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On August  2,  1992, a McDonnell Douglas MD-11, operated by Del ta  
A i r l i n e s ,  sus ta ined  damage t o  t h e  underside of t h e  a f t  fuse lage  as a r e s u l t  
of c o n t a c t  w i t h  t h e  runway when t h e  a i r c r a f t  pi tched nose up a f t e r  landing a t  
Los Angeles In te rna t iona l  Airport. There were no i n j u r i e s  t o  t h e  occupants 
o f  t h e  a i r p l a n e ,  Examination of the a i r p l a n e  revealed t h a t  t h e  a f t  p ressure  
bulkhead lower l e f t  and right-hand caps were bent and t h e  lower c e n t e r l i n e  
web was buckled. The a i rp l ane  was l a t e r  f e r r i e d  t o  At l an ta  f o r  r e p a i r s ,  
where i t  again pitched nose u p  a f t e r  landing.  The p i t ch ing  moment was 
co r rec t ed  before  t h e  t a i l  contacted t h e  runway. 

I n  both cases ,  the  crews repor ted  t h a t  t h e  a i r c r a f t  nose pi tched u p  
suddenly a f t e r  main gear contac t  and t h a t  they bel ieved t h a t  th i s  was a 
r e s u l t  of f u l l  ground s p o i l e r  deployment before  nose gea r  contac t . '  However, 
da t a  from t h e  f l i g h t  data  recorders  (FDRs) from both i n c i d e n t s  i nd ica t e  t h a t  
t h e  ground s p o i l e r s  functioned proper ly  and t h a t  p i l o t  e l eva to r  cont ro l  
i npu t s  made a f t e r  t h e  nose gear contacted t h e  runway r e s u l t e d  in  the  a i r c r a f t  
p i t ch ing  up  excessively.  McDonnell Douglas records i n d i c a t e  t h a t  t h e r e  have 
been 21 DC-10 t a i l  s t r i k e  landing inc iden t s  repor ted  over  18 years  and 3 
MD-11 t a i l  s t r i k e  landing inc idents  repor ted  over 1 and 1/2 years .  Several  
of t h e  inc iden t s  resu l ted  in  s t r u c t u r a l  damage t o  the t a i l  sec t ion  and a f t  
p re s su re  bulkheads of the  a i r c r a f t .  More than 90 percent  of t h e  inc iden t s  
were a t t r i b u t e d  t o  p i l o t  ove r - ro t a t ion  of  t h e  a i r c r a f t  as  a r e s u l t  o f  

' T h e  H D - 1 1  a n d  t h e  H c D o n n e l l  D o u g l a s  D C - 1 0  a r e  c o n f i g u r e d  u i t h  
s p o i l e r s  o n  t h e  u p p e r  s u r f a c e  o f  t h e  w i n g  u h i c h  s e r v e  a s  g r o u n d  s p o i l e r s  
d u r i n g  l a n d i n g .  The WD-11 g r o u n d  s p o i l e r s  a r e  d e s i g n e d  t o  d e p l o y  t o  
a p p r o x i m a t e l y  30' when t h e  m a i n  g e a r  w h e e l  s p e e d  r e a c h e s  8 0  k n o t s  a n d  t o  
d e p l o y  t o  a p p r o x i m a t e l y  60' u h e n  t h e  n o s e  g e a r  t o u c h e s  t h e  g r o u n d .  The D C - I O  
g r o u n d  s p o i t e r s  a r e  d e s i g n e d  t o  d e p l o y  p a r t i a l l y  t o  a p p r o x i m a t e l y  22 '  i n  t h e  
f i r s t  . 4  s e c o n d s  a f t e r  m a i n  g e a r  c o n t a c t ,  p a u s e  .4 s e c o n d s ,  t h e n  d e p l o y  f u l l y  
t o  a p p r o x i m a t e l y  60' i n  t h e  n e x t  . 4  s e c o n d s  ( u i t h  t h e  e x c e p t i o n  o f  some l a t e  
m o d e l  D C - 1 0 s  t h a t  w e r e  b u i l t  w i t h  t h e  M D - I 1  s p o i l e r  l o g i c ) .  The H D - 1 1  a n d  
D C - I O  b o t h  e x p e r i e n c e  a n o s e - u p  p i t c h i n g  moment  d u r i n g  l a n d i n g  u h e n  t h e  
g r o u n d  s p o i l e r s  p a r t i a l l y  d e p l o y .  F u l l  d e p l o y m e n t  o f  t h e  g r o u n d  s p o i l e r s  
i n d u c e s  a s i g n i f i c a n t l y  g r e a t e r  n o s e - u p  p i t c h i n g  moment  i n  b o t h  a i r p l a n e s .  
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improper e leva to r  c o n t r o l  inpu ts  a f t e r  touchdown. Al though bo th  t h e  D C - I O  
and MD-11 have the  p ropens i t y  f o r  t a i l  s t r i k e s ,  t he  damage t o  t h e  s t r u c t u r e  i 
may be more s i g n i f i c a n t  on t h e  MD-11 due t o  t h e  l e n g t h  o f  i t s  a f t  fuse lage 
and t h e  l o c a t i o n  o f  t he  a f t  pressure bulkhead where i t  cou ld  be damaged by 
t a i l  s t r i k e s .  

The Safety Board be l i eves  t h a t  t he  l a r g e  number o f  DC-10 and MD-11 t a i l  
s t r i k e  i nc iden ts  i n d i c a t e s  inadequate p i l o t  t r a i n i n g .  The Safe ty  Board has 
reviewed the land ing  procedure p o r t i o n  o f  t he  McDonnell Douglas MD-11 F l i g h t  
Crew Operat ing Manual (FCOM) and has found t h a t  t he  on ly  f l y i n g  techniques 
descr ibed between main gear touchdown and nose gear contact  i s ,  "F ly  t h e  nose 
t o  t h e  runway." The D e l t a  MD-11 P i l o t ' s  Reference Manual (PRM) has a f l i g h t  
t r a i n i n g  sec t ion  t h a t  con ta ins  l and ing  r o l l  procedures s i m i l a r  t o  those i n  
t h e  McDonnell Douglas FCOM and a b r i e f  d e s c r i p t i o n  o f  t h e  MD-11 s p o i l e r  
deployment sequence a f t e r  touchdown. However, t he  De l ta  MD-11 PRM does no t  
d iscuss  the  associated nose-up p i t c h  tendencies o r  r e l a t e d  c o n t r o l  i npu ts .  

Discussions w i t h  McDonnell Douglas and De l ta  MD-11 i n s t r u c t o r  p i l o t s  
revea led  t h a t  a l though t h e  FCOM conta ins  no w r i t t e n  d e s c r i p t i o n  o f  t h e  
ground spo i le r - induced nose-up p i t c h  tendency o r  s p e c i f i c  procedures t o  be 
used du r ing  the  land ing ,  i n s t r u c t o r s  normal ly  i n fo rm p i l o t s  t r a i n i n g  on t h e  
MD-11  o f  t he  ground spo i le r - induced nose-up p i t c h i n g  tendency o f  t h e  
a i r p l a n e  and i n s t r u c t  p i l o t s  about more s p e c i f i c  land ing  procedures. Safe ty  
Board i n v e s t i g a t o r s  were t o l d  by McDonnell Douglas and D e l t a  t h a t  t h e i r  MD- 
11 and DC-10 p i l o t s  a re  taught  t h a t  s l i g h t  nose-down e leva to r  i npu ts  must be 
made a f t e r  main gear con tac t  i n  order  t o  develop the  proper  nose-down p i t c h  
r a t e  and t h a t  s u f f i c i e n t  nose-down e l e v a t o r  i npu ts  must be made a f t e r  nose 
gear  contact  and f u l l  s p o i l e r  deployment t o  keep the nose on t h e  ground 
d u r i n g  t h e  h igh  speed p o r t i o n  o f  the r o l l o u t .  The above procedure is n o t  
descr ibed i n  the  MD-11 FCOM. 

The land ing  r o l l  p o r t i o n  o f  t he  McDonnell Douglas DC-10 FCOM conta ins  a 
b r i e f  no te  desc r ib ing  t h e  nose-up p i t c h i n g  tendency induced by t h e  ground 
s p o i l e r s  and the  f a c t  t h a t  nose-down e l e v a t o r  c o n t r o l  i npu ts  can counter  t h e  
tendency. The DC-10 FCOM i s  no t  s p e c i f i c  i n  terms o f  when t h e  tendencies 
migh t  be encountered. The Safety  Board be l ieves  t h a t  a more accurate and 
complete d e s c r i p t i o n  o f  t he  ground spo i le r - induced nose-up p i t c h  tendency and 
t h e  s p e c i f i c  procedura l  requirements f o r  a hand-flown l a n d i n g  should be 
inc luded i n  both t h e  D C - I O  and MD-11 FCOMs and no t  reserved f o r  d isseminat ion  
o n l y  du r ing  classroom, s imu la to r ,  o r  i n - f l i g h t  t r a i n i n g .  McDonnell Douglas 
has i n d i c a t e d  i t s  i n t e n t  t o  r e v i s e  the  MD-11 FCOM accord ing ly .  

I n  t h e i r  c u r r e n t  con f igu ra t i ons ,  t h e  MD-11 and DC-10 pe rm i t  p a r t i a l  
ground s p o i l e r  deployment regard less o f  p i t c h  angle and pe rm i t  f u l l  ground 
s p o i l e r  deployment as soon as the  nose gear s t r u t  compression i s  sensed 
w i t h o u t  r e q u i r i n g  a p e r i o d  o f  continuous nose gear s t r u t  compression. 

McDonnell Douglas has informed the  Safety  Board t h a t  i t s  in-house 
motion-based s imu la to r  o f  t he  MD-11 has r e c e n t l y  been mod i f i ed  t o  i nc lude  
t h e  p i t c h i n g  moment c h a r a c t e r i s t i c s  o f  t he  a i rp lane  w i t h  ground s p o i l e r  
deployment. Simi lar ly,  t h i s  sof tware m o d i f i c a t i o n  was expected by McDonnell 
Douglas t o  be added t o  a l l  MD-11 s imu la to rs  i n  t h e  f i r s t  q u a r t e r  o f  1993. 
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The FDR d a t a  from t h e  two Del ta  MD-11 inc iden t s  discussed above and from 
seve ra l  previous inc idents  suggest t h a t  t h e  number of MD-11 and DC-10 t a i l  
s t r i k e s  dur ing  t h e  landing phase might be s i g n i f i c a n t l y  reduced i f  the 
ground s p o i l e r  deployment l o g i c  were rev ised  such t h a t  i f  t h e  a i r c r a f t  
touches down a t  a p i tch  angle c l o s e  t o  t h e  t a i l  s t r i k e  p i t c h  angle ,  i n i t i a l  
p a r t i a l  ground s p o i l e r  deployment should not occur u n t i l  t h e  p i t c h  angle 
f a l l s  below a spec i f ied  angle.  In add i t ion ,  nose gear  strut compression 
s t a t u s 2  should be maintained long enough t o  ensure t h a t  t h e  nose wheel i s  
f i r m l y  on the ground and has not  j u s t  momentarily touched the ground before  
f u l l  deployment o f  ground s p o i l e r s  occurs .  

The Sa fe ty  Board recognizes t h a t  1 anding/braking performance and o the r  
i s s u e s  need t o  be considered before  e f f e c t i n g  any of t h e  ground s p o i l e r  
l o g i c  r e v i s i o n s  discussed above. 

The Sa fe ty  Board has found t h a t  severa l  DC-10 and MD-11 landing and 
takeoff3  t a i l  s t r i k e  inc idents  were not reported o r  even not iced by t h e  
f l  ightcrew u n t i l  ground maintenance personnel observed damage t o  t h e  t a i l  
s t r u c t u r e  o f  t h e  a i rp lanes .  Because s u b s t a n t i a l  s t r u c t u r a l  damage can be 
incur red  dur ing  a t a i l  s t r i k e  without  f l i gh tc rew knowledge, t h e  Sa fe ty  Board 
i s  concerned t h a t  an a i rp l ane  t h a t  i s  damaged during landing (and t h a t  
poss ib ly  s u s t a i n s  damage t o  t h e  a f t  p ressure  bulkhead) could be dispatched 
and a c a t a s t r o p h i c  f a i l u r e  could occur i n  f l i g h t .  The Safe ty  Board be l ieves  
t h a t  some p o s i t i v e  means o f  t a i l  s t r i k e  ind ica t ion  should be made a v a i l a b l e  
t o  t h e  f l i gh tc rew and ground maintenance personnel which would be v i s i b l e ,  i n  
a l l  weather condi t ions ,  d u r i n g  t h e  p r e f l i g h t  inspect ion of t h e  a i rp l ane .  
T h i s  could be accomplished by use of an ex terna l  probe placed s t r a t e g i c a l l y  
under t h e  t a i l  sur face .  Fu r the r ,  a system t h a t  would provide a cockpi t  
i n d i c a t i o n  of a t a i l  s t r i k e  should be evaluated as a means of a l e r t i n g  t h e  
f l i g h t c r e w  o f  t h e  p o s s i b i l i t y  of damage t o  t h e  a f t  fuse lage .  

Therefore ,  t h e  National Transpor ta t ion  Safety Board recommends t h a t  t h e  
Federal  Aviat ion Administration: 

Require McDonnell Douglas and U.S. opera tors  of t h e  DC-10 
and MD-11 a i rp lanes  t o  r e v i s e  t h e i r  DC-10 and MD-11 
F1 i g h t  Crew Operating Manuals (o r  equivalent  documents) 
t o  include an accura te  and complete desc r ip t ion  o f  t h e  
ground spoi ler- induced nose pi tch-up tendencies  of t h e  
a i r p l a n e s  and t h e  s p e c i f i c  p i l o t  control  techniques t h a t  
may be required t o  counter  those tendencies  during 
landing.  (Class 11, P r i o r i t y  Action) (A-93-57) 

‘Nose g e a r  s t r u t  c o m p r e s s i o n  s t a t u s  i n d i c a t e s  w h e t h e r  o r  n o t  n o s e  
g e a r  s t r u t  c o m p r e s s i o n  h a s  o c c u r r e d .  T h e  f l i g h t  c o n t r o l  c o m p u t e r  u s e s  t h i s  
s t a t u s  t o  d e t e r m i n e  u h e n  t o  command f u l l  s p o i l e r  d e p l o y m e n t .  

3 A  t a i l  s t r i k e  on t a k e o f f  m i g h t  c a u s e  s i g n i f i c a n t  d a m a g e ,  y e t  b e  
u n d e t e c t e d  b y  a c r e u  i n  f l i g h t .  A t  L e a s t  t h r e e  i n c i d e n t s  o f  t a i l  s t r i k e s  
d u r i n g  t a k e o f f  i n v o l v i n g  D C - 1 0  a n d  K C - 1 0  u i t h  m o d e r a t e  damage t o  t h e  
u n d e r s i d e  o f  t h e  a i r c r a f t  h a v e  b e e n  r e c o r d e d  b y  M c D o n n e l l  D o u g l a s .  
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Advise foreign airworthiness authorities of the ground 
spoiler-induced pitch-up tendencies of the DC-10 and MD- 
11 airplanes and advise them t o  include in Flight Crew 
Operating Manuals, or equivalent documents, an accurate 
and complete description of the ground spoiler-induced 
nose pitch-up tendencies of the airplanes and the 
specific pilot control techniques that may be required to 
counter those tendencies during landing. (Class 11, 
Priority Action) (A-93-58) 

Require McDonnell Douglas to study possible revisions to 
the DC-IO and MD-11 ground spoiler deployment logic to 
reduce the possibility of  landing tail strikes. The 
revisions should include, but not be limited to, the 
following general concepts: if the aircraft touches down 
at a pitch angle close to the tail strike pitch angle, 
initial partial ground spoiler deployment should not 
occur until the pitch angle falls below a specified 
angle; and, nose gear strut compression status should be 
maintained long enough t o  ensure that the nose wheel is 
firmly on the ground, and has not just momentarily 
touched the ground, before full deployment of ground 
spoilers occurs. (Class 11, Priority Action) (A-93-59) 

Require McDonnell Douglas to develop and install a 
positive means of tailstrike indication to alert 
flightcrews and maintenance personnel to the possibility 
of tailstrike damage during the preflight inspection of 
DC-IO and MD-11 airplanes. In addition, evaluate cockpit 
warning systems that would alert fl ightcrews to the 
possibility of tail strike damage to prevent continued 
operation of the airplane following such damage. (Class 
11, Priority Action) (A-93-60) 

HAMMERSCHMIDT concurred in these recommendations. 
Chairman VOGT, Vice Chairman COUGHLIN, and Members LAUBER, HARl, AND 

i 

By: Carl W .  Vogt 
Chairman 
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