co inc ides  wi th  t h e  
forward end of t h e  upper h o r i z o n t a l  member of t h e  r i g h t  a i l e r o n  c o n t r o l  
l o c k  when i t  i s  i n s t a l l e d  on t h e  wing. 
(2)  The t e a r i n g  and downward bending of t h e  upper and lower s k i n  on t h e  
outboard end of t h e  wing p a n e l ' s  t r a i l i n g  edge s t r i n g e r  conforms c l o s e l y  
i n  s i z e  and shape t o  t h e  t r a i l i n g  edge area r e t a i n e d  by t h e  a i l e r o n  
c o n t r o l  l o c k  when i t  i s  i n s t a l l e d  on t h e  wing. (See Appendix G ,  f i g u r e s  5 
and 6 . )  (3 )  The p r o t r u s i o n  of a support  s t r i n g e r  through t h e  wing panel  
c l o s u r e  r i b  and a marked depres s ion  i n  t h e  r i g h t  a i l e r o n  c o n t r o l  l o c k ' s  
rug  material a t  a p o i n t  o p p o s i t e  t h e  p ro t rud ing  s t r i n g e r .  (Appendix G ,  
f i g u r e s  3 and 4 . )  ( 4 )  The microscopic a n a l y s i s  of t h e  a i l e r o n  c o n t r o l  
l o c k ' s  rug material d i s c l o s e d  t h a t  t h e  dep res s ion  i n  t h e  rugging w a s  
similar i n  s i z e  and shape t o  t h e  f r a c t u r e  area of t h e  wing panel  c l o s u r e  
r i b .  Based on t h e  evidence, t h e  S a f e t y  Board concludes t h a t  t h e  r i g h t  
a i l e r o n  e x t e r n a l  c o n t r o l  l o c k  w a s  p o s i t i o n e d  on t h e  wing and a i l e r o n  a t  
impact. 

(1) The tear  o r  gouge on t h e  

(See Appendix G,  f i g u r e  7 . )  

The manner i n  which and t h e  p l a c e  a t  which t h e  e l e v a t o r  l ock  
w a s  found a f f o r d s  p o s i t i v e  proof t h a t  i t  w a s  stowed i n  t h e  a f t  baggage 
compartment during t h e  f l i g h t .  Nat ional  J e t  Se rv ices ,  I n c . ,  procedures  
r e q u i r e d  t h a t  t h e  c o p i l o t  p l a c e  t h e  rudder  l o c k  on t h e  a i r c r a f t  and 
remove i t  b e f o r e  he reboards t h e  plane.  The procedure does n o t  r e q u i r e  
t h a t  t h e  e x t e r n a l  r i g h t  a i l e r o n  and e l e v a t o r  c o n t r o l  l o c k s  be i n s e r t e d .  

I n  o r d e r  t o  determine why t h e  f l i g h t c r e w  f a i l e d  t o  remove t h e  
c o n t r o l  l o c k s ,  t h e  S a f e t y  Board examined t h e  manner i n  which t h e  s t o p  a t  
E v a n s v i l l e  w a s  conducted. Based on t h e  t i m e  i n t e r v a l s  involved i n  t h e  
s t o p ,  t h e  e n t i r e  passenger boarding and baggage load ing  p rocess  w a s  
probably completed w i t h i n  6 t o  7 mins. The testimony a t  t h e  h e a r i n g  
d i s c l o s e d  t h a t  t h e  a f t  cargo door w a s  opened b e f o r e  t h e  c o p i l o t  got  o f f ,  
t h a t  i t  w a s  s t i l l  open when he reboarded t h e  plane,  and no one s a w  t h e  
c o p i l o t  e g t h e r  approach t h e  r i g h t  wing o r  t h e  empennage. Since t h e  
r i g h t  a i l e r o n  c o n t r o l  l o c k  w a s  i n s e r t e d  c o n t r a r y  t o  t h e  company's procedures ,  
one might assume t h a t  t h e  person who i n s e r t e d  t h i s  l ock  w a s  n o t  f a m i l i a r  
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wi th  t h e  procedure.  Although t h e  evidence does no t  permit an a c c u r a t e  
exp lana t ion  of how t h e  c o n t r o l  l ocks  were i n s e r t e d  and overlooked, t h e  
t iming and manner i n  which t h e  s t o p  w a s  conducted rendered t h e  f l i g h t c r e w  

. vu lne rab le  t o  such an  e r r o r .  

The a i r c r a f t  c h e c k l i s t  r equ i r ed  t h a t  t h e  c o n t r o l s  be exe rc i sed  
t o  Bssure freedom of ope ra t ion  be fo re  t a k e o f f .  Although the  Safety 
Board cannot exp la in  why t h i s  w a s  n o t  done, we  n o t e  t h a t  t h i s  type of 
e r r o r  i n  t h e  DC-3 i s  not  without precedence. The evidence d i s c l o s e d  
t h a t  t h e  a i r c r a f t  can be flown wi th  t h e  nonoffset- type e x t e r n a l  a i l e r o n  
and rudder c o n t r o l  l ocks  i n s t a l l e d .  With t h e s e  locks  i n s t a l l e d  and t h e  
e l e v a t o r  f r e e ,  t h e  p i l o t  had f u l l  p i t c h  c o n t r o l .  H e  could t u r n  t h e  
a i r c r a f t  through t h e  use of d i f f e r e n t i a l  engine power; however, i f  
f l i g h t  under t h e s e  circumstances w a s  t o  be achieved s a f e l y ,  i t  w a s  v i t a l  
t h a t  s a f e  and adequate a i r s p e e d s  be maintained, and t h i s  w a s  n o t  done. 

Since t h e  evidence i n d i c a t e d  t h a t  t h e  a i r c r a f t  d i d  not  a c c e l e r a t e  
t o  t h e  recommended a i r s p e e d s  f o r  s a f e  ope ra t ion ,  t h e  a i r c r a f t ' s  takeoff  
performance c a p a b i l i t i e s  and t h e  manner i n  which t h e  f l i g h t c r e w  conducted 
t h e  takeoff  were analyzed. A i r  Indiana 216 entered runway 18 a t  taxiway 
F, t h e  c e n t e r l i n e  of which i n t e r s e c t s  t h e  runway 200 f t  beyond t h e  
runway th re sho ld .  The p i l o t  turned d i r e c t l y  from t h e  taxiway t o  t h e  
runway and a f t e r  g e t t i n g  on t h e  runway, t a x i e d  slowly forward " f i s h t a i l i n g "  
once o r  t w i c e  be fo re  the  a i r c r a f t  w a s  properly al igned.  A b a s i c  r u l e  of 
thumb t o  estimate t h e  d i s t a n c e  r equ i r ed  t o  l i n e  up an a i r c r a f t  on a 
runway f o r  takeoff  i s  t o  use twice i ts  fuse l age  length.  The fuse l age  of 
t h e  DC-3 i s  about 64 f t  long; t h e r e f o r e ,  consider ing t h e  manner i n  which 
t h e  t u r n  w a s  executed, t h e  takeoff  r o l l  began about 325 t o  400 f t  
beyond t h e  th re sho ld  of runway 18. I f  t h e  takeoff  had been made us ing  
optimum performance technique--engines s t a b i l i z e d  a t  takeoff  power 
b e f o r e  brake release--about 1,800 f t  would have been r equ i r ed  t o  acce le r -  
a t e  t o  V i  speed, and t h e  a i r c r a f t  would have l i f t e d  of f  a t  o r  s l i g h t l y  
beyond 2,125 t o  2,200 f t  down runway 18. However, takeoff  techniques of 
t h i s  t ype  are r a r e l y  used i n  l i n e  ope ra t ions .  According t o  t h e  former 
DC-3 p r o j e c t  manager, i f  o t h e r  methods of takeoff  technique are used, 
t h e  takeoff  r o l l  would be "normally longer  .... Unless t h e  p i l o t  en te red  
t h e  runway a t  a very high rate . . . . ' I  The evidence i s  conc lus ive  t h a t  
t h e  p i l o t  of A i r  Indiana 216 d id  no t  e n t e r  t h e  runway a t  a h igh  rate of 
speed, and t h a t  he d i d  n o t  u se  optimum takeoff  performance techniques.  

A i r  Indiana 216 w a s  a i r b o r n e  when i t  passed i n  f r o n t  of t h e  T r i  
S t a t e  Aero, I n c . ,  l i n e  shack, 2,000 f t  beyond t h e  th re sho ld  of runway 13. 
I f  t h e  p i l o t  had used optimum takeoff  techniques,  t h e  a i r c r a f t  could not  
have reached Vi speed and l i f t e d  o f f  a t  o r  a f t e r  V i  speed, as r equ i r ed  
i n  t h e  procedures.  While i t  i s  no t  p o s s i b l e  t o  f i x  t h e  p r e c i s e  l i f t o f f  
po in t  and a i r speed ,  t h e  Sa fe ty  Board concludes t h a t  t h e  DC-3 l i f t e d  o f f  
prematurely and a t  a speed below V i .  
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Because of t h e  evidence of t h e  premature l i f t o f f ,  t h e  e l e v a t o r  
c o n t r o l  system w a s  examined f o r  evidence of any malfunct ion which could 
have hindered a i r c r a f t  c o n t r o l  and produced t h i s  'type of l i f t o f f .  The 
d i s r u p t i o n  of t h e  c o n t r o l  c a b l e s  i n  t h e  empennage w a s  caused by impact 
f o r c e s .  The examination of t h e  damage noted on t h e  r ace - t r ack  h o l e s  i n  
t h e  f u s e l a g e  bulkhead a t  FS 63 d i s c l o s e d  no evidence t o  i n d i c a t e  t h a t  
t h e  swaged f i t t i n g s  impinged on t h e  bulkhead s u r f a c e  and impeded t h e  
f r e e  movement of t h e  e l e v a t o r  c o n t r o l  s u r f a c e s .  The gouging noted on 
t h e  r i g h t  s i d e  of t h e  upper r ace - t r ack  h o l e  appeared t o  be caused by t h e  
c o n t r o l  c a b l e s  as a r e s u l t  of impact f o r c e s  s u s t a i n e d  du r ing  t h e  a i r c r a f t ' s  
breakup. The 50" a n g l e  of t h e  gouge i n d i c a t e d  t h a t  e i t h e r  t h e  bulkhead 
w a s  being d i s p l a c e d  du r ing  t h e  impact sequence and s t r u c k  t h e  c a b l e  a t  
t h a t  ang le ,  o r  t h e  cab le ,  due t o  t h e  d i s t o r t i o n  and breakup of t h e  
f u s e l a g e  du r ing  t h e  impact sequence, w a s  d i s p l a c e d  t o  t h a t  a n g l e  and 
s t r u c k  t h e  s i d e  of t h e  r ace - t r ack  hole .  Although t h e  S a f e t y  Board 
cannot r u l e  o u t  t h e  p o s s i b i l i t y  t h a t  t h e  premature l i f t o f f  w a s  caused by 
an e l e v a t o r  c o n t r o l  malfunct ion,  i t  concludes t h a t  t h e r e  i s  no p h y s i c a l  
evidence t o  support  t h i s  hypothesis .  

The premature l i f t o f f  could have been caused by an improperly 
p o s i t i o n e d  e l e v a t o r  t r i m  t ab ;  improper wing f l a p  s e t t i n g ;  o r  t h e  p i l o t  
cou ld  have p u l l e d  t h e  a i r c r a f t  o f f  t h e  ground e a r l y  t o  coun te rac t  a 
sideways d r i f t ;  however, t h e  evidence l e a d s  t o  a d i f f e r e n t  conclusion.  

The a i r c r a f t ' s  c.g. w a s  w e l l  a f t  of 23 percent  MAC and probably 
w a s  about  26.8 pe rcen t  t o  27.9 pe rcen t  MAC. Based on t h e  NACA t akeof f  
p r o f i l e ,  e l e v a t o r  push f o r c e s  of about  40 l b s  t o  50 l b s  would be r equ i r ed  
t o  raise t h e  t a i l ,  and push f o r c e s  would have t o  be maintained i n  o r d e r  
t o  keep t h e  a i r c r a f t  on t h e  ground u n t i l  VI w a s  reached. I f ,  a f t e r  t h e  
t a i l  w a s  r a i s e d ,  t h e  forward p r e s s u r e  on t h e  e l e v a t o r  w a s  r e l axed ,  t h e  
a i r c r a f t  would r o t a t e  and become a i r b o r n e  prematurely i n  a t a i l  low 
a t t i t u d e .  A s  i t  a c c e l e r a t e d ,  t h e  a i r c r a f t  would con t inue  t o  p i t c h  up 
u n l e s s  an  opposing e l e v a t o r  i n p u t  w a s  made, and t h i s  nose-up moment 
would be f u r t h e r  heightened as t h e  a i r c r a f t  climbed and t h e  ground . 
e f f e c t  i n f l u e n c e s  l e s sened .  Unless t h i s  p i t chup  w a s  a r r e s t e d  q u i c k l y ,  
t h e  a i r c r a f t  would con t inue  t o  p i t c h  up and e n t e r  a nose-up, high d rag  
f l i g h t  envelope from which t h e  a i r c r a f t  could n o t  be a c c e l e r a t e d  i n  
level f l i g h t .  The testimony o f  t h e  wi tnes ses  who watched t h e  t akeof f  
confirms t h e  premature l i f t o f f  and t h i s  t ype  of t r a j e c t o r y .  Therefore ,  
based on t h e  evidence, t h e  S a f e t y  Board concludes t h a t  t h e  premature 
l i f t o f f  w a s  most probably t h e  r e s u l t  of a p i t chup  and an e a r l y ,  i n a d v e r t e n t  
r o t a t i o n  caused by an  a f t  c.g. 

The w i t n e s s e s  a l l  p l a c e  t h e  a i r c r a f t  i n  a l e f t  bank of va ry ing  
With t h e  c o n t r o l s  locked,  a n g l e s  from 25" t o  65" s h o r t l y  a f t e r  l i f t o f f .  

t h e  bank a n g l e s  desc r ibed  by t h e  w i t n e s s e s  could have r e s u l t e d  only from a 
s u s t a i n e d  t u r n i n g  o r  yawing moment. The S a f e t y  Board could no t  determine 
what caused t h e  yaw and r o l l .  The yaw and r o l l  would i n c r e a s e  t h e  d rag  
on t h e  a i r c r a f t  r e q u i r i n g  a d d i t i o n a l  nose-up c o r r e c t i o n  t o  maintain 
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a l t i t u d e  as t h e  a i r c r a f t  proceeded eastbound i n  a l e f t  bank. 
means of d i r e c t i o n a l  c o n t r o l  w a s  d i f f e r e n t i a l  engine power, and any 
a t t empt  t o  c o n t r o l  t h e  a i r c r a f t  i n  t h i s  manner would decrease t o t a l  
a v a i l a b l e  power and worsen t h e  power v e r s u s  d rag  r e l a t i o n s h i p .  The 
w i t n e s s '  s t a t emen t s  i n d i c a t e  t h a t ,  wi th  one o r  two except ions du r ing  the  
remainder of t h e  f l i g h t ,  t h e  a i r c r a f t  w a s  r a r e l y  more than 100 f t  a .g .1 . ;  
i t  w a s  r a r e l y  wings l e v e l ;  i t  w a s  e i t h e r  climbing o r  descending; i t  w a s  
being flown a t  a high ang le  of a t t a c k ;  and, i t  w a s  being flown a t  an 
a i r s p e e d  t h a t  w a s  a t  o r  below t h e  power-off s t a l l  speed, b u t  above t h e  
power-on s t a l l  speed. Power was n o t  a v a i l a b l e  t o  a c c e l e r a t e  i n  level 
f l i g h t ,  and i t  w a s  t oo  low t o  descend and a c c e l e r a t e  without  crashing.  
The a i r c r a f t ' s  f l i g h t p a t h  and o v e r a l l  a i r s p e e d  confirm t h e  Board's 
conc lus ion  t h a t  t h e  a i r c r a f t  had en te red  t h e  region of reversed command. 

The only 

The absence of a cockp i t  vo ice  r eco rde r  made i t  impossible  t o  
f i x  t h e  po in t  i n  t h e  f l i g h t  t h a t  t h e  c a p t a i n  discovered h i s  a i l e r o n  and 
rudder c o n t r o l s  were locked. Probably t h e  discovery coincided wi th  t h e  
v i t a l  p o r t i o n  of t h e  takeoff  where t h e  t a i l  w a s  being r a i s e d  and l i f t o f f  
w a s  occu r r ing .  I n  a d d i t i o n ,  i t  probably served t o  mask o r  delay h i s  
a p p r a i s a l  of t h e  increased e l e v a t o r  c o n t r o l  f o r c e s  r equ i r ed  a t  t h i s  
moment u n t i l  i t  w a s  too  l a t e  and the  a i r c r a f t  w a s  a i rbo rne .  I t  is a l s o  
p o s s i b l e  t h a t  t h e  i d e n t i f i a b l e  emergency--the locked controls--completely 
occupied h i s  a t t e n t i o n  t o  t h e  p o i n t  t h a t  he f a i l e d  t o  pe rce ive  t h e  onse t  
of t h e  more dangerous emergency--the continued upward p i t c h i n g  of h i s  
a i r c r a f t  and i t s  subsequent e n t r y  i n t o  t h e  r eg ion  of reversed command a t  
too  low an  a l t i t u d e  t o  a l low recovery.  

The evidence d i s c l o s e d  t h a t  DC-3s have taken of f  s u c c e s s f u l l y  
a t  higher  g r o s s  weights and a t  c.g.  l o c a t i o n s  which were a t  o r  beyond 
t h e  rearmost l i m i t .  The c a p t a i n  had over 4,000 h r s  i n  t h e  DC-3. H e  had 
flown t h e  a i r c r a f t  under combat cond i t ions  i n  s o u t h e a s t  A s i a ,  and, 
t h e r e f o r e ,  h e  undoubtedly had operated t h e  a i r c r a f t  a t  takeoff  weights 
and c.g. l o c a t i o n s  s imilar  t o  t h e s e  and poss ib ly  higher  and f u r t h e r  a f t .  
H i s  i n a b i l i t y  o r  f a i l u r e  t o  cope wi th  t h e  p i t c h i n g  moment c r e a t e d  by t h e  
a f t  c.g. can on ly  be a t t r i b u t e d  t o  t h e  f a c t  t h a t  he recognized t h e  
l a t e ra l  c o n t r o l  d i f f i c u l t i e s  a t ,  o r  j u s t  a f t e r ,  l i f t o f f .  Had he recognized 
them a t  any o t h e r  p o i n t  on t h e  takeoff  r o l l ,  he most c e r t a i n l y  would 
have r e j e c t e d  t h e  t a k e o f f .  The Sa fe ty  Board, t h e r e f o r e ,  concludes t h a t  
t h e  e f f e c t s  of t h e  e x t e r n a l  a i l e r o n  and rudder c o n t r o l  locks on t h e i r  
a p p l i c a b l e  c o n t r o l  s u r f a c e s  prevented t h e  p i l o t  from recognizing and 
p reven t ing  t h e  p i t chup  caused by t h e  rearward c .g . ,  and, t hus ,  were t h e  
major c o n t r i b u t i n g  f a c t o r s  i n  t h i s  a c c i d e n t .  
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3.  CONCLUSIONS 

3.1 Findings 

3 . 2  

1. The a i r c r a f t  w a s  c e r t i f i c a t e d  and maintained p rope r ly .  
The f l i g h t c r e w  were q u a l i f i e d  t o  conduct t h e  f l i g h t .  

2. There w a s  no evidence of any a i r c r a f t  s t r u c t u r e ,  a i r c r a f t  
system, o r  engine malfunct ions be fo re  impact. Electrical  
power w a s  a v a i l a b l e  t o  t h e  a i r c r a f t  and t o  t h e  c a p t a i n ' s  
a t t i t u d e  i n d i c a t o r  thoughout t h e  f l i g h t .  

3. The f l i g h t  d i d  no t  encounter t h e  wake vo r t exes  of t h e  
DC-9 which depa r t ed  from runway 22. 

4 .  The a i r c r a f t ' s  c.g. w a s  a f t  of t h a t  shown on t h e  load 
man i fe s t ,  w a s  a f t  of t h e  optimum c.g. range, and w a s  
probably w i t h i n  t h e  26.8 pe rcen t  t o  27.9 pe rcen t .  

5. The e x t e r n a l  r i g h t  a i l e r o n  and rudder c o n t r o l  l ocks  were 
The c o n t r o l  l ocks  w e r e  n o t  discovered du r ing  i n s t a l l e d .  

t h e  before- takeoff  c h e c k l i s t  and t h e  c o n t r o l  l ocks  were 
i n  p l a c e  when t h e  a i r c r a f t  crashed. The e x t e r n a l  e l e v a t o r  
c o n t r o l  l o c k  w a s  no t  i n s t a l l e d  and t h e  e l e v a t o r  w a s  f r e e  
t o  t r a v e l .  

6. The a i r c r a f t  l i f t e d  o f f  t h e  ground prematurely and 
below V i  speed. 
rearward c. g . The e a r l y  l i f t o f f  w a s  caused by t h e  

7 .  The a i r c r a f t  e n t e r e d  t h e  f l i g h t  envelope desc r ibed  as 
t h e  r e g i o n  of r eve r sed  command s h o r t l y  a f t e r  t a k e o f f ,  and 
remained w i t h i n  t h a t  envelope u n t i l  i t  crashed. 

Probable  Cause 

The Nat ional  T r a n s p o r t a t i o n  S a f e t y  Board determines t h a t  t h e  
p robab le  cause of t h e  a c c i d e n t  w a s  an  at tempted t akeof f  w i th  t h e  rudder 
and r i g h t  a i l e r o n  c o n t r o l  l o c k s  i n s t a l l e d ,  i n  combination w i t h  a rearward 
c.g. ,  which r e s u l t e d  i n  t h e  a i r c r a f t ' s  r o t a t i n g  t o  a nose-high a t t i t u d e  
immediately a f t e r  t akeof f  and e n t e r i n g  t h e  r eg ion  of r eve r sed  command 
from which t h e  p i l o t  w a s  unable  t o  recover .  
w a s  t h e  f a i l u r e  of t h e  f l i g h t c r e w  t o  i n s u r e  t h a t  t h e  passenger baggage 
w a s  loaded i n  accordance w i t h  t h e  conf igu ra t ion  contained on t h e  load 
man i fe s t .  The i r  f a i l u r e  r e s u l t e d  i n  a rearward c e n t e r  of g r a v i t y  t h a t  
w a s  a f t  of t h e  optimum range,  b u t  forward of t h e  rearmost l i m i t .  

Con t r ibu t ing  t o  t h e  a c c i d e n t  
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4 .  RECOMMENDATIONS 

As a result of its investigation of this accident, the 
National Transportation Safety Board recommended, on May 11, 1978, 
that the Federal Aviation Administration: 

Install an alerting feature on all existing and new I 1  

equipment used for disseminating essential weather 
information in all air traffic control facilities, 
at positions which require timely information and 
at positions that are required to issue current 
weather information as a part of their air traffic 
control functions. (Class 11, Priority Action) 
(A-7 8-34)  I' 

BY THE NATIONAL TRANSPORTATION SAFETY BOARD 

I s /  

/ S I  

/ S I  

/ S I  

JAMES B. KING 
Chairman 

FRANCIS H. McADAMS 
Member 

PHILIP A. HOGUE 
Member 

ELWOOD T. DRIVER 
Member 

August 17, 1978 
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5. APPENDIXES 

APPENDIX A 

INVESTIGATION, HEARING, AND DEPOSITIONS 

1. Investigation 

At 2153 e.s.t. on December 13, 1977, the National Transportation 
Safety Board, Washington Office was notified of the accident by the 
Federal Aviation Administration. Parties to the accident investigation 
were the Federal Aviation Administration, Pratt and Whitney Division of 
United Technologies, Inc., and the Indiana State Police. 

2. Hearing 

A public hearing was held in Evansville, Indiana, from February 14 
through February 16, 1978. Parties to the hearing were the Federal 
Aviation Administration, Professional Air Traffic Controllers Organization, 
National Jet Services, Inc., The University of Evansville, Aeronautics 
Commission of Indiana, and the McDonnell Douglas Corporation. 

3 .  Depositions 

Depositions were taken of selected witnesses in Miami, Florida, 
on March 22, 1978. 
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APPENDIX B 

PERSONNEL INFORMATION 

Captain Ty Van Pham 

Captain Ty Van Pham, 42, w a s  employed by Nat ional  Jet Se rv ices ,  
Inc . ,  on October 15, 1977. H e  he ld  a n  A i r l i n e  Transport  P i l o t  C e r t i f i -  
cate  N o .  586400328 wi th  a n  a i r p l a n e  mult iengine land r a t i n g  (AMEL) and a 
type r a t i n g  i n  DC-3 aircraft. The c a p t a i n  held a F i r s t  Class Medical 
C e r t i f i c a t e  dated September 1, 1977, w i th  t h e  l i m i t a t i o n  r e q u i r i n g  him t o  
wear g l a s s e s  "while e x e r c i s i n g  t h e  p r i v i l e g e s  of h i s  airman c e r t i f i c a t e . "  

Captain Pham's employment r eco rds  wi th  Na t iona l  Jet Se rv ices ,  
Inc . ,  d i s c l o s e d  t h a t  h e  had logged 9,100 f l i gh t -hour s  of which 4,600 h r s  
were DC-3 t i m e .  The Na t iona l  Jet Se rv ices ,  Inc.  crew du ty  and f l i g h t  
t i m e  l o g  d i s c l o s e d  t h a t  t h e  c a p t a i n  had flown 47 h r s  du r ing  t h e  month of 
November and 27 h r s  between t h e  first and t w e l f t h  of December. 

Captain Pham completed h i s  last p r o f i c i e n c y  check f l i g h t  on 
October 18, 1977, and h i s  l a s t  l i n e  check f l i g h t  on October 20, 1977. 

F i r s t  O f f i c e r  Gaston Pacheco Ruiz 

F i r s t  O f f i c e r  Gaston Pacheco Ruiz, 35, was employed by Nat ional  
Jet Services, Inc.  on November 7,  1977. H e  he ld  a Commercial P i l o t  
Cert i f icate  No. 2024434 w i t h  a i r p l a n e  s i n g l e  and mult iengine land and 
instrument  r a t i n g s .  He he ld  a DC-3 t ype  r a t i n g .  

F i r s t  O f f i c e r  Ruiz he ld  a F i r s t  Class Medical C e r t i f i c a t e  
dated October 28, 1977, w i t h  no l i m i t a t i o n s .  

F i r s t  O f f i c e r  Ru iz ' s  employment a p p l i c a t i o n  w i t h  Na t iona l  Jet 
Services, Inc.  d i s c l o s e d  t h a t  he had logged 1,330 f l i gh t -hour s  of which 
80 h r s  were i n  t h e  DC-3. The f i r s t  o f f i c e r  had flown 23 h r s  du r ing  t h e  
f i r s t  9 days of December 1977 and had been o f f  du ty  i n  excess of 24 
h r s  p r i o r  t o  r e p o r t i n g  f o r  t h i s  f l i g h t .  

F i r s t  O f f i c e r  Ruiz completed h i s  i n i t i a l  f i r s t  o f f i c e r  check 
w i t h  Nat ional  Jet  Se rv ices ,  Inc.  November 20, 1977. H e  completed l i n e  
check f l i g h t s  on December 6, 7, and 9, 1977. 

F l i g h t  Attendant Pamela A. Smith 

F l i g h t  Attendant Pamela A. Smith, 24, completed i n i t i a l  
t r a i n i n g  November 4, 1977. 
1977, and she was c e r t i f i e d  as competent by the  company's check s tewardess  

f l i g h t  t i m e .  

Her check f l i g h t  was completed December 2, 

on t h e  same da te .  As of December 9, 1977, she  had accumulated 15 h r s  
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APPENDIX C 

AIRCRAFT INFORMATION 

The a i r c r a f t  w a s  a Douglas DC-3 owned and ope ra t ed  by Nat ional  
Je t  S e r v i c e s ,  Inc.  The a i r c r a f t ' s  serial  number w a s  483F, and i t s  
r e g i s t r y  number w a s  N51071. 

The a i r c r a f t  w a s  manufactured November 13, 1941, and had a 
t o t a l  a i r f r a m e  t i m e  of 19,777 h r s .  It w a s  last overhauled on October 23, 
1956, and had flown 9,500 h r s  s i n c e  t h a t  da t e .  

The a i r c r a f t  w a s  powered by two P r a t t  and Whitney R-1830-94 
engines .  The t o t a l  t i m e s  on t h e  engines  were unknown. Takeoff r a t e d  
and normal r a t e d  power f o r  t h e  engines  were 1350 and 1100 horsepower 
r e s p e c t i v e l y  . 

The l e f t  engine,  serial  No. P-138547, had flown about 814 
h r s  s i n c e  overhaul  (TSO); t h e  r i g h t  engine,  serial  no. P-145783, had 
flown about 534 h r s  s i n c e  TSO. 

The engines  were equipped wi th  Hamilton Standard P r o p e l l e r s ,  
Model No. 23350-505, f i t t e d  wi th  p r o p e l l e r  b l ades  of drawing No.  6565A-18. 
The TSO of t h e  l e f t  p r o p e l l e r ,  serial No. P48444 w a s  about 814 h r s ,  and 
t h a t  of t h e  r i g h t  p r o p e l l e r ,  serial  No. 114847 w a s  about 956 h r s .  The 
t o t a l  t i m e  on t h e  p r o p e l l e r s  w a s  unknown. 

The a i r c r a f t  w a s  weighed by Rhoades Aviat ion,  Columbus, 
Ind iana ,  A p r i l  28, 1976. The empty weight of t h e  a i r c r a f t  w a s  18,651.5 
l b s ,  and t h e  empty weight moment w a s  4659 (4658544.25 inch  pounds). The 
maximum a l lowab le  t akeof f  g r o s s  weight is  26,900 l b s ,  and the forward 
and a f t  c e n t e r  of g r a v i t y  l i m i t s  11 percen t  t o  28 pe rcen t  MAC r e s p e c t i v e l y .  

The a i r c r a f t  w a s  equipped w i t h  an Emergency Locator  Transmit tor  
(ELT). 
a c c i d e n t ,  nor  w a s  a s i g n a l  d e t e c t e d  on t h e  tower 's  ATC t a p e  r eco rd ings .  
A t  t h e  t i m e  of t h e  a c c i d e n t ,  121.5 MHz w a s  being monitored i n  t h e  tower 
and on t h e  speaker .  

The tower c o n t r o l l e r ' s  d i d  n o t  h e a r  an  ELT s i g n a l  a f t e r  t h e  
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APPENDIX E 

OTAKE-OFF 
AIR CARRIER(FAR 121, 1238,129) 

I1 W b d o r  Lndp Mlm. rlo A I b  Res. 
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EVANSVILLE, IND. 

FOR FILING AS ALTERNATE 

Precision Non-Precision 
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EVANSVILLE, IND. 
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Note: Drawing not to scale. 
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NATIONAL TRANSPORTATION SAFETY BOARD 

WRECKAGE DISTRIBUTION CHART 
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