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©  Electrical  crimp  type  termination  for  aluminium  wire. 

Electrical  crimp  type  termination  for  aluminium  wire 
which  includes  interposed  between  the  inside  surface  of  a 
relatively  hard  electrically  conductive  crimp  barrel  (12b)  and 
the  outside  surface  of  the  aluminium  wire  (15)  a  sleeve  (14) 
made  of  a  relatively  soft  electrically  conductive  material  and 
having  a  bore  coated  with  a  thin  hard  brittle  layer  (18),  the 
coated  bore  being  adapted  to  fit  over the  aluminium  wire  (15) 
and  the  outside  surface  of the  sleeve  (14)  being  adapted  to fit 
into  the  crimp  barrel  (12b),  so  that  crimping  the  crimp  barrel 
(12b)  causes  the  sleeve  (14)  to  be  crimped  with  the  material  of 
the  crimp  barrel  (12b)  and  the  aluminium  wire  (15),  thereby 
forming  a  strong  reliable  electrical  joint  by  breaking  the 
coated  layer  (18)  into  many  sharp  particles to  bite through  and 
abrade  the  oxide  surface  of  the  aluminium  wire  (15)  to  bring 
clean  aluminium  into  intimate  electrical  contact  with  clean 
sleeve  material  and  by  additionally  bringing  the  relatively 
hard  barrel  material  into  intimate  electrical  contact  with  the 
relatively  soft  sleeve  material. 





The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  an  e l e c t r i c a l   c r i m p  

t y p e   t e r m i n a t i o n   f o r   a l u m i n i u m   w i r e   i n c l u d i n g   an  e l e c t r i c a l l y  

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

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

of  t h e   a l u m i n i u m   w i r e   to  form  a  s t r o n g   r e l i a b l e   e l e c t r i c a l   j o i n t  

when  c r i m p e d   w i t h   t h e   m a t e r i a l   of  the   c r i m p   b a r r e l   and  t he   a l u -  

m i n i u m   w i r e .  

A l u m i n i u m   w i r e   t y p i c a l l y   i s   o n l y   a b o u t   60 %  as  e l e c -  

t r i c a l l y   c o n d u c t i v e   as  c o p p e r   w i r e   of  t he   same  d i a m e t e r   b u t  i t   i s  

a b o u t   one  t h i r d   t h e   s p e c i f i c   w e i g h t   of  c o p p e r   and  much  l e s s   e x -  

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

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

m i n i u m   w i r e   has   b e e n   u s e d   in  some  e l e c t r i c a l   w i r i n g   a p p l i c a t i o n s  

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

H o w e v e r ,   a l u m i n i u m   w i r e   has   f a l l e n   ou t   of  f a v o r   a s  

e l e c t r i c a l   c o n d u c t o r   m a t e r i a l   due  to  t h e   u n r e l i a b i l i t y   of  e l e c -  

t r i c a l   c o n n e c t i o n s   made  to  a l u m i n i u m .   S p e c i f i c a l l y ,   a  n o n - e l e c -  

t r i c a l l y   c o n d u c t i v e   a l u m i n i u m   o x i d e   r a p i d l y   f o r m s   on  the   s u r f a -  

ce  of  c l e a n   a l u m i n i u m .   Thus  when  an  e l e c t r i c a l   j o i n t   i s   made  t o  

a l u m i n i u m   w i r e ,   some  e a s y ,   c o n v e n i e n t ,   i n e x p e n s i v e   and  q u i c k  

means   mus t   be  e m p l o y e d   to   b r e a k   up  the   s u r f a c e   n o n - c o n d u c t i v e  

a l u m i n i u m   o x i d e   to   e x p o s e   the   u n d e r l y i n g   a l u m i n i u m   and  to  s i m u l -  

t a n e o u s l y   make  a  r e l i a b l e   e l e c t r i c a l   j o i n t   b e f o r e   o x i d e   has   a  

c h a n c e   to  r e f o r m   o v e r   t h e   newly   c l e a n e d   s u r f a c e s .   The  p r i o r   a r t  

m e a n s   i n c l u d e   c o p p e r   a l l o y   t e r m i n a t i o n s ,   w h e r e   t he   word  t e r m i n a -  

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

c r i m p   b a r r e l s   whose   i n n e r   d i a m e t e r s   i n c l u d e   i n t e r n a l   p r o t r u s i o n s  

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

b i t e   i n t o   t he   a l u m i n i u m   w i r e   s u r f a c e   t o  b r e a k   up  and  p e n e t r a t e  

t h e   o x i d e   l a y e r   to  b r i n g   c l e a n   a l u m i n i u m   i n t o   i m m e d i a t e   and  i n -  

t i m a t e   e l e c t r i c a l   c o n t a c t   w i t h   t he   t e r m i n a t i o n   m a t e r i a l .   A n o t h e r  

m e a n s   u s e d   to  make  e l e c t r i c a l   c o n n e c t i o n   to  a l u m i n i u m   w i r e   h a s  

i n c l u d e d   a  h a r d   b r i t t l e   p l a t i n g ,   u s u a l l y   n i c k e l ,   on  the   c r i m p  

b a r r e l   i n t e r i o r   s u r f a c e .   When  the   b a r r e l   i s   c r i m p e d   o n t o   the   a -  

l u m i n i u m   w i r e   t he   b r i t t l e   p l a t i n g   b r e a k s   up  i n t o   a  l a r g e  



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

to  e x p o s e   c l e a n   m a t e r i a l   b e n e a t h   and  a l s o   to  a b r a d e   and  b i t e  

t h r o u g h   the   o x i d e   l a y e r   i n t o   and  to  e x p o s e   c l e a n   a l u m i n i u m  

w h i c h   comes  i n t o   i m m e d i a t e   and  i n t i m a t e   e l e c t r i c a l   c o n t a c t   w i t h  

t h e   c o n n e c t o r .  

Wire   t e r m i n a t i o n s   a r e   u s u a l l y   made  of  a  r e l a t i v e l y  

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

s t e e l ,   b r o n z e   or  b e r y l l i u m   c o p p e r ,   h a v i n g   a  y i e l d   s t r e n g t h   i n  

e x c e s s   of  1000  k g / c m 2 .   U n f o r t u n a t e l y ,   t he   p r i o r   a r t   means   d o  

n o t   p r o v i d e   l o n g   t e r m   r e l i a b l e   e l e c t r i c a l   j o i n t s   b e t w e e n   a l u m i -  

nium  and  such   r e l a t i v e l y   h a r d   m a t e r i a l s   so  t h a t   h i g h   r e s i s t a n c e  

j o i n t s   s o m e t i m e s   r e s u l t   p r o d u c i n g   a  p o t e n t i a l l y   d a n g e r o u s   c o n d i -  

t i o n .   P r i m a r i l y   b e c a u s e   of  t h i s   p r o b l e m ,  a l u m i n i u m   w i r e   has   f a l -  

l en   i n t o   d i s f a v o r   as  e l e c t r i c a l   c o n d u c t o r   m a t e r i a l .   T h i s   i s   u n -  

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

s u p p l y   of  c o p p e r .  
The  p r e s e n t   i n v e n t i o n   o v e r c o m e s   the   d i s a d v a n t a g e s  

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

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

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

h a r d   e l e c t r i c a l l y   c o n d u c t i v e   c r i m p   b a r r e l   and  the   o u t s i d e   s u r -  

f a c e   of  t h e   a l u m i n i u m   w i r e   a  s l e e v e   made  of  a  r e l a t i v e l y   s o f t  

e l e c t r i c a l l y   c o n d u c t i v e   m a t e r i a l   and  h a v i n g   a  b o r e   c o a t e d   w i t h  

a  t h i n   h a r d   b r i t t l e   l a y e r ,   t h e   c o a t e d   b o r e   b e i n g   a d a p t e d   to  f i t  

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

b e i n g   a d a p t e d   to   f i t   i n t o   t h e   c r i m p   b a r r e l ,   so  t h a t   c r i m p i n g  

t h e   c r i m p   b a r r e l   c a u s e s   t h e   s l e e v e   to  be  c r i m p e d   w i t h   t h e   m a t e -  

r i a l   of  t he   c r i m p   b a r r e l   and  t h e   a l u m i n i u m   w i r e ,   t h e r e b y   f o r m i n g  

a  s t r o n g   r e l i a b l e   e l e c t r i c a l   j o i n t   by  b r e a k i n g   t he   c o a t e d   l a y e r  

i n t o   many  s h a r p   p a r t i c l e s   to   b i t e   t h r o u g h   and  a b r a d e   t he   o x i d e  

s u r f a c e   of  t h e   a l u m i n i u m   w i r e   to   b r i n g   c l e a n   a l u m i n i u m   i n t o  i n -  

t i m a t e   e l e c t r i c a l   c o n t a c t   w i t h   c l e a n   s l e e v e   m a t e r i a l   and  by  a d -  

d i t i o n a l l y   b r i n g i n g   t h e   r e l a t i v e l y   h a r d   b a r r e l   m a t e r i a l   i n t o   i n -  

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

r i a l .  

One  way  of  c a r r y i n g   ou t   the   i n v e n t i o n   i s   d e s c r i b e d  

in  d e t a i l   b e l o w   w i t h   r e f e r e n c e   to   t he   d r a w i n g s   w h i c h   i l l u s t r a t e  

one  s p e c i f i c   e m b o d i m e n t ,   in   w h i c h  :  



F i g .   1  i s   an  e x p l o d e d   i s o m e t r i c   v iew  of  a  c r i m p   t y p e  

c o n n e c t o r   t e r m i n a t i o n   made  a c c o r d i n g   to  the   p r e s e n t   i n v e n t i o n .  

F i g .   2  i s   a  c r o s s   s e c t i o n   of  t he   c o n n e c t o r   of  F i g .   1 

t a k e n   a l o n g   i t s   l o n g i t u d i n a l   a x i s .  

F i g .   3  i s   a  p a r t i a l   c r o s s   s e c t i o n   of  the   c o n n e c t o r  

t e r m i n a t i o n   of  F i g .   1  as  c r i m p e d   on  an  a l u m i n i u m   w i r e   and  t a k e n  

a l o n g   the   w i r e   l o n g i t u d i n a l   a x i s .  

R e f e r r i n g   f i r s t   to   F i g s .   1  and  2,  a  t e r m i n a t i o n   s u c h  

as  c o n n e c t o r   10  made  a c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n   i s   c o m -  

p r i s e d   of  a  p i n   c o n t a c t   member   12  and  a  s l e e v e   14.  P in   c o n t a c t  

member  12  i s   s i m i l a r   or  i d e n t i c a l   to  t he   p in   c o n t a c t   m e m b e r  

known  in  t he   e l e c t r i c a l   c o n n e c t o r   a r t   w h i c h   t e r m i n a t e s   a  s i n g l e  

e l e c t r i c a l   l e a d   or  w i r e   and  w h i c h   i s   p o s i t i o n e d   in  a  b l o c k   o f  

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

r a l i t y   of  l i k e   p i n   c o n t a c t   m e m b e r s ,   to  c o m p r i s e   an  e l e c t r i c a l  

c o n n e c t o r .   P in   c o n t a c t   member   12  i s   d e s i g n e d   to  mate   w i t h   a  

s t a n d a r d   s o c k e t   c o n t a c t   member   ( n o t   shown)   w h i c h   i s   s i m i l a r l y  

p o s i t i o n e d   in   a  s e c o n d   b l o c k   of  i n s u l a t i n g   m a t e r i a l   in  s p a c e d  

r e l a t i o n s h i p   w i t h   a  p l u r a l i t y   of  s o c k e t   c o n t a c t   member s   to   c o m -  

p r i s e   t he   m a t i n g   e l e c t r i c a l   c o n n e c t o r .   As  w i l l   be  c l e a r   to  o n e  

s k i l l e d   in  t h e   a r t ,   t h e   s o c k e t   c o n t a c t   member s   can  i n c o r p o r a t e  

t he   means   of  t h e   p r e s e n t   i n v e n t i o n .   P in   c o n t a c t   member  12  i s   a  

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

12a,   a  b a r r e l   end  12b  and  an  i n t e r m e d i a t e   c o l l a r   12c.  Pin   c o n t a c t  

member  12  i s   p r e f e r a b l y   f o r m e d   in  t he   u s u a l   m a n n e r ,   t h a t   i s ,  

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

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

B a r r e l   end  12b  h a s   an  i n t e r n a l   r o u n d   c r i m p w e l l   1 2 d .  

A  s l e e v e   14  has   an  e x t e r n a l   d i m e n s i o n   14a  w h i c h   f i t s  

e a s i l y   w i t h i n   c r i m p w e l l   12d  of   p i n   c o n t a c t   member  12.  A l u m i n i u m  

w i r e   15,  e i t h e r   a  s i n g l e   s t r a n d   or  m u l t i s t r a n d e d   w i r e ,   has  a n  

e x t e r n a l   d i m e n s i o n   s u c h   t h a t   w i r e   15  f i t s   e a s i l y   i n t o   b o r e  

14b  of  s l e e v e 1 4 .   S l e e v e   14  may  be  m a c h i n e d   c y l i n d e r  o r ,   p r e f e r a -  

b l y ,   made  of  s h e e t   s t o c k   w h i c h   i s   r o l l e d   i n t o   a  c y l i n d r i c a l   s h a p e  

w i t h   seam  14c.   S l e e v e   14  i s   made  of  a  r e l a t i v e l y   s o f t   e l e c t r i c a l  

m a t e r i a l   s u c h   as  c o p p e r   a l l o y   CA145,  a n n e a l e d   to  a  DPH  h a r d n e s s  

of  65  maximum  i f   m a c h i n e d   or  c o p p e r   a l l o y   CA102  at   1/8  t e m p e r   i f  

r o l l e d .  

Bore   14b  of  s l e e v e   14  has   d e p o s i t e d   t h e r e o n   a  h a r d  b r i t t l e  



and  p r e f e r a b l y   c o n t i n u o u s   c o a t i n g   18  such  as   mekel   which  i s   s u i t a -  

b ly   e l e c t r o p l a t e d .   C o a t i n g   18  n o t   on ly   p r o v i d e r   a  f r a n g i b l e   means 

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

when  s l e e v e   14  i s   c r i m p e d   bu t   i t   a l s o   p r o t e c t s   t he   u n d e r l y i n g   m e -  
t a l   f rom  c o r r o s i o n   and  o t h e r   c o n t a m i n a t i o n   so  t h a t   when  c o a t i n g  
18  i s   f r a c t u r e d   a  c l e a n   p u r e   m e t a l l i c   u n d e r l a y e r   is   e x p o s e d .  

In  e m b o d i m e n t s   of  t h e   i n v e n t i o n   a c t u a l l y   m a d e , c o a t i n g  

18  was  n i c k e l   a p p l i e d   by  a  s t a n d a r d   l e l e c t r o l e s s   n i c k e l   p l a t i n g  

p r o c e s s   a t   a  t h i c k n e s s   of  1 3 / 1 0 0 0   mm  to  1 4 / 1 0 0 0   mm.  As  m i g h t   b e  

e x p e c t e d ,   t he   h a r d   b r i t t l e   c o a t i n g   can  be  a p p l i e d   by  o t h e r   c o a -  

t i n g   p r o c e s s e s   such   as  e l e c t r o l y t i c   p l a t i n g ,   m e t a l   c l a d d i n g   a n d  

v a p o r   d e p o s i t i o n ,   f o r   e x a m p l e .   Of  c o u r s e ,   a n o t h e r   c o a t i n g   t h a n  

n i c k e l   can  be  used   to  p r a c t i c e   t h e   i n v e n t i o n ,   so  l ong   as  t he   c o a -  

t i n g   i s   h a r d   and  b r i t t l e ,   s u c h   as  o t h e r   b r i t t l e   m e t a l s ,   c e r a m i c s ,  

e n a m e l s   and  t he   l i k e .  

R e f e r   now  to  F i g .   3  w h e r e   an  a l u m i n i u m   w i r e   15  i s  

s e e n   a s s e m b l e d   w i t h i n   s l e e v e   14  s a n d w i c h e d   w i t h i n   c r i m p w e l l   12d 

b e t w e e n   t he   i n t e r i o r   s u r f a c e   of  t h e   c r i m p   b a r r e l   12b  and  t he   e x -  

t e r i o r   s u r f a c e   of  t h e , w i r e .   C r imp   b a r r e l   12b  i s   c r i m p e d   in  t h e  

c o n v e n t i o n a l   m a n n e r ,   p r o d u c i n g   c r i m p   d e f o r m a t i o n   20  and  s i m u l t a -  

n e o u s l y   c r i m p i n g   s l e e v e   14  in   a  c r i m p   d e f o r m a t i o n   22.  As  a  r e -  

s u l t ,   p i n   c o n t a c t   member  12  i s   e l e c t r i c a l l y   c r i m p e d   and  j o i n e d  

to  s l e e v e   14  a t   i n t e r f a c e   24.   S i m u l t a n e o u s l y ,   c o a t i n g   18  i s   s h a t -  

t e r e d   in   a  l a r g e   p l u r a l i t y   of  s h a r p   p a r t i c l e s   26  w h i c h   d ig   i n t o  

and  t h r o u g h   t he   a l u m i n i u m   o x i d e   l a y e r   to   p r o v i d e   e l e c t r i c a l   c o m -  

m u n i c a t i o n   b e t w e e n   w i r e   15  and  s l e e v e   14  ( I t   s h o u l d   be  n o t e d  

t h a t   c o a t i n g   18  and  p a r t i c l e s   26  a r e   shown  e x a g g e r a t e d   in  s i z e  

f o r .  c l a r i t y   in  t h i s   f i g u r e ) .   When  c o a t i n g   18  i s   s h a t t e r e d ,   c l e a n  

p u r e   u n d e r l y i n g   s l e e v e   m a t e r i a l   i s   e x p o s e d .   The  s h a t t e r e d   p a r t i -  

c l e s   26  a l s o   a b r a d e   t h e   s u r f a c e   o x i d e   l a y e r   of  w i r e   15  to   e x p o s e  

c l e a n   p u r e   a l u m i n i u m   w h i c h ,   by  c r i m p i n g ,   i s   b r o u g h t   i n t o   h i g h  

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

s l e e v e   m a t e r i a l .   The  r e s u l t   i s   t h e   f o r m a t i o n   of  an  i n t e r m e t a l l i c  

and  c o l d   w e l d i n g   of  t h e   a l u m i n i u m   to  t h e   s l e e v e   m a t e r i a l   a t   i n -  

t e r f a c e   28,   r e s u l t i n g   in  a  s t r o n g   r e l i a b l e   e l e c t r i c a l l y   s o u n d  

j o i n t .  

A l t h o u g h   t h e   i n v e n t i o n   has   been   h e r e   e m b o d i e d   in  a  

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

t e r m i n a t i o n s   such  as,  for   example,  socke t   c o n n e c t o r s ,   spade  lugs  and  the  l i k e .  



1.  An  e l e c t r i c a l   c r i m p   t y p e   t e r m i n a t i o n   f o r   a l u m i n i u m  

w i r e   i n c l u d i n g   an  e l e c t r i c a l l y   c o n d u c t i v e   c r i m p   b a r r e l   ( 1 2 b )   a s -  

s o c i a t e d   w i t h   means   ( 1 4 , 1 8 )   i n t e r p o s e d   b e t w e e n   the   i n s i d e   s u r f a -  

ce  of  t h e   c r i m p   b a r r e l   ( 1 2 b )   and  the   o u t s i d e   s u r f a c e   of  the   a l u -  

m i n i u m   w i r e   (15)   to   form  a  s t r o n g   r e l i a b l e   e l e c t r i c a l   j o i n t   w h e n  

c r i m p e d   w i t h   t he   m a t e r i a l   of  t h e   c r i m p   b a r r e l   ( 1 2 b )   and  the   a l u -  

m i n i u m   w i r e   ( 1 5 ) ,   c h a r a c t e r i z e d   in  t h a t   s a i d   i n t e r p o s e d   m e a n s  

( 1 4 , 1 8 )   c o m p r i s e s   a  s l e e v e   (14)   made  of  a  r e l a t i v e l y   s o f t   e l e c -  

t r i c a l l y .   c o n d u c t i v e   m a t e r i a l   and  h a v i n g   a  b o r e   (14b)   c o a t e d   w i t h  

a  t h i n   h a r d  b r i t t l e   l a y e r   ( 1 8 ) ,   t h e   c o a t e d   b o r e   ( 1 4 b )   b e i n g   a d a p -  

t ed   to  f i t   o v e r   t he   a l u m i n i u m   w i r e   (15)   and  t he   o u t s i d e   s u r f a c e  

of  t he   s l e e v e   (14)   b e i n g   a d a p t e d   to  f i t   i n t o   t he   c r i m p   b a r r e l  

( 1 2 b ) .  

2.  A  t e r m i n a t i o n   as  c l a i m e d   in  c l a i m   1,  c h a r a c t e r i z e d  

in  t h a t   s a i d   l a y e r   (18)   i s   of  an  e l e c t r i c a l l y   c o n d u c t i v e   m a t e r i a l .  

3.  A  t e r m i n a t i o n   as  c l a i m e d   in  c l a i m   1  or  2,  c h a r a c -  

t e r i z e d   in  t h a t   t h e   s l e e v e   m a t e r i a l   i s   r e l a t i v e l y   s o f t   c o p p e r .  
4.  A  t e r m i n a t i o n   as  c l a i m e d   in  c l a i m   or  2,  c h a r a c -  

t e r i z e d   in  t h a t   s a i d   l a y e r   ( 1 8 )   i s   n i c k e l   p l a t e d   on  t he   s u r f a c e  

of  t h e   s l e e v e   b o r e   ( 1 4 b ) .  

5.  A  t e r m i n a t i o n   as  c l a i m e d   in  c l a i m   1  or  2,  c h a r a c -  

t e r i z e d   in   t h a t   t h e   c r i m p   b a r r e l   12b  i s   made  of  a  m a t e r i a l   h a v i n g  

a  y i e l d   s t r e n g t h   in  e x c e s s   of  a b o u t   1000  k g / c m 2 .  

6.  A  t e r m i n a t i o n   as  c l a i m e d   in  c l a i m   5,  c h a r a c t e r i z e d  

in  t h a t   t h e   c r i m p   b a r r e l   ( 1 2 b )   i s   f o r m e d   of  a  m a t e r i a l   c h o s e n  

f rom  t h e   g r o u p   c o n s i s t i n g   of  b r a s s ,   c o p p e r ,   s t e e l ,   b r o n z e   a n d  

b e r y l l i u m   c o p p e r .  
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