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©  Linear  fiber  armature  for  electromagnetic  launchers. 
©  An  armature,  for  conducting  very  large  DC  currents 
between  a  pair  of  electrically  conductive  rails  while  being 
driven  along  the  rails  under  the  influence  of  electromagnetic 
forces  generated  by  the  application  of  the  currents,  including 
a  plurality  of  spiraled  conductive  fibers.  The  fibers  pass 
through  a  sleeve  and  are  compacted  to  a  maximum  packing 
density  within  the  sleeve  to  form  a  single  solidified  connec- 
tion.  A  brush  assembly  formed  by  the  sleeve  and  fibers  is 
mounted  on  an  insulating  support  structure  adapted  to  slide 
between  the  rails  of  an  electromagnetic  launcher. 
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between  a  pair  of  electrically  conductive  rails  while  being 
driven  along  the  rails  under  the  influence  of  electromagnetic 
forces  generated  by  the  application  of  the  currents,  including 
a  plurality  of  spiraled  conductive  fibers.  The  fibers  pass 
through  a  sleeve  and  are  compacted  to  a  maximum  packing 
density  within  the  sleeve  to  form  a  single  solidified  connec- 
tion.  A  brush  assembly  formed  by  the  sleeve  and  fibers  is 
mounted  on  an  insulating  support  structure  adapted  to  slide 
between  the  rails  of  an  electromagnetic  launcher. 



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

i n g   v e r y   l a r g e   c u r r e n t s   b e t w e e n   p a r a l l e l   r a i l s   of   e l e c t r o -  

m a g n e t i c   l a u n c h e r s   and  more  p a r t i c u l a r l y   to   s u c h   a r m a t u r e s  

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

b e t w e e n   t h e   l a u n c h e r   r a i l s .  

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

a  v e r y   l a r g e   DC  c u r r e n t   i s   i n j e c t e d   i n t o   t h e   b r e a c h   end  o f  

a  p a i r   of   p a r a l l e l   c o n d u c t i v e   r a i l s .   A  s l i d i n g   c o n d u c t i v e  

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

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

a r m a t u r e   and  an  a s s o c i a t e d   p r o j e c t i l e   t o w a r d   t h e   m u z z l e   e n d  

of  t h e   r a i l s .   B e c a u s e   of   t he   h i g h   c u r r e n t s   i n v o l v e d   in   t h e  

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

t i v e   a r m a t u r e s   m u s t   be  d e s i g n e d   to   m i n i m i z e   e l e c t r i c a l  

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

m a i n t a i n   a  low  c o n t a c t   v o l t a g e   d r o p   in   o r d e r   to   p r e v e n t  

r a i l   damage   c a u s e d   by  a r c i n g ,   to   h a v e   s u f f i c i e n t   c o m p l i a n c e  

to  a c c o m m o d a t e   b o t h   i t s   own  wa re   and  c h a n g e s   in   t he   d i s -  

t a n c e   b e t w e e n   t h e   l a u n c h e r   r a i l s ,   and  to   m i n i m i z e   d a m a g e  

r e s u l t i n g   f rom  r e s i s t i v e   h e a t i n g .  

A c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n ,   an  a r m a t u r e ,  
f o r   c o n d u c t i n g   l a r g e   D.C.   c u r r e n t s ,   b e t w e e n   a  p a i r   o f  

e l e c t r i c a l l y   c o n d u c t i v e   r a i l s ,   c o m p r i s e s   an  i n s u l a t i n g  

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

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



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

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

C o n v e n i e n t l y ,   a  p l u r a l i t y   of  c a n t i l e v e r e d   c o n d u c -  

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

low  c o n t a c t   l o a d .   Maximum  p a c k i n g   d e n s i t y   of  t h e   f i b e r s  

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

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

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

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

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

a  s l i p   r i n g   c o n d u c t o r . '   A  h i g h   c u r r e n t   b r u s h   c o n s t r u c t e d   i n  

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

c o n d u c t i v e   f i b e r s ;   a  s l e e v e   h a v i n g   an  o p e n i n g   t h r o u g h   w h i c h  

s a i d   c o n d u c t i v e   f i b e r s   p a s s ;   and  w h e r e i n   s a i d   c o n d u c t i v e  

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

s l e e v e .  

The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d ,   by  way  o f  

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   i n  

w h i c h :  

F i g u r e   1  i s   a  t o p   v i e w   of  an  a r m a t u r e   a s s e m b l y   i n  

a c c o r d a n c e   w i t h   one  e m b o d i m e n t   of   t h i s   i n v e n t i o n ;  

F i g u r e   2  i s   a  s i d e   v i e w   of  t h e   a r m a t u r e   a s s e m b l y  

of  F i g u r e   1;  a n d  

F i g u r e   3  i s   a  t o p   v i e w   of  an  a r m a t u r e   b r u s h  

a s s e m b l y   f o r   u s e   in   t h e   a r m a t u r e   a s s e m b l y   of  F i g u r e   1 .  

F i g u r e   1  shows  a  t o p   v i e w   of  an  a r m a t u r e   a s s e m -  

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

f i b e r s   10  p a s s   t h r o u g h   an  o p e n i n g   in   s l e e v e   12,  i s   a t t a c h e d  

to  an  i n s u l a t i n g   s u p p o r t   s t r u c t u r e   14  b y  a   b r u s h   h o l d e r  

m o u n t i n g   means   16.  The  i n s u l a t i n g   s u p p o r t   s t r u c t u r e   14  i s  

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

in   an  e l e c t r o m a g n e t i c   l a u n c h e r   and  s e r v e s   to  p o s i t i o n   t h e  

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

o p e n i n g   18  i s   shown  w i t h i n   i n s u l a t i n g   s u p p o r t   s t r u c t u r e   1 4  

f o r   r e c e i v i n g   a  p r o j e c t i l e .   H o w e v e r ,   t he   i n s u l a t i n g  

s u p p o r t   s t r u c t u r e   14  may  i t s e l f   be  t h e   p r o j e c t i l e ,   may  l i e  

a d j a c e n t   to   a  p r o j e c t i l e ,   or   may  be  a s s o c i a t e d   w i t h   a  



p r o j e c t i l e   in   some  o t h e r   m a n n e r .   The  s l e e v e   12  of  t h e  

b r u s h   a s s e m b l y   p a s s e s   t h r o u g h   an  o p e n i n g   in  m o u n t i n g   m e a n s  

16  and  i s   h e l d   in   p l a c e   by  a  s e t   s c r e w   2 0 .  

F i g u r e   2  i s   a  s i d e   v i e w   of  t he   a r m a t u r e   a s s e m b l y  

of  F i g u r e   1.  T h i s   e m b o d i m e n t   u s e s   two  f i b e r   b r u s h   a s s e m -  

b l i e s   e a c h   of  w h i c h   c o n t a i n s   t e n   b u n d l e s   of  0 . 0 0 6 "   c o p p e r  
f i b e r s   s u c h   as  t h o s e   u s e d   to  f o rm  f l e x i b l e   c o m m e r c i a l  

w e l d i n g   t y p e   c a b l e .   Each   b u n d l e   c o n t a i n s   1 , 1 0 0   w i r e  

f i b e r s .   T h e s e   b u n d l e s   w e r e   i n s e r t e d   i n t o   o p e n i n g s   o f  

c y l i n d r i c a l   a n n e a l e d   c o p p e r   s l e e v e s   12.  The  c o p p e r   s l e e v e s  

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

a  maximum  p a c k i n g   d e n s i t y   w i t h i n   e a c h   s l e e v e   and  t h e r e b y  

f o r m e d   a  s i n g l e   s o l i d i f i e d   c o n n e c t i o n .   The  s l e e v e s   12  w e r e  

i n s e r t e d   i n t o   an  a l u m i n u m   m o u n t i n g   b l o c k   16  and  s e c u r e d   b y  

way  of  s e t   s c r e w s   20.  A  b o l t   22  s e r v e s   as  means   f o r  

a t t a c h i n g   m o u n t i n g   b l o c k   16  to   i n s u l a t i n g   s u p p o r t   s t r u c t u r e  

1 4 .  

F i g u r e   3  i s   a  t o p   v i e w   of   t h e   b r u s h   a s s e m b l y   o f  

t h e   a r m a t u r e   a s s e m b l y   of  F i g u r e   1.  Each   end  of   s l e e v e   12 

i s   b e v e l e d   a t   an  a n g l e   24  of   10°  to   form  a  n a r r o w   s i d e   2 6  

and  a  w i d e   s i d e   28.   When  t h e   b r u s h   a s s e m b l y   i s   m o u n t e d  

o n t o   t h e   a r m a t u r e   a s s e m b l y ,   t h e   n a r r o w   s i d e   26  of  s l e e v e   12 

i s   m o u n t e d   c l o s e s t   to  t h e   i n s u l a t i n g   s u p p o r t   s t r u c t u r e   1 4 .  

M u l t i p l e   c o n d u c t i v e   f i b e r s   10  p a s s   t h r o u g h   an  o p e n i n g   i n  

s l e e v e   12  and  a r e   s p i r a l l e d   w i t h   r e s p e c t   to   t h e   a x i s   o f  

s l e e v e   12.  The  c o n d u c t i v e   f i b e r s   10  have   b e e n   b e n t   as  a  

w h o l e   to   an  a n g l e   30  of  40°  a t   t h e   t r a i l i n g   edge   and  a n  

a n g l e   32  of   10°  a t   t h e   f o r w a r d   e d g e .   In  a d d i t i o n ,   t h e   e n d s  

of  c o n d u c t i v e   f i b e r s   10  a r e   c u t   a l o n g   two  p l a n e s   w h i c h   l i e  

p e r p e n d i c u l a r   to   t h e   a x i s   of  s l e e v e   12.  To  i m p r o v e   e l e c -  

t r i c a l   c o n t a c t   b e t w e e n   c o n d u c t i v e   f i b e r s   10  and  t h e   p r o j e c -  

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

c o n d u c t i v e   f i b e r   10  a r e   p o l i s h e d   to  a  f l a t   s u r f a c e .  

A r m a t u r e   a s s e m b l i e s   in   a c c o r d a n c e   w i t h   t h i s  

i n v e n t i o n   h a v e   b e e n   c o n s t r u c t e d   and  t e s t e d   in   an  e l e c t r o -  

m a g n e t i c   l a u n c h e r .   One  of  t h e s e   a r m a t u r e   a s s e m b l i e s   h a v i n g  

a  b r u s h   a s s e m b l y   c o m p r i s i n g   7 , 7 0 0   c o p p e r   f i b e r s ,   e a c h  



h a v i n g   a  d i a m e t e r   of  0 . 0 0 6 " ,   was  u s e d   to  a c c e l e r a t e   a  3 1 7  

gram  p r o j e c t i l e   to   a  s p e e d   of  4 .2   k i l o m e t e r s   p e r   s e c o n d  

w i t h   a  p u l s e d   c u r r e n t   of   2 . 1   m i l l i o n   a m p e r e s .   D e s p i t e  

b e i n g   s u b j e c t e d   to   a  p e a k   a c c e l e r a t i o n   of  2 3 6 , 0 0 0   g ' s . ,   t h e  

p r o j e c t i l e   and  a r m a t u r e   a s s e m b l y   l e f t   t he   b a r r e l   i n t a c t   a n d  

w e n t   t h r o u g h · t h e   c e n t e r   of  a  ; "   t h i c k   s t e e l   w i t n e s s   p l a t e  

b e f o r e   b e i n g   d e s t r u c t i v e l y   c a u g h t   in   a  c a t c h   t a n k .   R a i l  

d a m a g e   was  m i n i m a l ,   w i t h   two  s m o o t h   d i m e - s h a p e d   h o l e s   a b o u t  

2  m i l l i m e t e r s   d e e p   h a v i n g   b e e n   p r o d u c e d   a p p r o x i m a t e l y   15 

c e n t i m e t e r s   f rom  t h e   b r e e c h   of   t h e   l a u n c h e r .   The  r e m a i n d e r  

of   t h e   r a i l s   and  i n s u l a t i o n   showed   no  damage   a l t h o u g h   a l l  

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

L o c a l i z e d   a r m a t u r e   m e l t i n g   was  e l i m i n a t e d   t h r o u g h  

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

s u f f i c i e n t '   c o m p l i a n c e   in   a  d i r e c t i o n a l   n o r m a l   to   t h e  

p r o j e c t i l e   l a u n c h i n g   r a i l s   to   m i n i m i z e   r e s i s t i v e   h e a t i n g .  

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

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

i m p r o v e d   h e a t   d i s s i p a t i o n .   Low  c o n t a c t   r e s i s t a n c e   a t  

e x t r e m e   c u r r e n t   d e n s i t i e s   was  a c h i e v e d   t h r o u g h   t h e   u s e   o f  

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

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

c o m p e n s a t e s   f o r   v a r i a t i o n s   in   r a i l   s p a c i n g   and  p e r m i t s  

a d e q u a t e   m e c h a n i c a l   c o m p l i a n c e   f o r   t he   p o l i s h e d   c o n d u c t i v e  

f i b e r   t i p s   to   r e m a i n   in   c o n t a c t   w i t h   t he   r a i l   s u r f a c e .   I t  

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

r a i l s   when  t he   f i b e r s   e r o d e   as  t h e y   t r a v e l   t h r o u g h   t h e  

b a r r e l .   The  b r u s h   a s s e m b l y   o f  t h i s   i n v e n t i o n   can   b e  

a s s e m b l e d   w i t h o u t   t h e   n e e d   f o r   s o l d e r i n g   or  m e t a l   j o i n i n g  

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

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

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

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

good   e l e c t r i c a l   c o n t a c t ,   t h e r e b y   r e d u c i n g   t he   d e s t r u c t i v e  

e f f e c t s   of   a r c i n g .   T h r o u g h   t h e   use   of  f l e x i b l e   c o n d u c t i v e  

f i b e r s ,   low  c o n t a c t   f o r c e s   a r e   r e q u i r e d   to   make  g o o d  



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

l o s s e s .  

For   e x a m p l e ,   a l t h o u g h   t h e   b r u s h   a s s e m b l y   of  t h e  

a r m a t u r e   a s s e m b l y   of  t h i s   i n v e n t i o n   h a s   b e e n   as  an  e f f i -  

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

i t   can   a l s o   be   u s e d   as  a  c o n t i n u o u s   o p e r a t i n g   b r u s h   on  a  

s l i p   r i n g   s u r f a c e .   B e c a u s e   t he   c o n d u c t i v e   f i b e r s   h a v e   b e e n  

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

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

p o s s i b l e   and  can   r e a d i l y   be  made  when  r e q u i r e d .  



1.  An  a r m a t u r e   f o r  c o n d u c t i n g   l a r g e   DC  c u r r e n t s  

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

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

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

l a r g e   DC  c u r r e n t s ,   s a i d   a r m a t u r e   c o m p r i s i n g   an  i n s u l a t i n g  

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

s l e e v e   h a v i n g   an  o p e n i n g   in   w h i c h   s a i d   c o n d u c t i v e   f i b e r s  

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

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

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

2.  An  a r m a t u r e   as  c l a i m e d   in   c l a i m   1,  w h e r e i n  

e a c h   end   of  s a i d   s l e e v e   i s   b e v e l e d   a t   an  a n g l e   of  10°  s u c h  

t h a t   s a i d   s l e e v e   has   a  n a r r o w   s i d e   and  a  w ide   s i d e   w i t h   t h e  

n a r r o w   s i d e   b e i n g   c l o s e r   to  s a i d   s u p p o r t   s t r u c t u r e .  

3.  An  a r m a t u r e   as  c l a i m e d   in   c l a i m   1  or  2 ,  

w h e r e i n   s a i d   c o n d u c t i v e   f i b e r s   a r e   b e n t   a t   an  a n g l e   b e t w e e n  

10°  and  40°  w i t h   r e s p e c t   to   t h e   a x i s   of   s a i d   s l e e v e ,   w i t h  

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

s t r u c t u r e   b e i n g   b e n t   a t   an  a n g l e   of   10°  and  s a i d   c o n d u c t i v e  

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

b e n t   a t   an  a n g l e   of  4 0 ° .  

4.  An  a r m a t u r e   as  c l a i m e d   in   any  one  of  c l a i m s   1 

to  3,  w h e r e i n   s a i d   s l e e v e   i s   a  c y l i n d r i c a l   t u b e .  

5.  An  a r m a t u r e   as  c l a i m e d   in  any  of  c l a i m s   1  t o  

4,  w h e r e i n   s a i d   means   f o r   m o u n t i n g   s a i d   s l e e v e   on  s a i d  

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

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



6.  An  a r m a t u r e   as  c l a i m e d   in   c l a i m   5,  w h e r e i n  

s a i d   m o u n t i n g   b l o c k   i s   s u b s t a n t i a l l y   of  a l u m i n u m .  

7.  An  a r m a t u r e   as  c l a i m e d   in   any  one  of  c l a i m s   _. 

to  6,  w h e r e i n   s a i d   c o n d u c t i v e   f i b e r s   a r e   s p i r a l l y   d i s p o s e d .  

8 .  A n   a r m a t u r e   as  c l a i m e d   in   any  one  of  c l a i m s   1 

to  7,  w h e r e i n -  o n e   end  of  e a c h   of  s a i d   c o n d u c t i v e   f i b e r s   i s  

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

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

i s   c u t   a l o n g   a  s e c o n d   p l a n e   p e r p e n d i c u l a r   to   the   a x i s   o f  

s a i d   s l e e v e .  

9.  An  a r m a t u r e   as  c l a i m e d   in   any  one  of  c l a i m s   1 

to  8,  w h e r e i n   s a i d   p l u r a l i t y   of  c o n d u c t i v e   f i b e r s   c o m p r i s e s  

a p p r o x i m a t e l y   1 1 , 0 0 0   c o n d u c t i v e   f i b e r s .  

1 0 .  A n   a r m a t u r e   as  c l a i m e d   in   c l a i m   9,  w h e r e i n  

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

11.  An  a r m a t u r e   as  c l a i m e d   in   any  one  of   c l a i m s  

1  to   10,  w h e r e i n   s a i d   s l e e v e   c o m p r i s e s   an  a n n e a l e d   c o p p e r  

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

f i b e r s .  

12.  An  a r m a t u r e   as  c l a i m e d   in   any  one  of  c l a i m s  

1  to   11,  w h e r e i n   s a i d   c o n d u c t i v e   f i b e r s   a r e   p o l i s h e d   o n  

e a c h   end  in   a  p l a n e   p e r p e n d i c u l a r   to  t h e   a x i s   of  s a i d  

s l e e v e .  

13.  A  h i g h   c u r r e n t   b r u s h ,   f o r   an  a r m a t u r e   a s  

c l a i m e d   in   any  one  of  c l a i m s   1  to   12,  in   w h i c h   t h e   b r u s h  

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

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

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

w i t h i n   s a i d   s l e e v e .  

14.  A  h i g h   c u r r e n t   b r u s h   as  c l a i m e d   in   c l a i m   1 3 ,  

w h e r e i n   s a i d   s l e e v e   i s   a  c y l i n d r i c a l   t u b e .  

15.  A  h i g h   c u r r e n t   b r u s h   as  c l a i m e d   in   c l a i m   13  

oy  14,  w h e r e i n   s a i d   c o n d u c t i v e   f i b e r s   a r e   s p i r a l l y  

d i s p o s e d .  

16.  A  h i g h   c u r r e n t   b r u s h   as  c l a i m e d   in   a n y  o n e  
of  c l a i m s   13  to   15,  w h e r e i n   one  end  of  e a c h   of   s a i d   c o n d u c -  



t i v e   f i b e r s   i s   c u t   a l o n g   a  p l a n e   p e r p e n d i c u l a r   to  t h e   a x i s  

of  s a i d   s l e e v e .  

17.  A  h i g h   c u r r e n t   b r u s h   as  c l a i m e d   in  any  o n e  

of  c l a i m s   13  to   16,  w h e r e i n   s a i d   c o n d u c t i v e   f i b e r s   a r e  

c o p p e r   s t r a n d s   e a c h   h a v i n g   a  d i a m e t e r   of  0 . 0 0 6   i n c h .  

18..  An  a r m a t u r e ,   f o r   c o n d u c t i n g   l a r g e   D . C .  

c u r r e n t s ,   c o n s t r u c t e d   and  a d a p t e d   f o r   u s e ,   s u b s t a n t i a l l y   a s  

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

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