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l  
IMPROVED  CASKS  FOR  RADIOACTIVE  WASTE 

T h i s   i n v e n t i o n   r e l a t e s   to  c a s k s   f o r   r a d i o a c t i v e  
w a s t e   h a v i n g   an  i m p a c t   s k i r t   f i t t e d   a t   e a c h   o p p o s i t e   a n d  
c l o s e d   end  t h e r e o f .  

Two  c a t e g o r i e s   of  r a d i o a c t i v e   w a s t e   c a s k s   a r e  
5  c a l l e d   t y p e   A  and  t y p e   B.  Each   c a t e g o r y   has   r e q u i r e m e n t s  

f o r   w i t h s t a n d i n g   c e r t a i n   i m p a c t   f o r c e s   and  o t h e r   c o n d i t i o n s  
s u c h   as  i n t e r n a l   and  e x t e r n a l   h e a t ,   f o r   e x a m p l e .   Type  B 
c a s k s ,   w i t h   w h i c h   t h i s   a p p l i c a t i o n   m a i n l y   d e a l s ,   m u s t   b e  
c a p a b l e   of  w i t h s t a n d i n g   i m p a c t s   d e l i v e r e d   by  d r o p p i n g   a  

10  c a s k   30  f e e t   upon   a  s u b s t a n t i a l l y   u n y i e l d i n g   s u r f a c e   w i t h  
t he   c a s k   h a v i n g   t h e   f o l l o w i n g   o r i e n t a t i o n s   in  t he   d r o p s   : 

f l a t   top   end  or  b o t t o m   end  d r o p  

top   or  b o t t o m   end  c o r n e r   d r o p  
s i d e   d r o p .  

15  One  c a s k   end  a r r a n g e m e n t   f o r   a b s o r b i n g   i m p a c t  

e n e r g y   i s   d i s c l o s e d   in   U.S .   P a t e n t   S p e c i f i c a t i o n   N o .  

4 , 2 6 8 , 7 5 5 .   T h i s   p a t e n t   d i s c l o s e s   a  f u e l   a s s e m b l y   s h i p p i n g  
c a s k   i n c l u d i n g   "a  s h o c k - a b s o r b i n g   p i s t o n   member   a s s o c i a t e d  
w i t h   t h e   u n d e r s i d e   of  t h e   t r a n s f e r   c a s k ,   t he   p i s t o n   m e m b e r  

20  c o m p r i s i n g   two  m u t u a l l y   s p a c e d - a p a r t   m e t a l   p l a t e s   ,  a  
m u l t i p l i c i t y   of  h o l l o w   m e t a l   b o d i e s   s t a c k e d   on  top  of  o n e  
a n o t h e r   t h e r e b e t w e e n   and  f a s t e n i n g   e l e m e n t s   f o r   f a s t e n i n g  
t h e   p i s t o n   member   to  t h e   l i f t i n g   d e v i c e s .   I f   t he   t r a n s f e r  

c a s k   s h o u l d   t h e n   f a l l ,   a  d e f o r m a t i o n   of  t h e   h o l l o w   b o d i e s  

25  w o u l d   r e s u l t .   E n e r g y   w o u l d   c o n s e q u e n t l y   be  c o n s u m e d ,   s o  
t h a t   t he   f o r c e s   g e n e r a t e d   upon   i m p a c t   to  t h e   c a s k   w o u l d   n o t  
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be  m e r e l y   t e m p o r a r i l y   b u t   e n t i r e l y   r e c ~ - t - . . a   f o l l o w i n g  

t r a n s f e r   c a s k   w o u l d   t h u s   be  g e n t l y   d e c e l e r a t e d   and   w o u l d  

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

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

5  e x p e r i e n c e   or   w i t h s t a n d   a  g r e a t   a m o u n t   of  p l a s t i c   e l o n g a -  

t i o n   o r   e x p a n s i o n   b e f o r e   i t   b r e a k s ,   and  t h a t ,   t h r o u g h   t h e  

h e r e i n   a f o r e - m e n t i o n e d   c a v i t i e s ,   s p a c e   i s   p r o v i d e d   f o r   t h i s  

p l a s t i c   e l o n g a t i o n   or   e x p a n s i o n . "  

U . S .   P a t e n t   S p e c i f i c a t i o n   No.  3 , 6 7 5 , 7 4 6   d i s c l o s e s  

10  a  d e f o r m a b l e   i m p a c t   e n e r g y   a b s o r b e r   f o r   u s e   w i t h   s p e n t  

n u c l e a r   r e a c t o r   f u e l   s h i p p i n g   c a s k s .   The  a b s o r b e r   i n c l u d e s  

a  l a r g e   d i a m e t e r   t u b u l a t i o n   12  w i t h i n   w h i c h   i s   p a c k e d   a  

p l u r a l i t y   of   s m a l l e r   t u b e s   14.  I t   i s   s a i d   " a s   t h e  

c r o s s   - s e c t i o n a l   a r e a   of   t h e   t u b u l a t i o n   12  d e c r e a s e s ,   t h e  

15  r e s i s t a n c e   to   d e f o r m a t i o n   i n c r e a s e s   due  to  p r o g r e s s i v e  

d e f o r m a t i o n   of   t h e   t u b e s   14.  T h i s   i n c r e a s e   i n   r e s i s t a n c e  

to   d e f o r m a t i o n   i n c r e a s e s   a t   a  r e a d i l y   p r e d i c t a b l e   a n d  

s o m e w h a t   l i n e a r   r a t e   w i t h   d e f o r m a t i o n s ,   as  shown  in  F i g u r e s  

3  and   4.  The  t u b u l a t i o n   can   c o n t a i n   s t a i n l e s s   s t e e l   o r  

20  o t h e r   d u c t i l e ,   h i g h   s t r e n g t h   s t e e l s ,   m e t a l   or   a l l o y s . "  

U . S .   P a t e n t   S p e c i f i c a t i o n   No.  4 , 4 2 3 , 8 0 2   d i s c l o s e s  

a  c a s k   end   Ccf>  w h i c h   i n c l u d e s   a  n u m b e r   of   d i f f e r e n t   c o m -  

p a r t m e n t a l i z e d   s p a c e s   f o r m e d   by  s h e e t   m e t a l   m e m b e r s   w i t h  

p a r t   of  t h e   c o m p a r t m e n t s   c o n t a i n i n g   s o f t   d a m p e n i n g   m a t e r i -  

25  a l s   s u c h   as  b a l s a   w o o d ,   and   t h e   o t h e r   c o m p a r t m e n t s   c o n t a i n -  

i n g   h a r d e r   d a m p e n i n g   m a t e r i a l   s u c h   as  h a r d   w o o d .  

I t   i s   my  v i e w   t h a t   t h e s e   a p p r o a c h e s   to  a b s o r b i n g  

i m p a c t   e n e r g y   by  t h e   u s e   of   t oo   e a s i l y   c r u s h a b l e   a r r a n g e -  

m e n t s   as  d i s c l o s e d ,   as  w e l l   as  t h e   u s e   of   foam  m a t e r i a l s  

30  and   h o n e y c o m b   s t r u c t u r e s ,   a r e   i n f e r i o r   to  my  a p p r o a c h   in   a  

n u m b e r   of   r e s p e c t s .   W i t h   s u c h   m a t e r i a l s   and  s t r u c t u r e s ,  

p r e s s u r e   and   e n e r g y   a b s o r p t i o n   i n c r e a s e   as  a  f u n c t i o n   o f  

d i s p l a c e m e n t .   A  m a j o r   f r a c t i o n   of   t h e   e n e r g y   i s   a b s o r b e d  

d u r i n g   t h e   f i n a l   s t a g e s   of   c r u s h i n g   when  t h e   p r e s s u r e   i s  

35  t h e   h i g h e s t .   T h i s   r e s u l t s   in   h i g h   d e c e l e r a t i o n   f o r c e s   a n d  

d e c e l e r a t i o n .  
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The  aim  of   t h i s   i n v e n t i o n   i s   to  p r o v i d e   i m p a c t  

a b s o r b i n g   means   f o r   a  c a s k   in   w h i c h   t h e   d e c e l e r a t i o n   i s   a s  

r e l a t i v e l y   c o n s t a n t   as  i s   c o n s i s t e n t   w i t h   t h e   c o n s t r a i n t s  

of   g e o m e t r y   of  t h e   i m p a c t   a b s o r b i n g   m e a n s .  

5  A c c o r d i n g l y ,   t h e   p r e s e n t   i n v e n t i o n   r e s i d e s   in  a  

c a s k   of  g e n e r a l l y   t u b u l a r   f o rm  f o r   r a d i o a c t i v e   w a s t e ,  
c h a r a c t e r i z e d   by  h a v i n g   f i t t e d   a t   e a c h   of  i t s   o p p o s i t e   e n d s  

an  i m p a c t   s k i r t   c o m p r i s i n g   a  one  p i e c e   member   of   a  s o l i d ,  

s o f t ,   l i g h t   m e t a l   m a t e r i a l   c o n f i g u r e d   in  t he   g e n e r a l   s h a p e  

10  of  a  cup  h a v i n g   a  b a s e   and  a  s i d e ,   s a i d   s k i r t   f i t t i n g   o v e r  

an  end  of   t h e   c a s k   to  p r o v i d e   l a p p i n g   a x i a l   and  r a d i a l  

p o r t i o n s   f o r   p r e d e t e r m i n e d   d i s t a n c e s   and  of   p r e d e t e r m i n e d  

t h i c k n e s s e s   a l o n g   t h e   s i d e   and  end  of  s a i d   c a s k   to   p r o v i d e  

a  v o l u m e   of   s a i d   m a t e r i a l   in   e x c e s s   of  t h e   v o l u m e   of  s a i d  

15  m a t e r i a l   s u b j e c t   to  b e i n g   c r u s h e d   in   s p e c i f i e d   d r o p   t e s t s .  

The  i n v e n t i o n   a l s o   i n c l u d e s   an  i m p a c t   s k i r t  

a d a p t e d   f o r   f i t t i n g   a t   e a c h   end  of  a  t y p e   B  c a s k   of   g e n e r -  

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

i z e d   in   t h a t   e a c h   i m p a c t   s k i r t   c o m p r i s e s   a  one  p i e c e   m e m b e r  

20  of  a  s o l i d ,   s o f t ,   l i g h t   m e t a l   m a t e r i a l   c o n f i g u r e d   in  t h e  

g e n e r a l   s h a p e   of  a  cup  f i t t i n g   o v e r   an  end  of   t h e   c a s k .  

Most   m e t a l s   e x h i b i t   a  p s e u d o   m a t e r i a l   p r o p e r t y  

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

as  t h e   e n e r g y   n e c e s s a r y   to  d i s p l a c e   a  u n i t   v o l u m e   of  t h e  

25  m a t e r i a l   and  h a s   i t s   d i m e n s i o n s   in   i n - l b / i n   or   p s i   f o r  

m o s t   l i g h t   a n d / o r   s o f t   m e t a l s .   The  d y n a m i c   f l o w   p r e s s u r e  

i s   r e l a t i v e l y   c o n s t a n t   o v e r   a  w i d e   r a n g e   of  d i s p l a c e m e n t   o f  

t h e   m e t a l   and   has   a  v a l u e   s l i g h t l y   h i g h e r   t h a n   t h e   c o m p r e s -  

s i v e   y i e l d   s t r e n g t h   of  t h e   m e t a l   w h i c h   p e r m i t s   t h e   a b s o r b e d  

30  e n e r g y   to  be  s u b s t a n t i a l l y   d i r e c t l y   r e l a t e d   to  t h e   d i s -  

p l a c e m e n t   of  t h e   m e t a l   w h i c h   s i g n i f i c a n t l y   s i m p l i f i e s   t h e  

a n a l y s i s   of   i m p a c t ,   a l t h o u g h   t h e   d y n a m i c   f l o w   p r e s s u r e   m u s t  

be  d e t e r m i n e d   e x p e r i m e n t a l l y .  

The  i m p a c t   s k i r t s   a r e   p r e f e r a b l y   made  of  a l u m i -  

35  num,  b e r y l i u m ,   m a g n e s i u m   or  an  a l l o y   of  one  of   t h e s e  

m e t a l s .  
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M o s t   t y p e   B  r a d i o a c t i v e   w a s t e   c o n t a i n e r s   a r e  

c y l i n d r i c a l   'Jxi  s h a p e   b e c a u s e   s u c h   a  s h a p e   w i t h s t a n d s   i m p a c t  

b e t t e r   t h a n   a  r e c t a n g u l a r   s h a p e .  

In   o r d e r   t h a t   t h e   i n v e n t i o n   can   be  more   c l e a r l y   : 

5  u n d e r s t o o d ,   c o n v e n i e n t   e m b o d i m e n t s   t h e r e o f   w i l l   now  be  j 

d e s c r i b e d ,   by  way  of   e x a m p l e ,   w i t h   r e f e r e n c e   to  t h e   a c c o m -  

p a n y i n g   d r a w i n g s   in   w h i c h :   ' 

F i g u r e   1  i s   a  f r a g m e n t a r y ,   s c h e m a t i c ,   i s o m e t r i c  

s e c t i o n a l   v i e w   of   a  c a s k   f i t t e d   w i t h   i m p a c t   s k i r t s ;  

10  F i g u r e   2  i s   a  g r a p h   i l l u s t r a t i n g   t h e   r e l a t i o n   of  ; 

d e c e l e r a t i o n   f o r c e s   and  c r u s h   d i s t a n c e s   f o r   two  d i f f e r e n t  

t y p e s   o f   d e c e l e r a t i o n ;   : 

F i g u r e   3  i s   a  c u t - o f f ,   s c h e m a t i c   s i d e   v i e w   of  one  ' 

i m p a c t   s k i r t - f i t t e d   end   of   t h e   c a s k   of   F i g .   1  i l l u s t r a t i n g   • 

15  g e n e r a l l y   t h e   v o l u m e   of   t h e   s k i r t   s u b j e c t   to  b e i n g   c r u s h e d  

i n   a  f l a t   end   d r o p ;  

F i g u r e   4  i s   an  end  v i e w   of   t h e   end   of   t h e   c a s k   of  i 

F i g .   3  w h i c h   i l l u s t r a t e s   t h e   a r e a   o f   t h e   s k i r t   s u b j e c t   t o  

b e i n g   c r u s h e d ;  

20  F i g u r e   5  i s   a  s c h e m a t i c   s e c t i o n a l   s i d e   v i e w   of  ; 

t h e   i m p a c t   s k i r t - f i t t e d   c a s k   o f   F i g .   1,  w i t h   t h e   c a s k  

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

t h e   s k i r t   s u b j e c t   to  b e i n g   c r u s h e d   in   s u c h   a  d r o p ;  

F i g u r e   6  i s   a  s e c t i o n   on  t h e   l i n e   X I - X I   of  F i g .   5 

25  a n d   w h i c h   i l l u s t r a t e s   t h e   a r e a   of   t h e   s k i r t   s u b j e c t   to  i 

b e i n g   c r u s h e d   i n   a  s i d e   d r o p ;  

F i g u r e   7  i s   a  s c r a p   s c h e m a t i c   v i e w   of  t h e   p a r t   of  I 

t h e   s k i r t   s u b j e c t   to  b e i n g   c r u s h e d   in   a  45°  c o r n e r   d r o p ;   ; 

F i g u r e   8  i s   a  v i e w   s h o w i n g   one  h a l f   of   t he   c r u s h   i 

30  a r e a   f r o m   a  c o r n e r   d r o p ;   and  : 

F i g u r e   9  i s   a  s c r a p   s c h e m a t i c   v i e w   of   a  s e c t i o n  

o f   an  i m p ' a c t   s k i r t   of  a  d i f f e r e n t   f o rm  s o m e w h a t   o p t i m i z e d  

w i t h   r e s p e c t   to  r e d u c i n g   t h e   w e i g h t   of   t h e   s k i r t .  

R e f e r r i n g   to  F i g u r e   1,  a  c y l i n d r i c a l   c a s k   g e n e r -  

35  a l l y   d e s i g n a t e d   10  h a s   a  s i d e   w a l l   12  and  o p p o s i t e   e n d  

w a l l s   14.  An  i m p a c t   s k i r t   16  in   t h e   fo rm  of   a  v e r y   s h a l l o w  

cup  i s   f i t t e d   to  e a c h   of  t h e   o p p o s i t e   e n d s   of  t he   c a s k .  
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E a c h   s k i r t   c o m p r i s e s   a  one  p i e c e ,   m o n o l i t h i c   member   of  a  
s o l i d ,   s o f t ,   l i g h t   m e t a l   m a t e r i a l   s u c h   as  a l u m i n u m .   As  c a n  
be  s e e n   in   F i g u r e   1,  t h e   i n s i d e   c o r n e r   of  t h e   s k i r t   f i t s   t o  
t h e   o u t s i d e   end  c o r n e r   of  t h e   c a s k .   For   p u r p o s e s   o f  

5  d e s c r i p t i o n ,   t h e   a x i a l l y   e x t e n d i n g   p o r t i o n   of  t he   s k i r t  
w h i c h   l a p s   t h e   s i d e   w a l l   12  i s   d e s i g n a t e d   18,  and  t h e  
r a d i a l l y   e x t e n d i n g   p a r t   of  t h e   s k i r t   w h i c h   l a p s   t he   end  o f  
t h e   c a s k   i s   d e s i g n a t e d   20.  The  s k i r t s   a r e   s e c u r e d   to  t h e  
c a s k   by  r o d   and  t u r n   b u c k l e   m e m b e r s   2 2 .  

10  I t   i s   b e l i e v e d   t h e   i n v e n t i o n   can  be  b e s t   u n d e r -  
s t o o d   in   t e r m s   of  a  m a t h e m a t i c a l   a n a l y s i s   of  t h e   i m p a c t   a n d  
t h e   a b s o r p t i o n   of  e n e r g y .   T h e r e f o r e   t he   f o l l o w i n g   w i l l  

a t t e m p t   f o r   t h e   mos t   p a r t   to  e x p l a i n   and  d e s c r i b e   t h e  
i n v e n t i o n   in   s u c h   t e r m s .  

15  The  e n e r g y   to  be  a b s o r b e d   by  t he   c a s k   and  s k i r t s  
w i l l   b e :  

KE  -  PE  -  (30  +  d)  x  12  x  W  ( 1 )  
w h e r e   : 

KE  =  K i n e t i c   E n e r g y  

20  PE  =  P o t e n t i a l   E n e r g y  
d  «•  d i s p l a c e m e n t   f o l l o w i n g   i m p a c t  
W  =  W e i g h t   of  t h e   s h i p p i n g   p a c k a g e  
The  v e l o c i t y   a t   i m p a c t   of   an  o b j e c t   f a l l i n g   f r o m  

a  g i v e n   h e i g h t   ( n e g l e c t i n g   a e r o d y n a m i c   d r a g ,   e t c . )   i s :  

25  V  -  \!  2 g D ~   ( 2 )  
w h e r e   : 

V  »  v e l o c i t y   a t   i m p a c t  

g  «  a c c e l e r a t i o n   due  to  g r a v i t y  
D  =  f a l l   d i s t a n c e  

30  The  l o w e s t   d e c e l e r a t i o n   w i l l   o c c u r   when  t h e  

o b j e c t   i s   s u b j e c t e d   to  c o n s t a n t   d e c e l e r a t i o n   s i n c e   t h e  

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

c o n s t a n t   d e c e l e r a t i o n   and  d i s t a n c e   and  v e l o c i t y   i s :  

35  V  -  sj  2 a ' D '   ( 3 )  

w h e r e   : 

a  
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a1  =  c o n s t a n t   d e c e l e r a t i o n  

D1  *  d e c e l e r a t i o n   d i s t a n c e  

S i n c e   e q u a t i o n s   (2)  and   (3)  e q u a l   e a c h   o t h e r ,   t h e   f o l l o w i n g  

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

5  gD  -  a 'D1  ( 4 )  

F o r   a  30  f o o t   d r o p   and   g  =  3 2 . 2   f t / s e c 2 ,   t h e   r e l a t i o n s h i p  

f o r   a  c o n s t a n t   d e c e l e r a t i o n   i s :  

a '   «  g °   g ' s   ( 5 )  

In  w h i c h   D1  i s   i n   i n c h e s .  

^0  F o r   f o a m ,   l i g h t   w o o d ,   h o n e y c o m b ,   or   o t h e r   r e l a -  

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

w i l l   be  a  f u n c t i o n   of   d i s p l a c e m e n t   and  in   an  e x t r e m e   c a s e ,  

a '   c o u l d   be   d i r e c t l y   p r o p o r t i o n a l   to  d i s p l a c e m e n t   and  t h e  

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

15  In   s u c h   a  c a s e ,   t h e   f o l l o w i n g   e q u a t i o n   w o u l d   a p p l y   i n   w h i c h  

a1  '  i s   t h e   max imum  d e c e l e r a t i o n   and   D1  '  i s   t h e   d i s p l a c e m e n t  

d i s t a n c e :  

2gD  =  a " D "   ( 6 )  

F o r   t h e   same  d r o p   d i s t a n c e   and   f o r c e   of   g r a v i t y   as  u s e d   t o  

2C  o b t a i n   e q u a t i o n   ( 5 ) ,   t h e   e q u a t i o n   f o r   t h e   maximum  d e c e l e r a -  

t i o n   i s :  

a11  -  y &   g ' s   ( 7 )  

F i g u r e   2  i s   a  g r a p h i c a l   i l l u s t r a t i o n   of  t h e  

d e c e l e r a t i o n   f o r c e s   as  a  f u n c t i o n   of   t h e   c r u s h   d i s t a n c e   f o r  

25  a  c o n s t a n t   d e c e l e r a t i o n ,   l i n e   24,   and   f o r   t h e   d e c e l e r a t i o n  

f o r c e   b e i n g   p r o p o r t i o n a l   to  d i s p l a c e m e n t ,   l i n e   2 6 .  

F o r   e a c h   o f   t h e   d r o p   o r i e n t a t i o n s ,   t h a t   i s   e n d ,  

s i d e ,   and   c o r n e r   d r o p s ,   t h e   v o l u m e   of   m a t e r i a l   c r u s h e d   a n d  

t h e   p r o j e c t e d   c r u s h   a r e a   a r e   t h e   m a j o r   f a c t o r s   u s e d   i n  

30  d e t e r m i n i n g   t h e   d e c e l e r a t i o n   f o r c e s ,   and  t h e s e   f a c t o r s   a r e  

r e l a t e d   to  t h e   g e o m e t r y   of   t h e   s k i r t .  
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R e f e r r i n g   to  F i g u r e s   3  and   4,  a  c a s k   w i t h   i m p a c t  
s k i r t   i s   shown  o r i e n t e d   f o r   a  f l a t   end  d r o p .   For   t he   f l a t  

end   d r o p   t h e   c r u s h e d   v o l u m e   i s   s i m p l y   t h e   p r o d u c t   of  t h e  

c r u s h   a r e a   t i m e s   t h e   d i s p l a c e m e n t .   In  m o s t   c a s e s   no  c r e d i t  

5  i s   t a k e n   f o r   t h e   s k i r t   m a t e r i a l   w h i c h   e x t e n d s   b e y o n d   t h e  

p r o j e c t e d   a r e a   of   t h e   c a s k .   In  a  h i g h   i m p a c t   s i t u a t i o n  
t h i s   m a t e r i a l   c o u l d   be  d i s p l a c e d   w i t h o u t   c r u s h i n g   a n d  
t h e r e f o r e   w o u l d   c o n t r i b u t e   l i t t l e   e n e r g y   a b s o r p t i o n .   T h e  

p r i n c i p a l   e q u a t i o n s   f o r   a n a l y z i n g   t h e   f l a t   end  d r o p s   a r e  

10  t h e   f o l l o w i n g :  

C r u s h   Volume  =  (R^  -  R^)  i r x   d  ( 8 )  

C r u s h   Area   =  (R?  -  R?)  7T  ( 9 )  

The  c r o s s   h a t c h e d   a r e a   of   F i g u r e   3  and  4  r e p r e s e n t   t h e  
c r u s h e d   v o l u m e   and  t h e   c r u s h e d   a r e a ,   r e s p e c t i v e l y .  

15  R e f e r r i n g   to  F i g u r e s   5  a id   6,  a  c a s k   i s   s h o w n  

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

a r e a s   s c h e m a t i c a l l y   shown  by  t h e   c r o s s - h a t c h e d   p o r t i o n s .  
The  e q u a t i o n s   w h i c h   a p p l y   f o r   t h e   s i d e   d rop   a r e   1 0 - 1 2  

b e l o w .  

20  C r u s h   Volume  -  2R3  W  ( f % Q -   sin.<£  c o s £ )   ( 1 0 )  

C r u s h   A r e a   =  4R3  sin<£  W  ( 1 1 )  

D i s p l a c e m e n t   =  R3  (1  -  c o s 0 )   ( 1 2 )  

F i g u r e   7  i n c l u d e s   a  c r o s s   h a t c h e d   p a r t   w h i c h   r e p r e s e n t s   a  
s e c t i o n   t h r o u g h   t h e   c r u s h e d   v o l u m e   a l o n g   t h e   p l a n e   o f  

25  maximum  m a t e r i a l   d i s p l a c e m e n t .   In  F i g u r e   8,  t he   c r o s s  

h a t c h e d   p a r t   r e p r e s e n t s   one  h a l f   of  t h e   c r u s h e d   a r e a   and  a s  

p r o j e c t e d   f rom  F i g u r e   7 .  

F a r   a  c o r n e r   d r o p   a t   a  45°  a n g l e   t h e   f o l l o w i n g  

e q u a t i o n s   a p p l y :  
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C r u s h   Vo lume   -  R33  (sin<Z>  -  £ J~&  -  <*>r  cos<t>)  ( 1 3 )  

Crush  Area  -  R~2  [ —   r   -  &cos<t>  s i n *   -  / T s i n " 1   (coap)]  (14)  

D i s p l a c e m e n t   «  R,  C1  I _ f f   S(fy  ( 1 5 )  
j  /  2 

Only   t h e   f l a t   b o t t D m   and  f l a t   top   d r o p s   w i l l   g i v e  

5  a  c o n s t a n t   d e c e l e r a t i o n   u s i n g   a  m a t e r i a l   w i t h   a  c o n s t a n t  

d y n a m i c   f l o w   p r e s s u r e .   For   b o t h   t h e   s i d e   dnop  and  t h e  

c o r n e r   d r o p   t h e   i m p a c t   a r e a   i n c r e a s e s   as  a  f u n c t i o n   o f  

d i s p l a c e m e n t   and   t h e   d e c e l e r a t i o n   w i l l   i n c r e a s e   in  d i r e c t  

p r o p o r t i o n   to  t h e   i m p a c t   a r e a .   In   t h e   c a s e   of   t he   t op   a n d  

XO  b o t t o m   end   d r o p s   ,  t h e   d e c e l e r a t i o n   w i l l   be  s u b s t a n t i a l l y  

c o n s t a n t   and   t h e   d i s p l a c e m e n t   can   be  v a r i e d   by  i n c r e a s i n g  

or   d e c r e a s i n g   t h e   i n s i d e   d i a m e t e r   of   t h e   i m p a c t   s k i r t .   I n  

o t h e r   w o r d s ,   t h e   p a r t   20  of  t h e   s k i r t   w h i c h   l a p s   t h e   end  i n  

a  r a d i a l   d i r e c t i o n   c a n   be  i n c r e a s e d   or   d e c r e a s e d .   L i k e -  

15  w i s e ,   t h e   d i s p l a c e m e n t   d u r i n g   t h e   s i d e   d r o p   can   be  v a r i e d  

by  c h a n g i n g   t h e   d i s t a n c e   t h e   p a r t   18  of  t h e   s k i r t   e x t e n d s  

a x i a l l y   a l o n g   t h e   o u t e r   w a l l   12  of  t h e   c a s k .  

F o r   p u r p o s e s   of   i l l u s t r a t i n g   t h e   c o n c e p t   b y  

a p p l y i n g   t h e   e q u a t i o n s   to  a  p a r t i c u l a r   e x a m p l e ,   a  t y p e   B 

20  c a s k   i s   a s s u m e d   to  h a v e   a  w e i g h t   of  4 8 , 0 0 0   l b s .   ( 21770   k g )  

and   a  r a d i u s   (R , )   of   33  i n c h e s   ( 0 . 8 4   m)  .  The  i m p a c t ;   s k i r t  

of   t h e   e x a m p l e   i s   o f   s o l i d   a l u m i n u m   w i t h   a  d y n a m i c   f l o w  

p r e s s u r e   (DFP)  of   1 5 , 0 0 0   p s i   (1054   Pa)  w i t h   a  s k i r t   r a d i u s  

( R . )   o f   39  i n c h e s   ( 0 . 9 9   m)  w i t h   a  r a d i a l   o v e r l a p   of  p a r t   20  

25  of   two  i n c h e s   ( 0 . 0 5   m)  and  an  a x i a l   o v e r l a p   of   p a r t   18  o f  

six:   i n c h e s   ( 0 . 1 5   m)  .  The  d r o p   d i s t a n c e   i s   of  c o u r s e   30 

f e e t   ( 9 . 1 5   m)  w i t h   an  a l l o w a n c e   of   h a l f   a  f o o t   ( 0 . 1 5   m)  f o r  

t h e   d i s p l a c e m e n t .   A p p l y i n g   e q u a t i o n   (1)  i t   i s   f o u n d   t h a t  

t h e   k i n e t i c   e n e r g y   i s   1 7 . 5 6 8   x  106  i n c h   p o u n d s   ( 1 . 9 8   x  10  

30  J)  ♦  S i n c e   t h e   k i n e t i c   e n e r g y   e q u a l s   t h e   c r u s h e d   v o l u m e  

t i m e s   DFP,  t h e   c r u s h   v o l u m e   i s   d e t e r m i n e d   to  be  1 1 7 1 . 2   i n  

( 0 . 0 1 9 2   m3) .   By  i n s e r t i n g   t h e   known  v a l u e s   of   t h e   c r u s h  
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v o l u m e   and  R-,  i n t o   e q u a t i o n   13,  i t   can  be  d e t e r m i n e d   t h a t  

t h e   a n g l e   <p  f o r   t h e   c o r n e r   d r o p   is   4 0 . 1 2 ° .   The  c r u s h   a r e a  

of  t h e   e q u a t i o n   14  can   t h e n   be  f o u n d ,   w h i c h   in   t h e   e x a m p l e  

is   4 4 6 . 6   i n 2   ( 0 . 2 8 8   m 2 ) .  

5  T h r e e   o t h e r   e q u a t i o n s   u s e f u l   in  d e t e r m i n i n g   t h e  

s u i t a b i l i t y   of   t h e   i m p a c t   s k i r t   of  t h e   e x a m p l e   f o l l o w :  

D e c e l e r a t i o n   F o r c e   (DF)  =  Area   x  DFP  ( 1 6 )  

D e c e l e r a t i o n   (DEC)  g ' s   =  DF  :  W  ( 1 7 )  

D i s p l a c e m e n t   (D1)  -  R3  (I.  "  C0S9)  ( 1 8 )  

10  S o l v i n g   t h e s e   e q u a t i o n s   shows  a  d e c e l e r a t i o n  

f o r c e   of   6 .7   x  106  ( 2 9 . 8   E  +  6  N),  a  d e c e l e r a t i o n   of  1 3 9 . 6  

g ' s ,   and  a  d i s p l a c e m e n t   of  6 . 4 9   i n c h e s   ( 0 . 1 6   m)  .  S i n c e   t h e  

a v a i l a b l e   m a t e r i a l   a t   t h e   c r u s h e d   c o r n e r   c a l c u l a t e s   to  b e  

8 . 4 9   i n c h e s   ( 0 . 2 2   m)  ,  t h e   p e r c e n t   d i s p l a c e m e n t   of  t h e  

15  m a t e r i a l   i s   76.  4%. 

C o r r e s p o n d i n g   s i g n i f i c a n t   v a l u e s   f o r   t he   s i d e  

d r o p   and  t h e   f l a t   end  d r o p   f o r   t h e   e x a m p l e   can  be  c a l c u l a t -  

ed  f rom  e q u a t i o n s   8 - 1 2   and  1 6 - 1 8 .  

The  v o l u m e   of   e a c h   i m p a c t   s k i r t   can  r e a d i l y   b e  

20  c a l c u l a t e d   and   t h e n   c o n v e r t e d   to  t h e   w e i g h t   of  t h e   s k i r t ,  

w h i c h   f o r   t h e   e x a m p l e   c a l c u l a t e s   to  1823  l b s .   (828  kg)  f o r  

e a c h   of  t h e   two  s k i r t s .  

T h r o u g h   t h e   u s e   of   t h e   s o l i d ,   s o f t ,   l i g h t   m e t a l  

i m p a c t   s k i r t s   a c c o r d i n g   tx>  t h e   i n v e n t i o n   and  t h e   d y n a m i c  

25  f l o w   p r e s s u r e   p r i n c i p a l ,   t h e   i m p a c t   s k i r t   can  be  c o n f i g u r e d  

to  o p t i m i z e   t h e   w e i g h t   r e l a t i v e   to  d e c e l e r a t i o n   f o r c e s   t o  

s p e c i f i e d   v a l u e s   r e q u i r e d   to  p r o t e c t   t h e   c a s k .   T h i s   c a n n o t  

r e a d i l y   be  d o n e ,   i f   at   a l l ,   w i t h   foam  or  h o n e y c o m b   m a t e r i -  

a l s   s i n c e   t h e y   do  n o t   l e n d   t h e m s e l v e s   to  be  s h a p e d   t o  

30  r e m a i n   f r e e   s t a n d i n g .   W i t h   t h e   foam  and  h o n e y c o m b   m a t e r i -  

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

t h e   a m o u n t   of   c o m p r e s s i o n ,   and  c o m p l e x   c o m p u t e r   p r o g r a m s  

w o u l d   be  r e q u i r e d   to  a n a l y z e   s u c h   s t r u c t u r e s   u n d e r   i m p a c t  

c o n d i t i o n s   . 



0 2 3 4 8 9 0  

10  

F i g u r e   9  shows   one  e x a m p l e   of  how  an  i m p a c t   s k i r t  

c o u l d   be  c o n f i g u r e d   to  r e d u c e   w e i g h t   and  s t i l l   p r o v i d e  

a d e q u a t e   i m p a c t   p r o t e c t i o n .   The  e x t r e m e   o u t s i d e   c o r n e r   o f  

t h e   i m p a c t   s k i r t   d e s i g n a t e d   28  in   F i g u r e   9  h a s   b e e n   r e m o v e d  

5  s i n c e   t h e   a m o u n t   o f   m a t e r i a l   d i s p l a c e d   in   c r u s h i n g   a  c o r n e r  

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

c r o s s   h a t c h e d   a r e a   i s   r e p r e s e n t a t i v e   of   t h e   d e p t h   of   t h e  

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

F o r   p u r p o s e s   o f   c a l c u l a t i o n ,   i t   i s   a s s u m e d   t h a t   5 

10  i n c h e s   o f   m a t e r i a l   i s   r e m o v e d   in   e a c h   d i r e c t i o n   f r o m   t h e  

e x t r e m e   o u t s i d e   c o r n e r   on  an  i m p a c t   s k i r t   i d e n t i c a l   to  t h e  

i m p a c t   s k i r t   of   t h e   f i r s t   e x a m p l e .   The  c a l c u l a t e d   w e i g h t  

r e m o v e d   f r o m   e a c h   s k i r t   w o u l d   be  373  l b s .   (169  k g ) .  

T h r o u g h   c a l c u l a t i o n s   s i m i l a r   to   t h o s e   done   in   . 

15  c o n n e c t i o n   w i t h   t h e   f i r s t   e x a m p l e ,   i t   i s   d e t e r m i n e d   t h a t   i 

t h e   a r e a ,   d e c e l e r a t i o n   f o r c e ,   and  d e c e l e r a t i o n   a l l   i n c r e a s e  

in   t h e   c o r n e r   d r o p   by  a b o u t   9 .8%.   The  d i s p l a c e m e n t   i n -  

c r e a s e s   a b o u t   6.6%  so  t h a t   t h e   i n c r e a s e   in   d i s p l a c e m e n t   i s   j 

a b o u t   6%.  The  i m p o r t a n t   r e s u l t   of   s u c h   r e c o n f i g u r i n g   is   { 

20  t h a t   w h i l e   t h e   d e c e l e r a t i o n   i s   o n l y   i n c r e a s e d   by  9 . 8 % ,   the   | 

w e i g h t   i s   d e c r e a s e d   by  2 0 . 5 % .  

O t h e r   r e c o n f i g u r i n g   i s   a l s o   p o s s i b l e   s u c h   as  t h e  

a d d i t i o n   o f   m a t e r i a l   r e p r e s e n t e d   by  t h e   d a s h   l i n e   t r i a n g l e  

30  w h i c h   w o u l d   d e c r e a s e   t h e   d e c e l e r a t i o n   f o r c e   in   a  s i d e  

25  d r o p ,   a l t h o u g h   i t   w o u l d   add   some  w e i g h t   to  t h e   s k i r t .   T h e  

c o n c e p t   h e r e   i s   t h a t   t h e   a r e a   of   t h e   d i s p l a c e d   m a t e r i a l  

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

i n c r e a s i n g   i n   a  c i r c u m f e r e n t i a l   d i r e c t i o n ,   i t   i s   d e c r e a s i n g  

in   t h e   a x i a l   d i r e c t i o n .  
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CLAIMS: 

1.  A  c a s k   of   g e n e r a l l y   t u b u l a r   f o r m   f o r   r a d i o a c -  
t i v e   w a s t e ,   c h a r a c t e r i z e d   by  h a v i n g   f i t t e d   a t   e a c h   of   i t s  
o p p o s i t e   ends   an  i m p a c t   s k i r t   c o m p r i s i n g   a  one  p i e c e   met  b e r  
of  a  s o l i d ,   s o f t ,   l i g h t   m e t a l   m a t e r i a l   c o n f i g u r e d   in   t h e  

5  g e n e r a l   s h a p e   of   a  cup  h a v i n g   a  b a s e   and  a  s i d e ,   s a i d   s k i r t  
f i t t i n g   o v e r   an  end  of   t h e   c a s k   to  p r o v i d e   l a p p i n g   a x i a l  
and  r a d i a l   p o r t i o n s   f o r   p r e d e t e r m i n e d   d i s t a n c e s   and  o f  
p r e d e t e r m i n e d   t h i c k n e s s e s   a l o n g   t h e   s i d e   and  end  of   s a i d  
c a s k   to  p r o v i d e   a  v o l u m e   of  s a i d   m a t e r i a l   in  e x c e s s   of  t h e  

10  v o l u m e   of  s a i d   m a t e r i a l   s u b j e c t   to  b e i n g   c r u s h e d   in   s p e c i -  
f i e d   d rop   t e s t s .  

2.  A  c a s k   a c c o r d i n g   to  c l a i m   1,  c h a r a c t e r i z e d   i n  
t h a t   t he   b a s e   of  e a c h   cup  has   an  open   c e n t e r   p a r t .  

3.  A  c a s k   a c c o r d i n g   to  c l a i m   1  or  2,  c h a r a c t e r -  

15  i z e d   in   t h a t   t h e   e n t i r e t y   of   t h e   e x t e r i o r   f a c e   of  t h e   c u p  
b a s e   i s   s u b s t a n t i a l l y   a t   r i g h t   a n g l e s   to  t he   e n t i r e t y   o f  
t h e   e x t e r i o r   f a c e   of   t h e   cup  s i d e .  

4.  A  c a s k   a c c o r d i n g   to  c l a i m   1,  2  or  3,  c h a r a c -  
t e r i z e d   in  t h a t   t h e   e x t e r i o r   f a c e s   of  t he   cup  b a s e   and  s i d e  

20  a r e   j o i n e d   by  a  b e v e l e d   f a c e   of   a b o u t   4 5 ° .  

5.  A  c a s k   a c c o r d i n g   to  any  of  c l a i m s   1  to  4  , 
c h a r a c t e r i z e d   in   t h a t   t h e   cup  s i d e   l a p s   t h e   c a s k   s i d e   f o r   a  
g r e a t e r   d i s t a n c e   t h a n   t he   cup  b a s e   l a p s   t h e   c a s k   e n d .  

6.  A  c a s k   a c c o r d i n g   to  any  of  c l a i m s   1  to  5  , 
25  c h a r a c t e r i z e d   in   t h a t   s a i d   c a s k   i s   a  t y p e   B  c a s k   of  c y l i n -  

d r i c a l   f o r m .  
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7.  A  c a s k   a c c o r d i n g   to  any  o f   c l a i m s   1  to  6 ,  

c h a r a c t e r i z e d   i n   t h a t   e a c h   i m p a c t   s k i r t   i s   made  o f  

a l u m i n u m .  

8.  An  i m p a c t   s k i r t   a d a p t e d   f o r   f i t t i n g   a t   e a c h  

5  end   o f   a  t y p e   B  c a s k   of   g e n e r a l l y   c y l i n d r i c a l   s h a p e ,   f o r  

r a d i o a c t i v e   w a s t e ,   c h a r a c t e r i z e d   in   t h a t   e a c h   i m p a c t   s k i r t  

c o m p r i s e s   a  one   p i e c e   member   of   a  s o l i d ,   s o f t ,   l i g h t   m e t a l  

m a t e r i a l   c o n f i g u r e d   in   t h e   g e n e r a l   s h a p e   of   a  cup  f i t t i n g  

o v e r   an  end  of   t h e   c a s k .  

10  9.  An  i m p a c t   s k i r t   a c c o r d i n g   to  c l a i m   8,  c h a r a c -  

t e r i z e d   i n   t h a t   t h e   b a s e   of   e a c h   cup  h a s   an  o p e n   c e n t e r  

p a r t .  
10.  An  i m p a c t   s k i r t   a c c o r d i n g   to  c l a i m   8  or  9 ,  

"  c h a r a c t e r i z e d   i n   t h a t   t h e   e n t i r e t y   of   t h e   e x t e r i o r   f a c e   o f  

15  t h e   cup  b a s e   i s   s u b s t a n t i a l l y   a t   r i g h t   a n g l e s   to  t h e  

e n t i r e t y   of   t h e   e x t e r i o r   f a c e   of   t h e   cup  s i d e .  

11.   An  i m p a c t   s k i r t   a c c o r d i n g   to  c l a i m   8,  9  o r  

10,   c h a r a c t e r i z e d   i n   t h a t   t h e   e x t e r i o r   f a c e s   of   t h e   c u p  

b a s e   and   s i d e   a r e   j o i n e d   by  a  b e v e l e d   f a c e   of   a b o u t   4 5 ° .  

2o  12.  An  i m p a c t   " s k i r t   a c c o r d i n g   to  any  of   c l a i m s   8 

to   11,   c h a r a c t e r i z e d   in   t h a t   t h e   cup  s i d e   i s   a d a p t e d   to  l a p  

t h e   c a s k   s i d e   f o r   a  g r e a t e r   d i s t a n c e   t h a n   t h e   cup  b a s e   i s  

a d a p t e d   to   l a p   t h e   c a s k   e n d .  

13.  An  i m p a c t   s k i r t   a c c o r d i n g   to  any  of   c l a i m s   8 

25  to   12,   c h a r a c t e r i z e d   i n   t h a t   - the  s k i r t   i s   made  of  a l u m i n u m .  
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