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PREFACE 

T h l s  r e p o r t  w a s  jointly p r e p a r e d  b y  t h e  F e d e r a l  A v l a t l o n  A d m l n l s t r a t l o n  (FAA) 
T e c h n l c a l  C e n t e r  a n d  t h e  Transportation R e s e a r c h  C e n t e r  o f  O h l o  (TRC) u n d e r  
C o n t r a c t  D T F A 0 3 - 8 7 - 0 0 0 1 3 .  T h e  r e p o r t  c o n t a l n s  a  d e s c r l p t l o n  o f  t h e  
l o n g ~ t u d l n a l  l m p a c t  t e s t s  w h l c h  w e r e  p e r f o r m e d  u s l n g  a  FAA f u r n r s h e d  a l r f z a m e  
s e c t l o n  a n d  T R C ' s  2 4 - l n c h  d l a m e t e r  H y g e  S h o c k  T e s t e r .  T h e  p r o j e c t  w a s  
a d m l n l s t e r e d  b y  Mr. D l c k  J o h n s o n ,  FAA T r a n s p o r t  P r o g r a m  M a n a g e r  w l t h  
c o n t r a c t o r  f a c l l l t y  s u p p o r t  p r o v l d e d  b y  Mr. J l m  B l a k e r ,  TRC T e c h n l c a l  P r o g r a m  
M a n a g e r .  T e c h n l c a l  assistance w a s  p r o v l d e d  b y  Mr. S t e p h e n  S o l t l s ,  FAA C r a s h  
D y n a m l c s  N a t l o n a l  R e s e a r c h  S p e c l a l l s t .  

iii 





SNO ISfl13N03 





'ZE 

'tE 

' OE 

'61 

' FZ 

" i.z 

' ?Z 

. i; 7 
2 '< 

'YZ 

" 2 

- ') ''. C 

i i: 

' t.!Z 

i.. i 



. - L 'I' 



L I S T  O F  I L L U S T R A T I O N S  C O N T D  

C - 1 2  P O R T  I N B O A R D  T E S T  S E T U P  

C - 1 3  P O R T  I N B O A R D  T E S T  S E T U P  - C L O S E U P  

C-  14  S T A R B O A R D  I N B O A R D  T E S T  S E T U P  

C -  1 5  S T A R B O A R D  I N B O A R D  T E S T  S E T U P  - C L O S E U P  

C -  1 6  S T A R B O A R D  O U T B O A R D  T E S T  S E T U P  

C-  1 7  S T A R B O A R D  O U T B O A R D  T E S T  S E T U P  - C L O S E U P  

T A B L E  

T E S T  A R E A  

H Y G E  S H O C K  TESTER 

H Y G E  A C T U A T O R  

M E T E R I N G  P I N  AND O R I F I C E  P L A T E  

M E T E R I N G  P I N S  F O R  T R I A N G L E  S H A P E  AND C H I L D  R E S T R A I N T  P U L S E S  

T R C  S L E D  P U L S E S  

T E S T  S L E D  

V E L O C I T Y  M E A S U R I N G  S Y S T E M  

D A T A  A C Q U I S I T I O N  S Y S T E M  

D A T A  P R O C E S S I N G  S Y S T E M  

M O T I O N  P I C T U R E  CAMERAS 

T E S T  BUCK W I T H  CAMERAS 

M O T I O N  P I C T U R E  P R O C E S S O R  

C O M P U T E R  G R A P H I C S  

L I S T  O F  T A B L E S  

I .  A I R F R A M E  T E S T  S E C T I O N  I N S T A L L A T I O N  W E I G H T  

2 .  I N S T R U M E N T A T I O N  

3 .  DATA SUMMARY 

4 .  P O S T - T E S T  S E A T  T R A C K  V E R T I C A L  M E A S U R E M E M T S  

P A G E  

v i i i  





EXECUTIVE SUMMARY 

A 1 0 - f o o t  s e c t i o n  f r o m  a  t r a n s p o r t  a i r f r a m e  was  l o n g i t u d i n a l l y  i m p a c t  t e s t e d  
a t  t h e  T r a n s p o r t a t i o n  R e s e a r c h  C e n t e r  o f  O h i o  ( T R C ) .  T h e  p u r p o s e  o f  t h e  
t e s t  was  t o  m e a s u r e  t h e  s t r u c t u r a l  r e s p o n s e s  a n d  i n t e r a c t i o n  b e t w e e n  t h e  
f u s e l a g e / f l o o r  s t r u c t u r e  a n d  t h e  c a b i n / o c c u p a n t  r e s t r a i n t  s y s t e m s  u n d e r  
s i m u l a t e d ,  p o t e n t i a l l y  s u r v i v a b l e ,  i m p a c t  c o n d i t i o n s .  U t i l i z i n g  TRC's 
2 4 - i n c h  Hyge s h o c k  t e s t e r ,  two  t e s t s  w e r e  c o n d u c t e d  a t  p e a k  a c c e l e r a t i o n  a n d  
c o r r e s p o n d i n g  v e l o c i t y  c h a n g e s  o f  7 . 4 9  ( 2 2 . 4  f t / s e c )  a n d  1 4 . 2 9  ( 3 6  f t / s e c ) ,  
r e s p e c t i v e l y .  T h e  a i r f r a m e  t e s t  s e c t i o n  w a s  l o a d e d  t o  i n c l u d e  a  f u l l  
c o m p l e m e n t  o f  p a s s e n g e r  s e a t s  a n d  d u m m i e s .  

A c c e l e r a t i o n s  and  l o a d / d e f l e c t i o n  r e s p o n s e  m e a s u r e m e n t s  w e r e  o b t a i n e d  f r o m  
t h e  i n s t r u m e n t e d  f u s e l a g e ,  f l o o r ,  s e a t s  a n d  a n t h r o p o m o r p h i c  dummy t e s t  
s p e c i m e n s .  T h e  i n p u t  a c c e l e r a t i o n  p u l s e s  w e r e  t r i a n g u l a r  i n  s h a p e .  P e a k  
l o n g i t u d i n a l  f l o o r  a c c e l e r a t i o n  l e v e l s  r a n g e d  f r o m  7 . 6 9  t o  7 . 8 9  a n d  1 4 . 7 g  t o  
1 5 . 0 9  f o r  t h e  f i r s t  a n d  s e c o n d  t e s t s ,  r e s p e c t i v e l y .  The  s i x  m o d i f i e d  s e a t s  
a n d  dummy t e s t  s p e c i m e n s  r e m a i n e d  i n t a c t  a n d  t o t a l l y  r e s t r a i n e d  d u r i n g  b o t h  
t h e  7 . 4 9  a n d  1 4 . 2 g  i m p a c t  t e s t s .  Some s t r u c t u r a l  d e f o r m a t i q n  o f  t h e  s e a t  
c r o s s  a n d  s p r e a d e r  t u b e s  was o b s e r v e d  d u r i n g  p o s t - t e s t  e x a m i n a t i o n s .  The  
f u s e l a g e  a n d  c a b i n  f l o o r  s t r u c t u r e  e x h i b i t e d  n e i t h e r  v i s i b l e  damage  n o r  
d e f o r m a t i o n  d u r i n g  t h e  t e s t s .  





INTRODUCTION - . -- . - - -- 

e i ~ n q i i u q i n - 1 i - ; ' ~ ~ m ~ ~ i  : : s t  o f  a t r r i n s p o r t  a l r f r d n -  s e c t ~ r i :  I S  o n e  ~ n  a 
r e ,  *c?z  o f  S P L ~ L A J ~ ~  a ~ c t  F ~ ~ l - ~ c a l e  t r r j f s  ~ o . r t d u c t t ? d  I n  s u p p o r t  o f  t h e  F e d e r a l  
A v l ~ l l a n  A d m l n ; s t r a k l n n ' s  ( F A A )  c u r r e n c  U r a s n  D y n a m l c s  a n d  E n g ~ n e e r i n g  
D e ~ e l o p m e n t  P r o g r a m  ( r e f e r e n c e  1 1 .  S u c h  t e s t s  l n c l u d e d  , t h e  F u l l - s c a l e  
T r a n s p o r t  c o n t r o l l e d  I n p d c  t D e m c n s t  r a t l o n  ( r e f e r e n c e  2 )  a n d  s u b s e q u e n t  
V e r c l c a l  D r o p  ' T e s t  o f  a  ' T r a n s p o r t  A l r f r a m e  S e c t r o n  ( r e f e r e n c e  3 ) .  ' T h e  
objective o f  t h e  s j l h j e c t  t c s t  w a s  t o  determine t h e  l n t e r a c t l o n  b e t w e e n  a  
t r a n s p o r t  a z r p l a n e  f u s e l a g e  a n d  f l o o r  s t r u c t u r e  a n d  t h e  c a b l n / o c c u p a n t  
restraint s y s t e m s  u n d e t  l o n g l t u d l n a l  l m p a c t  c o n d l t l o n s  w h l c h  a r e  considered 
potentially survivable. B a s e l l n e  r e s p o n s e  d a t a  o b t a i n e d  f r o m  t h e s e  t e s t s  
u l l l  b e  u s e d  t o  d e t e r m ~ n e  t h e  d y n a m l c  r e s p o n s e  c h a r a c t e r l s t l c s  o f  t h e  
a l r p l a n e  a n d  v e r l f y l n g  analytical c o m p u t e r  p r o g r a m s  s u c h  a s  t h e  l u m p e d  m a s s  
m o d e l  "KRASH" ( r e f e r e n c e  4 ) .  

I n  t e s t s  c o n d u c t e d  a t  t h e  T r a n s p o r t a t l o n  R e s e a r c h  C e n t e r  o f  O h l o ' s  I m p a c t  
Simulator T e s t  F a c l l l t y ,  a  1 0 - f o o t  l o n g  a l r f r a m e  s e c t l o n  w a s  l o n g l t u d l n a l l y  
l m p a c t  t e s t e d  a t  p e a k  a c c e l e r a t l o n  a n d  corresponding v e l o c l t y  c h a n g e s  o f  
7.4g ( 2 2 . 4  f t / s e c j  a n d  1 4 . 2 ~ ~  (36 f t / s e c ) ,  r e s p e c t i v e l y .  T h e s e  l m p a c t  l e v e l s  
w e r e  s e l e c t e d  f r o m  a s t r u c t u r a l  a n a l y s i s  o f  t h e  a l r f r a m e  s e c t l o n  a s  v e r l f l e d  
b y  s t a t l c  t e s t r n g  o f  a s l m l l a r  s e c t l o n  s p e c i m e n  ( r e f e r e n c e  5 ) .  T h e  a l r f r a m e  
s e c t l o n  w a s  f u l l y  l o a d e d  t o  l n c l u d e  a maxlmum c o n f l g u r a t l o n  o f  c a b l n  s e a t s  
a n d  dummy o c c u p a n t s .  S t r u c t u r a l  r e s p o n s e  d a t a  w e r e  o b t a l n e d  d u r l n g  l m p a c t  
f r o m  l n s t r u m e n t a t l o n  installed I n  t h e  f u s e l a g e  s t r u c t u r e ,  f l o o r  s t r u c t u r e ,  
s e a t s ,  a n d  dummy t e s t  specimens. T h e  l o c a t l o n  o f  t h l s  l n s t r u m e n t a t l o n  1s 
l n c l u d e d  l n  a p p e n d l x  A .  T h e  t r a c e s  o f  r e c o r d e d  acceleration a n d  
l o a d / d e f l e c t l o n  r e s p o n s e s  a r e  l n c l u d e d  I n  a p p e n d l x  B ,  w ~ t h  c a l l b r a t l o n  d a t a  
contained l n  a p p e n d l x  C .  A l s o  l n c l u d e d  l n  a p p e n d l x  C  a r e  d a t a  a n d  
p h o t o g r a p h s  f r o m  s t a t l c  p u l l  t e s t s  t h a t  w e r e  c o n d u c t e d  o n  t h e  s e a t  t r a c k s  
a b o v e  t h e  b e a m  a t  B S 1 1 8 0  a n d  s u b s e q u e n t  t o  t h e  s u b j e c t  l o n g l t u d l n a l  l m p a c t  
t e s t s .  T h e  r e p o r t  a l s o  l n c l u d e s  p r e - t e s t  a n d  p o s t - t e s t  p h o t o g r a p h s  o f  t h e  
a l r f r a m e  t e s t  s e c t l o n  a n d  c a b l n  ~ n s t a l l a t l o n s .  
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T A B L E  1 A I R F R A M E  T E S T  S E C T I O N  I N S T A L L A T I O N  W E I G H T -  

D E S C R I P T I O N  ITEM 
A I R F R A M E  S E C T I O N  

S E A T  A  

L O C A T I O N *  T O T A L  W E I G H T  (lb.) 

B S 1 1 2 0 -  1 2 4 0  1 9 0 0  

6 . 5  I N .  A F T  1 0 0  

O F  B S  1 1 4 0  

6 . 5  I N .  A F T  1 0 2  

O F  B S  1140 

B U R N S -  A E R O  

MOD.  7 9 9  S / N  8 0 2 2 6  

B U R N S - A E R O  

MOD. 7 9 9  s / N  8 4 7 0 0  

S E A T  B  

S E A T  C  2 . 5  I N .  A F T  1 0  2  B U R N S -  A E R O  

MOD. 7 9 9  S / N  1 0 2 8 4 4  

S E A T  D  B U R N S - A E R O  

MOD. 7 9 9  S / N  8 5 0 4 9  

2 . 5  I N .  A F T  9 6  

3 . 5  I N .  FORWARD , 1 0 1  

O F  B S  1 2 2 0  

S E A T  E  B U R N S - A E R O  

MOD. 7 9 9  S / N  8 4 7 2 9  

3 . 5  I N .  FORWARD 10 1 

O F  B S  1 2 2 0  

S E A T  F B U R N S - A E R O  

MOD. 7 9 9  S / N  8 9 0 2 8  

D U M M I E S  

S E A T  A  D O T  P A R T  5 7 2  WINDOW S E A T  1 6  7 

S E A T  B  

D O T  P A R T  5 7 2  C E N T E R  S E A T  1 6  7  

D O T  P A R T  5 7  2 A I S L E  S E A T  1 6 7  

D O T  P A R T  5 7 2  WINDOW S E A T  1 6  7  

D O T  P A R T  5 7 2  C E N T E R  S E A T  1 6 7  

D O T  P A R T  5 7 2  A I S L E  S E A T  1 6  7  

D O T  P A R T  5 7 2  WINDOW S E A T  1 6 7  S E A T  C  

D O T  P A R T  5 7 2  C E N T E R  S E A T  

D O T  P A R T  5 7 2  A I S L E  S E A T  

D O T  P A R T  5 7 2  WINDOW S E A T  

D O T  P A R T  5 7 2  C E N T E R  S E A T  

. S E A T  D  

D O T  P A R T  5 7 2  A I S L E  S E A T  

S E A T  E  D O T  P A R T  5 7 2  WINDOW S E A T  

V I P  50  C E N T E R  S E A T  

H Y B I R D  I11 A I S L E  S E A T  

S E A T  F  V I P  5 0  WINDOW S E A T  

D O T  P A R T  5 7 2  C E N T E R  S E A T  

H Y B R I D  I11 A I S L E  S E A T  

* M E A S U R E M E N T S  T O  R E A R  L E G  O F  E A C H  S E A T  

3 
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DISCUSSION 
TEST DATA 

The a l r f r a m e  t e s t  s e c t i o n  was l o n g l t u d l n a l l y  l m p a c t  t e s t e d  a t  b o t h  low a n d  
h l g h  e n e r g y  l m p a c t  c o n d l t l o n s .  The f l r s t  t e s t  ( t e s t  0 1 )  I n v o l v e d  subjecting 
t h e  a l r f r a m e  a n d  c o n t e n t s  t o  a  7 . 4 9  p e a k  a c c e l e r a t l o n .  T h i s  t e s t  was  
c o n d u c t e d  p r l m a r l l y  t o  c h e c k  t e s t  s e t u p  a n d  v e r l f y  t h a t  t h e  s e a t  s t r a l n  g a g e  
r e a d l n g s  w e r e  w l t h l n  t h e  d a t a  r a n g e  o f  d a t a  o b t a l n e d  f r o m  t h e  p r e v l o u s  C A M I  
t e s t s  ( w h i c h  l n v o l v e d  a  c o m p a r a b l e  t e s t  p r o c e d u r e ) .  F l g u r e s  18 t h r o u g h  22 
l l l u s t r a t e  t h e  t e s t  s e t u p .  F l g u r e s  23 a n d  24. i l l u s t r a t e  t h e  p o s t - t e s t  
p o s l t i o n s  o f  t h e  d u m m l e s .  No v i s u a l  e v l d e n c e  o f  a n y  d e f o r m a t i o n  o f  t h e  
f l o o r  o r  s e a t s  was  o b s e r v e d  following t h l s  t e s t .  No f a i l u r e  a t  t h e  c r a c k  
d e t e c t l o n  w l r e s  was  o b s e r v e d .  H o w e v e r ,  o n e  s e a t b e l t  d i d  come l o o s e  f r o m  l t s  
a n c h o r  p o l n t .  T h i s  o c c u r r e d  o n  t h e  m l d d l e  r o w ,  l e f t - h a n d  window s e a t .  
F i g u r e  25 s h o w s  t h e  r e l e a s e d  b e l t  ( l a t e r  considered t o  h a v e  r e l e a s e d  a s  t h e  
r e s u l t  o f  b e l n g  l n c o r r e c t l y  ~ n s t a l l e d . )  

F o r  t h e  h i g h  e n e r g y  c o n d i t i o n ,  t h e  a i r f r a m e  a n d  i t s  c o n t e n t s  w e r e  t h e n  
s u b j e c t e d  t o  a  1 4 . 2 g  p e a k  a c c e l e r a t l o n  ( t e s t  0 2 ) .  F i g u r e s  . 2 6  t h r o u g h  3 1  
l l l u s t r a t e  t h e  t e s t  s e t u p  a n d  f i g u r e s  32 t h r o u g h  35 p r o v l d e  p o s t - t e s t  
documentation o f  t h e  dummles  a n d  s e a t s .  A g a i n  n o  v i s i b l e  e v i d e n c e  o f  
d e f o r m a t i o n  o r  damage  t o  t h e  f u s e l a g e  o r  t e s t  f i x t u r e  was  o b s e r v e d .  None o f  
t h e  i n s t a l l e d  c r a c k  d e t e c t i o n  w i r e s  f a i l e d .  Some s t r u c t u r a l  d e f o r m a t l o n  
o c c u r r e d  t o  t h e  s e a t s  w h l c h  was  c o m p a r a b l e  t o  d o f o r m a t i o n  o b s e r v e d  u n d e r  
s l m i l a r  t e s t  conditions a t  C A M I .  T h i s  d e f o r m a t r o n  i s  d o c u m e n t e d  i n  t h e  
p o s t - t e s t  o b s e r v a t l o n s  s e c t i o n .  

T a b l e  3  summarizes t h e  p e a k  l o n g i t u d i n a l  accelerations, p e a k  s e a t b e l t  l o a d s  
a n d  maxlmum d e f l e c t i o n  o f  t h e  f l o o r .  T a b l e  3  a l s o  p r o v i d e s  s t r a i n  d a t a  ( i n  
millivolt u n i t s )  a s  o b t a l n e d  f r o m  t h e  f l o o r  beam a n d  s e a t  a n d  d i a g o n a l  b r a c e  
s t r a i n  g a g e  ~ n s t a l l a t l o n s .  A c o m p l e t e  s e t  o f  d a t a  p l o t s  i s  l n c l u d e d  i n  
a p p e n d i x  B .  A  conversion t o  f l o o r  r e a c t i o n  l o a d s  f r o m  t h e  a f o r e m e n t i o n e d  
s t r a i n  g a g e  r e a d i n g s  1s c o n t a i n e d  I n  a p p e n d i x  C .  

DATA EXPLANATIONS 

TEST 0 1  

The P o r t  I n b o a r d  Beam S t r a i n  ( P I E S )  a n d  t h e  S t a r b o a r d  I n b o a r d  Beam S t r a i n  
( S I B S )  d a t a  a r e  s u s p e c t  d u e  t o  t h e  g r e a t  d i f f e r e n c e  i n  m a g n i t u d e .  

TEST 02  

The S e a t  C L o n g i t u d i n a l  a c c e l e r a t i o n  (SECXG) d l d  n o t  r e t u r n  t o  z e r o  a f t e r  
t h e  t e s t .  An a c c u r a t e  v e l o c i t y  I n t e g r a t i o n  c o u l d  n o t  b e  c o m p u t e d .  

The S e a t  D L o n g l t u d l n a l  a c c e l e r a t l o n  (SEDXG) d l d  n o t  r e t u r n  t o  z e r o  a f t e r  
t h e  t e s t .  An a c c u r a t e  v e l o c l t y  l n t e g r a t l o n  c o u l d  n o t  b e  c o m p u t e d .  

The P o r t  I n b o a r d  Beam S t r a i n  ( P I E S )  a n d  t h e  S t a r b o a r d  I n b o a r d  Beam S t r a l n  
( S I B S )  d a t a  e x c e e d e d  t h e  r e q u e s t e d  f u l l  s c a l e  v a l u e .  



TABLE 3 .  DATA SUMMARY 

CHANNEL TEST 0 1  TEST 0 2  

PEAK DECELERATION ( g )  UM TIME MAXIMUM IME 

A VELOCITY ( 

SLED LONGITUDINAL 1 0 2 . 4  8 1 . 8  

VELOCITY 4  1 7 6 . 6  3 6 . 2  

PORT INBOARD SE 6  9 9 . 9  1 4 . 7  

LONGITUDINAL - MID 

VELOCITY 1 7 5 . 8  3 5 . 5  1 7 1 . 0  

STARBOARD INBOARD SEAT TRACK 9 5 . 8  1 4 . 7  7 9 . 1  

LONGITUDINAL - A 

VELOCITY 2 2 . 3  1 7 1 . 0  3 5 . 7  1 6 2 . 1  

STARBOARD INBOARD SEAT TRA 7 . 8  9 4 . 9  1 4 . 7  8 0 . 3  

LONGITUDINAL - MID 

VELOCITY 

STARBOARD INBOARD SEAT TRACK 7 . 7  9 4 . 5  1 5 . 0  7 9 . 5  

LONGITUDINAL - FORWARD 

VELOCITY 2 2 . 4  1 7 3 . 9  3 6 . 0  1 6 2 . 5  

PORT FUSELAGE LONGITUDINAL 7 . 9  9 6 . 0  1 5 . 2  7 9 . 6  

VELOCITY 2 2 . 4  1 8 0 . 1  3 5 . 9  1 6 9 . 1  

TOP FUSELAGE LONGITUDINAL 8 . 3  9 8 . 6  1 5 . 4  9 0 . 5  

VELOCITY 2 2 . 7  1 7 2 . 3  3 7 . 1  1 6 8 . 6  

STARBOARD FUSELAGE LONGITUDINAL 7 . 9  1 0 1 . 4  1 5 . 0  7 8 . 1  

VELOCITY 2 2 . 4  1 7 4 . 1  3 5 . 2  1 4 8 . 5  

SEAT C LONGITUDINAL 8 . 2  1 2 3 . 0  1 3 . 8  8 0 . 0 6  

VELOCITY 2 1 . 8  1 6 7 . 8  3 5 . 1  1 9 9 . 9 "  

SEAT D LONGITUDINAL 7 . 5  9 1 . 5  1 4 . 0  7 6 . 6 "  

VELOCITY 2 3 . 5  1 6 4 . 0  3 7 . 7  3 4 0 . 0  * 

SEAT C CENTER DUMMY PELVIS 7 . 9  1 3 6 . 5  1 0 . 6  1 0 6 . 3  

LONGITUDINAL 

VELOCITY 1 0 . 7  1 7 4 . 5  8.1 1 2 4 . 4  

SEAT D CENTER DUMMY PELVIS 9 . 1  2 1 . 5  1 0 7 . 6  

LONGITUDINAL 

VELOCITY 9 . 5  1 6 0 . 5  1 6 . 8  141 .4 .  



T A B L E  3 .  D A T A  SUMMARY C O N T I N U E D  

T E S T  0 1  T E S T  0 2  
C H A N N E L  MAXIMUM T I M E  MAXIMUM T I M E  
L A P  B E L T  L O A D S  ( l b )  (msec) (msec) 

S E A T  C  C E N T E R  DUMMY 3 3 5 . 0  1 3 5 . 8  7 9 9 . 0  1 5 6 . 5  
O U T B O A R D  L A P  B E L T  

S E A T  C  C E N T E R  DUMMY 5 8 7 . 6  1 3 2 . 9  1 1 3 0 . 3  1 5 6 . 5  
I N B O A R D  L A P  B E L T  

S E A T  D C E N T E R  DUMMY 
O U T O B A R D  L A P  B E L T  

S E A T  D  C E N T E R  DUMMY 
I N B O A R D  L A P  B E L T  

S E A T  T R A C K  D E F L E C T I O N  (in) 

P O R T  O U T B O A R D  S E A T  T R A C K  

P O R T  I N B O A R D  S E A T  T R A C K  

S T A R B O A R D  I N B O A R D  S E A T  T R A C K  

S T A R B O A R D  O U T B O A R D  S E A T  T R A C K  

1180 BEAM S T R A I N  ( m v )  

P O R T  O U T B O A R D  

P O R T  I N B O A R D  

S T A R B O A R D  I N B O A R D  

S T A R B O A R D  O U T B O A R D  

S E A T  A  S T R A I N  ( m v )  - 

O U T B O A R D  FORWARD L E G  

O U T B O A R D  D I A G O N A L  S T R U T  

S E A T  B  S T R A I N  (mv) 

I N B O A R D  FORWARD L E G  



T A B L E  3 .  D A T A  SUMMARY C O N T I N U E D  

T E S T  0 1  T E S T  0 2  
MABX IMUM T I M E  MAX I MUM T I M E  

S E A T  C  S T R A I N  ( m v )  ( m s e c )  ( u s e c )  

O U T B O A R D  D I A G O N A L  S T R U T  8 . 3  1 2 4 . 8  2 0 . 8  1 1 5 . 8  

I N B O A R D  FORWARD L E G  3 . 8  2 5 8 . 3  1 8 . 6  2 1 9 . 3  

I N B O A R D  D I A G O N A L  S T R U T  7 . 1  1 4 3 . 5  1 2 . 9  1 1 8 . 4  

S E A T  D  S T R A I N  ( m v )  

O U T B O A R D  FORWARD L E G  

O U T B O A R D  D I A G O N A L  S T R U T  1 0 . 7  1 4 5 . 8  2 1 . 0  1 1 5 . 4  

I N B O A R D  FORWARD L E G  5 . 0  1 3 6 . 1  9 . 7  1 1 5 . 1  

I N B O A R D  D I A G O N A L  S T R U T  7 . 1  1 3 5 . 4  1 5 . 8  1 1 5 . 6  

S E A T  E  S T R A I N  ( m v )  

O U T B O A R D  FORWARD L E G  2 . 8  1 5 1 . 4  1 2 . 7  1 6 4 . 0  

O U T B O A R D  D I A G O N A L  S T R U T  1 0 . 1  1 4 6 . 5  1 9 . 6  1 1 8 . 1  

S E A T  F S T R A I N  ( m v )  

O U T B O A R D  FORWARD L E G  2 . 5  1 4 8 . 1  9 . 7  2 4 2 . 6  

*See DATA E X P L A N A T I O N S  
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S e a t  P o s l t i o n  Lock 

F l g u r e s  4 2  t h r o u g h  47 show r j v e r v l e w s  a n d  c l o s e u p s  o f  t h e  l o c k s  w h l c h  h o l d  
t h e  s e a t s  I n  t h e  s e a t  t r a c k s .  E r g u r e  4 2  s h o w s  b o t h  s e c o n d  row l e f t  s l d e  
s e a t  l o c k s .  F i g u r e  43  s h o w s  t h e  s e c o n d  row l e f t  s l d e  l n b o a r d  s e a t  l o c k  a n d  
f l g u r e  4 4  s h o w s  t h e  s e c o n d  row l e f t  s l d e  o u t b o a r d  s e a t  l o c k .  F l g u r e s  4 5 ,  4 6  
a n d  47  show b o t h  s e c o n d  row r l g h t  s l d e  s e a t  t r a c k s .  F i g u r e  4 6  s h o w s  t h e  
s e c o n d  row r l g h t  s i d e  l n b o a r d  s e a t  l o c k  a n d  f r g u r e  47  s h o w s  t h e  o u t b o a r d  
s e a t  l o c k .  Some o f  t h e  l o c k s  showed  some  t e n d e n c y  t o  r a l s e  u p  some d u r l n g  
t h e  1 4 . 2 g  t e s t  b u t  n o n e  r e l e a s e d .  

S e a t  T r a c k s  

F l g u r e s  4 8  t h r o u g h  5 1  I l l u s t r a t e  t h e  s e a t  t r a c k s  following t h e  t e s t .  The  
s e a t  t r a c k s  w e r e  m e a s u r e d  f o r  v e r t i c a l  d e f o r m a t i o n  a f t e r  t h e  r e m o v a l  o f  a l l  
t e s t  articles. O n l y  m l n o r  d e f o r m a t l o n  was  n o t e d  w h l c h  may o r  may n o t  b e  
attributed t o  t h e  t e s t .  T h e  d a t a  a r e  contained I n  t a b l e  4 .  Body s t a t i o n s  
1 1 2 0  a n d  1 2 4 0  w e r e  u s e d  a s  r e f e r e n c e  p o i n t s  f o r  e a c h  t r a c k .  

TABLE 4  

POST-TEST SEAT TRACK VERTICAL MEASUREMENTS 

BODY STATION LH OUTBOARD LH INBOARD RH INBOARD RH OUTBOARD 

MEASUREMENTS I N  INCHES. 

POSITIVE = ABOVE REFERENCE POINT NEGATIVE = BELOW REFERENCE POINT 
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CONCLUSIONS 

1. T h e  2 4 - l n c h  H y g e  S h o c k  T e s t e r  p r o v l d e s  a n  effective s y s t e m  f u r  
dynamically c t  t e s t l n g  l a r g e  f u l l - s c a l e  a l r c r a f t  f u s e l a g e  sections. 

2 .  T h e  f u s e l a g e ,  f l o o r  a n d  s e a t  r e s t r a i n t  s y s t e m  s t r u c t u r e s  o f  l a r g e  

t r a n s p o r t  a i r c r a f t  d y n a m l c  i m p a c t  e n v i r o n m e n t s  a n d  o c c u p a n t  s u r v l v a b l l l t y  
c h a r a c t e r l s t i c s .  



C r a s h  D y n a m i c s  -and E n q i n e e r i n q  D e v e l o p m e n t  P r o q r a m ,  F e d e r a  1 
R e g i s t e r ,  V o l u m n  4 9 ,  N o .  1 8 5 ,  S e p t e m b e r  2 1 ,  1 9 8 4 .  

J o h n s o n ,  D . ,  G a r o d z ,  L . ,  C r a s h w o r t h ~ n e s s  Experiment S u m m a r y  - 
F u l l - S c a l e  T r a n s p o r t  C o n t r o l l e d  I m p a c t  Demonstration P r o q r a m ,  FAA 
R e p o r t  DOT/FAA/CT-85/20,  J o h n  1 9 8 6 .  

J o h n s o n ,  D . ,  W l l s o n ,  T . ,  V e r t i c a l  D r o p  T e s t  o f  a  T r a n s p o r t  A l r f r a m e  
S e c t l o n ,  FAA R e p o r t  DOT/FAA/CT-TN 8 6 / 3 4 ,  O c t o b e r  1 9 3 6 .  

W l t t l l n ,  G . ,  Analytical M o d e l i n q  o f  T r a n s p o r t  A l r c r a f t  C r a s h  
Scenarios t o  O b t a l n  F l o o r  P u l s e s ,  FAA Repor t  DOT/FAA/CT-82/83,  A p r i l  
1 9 8 3 .  

J o h n s o n ,  D . ,  F l o o r  P u l l  T e s t  o f  T r a n s p o r t  A l r f r a m e  S e c t l o n ,  FAA 
R e p o r t  DOT/FAA/CT-87/27,  F e b r u a r y  1 9 8 8 .  

Gowdy,  V . ,  B u r n s  A e r o  C a l i b r a t i o n  S e a t  T e s t ,  A A M - 1 1 9 - 8 7 - 7 ,  O c t o b e r  
1 9 8 7 .  



R e f .  

10' R e f .  

TRIPLE 
PASSENGER 
(TYPICAL) 

SEAT 

AIRFRAME TEST SECTION/FLOOR PLAN 

Figure 1 
16 



FUSELAGE 
FRAME -7 

EXISTING FLOOR 
PANEL, TRACK AND 
CROSS BEAM STRUCTURE 

I ONLY (TYPICAL) 
MODIFIED FLOOR STRUCTURE 

BURNS AERO 
SEAT MODEL --- 

799-3-59 

116 IN. UPPER FT 
LEG REINFORCEMENT --" 
PLATE - 2 PLACES (TYPICAL) 
ATTACHED WlTH CHERRY MAX 
RIVET 7885 

REINFORCED 
CROSS TUBE 
STRUCTURE FILLED 
WlTH POLYESTER 
RESIN - 3 PLACES 

(TYPICAL) 

118 IN. UPPER 
FORWARD LEG 
REINFORCEMENT 
PLATE (CS4130)- 
2 PLACES (TYPICAL) 
ATTACHED WlTH 
CHERRY MAX RIVET 
7885 

1116 IN LOWER FORWARD LEG 
REINFORCEMENT PLATE -4 
PLACES (TYPICAL) ATTACHED WlTH 
CHERRY MAX RIVET 7885 

MODIFIED SEAT STRUCTURE 

FIGURE 2 - MODIFICATIONS 

1 7  





























































PEZ 

V~ZL O~AZ~N~ xwwna mma3 3 Lvas fZ OAR 

P9ZL 03AZaN3 ~n~fla a36~33 3 6~35 

'ON lYI?I3S 



F U S E L A G E  I N S T R U M E N T A T I O N  L I S T  

C H A N N E L  I N S T R U M E N T  I N S T R U M E N T  I N S T R U M E N T  L O C A T  I ON 

A B B R E V I A T I O N  M A N U F A C T U R E R  S E R I A L  N O .  BODY S T A T I O N  L A T E R A L *  VERT'ICAL* 

F U S X G  1 E N D E V C O  7 2 6 4  C F l l H  1 1 8 0  - 6 3 . 9  

F'USXG 2  E N D E V C O  7 2 6 4  C E 2 3 H  1180  0 . 0  9 5 . 7  

F U S X G 3  E N D E V C O  7 2 6 4  C D 7 4 H  1180 6 3 . 9  5 4 . 5  

F L M X G l  E N D E V C O  7 2 6 4  C E 4 9 H  1180  - 2 4 . 7 5  0 . 0  

F L A X G  2  E N D E V C O  7 2 6 4  

F L A Y  G  2  E N D E V C O  7 2 6 4  

F L A Z G 2  E N D E V C O  7 2 6 4  CCO l H  

F L M X G 3  E N D E V C O  7 2 6 4  C E 6 3 H  

F L M Y G 3  E N D E V C O  7 2 6 4  C C 0  2 H  1180  2 4 . 7 5  0 . 0  

F L M Z G 3  E N D E V C O  7 2 6 4  BY 18J 1 1 8 0  2 4 . 7 5  0 . 0  

F L F X G 4  E N D E V C O  7 2 6 4  C E 7  2H 1 1 2 0  2 4 . 7 5  0 . 0  

F L F Y G 4  E N D E V C O  7 2 6 4  C E 9  1 H  1 1 2 0  2 4 . 7 5  0 . 0  

F L F Z G 4  

P O B S  

P T B S  

S I B S  

S O B S  

P O S T Z D  

P I S T Z D  

S I S T Z D  

S O S T Z D  

P O S T C D  

P I S T C D  

S I  S T C D  

S O S T C D  

C R C D  

E N D E V C O  7 2 6 4  C  E  2  1 I-! 

S T R A I N  GAGE 

S T R A I N  G A G E  

S T R A I N  GAGE 

S T R A I N  G A G E  

S T R I N G  P O T  

S T R I N G  P O T  

S T R I N G  P O T  

S T R I N G  P O T  

CRACK D E T E C T O R  

CRACK D E T E C T O R  

CRACK D E T E C T O R  

CRACK D E T E C T O R  

CRACK D E T E C T O R  

" R X E R E N C E  AND S I G N  C O N V E N T I O N  

P O S I T I V E  

L A T E R A L :  F U S E L A G E  C E N T E R L I N E  R I G H T  

V E R T I C A L :  T O P  O F  F L O O R  U P  

N E G A T I V E  

L E E T  

DOWN 
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L O N C T T U D l N A L  A C C E L E R A T I O N  

S E A T  C E N T R A N  

L A T E R A L  A C C E L E R A T I O N  

S E A T  C E M T R A N  S E C Z G  

V E R T I C A L  A C C E L E R A T I O N  

S E A T  D E N T R A N  
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:;EAT n E N T R i i N  

V E R T I C A L  A C C E L E R A T I O N  

S A O F L S  S E A T  A  O U T B O A R D  S T R A I N  G A G E  

F O R W A R D  L E G  S T R A I M  

S B I  F L S  S E A T  B  I N B O A R E  S T R A i M  G A G E  

F O R W A R D  L E G  S T R A I N  
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F O R W A R D  L E G  S T R A I N  
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D I A G O N A L  S T R U T  S T R A I N  

S C I  FLS S E A T  C  I N B O A R D  S T R A I N  G A G E  

F O R W A R D  L E G  S T R A I N  

S E A T  C I N B O A R D  S T R A I N  C A G E  
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S E A T  I N S T R U M E N T A T O N  L I S T  

C H A N N E L  C H A N N E L  I N S T R U M E N T  I N S T R U M E N T  

& B B R E V I A T I O N  T I T L E  S E R I A L  N O .  

SEODSS SEAT E  O U T R O A R Q  S T R A I N  G A G E  

SEOFLS 

S F O F L S  

D I A G O N A L  S T R U T  S T R A I N  

S E A T  A  O U T B O A R D  S T R A I N  GAGE A 8 7 0 8 4 - 0 2  

D I A G O N A L  S T R U T  S T R A I N  

FORWARD L E G  S T R A I N  

S E A T  F  O U T B O A R D  

FORWARD L E G  S T R A I N  

S T R A I N  G A G E  

S T R A I N  G A G E  A 8 7 0 8 9 - 0 4  



APPENDIX B 

DATA PLOTS 

TESTS 01 AND 02 
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I N S T R U M E N T A T I O N  C A L I B R A T I O N  I N F O R M A T I O N  

I N S T R U M E N T  C A L I B R A T I O N  

MANUFACTURER MODEL NO.  S E R I A L  NO. S E N S I T I V I T Y  D A T E  

ENDEVCO 7  2 6 4  C C 7 7 H  . 2 5 8 5 m v / q  9 / 0 4 / 8 7  

ENDEVCO 7 2 6 4  C B O 7 H  . 3 4 8  2 m v / q  9 / 1 0 / 8 7  

ENDEVCO 7 2 6 4  B K 9 6 J  . 2 5 5 4 m v / q  8 / 0 2 / 8 7  

ENDEVCO 7  2 6 4  B Y 8 2 J  . 3 0 4 1 m v / g  8 / 0  2 / 8  7 
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Figure C-9. STARBOARD OUTBOARD DISPLACEMENT POTENTIOMETER 

Figure C-10. PORT OUTBOARD TEST SETUP 
C- 7 
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t h r o u g h  t h e  o r i f l c e  o p e n l n g ,  t o  t h e  g a s  p r e s s u r e  i n  Chamber  "B" . The  r a t i o  
o f  t h e  n e t  a r e a s  o f  t h e  t h r u s t  p i s t o n  f r o n t  a n d  r e a r  s u r f a c e s ,  w h i c h  a r e  
e x p o s e d  t o  t h e  g a s  p r e s s u r e s  i n  t h e  c h a m b e r s ,  i s  7 : l  w i t h  t h e  f r o n t  b e i n g  
t h e  l a r g e r .  T h i s  i m p l i e s  t h a t  a s  l o n g  a s  t h e  p r e s s u r e  i n  t h e  r e a r  c h a m b e r  
1s n o  more  t h a n  s e v e n  t i m e s  l a r g e r  t h a n  t h e  p r e s s u r e  i n  t h e  f r o n t  c h a m b e r  
t h e  s y s t e m  1s i n  e q u i l i b r u i m .  To p r o v i d e  a  m a r g i n  o f  s a f e t y ,  t h e  p  
r a t l o s  a r e  n e v e r  g r e a t e r  t h a n  6 : l .  

I n  p r e p a r a t l o n  f o r  f i r i n g ,  c o m p r e s s e d  g a s  i s  i n t r o d u c e d  i n t o  Chamber  B  
t h e  f o r c e s  on  t h e  t h r u s t  p i s t o n  a r e  e q u a l i z e d .  A l o w  v o l u m e  
p r e s s u r e  i s  I n j e c t e d  w h i c h  u p s e t s  t h e  e q u i l i b r u i m ,  o p e n s  t h e  s e a l  
o r i f l c e ,  moves  t h e  t h r u s t  p i s t o n  away f r o m  t h e  o r i f i c e  p l a t e ,  a n d  i n  

)I 

e x p o s e s  t h e  e n t i r e  r e a r  a r e a  o f  t h e  t h r u s t  p i s t o n  t o  t h e  g a s  p  
Chamber  B .  A c o n t r o l l e d  t h r u s t  on  t h e  p i s t o n  r e s u l t s .  T r a n s m  
t h r u s t  c o l u m n ,  t h i s  l i m i t e d - d u r a t i o n  t h r u s t  a c t s  u p o n  t h e  t e s t  s p e  

w p r o d u c e  a n  a c c u r a t e l y  p r e d i c t a b l e  a c c e l e r a t i o n  o r  v e l o c i t y .  

A c c e l e r a t i o n  i s  g o v e r n e d  b y  a  m e t e r i n g  p i n  w h i c h  p r o j e c t s  t h r o  
o r l f i c e  i n t o  Chamber  B. The c o n t o u r  o f  t h e  p i n  m e t e r s  t h e  
t h r o u g h  t h e  o r i f i c e ,  r e g u l a t i n g  t h e  a c c e l e r a t i o n  a n d  m a k i n g  
t h r u s t  p r e c i s e l y  r e p e a t a b l e ,  F i g u r e  0-4. By v a r y i n g  t h e  
p r e s s u r e s  i n  C h a m b e r s  A a n d  B ,  t h e  p u l s e  a m p l i t u d e  a n d  d u r a t i o n  g  
a  m e t e r i n g  p i n  c a n  b e  m o d i f i e d .  

A c o m p u t e r  p r o g r a m  i s  u t i l i z e d  t o  a i d  i n  t h e  d e s i g n  o f  m e t e r i n g  p i n s .  The  
p r o g r a m  was  u s e d  t o  d e s i g n  t h e  p i n s  t o  p r o d u c e  t h e  t r i a n g u l a r - s h a p e d  p u l s e  
f o r  t h e  t e s t i n g  o f  G e n e r a l  A v i a t i o n  a i r c r a f t  s e a t s t a n d  t h e  i n p u t  p u l s e  f o r  
c h i l d  r e s t r a i n t  t e s t i n g  p e r  F e d e r a l  M o t o r  V e h i c l e  S a f e t y  S t a n d a r d  2 1 3 ,  
F i g u r e  D-5.  

I l l u s t r a t i o n s  o f  t h e  b a s i c  wave f o r m s  g e n e r a t e d  b y  m e t e r i n g  p i n s  c  
r n  o u r  i n v e n t o r y  a r e  shown i n  F i g u r e  0 - 6 .  

T e s t  S l e d  

The t e s t  s l e d  h a s  a  t o p  s u r f a c e  w h i c h  i s  f i v e  f e e t  w i d e  a n d  t w e l v e  f e e t  
l o n g ,  F i g u r e  D-7.  I t  w e i g h s  a p p r o x i m a t e l y  3 , 6 0 0  p o u n d s  a n d  i s  d e s i g n e d  t o  
c a r r y  a  maximum p a y l o a d  o f  1 0 , 0 0 0  p o u n d s .  P n e u m a t i c  b r a k e s  p r o v i d e  u p  t o  
2 4 , 0 0 0  p o u n d s  d r a g  f o r c e  on  t h e  s l e d  w i t h o u t  c a u s i n g  d e c e l e r a t i o n  
~ r r e g u l a r i t i e s .  The  b r a k e s  may b e  a p p l i e d  p r i o r  t o  t h e  t e s t  t o  p r o v i d e  a  
s m o o t h  t r a n s i t i o n  b e t w e e n  t h e  a c c e l e r a t i o n  a n d  d e c e l e r a t i o n  p h a s e ,  o r  t h e y  
may b e  a p p l i e d  a f t e r  t h e  a c c e l e r a t i o n  p h a s e  i s  c o m p l e t e d .  The  s l e d  i s  
i n s t r u m e n t e d  w i t h  a c c e l e r o m e t e r s  m o u n t e d  t o  t h e  c e n t e r  n o s e  t o  m e a s u r e  
a c c e l e r a t i o n  I n  t h e  l o n g i t u d i n a l  d i r e c t i o n .  The  s l e d  v e l o c i t y  i s  o b t a i n e d  
b y  t w o  m e t h o d s :  (1) a  r e a l  t i m e  m e a s u r i n g  s y s t e m  w h i c h  u t i l i z e s  a  1 2  f o o t  
l o n g  f i l m  s t r i p ,  w i t h  p r e c i s e l y  m a r k e d  i n t e r v a l s ,  a t t a c h e d  t o  t h e  l o w e r  
s u r f a c e  o f  t h e  s l e d ,  F i g u r e  D - 8 .  The f i l m  s t r i p  p a s s e s  t h r o u g h  a  o 
d e t e c t o r / l l g h t  s o u r c e  w i t h  t h e  o u t p u t  o f  t h e  d e t e c t o r  c o u p l e d  a 
" f r e q u e n c y - t o - D C "  c o n v e r t e r  whose  o u t p u t  r e p r e s e n t s  t h e  s l e d  v e l o c i t  1 
integration o f  t h e  s l e d  a c c e l e r a t i o n  p u l s e .  
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