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ENERGY ABSORBING STRUCTURE 

The i n s t a n t  i nven t ion  r e l a t e s  t o  a low o n s e t  r a t e ,  one t ime energy 
absorber  formed of a p l u r a l i t y  of spaced washers p r e s s  f i t t e d  on a 
rod of extremely uniform diameter .  The purpose of t h e  i nven t ion  i s  
t o  prov ide  a c o n t r o l l e d  r a t e  of energy abso rp t ion  wherein t h e r e  i s  
provided a low o n s e t  r a t e .  The energy absorber  u t i l i z e s  f r i c t i o n  
a s  a d i r e c t  means of conve r t i ng  t h e  energy t o  h e a t  and ach ieves  t h e  
low o n s e t  r a t e  by applying t h e  load  i n  many smal l  s t a g e s ,  The 
inven t ion  has  p a r t i c u l a r  a p p l i c a t i o n  i n  s t r u t s  of a s t r o n a u t s '  
couches on t h e  Apollo command module. 

The couch s t r u t  assembly 11 comprises rod 18 of s u b s t a n t i a l l y  
uniform diameter  throughout i t s  major l e n g t h  wi th  a t ape red  end 
p o r t i o n  19. A f i r s t  p l u r a l i t y  of  washers 24 and a second p l u r a l i t y  
of  washers 40 a r e  f o r c e  f i t t e d  a long rod 18 i n  spaced a p a r t  p o s i t i o n .  
A t h r u s t  r i n g  27 e n c i r c l e s  rod 18 a t  a  p o i n t  i n t e rmed ia t e  t h e  

s p l u r a l i t y  of  spaced washers 24 and 40. Rod 18 i s  connected a t  one 
end t o  connector  1 2  which forms one end of s t r u t  assembly 11. Thrus t  
r i n g  27 i s  connected t o  an i n t e r n a l  tube  32 which i s  connected t o  
a connector  3 4  which is arranged t o  r e c e i v e  t h r u s t  f o r c e  on t h e  
oppos i t e  end of s t r u t  assembly 11, During t h e  a p p l i c a t i o n  of 
compression f o r c e s  t o  s t r u t  assembly 11, t h r u s t  r i n g  27 c o n t a c t s  
and a x i a l l y  s t r o k e s  t h e  end one of spaced washers 24 and sequen- 
t i a l l y  p i c k s  up and s t r o k e s  o t h e r s  of s a i d  washers 24. A s  each 
washer 24 i s  picked up, t h e  load  i s  inc reased  a smal l  amount, 
t h u s  extending t h e  t o t a l  load  d e c e l e r a t i o n  over a s i g n i f i c a n t  
t ime i n t e r v a l .  The washers have an i n i t i a l  i n s i d e  diameter  of 
approximately 2 1/2% sma l l e r  than  t h e  rod ,  P re fe rab ly ,  rod 18 
i s  coa ted  wi th  a d ry  f i l m  f luorocarbon  l u b r i c a n t  dur ing  i n s t a l l a -  
t i o n  of each of  t h e  washers 24 and 40 and p r i o r  t o  i n s t a l l a t i o n  
of  rod 18  i n t o  s t r u t  assembly 11, 

The nove l ty  of  t h e  i nven t ion  appears  t o  l i e  i n  t h e  arrangement of 
t h e  p l u r a l i t y  6f spaced a p a r t  washers f o r c e  f i t t e d  upon a rod of 
s u b s t a n t i a l l y  uniform diameter  and t h r u s t  means which is arranged 
t o  i n i t i a l l y  c o n t a c t  an end one of t h e  washers and s t r o k e  t h e  same 
along t h e  rod and s e q u e n t i a l l y  p i ck  up and s t r o k e  a d d i t i o n a l  
washers du r ing  t h e  d e c e l e r a t i o n  ope ra t ion ,  By s e l e c t i o n  of t h e  
m a t e r i a l s  and t h e  number and spacing of  t h e  washers,  t h e r e  can be 
produced an energy absorbing system which w i l l  produce t h e  d e s i r e d  
onse t  r a t e  and r a t e  and amount of  energy abso rp t ion ,  The p r e s s  
f i t t i n g  of t h e  washers on t h e  rod e l i m i n a t e s  major manufacturing 
t o l e r a n c e s  which would o therwise  p r e s e n t  problems, 
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APPLICATION FOR LETTERS PATENT 

TO ALL WHOM IT MAY CONCERN: 

BE IT KNOWN THAT we, 

William H. Keathley and Clarence J. Wesselski, citizens of 

the United States of America, employees of the United 

States Government, and residents of Pasadena, Texas, and 

Alvin, Texas, respectively, have invented certain new and 

useful improvements in a LOW ONSET RATE ENERGY ABSORBER of 

which the following is a specification: 



BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to an energy absorbing 

structure. More particularly, it relates to a reliable 

and efficient system for decelerating a moving mass at a 

controlled rate without amplification of loads through the 

system and one preferred embodiment is in the form of crew 

couch struts for the Apollo command module to absorb ener- 

gy during the landing phase, for example. 

Description of the Prior Art 

Heretofore, crew couch struts for the Apollo com- 

mand module were constructed from two tubes, an inner tube 

and an outer tube, one of which was arranged to move axi- 

ally with respect to the other. The two tubes were sep- 

arated by many small rings which were assembled in the 

form of bracelets. The outside diameters of the small 

rings were greater than the clearance between the two 

pipes, thereby making the rings deflect when the strut is 

assembled. When the assembled strut was stroked, all of 

the small rings would roll and deflect, thereby absorbing 

energy. By varying the number of bracelets in a given 

strut, the load level was controlled. One disadvantage of 

the aforesaid ring and bracelet system was that on impact, 

as for example on landing, the total load for which the 

struts were designed was applied in an extremely short 



p e r i o d  o f  t i m e ,  t h e  o n l y  t ime  l a g  b e i n g  t h e  r e s u l t  o f  t h e  

m a t e r i a l  e l o n g a t i o n .  Dur ing  t h i s  s h o r t  t i m e ,  t h e  crew 

members were n o t  f i r m l y  s e a t e d  i n  t h e  couches and t h e  

couches  t h e m s e l v e s  were d e f l e c t i n g  under  t h e  i n c r e a s e d  

l o a d i n g .  When t h e  crew members caugh t  up w i t h  t h e  couch 

and became f i r m l y  s e a t e d ,  t h e y  r e c e i v e d  shock l o a d i n g  which 

r e s u l t e d  i n  a  " G I 1  l o a d  a p p r o x i m a t e l y  t w i c e  t h e  amount f o r  

which t h e  s t r u t s  were d e s i g n e d .  None of  t h e  o t h e r  p r i o r  

a r t  of  which t h e  a p p l i c a n t s  a r e  aware p r o v i d e s  t h e  neces -  

s a r y  r e l i a b i l i t y  and e f f i c i e n c y  of d e c e l e r a t i n g  a  moving 

mass a t  a c o n t r o l l e d  r a t e  w i t h o u t  t h e  a m p l i f i c a t i o n  o f  l o a d s  

t h r o u g h  t h e  sys t em i n  a  s i m p l e  and e a s i l y  c o n s t r u c t e d  and 

m a i n t a i n e d  sys t em,  as i n  t h e  p r e s e n t  i n v e n t i o n .  

SUMMARY OF THE INVENTION 

Accord ing ly ,  i t  i s  an o b j e c t  o f  t h i s  i n v e n t i o n  

t o  p r o v i d e  a n  improved low o n s e t  r a t e  ene rgy  a b s o r b e r  

which s o l v e s  t h e  a f o r e s a i d  problems and p r o v i d e s  t h e  de-  

s i r e d  c h a r a c t e r i s t i c s ,  as s t a t e d  above.  

B r i e f l y  s t a t e d ,  t h i s  i n v e n t i o n  i s  f o r  an ene rgy  

a b s o r b i n g  s t r u c t u r e  which u t i l i z e s  f r i c t i o n  as a  d i r e c t  

means of c o n v e r t i n g  t h e  ene rgy  t o  h e a t  and a c h i e v e s  a  low 

o n s e t  r a t e  by a p p l y i n g  t h e  l o a d  i n  many small s t a g e s .  The 

s t r u c t u r e  i n c l u d e s  i n  combina t ion  a  r o d  of  s u b s t a n t i a l l y  

uni form d i a m e t e r  hav ing  one end a r r a n g e d  t o  r e c e i v e  t h e  

f o r c e  o f  a moving mass t h e r e a g a i n s t  i n  a  g e n e r a l l y  a x i a l  

d i r e c t i o n .  A p l u r a l i t y  o f  spaced  a p a r t  washers  a r e  mounted 

on t h e  rod  i n  f o r c e d  f i t t i n g  r e l a t i o n s h i p  t h e r e w i t h .  The 

i n v e n t i o n  a l s o  i n c l u d e s  t h r u s t  means, such  as a  

t h r u s t  r i n g ,  a r r a n g e d  t o  r e c e i v e  t h e  f o r c e  i n  t h e  



a x i a l  d i r e c t i o n  and t o  i n i t i a l l y  c o n t a c t  and a x i a l l y  s t . roke  

a n  end one o f  t h e  washe r s  and s e q u e n t i a l l y  s t r o k e  o t h e r s  of  

t h e  washe r s  a l o n g  t h e  r o d  i n  r e s p o n s e  t o  a f o r c e  a p p l i e d  

t h e r e t o  i n  t h e  g e n e r a l l y  a x i a l  d i r e c t i o n ,  whereby t h e  e n e r -  

5 gy o f  t h e  f o r c e  i s  absorbed  d u r i n g  t h e  s t r o k i n g  w i t h  an  i n i -  

t i a l  low o n s e t  ene rgy  r a t e  o f  a b s o r p t i o n .  

I n  t h e  p r e f e r r e d  embodiment, t h e  s t r o k i n g  p o r t i o n  

o f  t h e  r o d  i s  c o a t e d  w i t h  a  d r y  f i l m  l u b r i c a n t ,  such  as a 

f l u o r o c a r b o n  t y p e .  P r e f e r a b l y  t h e  r o d  i s  of  INCONEL and 

10 t h e  washe r s  a r e  of  a n n e a l e d  s t a i n l e s s  s t e e l .  

I n  a d d i t i o n ,  t h e  washers  a r e  s o  s i z e d  t h a t  t h e y  

have a n  i n i t i a l  i n s i d e  d i a m e t e r  of  abou t  2 .5% s m a l l e r  t h a n  

t h e  d i a m e t e r  of t h e  r o d ,  and a r e  t h e r e b y  f o r c e  f i t t e d  on 

t h e  r o d  t o  p r o v i d e  t h e  d e s i r e d  ene rgy  a b s o r b i n g  c h a r a c t e r -  

1 5  i s t i c s .  

I n  c e r t a i n  embodiments o f  t h e  i n v e n t i o n ,  a  see -  

ond p l u r a l i t y  o f  spaced  a p a r t  washe r s  may be mounted on t h e  

r o d  i n  f o r c e d  f i t t i n g  r e l a t i o n s h i p  t h e r e w i t h ,  w i t h  t h e  washe r s  

of t h e  second p l u r a l i t y  b e i n g  a r r a n g e d  f o r  c o n t a c t  by t h r u s t  

20 means and f o r  a x i a l  s t r o k i n g  on t h e  r o d  when t h e  f o r c e  of 

a moving mass i s  a p p l i e d  i n  t h e  o p p o s i t e  g e n e r a l l y  a x i a l  

d i r e c t i o n .  

BRIEF DESCRIPTION OF THE DRAWING 

R e f e r e n c e  t o  t h e  drawing w i l l  f u r t h e r  e x p l a i n  t h e  

i n v e n t i o n  where in  l i k e  numera ls  r e f e r  t o  l i k e  p a r t s ,  and i n  

25 which:  

F i g .  1 i s  a view g e n e r a l l y  i n  c e n t r a l  s e c t i o n  



showing one embodiment 0 f . a  s t r u t  assembly  f o r  a  crew couch 

i n  t h e  Apo l lo  command module.  

F i g .  2  i s  a n  e n l a r g e d  view of  a p o r t i o n  of  t h e  

washe r s  and t h r u s t  means shown i n  F i g .  1, w i t h  t h e  i n i t i a l  

p o s i t i o n  o f  t h e  t h r u s t  means shown i n  s o l i d  l i n e  and one 

a c t u a t e d  p o s i t i o n  shown i n  o u t l i n e  form. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

The s t r u t  assembly i s  g e n e r a l l y  d e s i g n a t e d  by 

t h e r u m e r a l  11 and i s  compr ised  of  a  c o n n e c t o r  1 2  h a v i n g  a  

b o l t  e y e  1 3  a t  one' end ,  which c o n n e c t o r  i s  a r r a n g e d  t o  r e -  

c e i v e  t h e  f o r c e  o f  t h e  moving mass t h e r e a g a i n s t  i n  a  gen- 

e r a l l y  a x i a l  d i r e c t i o n .  Connector  12  i s  t h r e a d e d  o r  o t h e r -  

w i s e  connec ted  t o  e x t e r n a l  t u b e  14 which e x t e n d s  s u b s t a n t i a l -  

l y  t h e  f u l l  l e n g t h  o f  t h e  s t r u t  assembly ,  a s  shown. 

The l e f t  end o f  c o n n e c t o r  1 2 ,  a s  viewed i n  t h e  

drawing,  i s  p r o v i d e d  w i t h  a  t h r e a d e d  c o u n t e r b o r e  i n  which 

i s  t h r e a d a b l y  r e c e i v e d  one end of  an  INCONEL s h a f t  o r  r o d  

1 8  which h a s  a  s u b s t a n t i a l l y  c o n s t a n t  o r  un i fo rm d i a m e t e r  

t h r o u g h o u t  i t s  ma jo r  l e n g t h ,  which d i a m e t e r  may be  on t h e  

o r d e r  of  a b o u t  .375  i n c h e s .  However, r o d  1 8  i s  p r o v i d e d  

w i t h  a r educed  d i a m e t e r  end p o r t i o n  d e s i g n a t e d  by t h e  numeral  

1 9 ,  which may have a s m a l l e r  d i a m e t e r  on t h e  o r d e r  of  

abou t  .OX2 i n c h e s  s m a l l e r  t h a n  t h e  main p o r t i o n  of  r o d  1 8 ,  

t h e  p u r p o s e  o f  which i s  f o r  s l i d i n g  washers  t h e r e o v e r  which 

a r e  t o  be d e s c r i b e d  h e r e i n a f t e r .  I n  a d d i t i o n ,  p o r t i o n  19 

may be  p r o v i d e d  w i t h  a c o u n t e r b o r e  hex-socket  20, which 

can  b e  u t i l i z e d  t o  r o t a t e  r o d  18  and t h e r e b y  t h r e a d  t h e  



same i n t o  and out  of connector 1 2  during assembly and d i s -  

assembly. In  t h e  embodiment shown, rod 18 has  a  diameter of 

. 375  inches and i s  cons tant  i n  diameter within -0001 inches,  

except f o r  por t ion  19 which i s  tapered t o  a  diameter of - 3 6 3  inches.  

The sur face  of rod 18 should have an 8 t o  16 

microinch f i n i s h  and i s  preferably  hard r e l a t i v e  t o  washers 

24 and 40. The t ape r  of end por t ion  19 may be on the  order  

of approximately 1/4 inch/foot f o r  i n s t a l l a t i o n  purposes, 

Rod 18 may, f o r  example, be made of 718 INCONEL which with- 

s t ands  v e l o c i t i e s  of a t  l e a s t  28 fee t / sec . ,  with the rod 

having a  hardness of 40 Rockwell C .  

Rod 18 has  mounted thereon a  f i r s t  p l u r a l i t y  of 

spaced a p a r t  washers which a re  mounted thereon i n  forced 

f i t t i n g  r e l a t i o n s h i p ,  which f i r s t  p l u r a l i t y  i s  genera l ly  

designated by t h e  numeral 24. Washers 24 a re  ind iv idua l ly  

mounted on rod 18 by being s l i d  over end por t ion  19 and 

pressed along rod 18 t o  the  des i red  pos i t ion  and spacing. 

The spacing w i l l  be arranged such a s  t o  provide the  s t r u t  

assembly with the  des i red  onset  r a t e  and energy absorbing 

c h a r a c t e r i s t i c s .  

The ins ide  diameters of washers 2 4  were i n i t i a l l y  

genera l ly  on the  order  of .010 inches,  or about 2 .5% smaller  

than t h e  diameter of the  rod 18 throughout i t s  major por- 

t i o n .  Hence, by forc ing  the  washers 24 along rod 18 t o  the  

pos i t ion  shown, the  washer ma te r i a l  tends t o  y i e l d  which 

causes each of t h e  washers 24 t o  conform t o  rod 18 almost 

exac t ly  the  same a s  every o ther  washer, making the  load 

very uniform. 



I n  t h e  embodiment shown, it i s  p r e f e r r e d  t h a t  t h e  

washers  have  a  t h i c k n e s s  on t h e  o r d e r  o f  .040 i n c h e s  and an 

e x t e r n a l  d i a m e t e r  of  -625 i n c h e s  and an i n t e r n a l  d i a m e t e r  

of  .363 i n c h e s ,  a l l  p l u s  o r  minus w i t h i n  - 0 0 1  i n c h e s  f o r  

5 t o l e r a n c e  purposes .  Washers 24 a r e  twen ty -e igh t  i n  number 

and p r o v i d e  twenty-seven s p a c e s  of  - 0 8  i n c h e s  each and span 

a  d i s t a n c e  of  3.28 i n c h e s .  

Washers 24 and 40 were machined from p r o c e s s -  

. a n n e a l e d  b a r  s t o c k  and t h e  f a c e s  were s u r f a c e  ground. When 

1 0  each  o f  t h e  washers  24 and 40 i s  p r e s s e d  o n t o  r o d  1 8 ,  t h e  

0.010 i n c h  i n t e r f e r e n c e  c a u s e s  t h e  washer t o  y i e l d ,  making 

it conform e x a c t l y  t o  r o d  18 w i t h o u t  t h e  n e c e s s i t y  of  ex- 

t r e m e l y  c l o s e  t o l e r a n c e s  on t h i s  p a r t .  Rod 1 8  t h e n  i n  

e f f e c t  becomes a  s i z i n g  mandrel  and c a u s e s  e a c h  washer 

15  t o  o f f e r  t h e  same f r i c t i o n a l  r e s i s t a n c e  t o  s l i d i n g .  It i s  

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

of  t h e  t h i c k n e s s  of  t h e  washers  a l s o .  The o u t s i d e  d iamete r  

o f  t h e  washer  was s e l e c t e d  t o  l i m i t  t h e  b e a r i n g  s t r e s s  t o  

approx imate ly  one-half  t h e  m a t e r i a l  y i e l d  s t r e n g t h .  A f t e r  

machining o f  t h e  washers  was completed t h e y  were f u l l y  annea led  

i n  an  i n e r t  g a s  atmosphere.  F u l l y  a n n e a l i n g  416 s t a i n l e s s  

s t e e l  r e q u i r e s  t h a t  t h e  m a t e r i a l  be  h e l d  a t  1 6 0 0 ~ ~ .  f o r  one 

h o u r ,  fo l lowed  by c o o l i n g  a t  a  r a t e  no f a s t e r  t h a n  5 0 O ~ .  

p e r  h o u r  t o  1 1 0 0 ~ ~ .  The m a t e r i a l  may t h e n  b e  c o o l e d  a t  a 

25 f a s t e r  r a t e ,  b u t  c a r e  must be  t a k e n  t o  i n s u r e  t h a t  t h e  

m a t e r i a l  does  n o t  come i n  c o n t a c t  w i t h  a i r  u n t i l  room tempera- 

t u r e  i s  reached .  C o n t a c t  w i t h  a i r  a t  e l e v a t e d  t e m p e r a t u r e s  



may cause heavy ox ida t ion  and s c a l i n g  and both of t h e s e  con- 

d i t i o n s  may cause  v a r i a t i o n s  i n  t h e  l oads  t h a t  t h e  washers w i l l  

produce. 

A s  s t a t e d  above, t h e  washers 24 and 40 a r e  made wi th  

5 an i n s i d e  diameter  which i s  approximately 2 1/2% sma l l e r  than  

t h e  r o d  s i z e .  Because t h e  e l a s t i c  l i m i t  on t h e  s t r a i n  i s  

approximately 0 .1  p e r  c e n t ,  t h e  e n t i r e  washer i s  deformed p l a s t i -  

c a l l y  when it i s  d r iven  on t h e  s h a f t .  The 2 1/2% s t r a i n  w i l l  

n o t  r u p t u r e  t h e  washer when it i s  f u l l y  annealed because t h e  

10 u l t i m a t e  s t r a i n  i s  approximately 30%. This  f e a t u r e  minimizes 

t h e  e f f e c t  of manufacturing t o l e r a n c e s  which o therwise  would 

have t o  be cons idered  i n  c o n s t r u c t i o n  of t h e  appara tus .  

The inven t ion  a l s o  inc ludes  t h r u s t  means arranged 

t o  r e c e i v e  t h e  f o r c e  i n  t h e  g e n e r a l l y  a x i a l  d i r e c t i o n  and f o r  

15 i n i t i a l l y  con tac t ing  and a x i a l l y  s t r o k i n g  an end one of t h e  

washers 24, and s e q u e n t i a l l y  s t r o k i n g  o t h e r s  of s a i d  washers 

a long rod 18 i n  response t o  a f o r c e  of a predetermined 

magnitude app l i ed  t h e r e t o  i n  a g e n e r a l l y  a x i a l  d i r e c t i o n ,  

whereby t h e  energy of t h e  f o r c e  i s  absorbed by t h e  f r i c t i o n  

20 encountered dur ing  t h e  s t r o k i n g  ope ra t ion .  These means a r e  

convenien t ly  shown i n  t h e  form of t h r u s t  r i n g  27 which i s  

provided wi th  a counterbore  28 and a c e n t r a l  a x i a l  opening 

29 t o  l o o s e l y  accommodate passage of rod 18 there through .  

Thrus t  r i n g  27 i s  a t t ached  t o  t h e  end of i nne r  tube  32, t h e  

25 oppos i t e  end of which i s  a t t ached  t o  a coupl ing 33 having 

a th readed  counterbore  i n  t h e  l e f t  hand view a s  seen i n  t h e  

drawing, which coupl ing i s  arranged t o  r e c e i v e  th readed  

connector  34 which i s  provided wi th  b o l t  h o l e  35 f o r  



c o n n e c t i o n  w i t h  p o r t i o n s  of t h e  couch assembly.  Surrounding 

t u b e  32 and i n  c o n t a c t  w i t h  t h e  i n n e r  w a l l  of  t u b e  1 4  a r e  a  

p l u r a l i t y  of  t o r o d i a l  members 36 which a r e  p l a s t i c a l l y  deformed 

due t o  t h e  d imens iona l  r e l a t i o n s h i p  between t h e  s i z e  of  t h e  

r i n g s  and s i z e  o f  t h e  w a l l s .  The members 36 by c y c l i c  deforma- 

t i o n  a b s o r b  a  p o r t i o n  of  t h e  l o a d .  

During t h e  l a n d i n g  phase  o f  t h e  Apol lo  command 

module, t h e  v a r i o u s  s t r u t  a s s e m b l i e s ,  two of  which s t r u t  

assembly 11 i s  i l l u s t r a t i v e ,  a r e  a r r a n g e d  l o r  a b s o r p t i o n  

of compression and t e n s i o n  f o r c e s .  I n  compression which may 

occur  d u r i n g  tumbl ing  o f  t h e  s p a c e c r a f t ,  t h e  f o r c e  01 t h e  

moving mass i s  a p p l i e d  s o  a s  t o  compress connec to r  34 r e l a -  

t i v e  t o  connec to r  12.  When t h i s  o c c u r s ,  t h r u s t  r i n g  2 7  moves 

f r e e l y  a l o n g  r o d  1 8  u n t i l  c o n t a c t  i s  made w i t h  t h e  end one of 

t h e  p l u r a l i t y  of spaced washers  24, and s t r o k e s  t h e  same t o  

t h e  r i g h t  a s  viewed i n  F i g .  1 ,  and s u b s e q u e n t l y  p i c k s  up 

a d d i t i o n a l  washers  a s  t h e  s t r o k i n g  c o n t i n u e s .  Energy i s  

absorbed by t h e  f r i c t i o n  encoun te red  d u r i n g  s t r o k i n g  washers  

24 a l o n g  t h e  r o d  which g e n e r a t e s  h e a t .  A s  each  washer i s  

p i c k e d  up, t h e  l o a d  i s  i n c r e a s e d  a  s m a l l  amount, t h u s  

s p r e a d i n g  t h e  t o t a l  l o a d  over  a  s i g n i f i c a n t  t ime  i n t e r v a l .  

I n  t h e  assembly shown, a  second p l u r a l i t y  of 

washers  40 a r e  shown mounted on rod  1 8  t o  accommodate de- 

c e l e r a t i o n  of  t e n s i o n  f o r c e s  a p p l i e d  between c o n n e c t o r s  34 

and  12 ,  which w i l l  occur  d u r i n g  l a n d  l a n d i n g  of t h e  space-  

c r a f t .  Washers 40 a r e  i d e n t i c a l  t o  washers  24,  and i n  t h e  

embodiment shown a r e  p r e f e r a b l y  spaced abou t  - 0 8  i n c h e s  a p a r t  

w i t h  a  t o t a l  o f  s e v e n t y - s i x  washers  of  ,040 t h i c k n e s s ,  t h e r e -  

by  p r o v i d i n g  s e v e n t y - f i v e  s p a c e s  o r  a  t o t a l  span o f  9.04 

i n c h e s .  Washers 40 a r e  f r i c t i o n a l l y  mounted on r o d  1 8  i n  t h e  



same manner as washe r s  24, which mounting o p e r a t i o n  w i l l  b e  

d e s c r i b e d  i n  g r e a t e r  d e t a i l  h e r e i n a f t e r .  

Dur ing  a p p l i c a t i o n  o f  t e n s i o n i n g  f o r c e s  t o  con- 

n e c t o r s  34 and 1 2 ,  t h r u s t  r i n g  27 c o n t a c t s  t h e  end  one o f  

washers  40 and s t r o k e s  t h e  same a l o n g  r o d  1 8  and p i c k s  up 

a d d i t i o n a l  washe r s  40, as shown i n  F i g .  2 .  The s t r o k i n g  

a c t i o n  i s  s imilar  t o  t h e  s t r o k i n g  o f  washe r s  24 d u r i n g  coin- 

p r e s s i o n ,  as d e s c r i b e d  above .  

Befo re  i n s t a l l i n g  washe r s  24 and 40 o n t o  r o d  1 8 ,  

i t  i s  i m p o r t a n t  t o  t h o r o u g h l y  c l e a n  r o d  1 8  of  any g r i t ,  

o i l ,  o r  o t h e r  f o r e i g n  s u b s t a n c e .  T h i s  c l e a n i n g  may be  

per formed w i t h  f r e o n  t o  remove any such  o i l  o r  g r e a s e  p r i o r  

t o  washer  i n s t a l l a t i o n  and p r e f e r a b l y  r o d  1 8  s h o u l d  n o t  b e  

hand led  w i t h  t h e  b a r e  hand,  s i n c e  even  t h e  n a t u r a l  o i l  o f  

t h e  s k i n  may c a u s e  e r r a t i c  l o a d s .  

Rod 18  i s  t h e n  s t o o d  u p r i g h t  w i t h  t a p e r e d  end 

p o r t i o n  1 9  on t o p  and t h e  bot tom of  r o d  1 8  r e s t e d  on a 

wooden b l o c k  on t h e  f l o o r  f o r  example.  T h e r e a f t e r  t h e  

i n d i v i d u a l  washe r s  24 and 40 a r e  i n s e r t e d  o n t o  t h e  t a p e r e d  

end p o r t i o n  19 of  r o d  1 8  and a b u s h i n g  ( n o t  shown) i s  p l a c e d  

t h e r e o v e r .  T h i s  bush ing  i s  made o f  s t e e l ,  f o r  example,  

and h a s  an o u t s i d e  d i a m e t e r  of  0 .562 i n c h e s ,  an  i n s i d e  

d i a m e t e r  of  ,377  i n c h e s ,  and i s  approx ima te ly  .50 i n c h e s  

l o n g .  Then an  aluminum t u b e  ( n o t  shown) h a v i n g  a  one -ha l f  

i n c h  o u t s i d e  d i a m e t e r  and .045 i n c h e s  w a l l  t h i c k n e s s  and 

b e i n g  a p p r o x i m a t e l y  20 i n c h e s  l o n g  i s  p l a c e d  o v e r  t h e  bush- 

i n g .  The aluminum t u b e  i s  t h e n  t apped  w i t h  a  p l a s t i c  hammer, 

f o r  example,  t o  d r i v e  and t h e r e b y  f o r c e  each  washer  o v e r  t h e  



tapered  por t ion  19 and t o  t h e r e a f t e r  d r i v e  or press  the  washers 

along rod 18 t o  the  des i red  p o s i t i o n  where they f r i c t i o n a l l y  

engage rod 18. Washers 24 and 40 a re  arranged i n  the  des i red  

order  and spacing t o  accomplish t h e  des i red  dece le ra t ion  r a t e  

required.  The washers a re  spaced by an appropriate  spacer which 

may be removed a f t e r  i n s t a l l a t i o n  of t h e  washers. 

By force  f i t t i n g  washers 24 and 40 on the  rod 18, a s  

descr ibed above, the  major manufacturing to lerance  problems on 

the  washers i s  completely el iminated.  By varying the  number and 

spacing of washers 24 and 40 on rod 18, che des i red  load de- 

c e l e r a t i o n  c h a r a c t e r i s t i c s  can be obtained f o r  the  assembly. By 

such a  device a  mass moving a t  30 f e e t  per  second (20.4 miles  

per  hour) may be brought t o  r e s t  i n  18 inches a t  a  maximum "GI" 

load of 14 and an onset  r a t e  of 350 " g ' s "  per second. 

After  a l l  t he  washers 24 and 40 have been i n s t a l l e d  

i n  t h i s  manner, it i s  d e s i r a b l e  thac  the  e n t i r e  rod and washer 

assembly be wiped c lean  and lubr i ca ted  a s  descr ibed above with 

a  dry f i lm fluorocarbon type l u b r i c a n t .  A t  t h i s  po in t ,  rod 18 

with the  washers mounted thereon is ready f o r  assembly i n  the  

s t r u t  assembly 11. 

In  the  p re fe r red  embodiment, t h e  s t rok ing  por t ions  of 

rod 18 a r e  provided with a  l i b e r a l  coa t  of dry f i lm l u b r i c a n t ,  

p re fe rab ly  of the  fluorocarbon type, a s  f o r  example the  l u b r i c a n t  

manufactured and so ld  under the  name Mil le r  Stephenson MS-122 

which provides e x c e l l e n t  r e s u l t s  a t  v e l o c i t i e s  a s  high as  28 

f e e t  per  second (19.1 mi les /h r . ) .  This lubr i can t  i s  contained 

i n  a  spray can and the  a c t i v e  ingredient  i s  t e t r a f luore thy lene  

polymer s o l i d s .  It  i s  produced by t h e  Mil le r  Stephenson 

chemical Company, Inc . ,  

-11- 



Los Angeles ,  C a l i f o r n i a  and i s  covered  under  m i l i t a r y  s p e c i -  

f i c a t i o n  MIL-L-60326(MU) Amend. 1, Type 1. The l u b r i c a n t  

s h o u l d  be  a p p l i e d  l i b e r a l l y  t o  t h e  r o d  p r i o r  t o  e a c h  washer  

i n s t a l l a t i o n  and t h e  r o d  s h o u l d  be  t h o r o u g h l y  s p r a y e d  a g a i n  

p r i o r  t o  i n s t a l l a t i o n  o f  t h e  r o d  i n  t h e  assembly .  There  

s h o u l d  b e  a n  obv ious  bui ld-up  o f  l u b r i c a n t  on a l l  s t r o k i n g  

a r e a s  of  t h e  r o d .  

It i s  t o  be  u n d e r s t o o d  t h a t  l u b r i c a t e d  s l i d i n g  

s u r f a c e s  f a l l  i n t o  two c a t e g o r i e s .  The f i r s t  c a t e g o r y  i s  

hydrodynamic ( o r  t h i c k - f i l m )  l u b r i c a t i o n  i n  which i d e a l l y  

t h e  s u r f a c e s  n e v e r  t o u c h .  The f r i c t i o n  f a l l s  w i t h i n  t h e  r a n g e  

of  u  = 0 .001  t o  0.0001;  no wear o c c u r s .  The second c a t e g o r y  

i s  boundary ( o r  t h i n - f i l m )  l u b r i c a t i o n  i n  which t h e  h i g h  

p o i n t s  on t h e  s u r f a c e s  t o u c h .  The f r i c t i o n  f a l l s  w i t h i n  

t h e  r a n g e  o f  u  = 0 .05  t o  0 .15 ;  some wear o c c u r s .  The l a t t e r  

c o n d i t i o n  o c c u r s  when t h e  p r e s s u r e  between t h e  c o n t a c t  s u r -  

f a c e s  becomes s o  g r e a t  t h a t  t h e  l u b r i c a n t  f i l m  canno t  s u p p o r t  

t h e  l o a d .  I n  view of  t h e  above c r i t e r i a ,  i t  i s  obv ious  t h a t  

boundary l u b r i c a t i o n  i s  t h e  most a p p l i c a b l e  t o  t h i s  f r i c t i o n  

mechanism. When t h e  l u b r i c a n t  and t h e  m a t e r i a l s  a r e  chosen ,  

t h e  c o e f f i c i e n t  of f r i c t i o n  u s u a l l y  f a l l s  i n  a  much na r rower  

r a n g e  a s  l o n g  as s e v e r e  wear ( g a l l i n g ,  s e i z i n g ,  e t c . )  does  

n o t  o c c u r .  It  i s  assumed t h a t  some wear i s  normal  under  

boundary l u b r i c a t i o n  c o n d i t i o n s ,  b u t  i t  s h o u l d  n o t  be v i s i b l e  

t o  t h e  e y e ;  s e v e r e  wear i s  abnormal  and v i s i b l e .  

Rod 1 8  shown i n  t h e  drawing i s  o f  3/8 i n c h  d i a m e t e r ,  

b u t  o t h e r  s i z e  r o d s  may be u t i l i z e d  t o  c a r r y  o u t  t h e  i n v e n t i o n .  

F o r  example,  ho l low r o d s  can be  used  f o r  l a r g e r  s i z e s  t o  e f f e c t  



weigh t  s a v i n g s .  The a p p a r a t u s  o f  t h i s  i n v e n t i o n  i s  n o t  l i m i t e d  

t o  u s e  w i t h  s t r u t s  b u t  can  b e  r e a d i l y  a d a p t e d  t o  o t h e r  d e v i c e s  

r e q u i r i n g  a one t i m e  h i g h  ene rgy  a b s o r p t i o n  w i t h  low o n s e t  

r a t e .  O t h e r  examples  of  u s e s  of  t h i s  d e v i c e  i n c l u d e  embodi- 

ments  i n  t h e  form o f  c o l l a p s i b l e  s t e e r i n g  columns, s t r o k i n g  

au tomobi l e  o r  a i r c r a f t  s e a t s ,  s t r o k i n g  au tomobi l e  bumpers,  

highway b a r r i e r s ,  a i r  d r o p p i n g  s e n s i t i v e  equipment ,  o r  an  

o v e r l o a d  d e v i c e  on a i r c r a f t  l a n d i n g  g e a r .  

One o f  t h e  main advan tages  of t h e  p r e s e n t  i n v e n t i o n  

i s  t h a t  i t  p r o v i d e s  t h e  low o n s e t  r a t e ,  and h i g h  r a t e  ene rgy  

a b s o r b e r  w i t h  a minimum o f  equipment .  The ene rgy  a b s o r b e r  

o f  t h i s  i n v e n t i o n  u s e s  f r i c t i o n  as a  d i r e c t  means of c o n v e r t -  

i n g  t h e  ene rgy  t o  h e a t  and a c h i e v e s  t h e  low o n s e t  r a t e  by 

a p p l y i n g  t h e  l o a d  i n  many s m a l l  s t a g e s .  Another  ma jo r  ad- 

v a n t a g e  o f  t h e  equipment  i s  t h e  a b i l i t y  t o  a b s o r b  ene rgy  

a t  t h e  r a t e  o f  11 horsepower p e r  s q u a r e  i n c h  o f  c o n t a c t  a r e a ,  

w h i l e  t h e  c o n v e n t i o n a l  s y s t e m s ,  such  a s  b r a k e s  and c l u t c h e s ,  

have a maximum r a t e  of abou t  0 . 5   in in' o f  c o n t a c t  a r e a .  

Because of t h e  a r rangement  o f  washers  24  and 4 0  

on r o d  1 8  and because  t h e  washers  a r e  o n l y  p i c k e d  up one a t  

a t ime  by t h r u s t  r i n g  2 7 ,  t h e  t o t a l  l o a d  . is r e a l i z e d  o n l y  

a f t e r  a t h r u s t  s t r o k e  o f  some s i g n i f i c a n t  d i s t a n c e .  By 

v a r y i n g  t h e  s p a c i n g  of  t h e  w a s h e r s ,  t h e  o n s e t  r a t e  can  b e  

c o n t r o l l e d .  S i m i l a r l y ,  t h e  l o a d  can be c o n t r o l l e d  by t h e  

number o f  washe r s  i n s t a l l e d .  

F u r t h e r  m o d i f i c a t i o n s  and a l t e r n a t e  embodiments 

w i l l  be  a p p a r e n t  t o  t h o s e  s k i l l e d  i n  t h e  a r t  i n  view o f  

t h i s  d e s c r i p t i o n  and a c c o r d i n g l y ,  t h e  f o r e g o i n g  s p e c i f i c a -  

t i o n  i s  c o n s i d e r e d  t o  be  i l l u s t r a t i v e  o n l y .  


