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- SAFETY RECOMMENDAT IONS A-73-76 thru  78 

The National Transportation Safety Board's i n i t i a l  invesi igai ion 
indicates  t h a t  one or more f a u l t s  i n  a Boeing 707-33lB longi tudinal  
control  system might have been contributory t o  the  cause of a i ecen t  
accident involving Trans World Airlines Fl ight  742, on August 28, 1973. 
Although t h e  invest igat ion has not yet  been completed, the  Safety Board 
believes tha t  the  i n i t i a l  findings a r e  suf f ic ien t  t o  j u s t i f y  cer ta in  
interim actions designed t o  preclude the serious consequences which may 
r e s u l t  from similar  occurrences. 

The subject accident occurred a s  the  € l i g h t ,  en L oute from Honolulu 
t o  Los Angeles, tias descending from cruise  a l t i t u d e  approximately 35 miles 
west of the  destination a i rpo r t ,  Upon passing tlxcough f l i g h t  l eve l  220 a t  
approximately 350 I W ,  t h e  a i r c r a f t  entered a porpoising osc i l l a t ion  which 
pers i s ted  f o r  approximately 2 minutes. 
enced, with peak accelerat ion forces a t  the  a i r c r a f t  c.g. 01 42.49 and - 0 . 3 ~ .  
Unres brained passengers and stewardesses i n  the a i r c r a f t  iiere subjected t o  
violent  displacements. 
sustained f a t a l  i n ju r i e s ;  2 stewardesses and 2 passengers sustainea serious 
in ju r i e s  before t h e  a i r c r a f t  regained s t ab i l i zed  f l i g h t .  

Over 50 pitching cycles were experi- 

Of the  9 crewinembers and 141 passengers, 1 passenger 

A review of records a f t e r  t h i s  occurrence &isclosed t h a t  the  same B-707 
a i r c r a f t  had been involved i n  a similar accident on July 18, 1972, a t  
Windsor Loclcs, Connecticut. 
injured +,hen t h e  a i r c r a f t  experienced a se r i e s  of p i t ch  OSCillatiOIlS IihiCh 

I n  t h a t  accident ,  one stevrardess vias seriollsly 



pe i s i s t ed  for approximately l 5  seconds. Although our f i n d i  
time indicated an encounter with in- f l igh t  turbulence, w e  nmr have re 
t o  believe that a longitudinal control  system f a u l t  might haxe been c 

- 
tiius fa r ,  of (1) an examination of those a i r c r a f t  svstems and comuonents' 

t r ibu tory  t o  t h a t  mishap as well. 

The current invest igat ion o f  the  August 28th acciden 

which c o d d  a f f ec t  the  longitudinal s t a b i l i t y  of thk a i r c r a f t ,  a 
a s e r i e s  of f l i g h t  t e s t s  t o  evaluate the  a i r c r a f t  f l i g h t  charact 
Engineering, manufacturing, and f l i g h t  t e s t  personnel from t h e  Boein 
Company rrere key par t ic ipants  i n  t h i s  ac t iv i ty .  

The a i r c r a f t  examination disclosed: 

(1) an open c i r c u i t  i n  one phase of the  three-phase AC p 
s t a b i l i z e r  trim control  re lay,  which would l i k e l y  cause 
degradation i n  the  toxque output of t h e  s t a b i l i z e r  t r i m  .i - 
screw motor, and 

(2) excessive force was required a t  t h e  elevator surface wh 
subjected t o  t h e  brealaway force  check specif ied i n  
Boeing 707 Maintenance Manual. More detai led inspection t o  de 
mine the  f r i c t i o n  souxce revealed that many of the  inboard and 
outboard sea l s  beixeen the elevator balance panels and s t a b i l  
s t ruc ture  were compressed excessively. 

The s t a b i l i z e r  tr im control  relay was replacea and the  
f r i c t i o n  wa5 brought t o  an acceptable l e v e l  by lubr ica t ion  of elevato 
and balance panel mechanisms. ion fit of (,)le balalice pan 
W d b  iioc corrected. 

The compr 

The a i r c r a f t  was then subjected t o  a f l i g h t  charac te r i s t ic  evalua 
by a Boeing p i l o t ,  accompanied by engineering personnel. 
included a s e r i e s  of elevator / s t ab i l i ze r  t r ade  tests wherein v a r i  
s t a b i l i z e r  t r i m  were compensated by elevator  def lect ion 
tudes throughout the  a i r c r a f t  Is speed range. Although t 
induce an uncontrollable porpoise, he did note a s i g n i f i  
control  column force gradient during conditions of eleva 
The charac te r i s t ics  noted were of a nature which tended 
i n s t a b i l i t y .  

Two possible  fac tors  which a r e  Imown t o  contr ibute  
a re :  
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(1) an abnormal va r i a t ion  i n  aerodynamic balance under ce r t a in  con- 
d i t ions  which can r e s u l t  i n  a near constant or  even negative 
hinge moment versus deflection gradient  f o r  t h e  elevator  surface,  
and 

( 2 )  excessive cont ro l  surface f r i c t i o n .  

Since the elevator  balance panel seal fit can adversely affec-l; both 
of these elements, it became suspect ,  and t h e  balance panels were revrorked 
t o  achieve a f i t  corresponding t o  the niaximiun spec i f ied  gap tolerance.  

The a i r c r a f t  >ras r e f l a rn  and a s ign i f i can t  change i n  t h e  elevator  force  
gradient cha rac t e r i s t i c  W ~ S  noted. 
was t h a t ,  although nearer t o  normal, .tile a i r c r a f t  s t i l l  exhibited loir-force 
gradient character is%ics  a t  high elevator  a n g d a r  def lect ions under con- 
d i t ions  of high dynamic pressure.  

The subjec.tive evalua.tion of t h e  p i l o t  

The ongoing invest igat ion w i l l  be d i rec ted  tow3.rd complete instrwnen- 
t a t i o n  t o  explore fur ther  t h e  longi tudinal  f l i g h t  charac te r i s t ics  of t h i s  
a i r c r a f t .  

Although our findings are incomplete, vie bel ieve .that .the f a c t s  
developed thus far  provide evidence t h a t  one o r  more con.i;rol system f a u l t s  
can produce a longi tudina l  i n s t a b i l i t y  induced by e i t h e r  external  d i s tu r -  
bance or p i l o t  cont ro l  input under i so l a t ed  conditions. 
t h i s  i s  more l i k e l y  t o  OCCUT if t h e  a-ircrai; i s  out of t r i m  i n  a high 
iiynamic pressure environment. 

We bel ieve that  

The Bozrd i s  understandably concerned about -the existence of otlier 

We bel ieve that a measurement of 
Boeing 707/720 a i r c r a f t  which might exhibi t  similar undesirable cliaracter- 
i s t i c s  if exposed t o  such conditions. 
higher-than-normal e levator  breakout forces might be ind ica t ive  of such a 
problem. 

I n  order t o  minimize t h e  p o s s i b i l i t y  of fu ture  occurrences of t h i s  
nature,  t h e  Safety Board recommends t h a t  t h e  Federal  Aviation Ac?miniPm"uion 
i n i t i a t e  t h e  following interim act ions : 

1. Issue  an Air Carri.er Operations Bul le t in  vliich describes 
t h e  circwns.i;ances of th i s  accident ,  appl icable  cautions 
regarding such i n s t a b i l i t y ,  and reco~mnended p i l o t  pro- 
cedure t o  reduce -the possi .bi l i ty  of a sustained high "g" 
o s c i l l a t i o n ,  should an i n s t a b i l i t y  manifest i t se l f .  
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2.  Issue an Airworthiness 

(a) t ha t  a l l  Boeing 7 
an elevator break 
w i t h  the  approved maintenance procedures 
next scheduled maintenance v i s i t ;  and 

t h a t  those a i r c r a f t  on which the brea 
determined i n  p a r t  ( a )  exceeds t h e  ma 
values be subject 
<hat the  elevator balance panel s e a l  co 
not excessive. 

Require changes i n  the approved Maintenance Manua 
Boeing 707/720 a i r c r a f t  to:  

(a) 

(b)  

3. 

specify a more precise  method of measiwin 
elevator hinge f r  
of control  surfac 

(b )  specify a more de 
balance panel seals  v i  thin the  desirable  toleran 
A t  present,  the  manual spec i f ies  a 010.020-inch 
between the balan 
structiwe. A -0.020-inch measiwement implies s 
compression which i s  extremely d i f f i c u l t  t o  mea 
accurately.  

O i i l  technical  ;<sf1 i s  avd.lable for any fclrther ass is tance they m a  

REED, Chairman, McADAMS, THAY?B 

be ab le  t o  provide. 

i r i  the above recommendations. 


