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(54)  A  fuse  link  and  the  combination  thereof  in  an  expulsion  fuse. 

A  fuse  link  including  a  fuse  element  of  known  cross-sec- 
tional  area  having  a  number  of  holes  centrally  located  therein 
to  define  reduced  cross-sectional  areas  and  a  filler  material 
provided  in  said  holes,  said  embodiment  having  a  short 
time-current  melt  characteristic  at  high  overload  substantially 
the  same  as  the  homogeneous  fuse  element  and  a  long 
time-current  melt  characteristic  different  from  the  long 
time-current  melt  characteristic  of  the  fuse  element. 



BACKGROUND  OF  THE  INVENTION 

F u l l   r a n g e   f u s e s ,   i . e . ,   f u s e s   of  t he   t y p e  

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

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

a p p l i c a t i o n s .   Long  t i m e   c h a r a c t e r i s t i c s   h a v e  

b e e n   m o d i f i e d   b y  p r o v i d i n g   h o l e s   in  t he   f u s e   l i n k  

and  by  o t h e r   m e t h o d s   w h i c h   e f f e c t   t he   l o n g   t e r m  

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

s h o r t   t e r m .   A l t h o u g h   t h e s e   t y p e s   of  e l e m e n t s  

have   been   u s e d   e x t e n s i v e l y ,   a c c u r a t e   c o o r d i n a t i o n  

of  m e l t   t i m e   c u r r e n t   c h a r a c t e r i s t i c   c a n n o t   b e  

m a i n t a i n e d   o v e r   t he   f u l l   f u s e   r a n g e .  

SUMMARY  OF  THE  INVENTION 

The  f u s e   l i n k   of  t h e   p r e s e n t   i n v e n t i o n   i s  

p r o v i d e d   w i t h   a  number   of  p r e d e t e r m i n e d   s i z e d  

h o l e s   c e n t r a l l y   l o c a t e d   in  t he   l i n k   to  d e f i n e  

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

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

m a t e r i a l   h a v i n g   a  p r e d e t e r m i n e d   m e l t  

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

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

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



s u b s t a n t i a l l y   t he   same  t i m e - c u r r e n t   m e l t  

c h a r a c t e r i s t i c   as  t h e   f u s e   l i n k .   At  low  c u r r e n t  

o v e r l o a d s   t he   f u s e   l i n k   w i l l   h e a t   up  and  t h e  

c o n d u c t i v e   m a t e r i a l   w i l l   m e l t   a t   k n o w n  

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

r e d u c i n g   t he   c r o s s   s e c t i o n a l   a r e a   of   t h e   l i n k   a n d  

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

c u r r e n t   c o n d i t i o n s .  



THE.  DRAWINGS 

F i g u r e   1  is  an  e l e v a t i o n   v i ew   p a r t l y   i n  

s e c t i o n   s h o w i n g   the   f u s e   l i n k   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   m o u n t e d   w i t h i n   a  f u s e   h o u s i n g .  

F i g u r e   2  is  a . v i e w   of  t he   f u s e   l i n k   s h o w i n g  

a  number   of   h o l e s   l o c a t e d   in  t h e   c e n t e r   t h e r e o f  

and  f i l l e d   w i t h   low  t e m p e r a t u r e   m e l t   m a t e r i a l .  

F i g u r e   3  is   a  v i ew   t a k e n   on  L i n e   3-3  o f  

F i g u r e   2  s h o w i n g  a   c r o s s - s e c t i o n   of  one  of  t h e  

h o l e s   f i l l e d   w i t h   t he   low  t e m p e r a t u r e   m e l t  

m a t e r i a l .  

F i g u r e   4  is   a  t i m e   c u r r e n t   d i a g r a m   of  t h e  

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

.01  s e c .   m e l t   t i m e   bu t   w i t h   m o d i f i c a t i o n s   t o  

c a u s e   t h e   t i m e   c u r r e n t   c h a r a c t e r i s t i c   to   c h a n g e  

a t   l o w e r   c u r r e n t   r a n g e s .  



DESCRIPTION  OF  THE  PREFERRED  EMBODIMENT 

R e f e r r i n g   to  F i g u r e   1  of  t he   d r a w i n g s ,   t h e  

f u s e   l i n k   10  of  t he   p r e s e n t   i n v e n t i o n   is  s h o w n  

m o u n t e d   w i t h i n   an  e x p u l s i o n   f u s e   14.   T h e  

e x p u l s i o n   f u s e   can  be  of  the   t y p e   shown  in  my 

c o - p e n d i n g   a p p l i c a t i o n ,   S e r i a l   No.  1 3 4 , 9 6 6   f i l e d  

on  March   28,   1980  and  e n t i t l e d   High  C u r r e n t   U n d e r  

O i l   E x p u l s i o n   F u s e   and  g e n e r a l l y   i n c l u d e s   a  g l a s s  

wound  e p o x y   s l e e v e   22  h a v i n g   e l e c t r i c a l l y  

c o n d u c t i v e   c o n t a c t s   24  a n d  2 6   a t   t h e   e n d s .   T h e  

f u s e   e l e m e n t   12  e x t e n d s   t h r o u g h   t he   s l e e v e   22  a n d  

e l e c t r i c a l l y   i n t e r c o n n e c t s   t h e   c o n t a c t s   24  a n d  

26.  A  r e s i l i e n t   p r e s s u r e   t u b e   28  i s   p o s i t i o n e d  

w i t h i n   t he   s l e e v e   22  a n d  i s   f o r m e d   of  a  

n o n - t r a c k i n g ,   n o n - c o n d u c t i n g   m a t e r i a l   such   a s  

T e f l o n   to  p r e v e n t   a r c - o v e r   on  f u s e   c l e a r i n g .   T h e  

e x p u l s i o n   f u s e   is  g e n e r a l l y   m o u n t e d   in  t h e  

t r a n s f o r m e r   and  i m m e r s e d   in  t he   i n s u l a t i n g   o i l .  

The  f u n c t i o n   of  t h e   e x p u l s i o n   f u s e   14,   and  a  m o r e  

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

is   s e t   f o r t h   in  my  c o - p e n d i n g   a p p l i c a t i o n   and   i s  

i n c o r p o r a t e d   h e r e i n   by  r e f e r e n c e .  

The  f u s e   l i n k   10  i n c l u d e s   a  f u s e   e l e m e n t   1 2  

w h i c h   s e r v e s   as  t h e   c o n d u c t i v e   member   of  t h e   f u s e  



14.  T h e  t i m e   c u r r e n t   c h a r a c t e r i s t i c s   of  t h e  

e l e m e n t   12  is   m o d i f i e d   by  c o m b i n i n g   d i f f e r e n t  

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

a c h i e v e   a  v a r i a t i o n   in  t he   s l o p e   and  i n t e r s e c t i o n  

p o i n t s   of  t he   t i m e   c u r r e n t   c h a r a c t e r i s t i c   as  s e e n  

in  F i g u r e   4  and  d e s c r i b e d   h e r e i n a f t e r .  

In  t h i s   r e g a r d ,   t h e   e l e m e n t   12  is   m o d i f i e d  

by  p r o v i d i n g   a  s e r i e s   of   h o l e s   16  in  or  n e a r   t h e  

c e n t e r   of  t h e   e l e m e n t   and  f i l l i n g   t h e   h o l e s   w i t h  

a  c o n d u c t i v e   m a t e r i a l   18  w h i c h   m a t e r i a l   has   a  

m e l t   t e m p e r a t u r e   b e l o w   t h a t  o f   t h e   f u s e   e l e m e n t  

12.   By  t h e   p r o p e r   s e l e c t i o n   o f   t h e   e l e m e n t  

m a t e r i a l   12 ,   t h e   c o n d u c t i v e   m a t e r i a l   18 ,   t h e  

c r o s s - s e c t i o n a l   a r e a  o f   t h e   e l e m e n t   12 ,   and  t h e  

s i z e   of  t h e   h o l e s   16 ,   t h e  t i m e   c u r r e n t  

c h a r a c t e r i s t i c   o f   t h e   f u s e   l i n k   10  can   b e  

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

p o i n t s .  

The  p o i n t s ,   w h i c h   may  be  s p e c i f i e d ,   a r e   t h e  

s h o r t   t i m e   m e l t   b e l o w   .05  s e c o n d s   and  t h e   l o n g  

t i m e   m e l t   1 , 0 0 0   to  1 0 , 0 0 0   s e c o n d s .   The  s i z e   o f  

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

m e l t   t i m e   f o r   a  s p e c i f i c   h i g h   c u r r e n t   in  t he   0  t o  

.05  s e c o n d   m e l t   r a n g e .   The  f u s e   l i n k   c r o s s  

s e c t i o n a l   a r e a   is   c a l c u l a t e d   f o r   a  p a r t i c u l a r  



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

√ 1 2 T /  4 . 0 3  x  1 0 1 0 =  A  i n  i n c h e s   s q u a r e d .  A  

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

c a l c u l a t e d   c r o s s   s e c t i o n a l   a r e a   is   t h e n   u sed   f o r  

t he   f u s e   e l e m e n t .  

For  f u s e   l i n k s . m a d e   of   m a t e r i a l s   o t h e r   t h a n  

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

a l l o y s   t he   c r o s s   s e c t i o n a l   a r e a   r e q u i r e d   to  c a r r y  

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

c a l c u l a t e d   a c c o r d i n g   to  t h e   r e l a t i o n :  

C r o s s   S e c t i o n a l   A r e a   =  (12  x  Time  1 / 2  
K 

w h e r e   K  is   a  c o n s t a n t   u n i q u e   to  e a c h   e l e m e n t  

.  m a t e r i a l .   For  c o p p e r   K  =  4 . 0 3   x  1010  and  f o r  

s i l v e r   K  =  2 . 8 8   x  1 0 1 0 .  

Means  a r e   t h e n   p r o v i d e d   to  m o d i f y   t he   f u s e  

e l e m e n t  t o   a c h i e v e   a  l o n g   t i m e - c u r r e n t   m e l t  

c h a r a c t e r i s t i c .   Such  means   i n c l u d e s   one  or  m o r e  

h o l e s   16  d r i l l e d   in  t h e   e l e m e n t   to  r e d u c e   t h e  

e f f e c t i v e   c r o s s   s e c t i o n   of  t h e   e l e m e n t .   T h e  

h o l e s   16  a r e   c e n t e r e d   on  t h e   e l e m e n t   so  t h a t  

e q u a l   r e d u c e d   c r o s s   s e c t i o n s   20  r e m a i n   on  e i t h e r  

s i d e   of   t he   h o l e   16.  As  s e e n   in  t h e   d r a w i n g s ,  

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

a p p r o x i m a t e l y   1 /4   i n c h   a p a r t .   T h i s   s p r e a d s   o u t  



and  e q u a l i z e s   t he   e f f e c t   of  t he   h o l e s   w h i c h   g i v e s  

more  c o n s i s t e n t   r e s u l t s .  

Means  a r e   p r o v i d e d   to  f i l l   t he   h o l e s   16  t o  

m a i n t a i n   t he   s h o r t   t i m e - c u r r e n t   c h a r a c t e r i s t i c  

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

c h a r a c t e r i s t i c .   Such  means   i s   in  t h e   fo rm  of  t h e  

c o n d u c t i v e   m a t e r i a l   18  w h i c h   in  t he   p r e f e r r e d  

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

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

but   in  c o m b i n a t i o n   w i t h   t h e   e l e m e n t ,   in  t h e  

p r e f e r r e d   e m b o d i m e n t ,   has   s u b s t a n t i a l l y   t he   s a m e  

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

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

shown  in  F i g u r e   4,  i f   t he   h o l e   s i z e   is   i n c r e a s e d ,  

t he   m e l t   c u r v e   w i l l   s h i f t   to  t he   l e f t   and  i f  

d e c r e a s e d ,   t h e   m e l t   c u r v e   w i l l   s h i f t   to  t h e  

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

t h e   f i l l e r   m a t e r i a l   18  w i l l   d e t e r m i n e   when  t h e  

f i l l e r   m a t e r i a l   w i l l   s t a r t   to  show  i t s   e f f e c t   o n  

t h e   l o n g   t i m e   m e l t   of  t h e   e l e m e n t .   A  l o w  

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

c o p p e r   w i l l   have   an  e a r l y  o r   r e d u c e d   m e l t   t i m e .  

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

i t s e l f   a t   m e l t   t i m e s   o v e r   .06  s e c o n d s .   At  h i g h  

c u r r e n t   c o n d i t i o n s   t he   f u s e   e l e m e n t   i n  

c o m b i n a t i o n   w i t h   t he   f i l l e r   m a t e r i a l   has   a  m e l t  



c h a r a c t e r i s t i c   s u b s t a n t i a l l y   e q u a l   to  t he   h i g h  

c u r r e n t   m e l t   c h a r a c t e r i s t i c   of  a  h o m o g e n e o u s  

e l e m e n t .  

The  f u s e   s e q u e n c e   of  t he   m o d i f i e d   f u s e   l i n k  

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

m e l t   t i m e   of  .05  s e c o n d s   or  l e s s   on  t he   f u l l  

c r o s s   s e c t i o n   of  t h e   f u s e   l i n k ,   t h e   e f f e c t   of   t h e  

f i l l e r   m a t e r i a l   in  t h e   h o l e s   is  n e g l i g i b l e .   A t  

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

due  to  t he   c u r r e n t   o v e r l o a d .   The  g r e a t e s t  

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

e l e m e n t  c e n t e r .   T h i s   is  due  to  t he   f a c t   t h a t  

b o t h   end  c o n t a c t s   on  t he   f u s e   h o l d e r   a c t   to  s i n k  

t he   h e a t   o u t   of  t he   f u s e   l i n k ,   h o w e v e r ,   t h e   e n d  

c o n t a c t   a t   t he   l o w e r   end  of   t h e   f u s e   l i n k   i s  

c o o l e r   s i n c e   i t   is   l o w e r   in  t he   o i l   and  b e c a u s e  

t h e   o i l   in  t he   f u s e   t u b e   is   h e a t e d   by  t h e   l i n k .  

The  o i l   r i s e s   by  c o n v e c t i o n   c a u s i n g   h i g h e r  

t e m p e r a t u r e   o i l   a t   t he   t o p   of  t he   f u s e .   When  t h e  

t e m p e r a t u r e   of  t he   f u s e   l i n k   c e n t e r   r e a c h e s   t h e  

m e l t   t e m p e r a t u r e   of   t h e   f i l l e r   m a t e r i a l   18,   t h e  

m e t a l   m e l t s   and  r u n s   or  w i c k s   o u t   of  t he   h o l e s   i n  

t h e   f u s e   l i n k .   T h i s   s u d d e n l y   r e d u c e s   t he   o v e r a l l  

c r o s s   s e c t i o n   of  t he   l i n k   on  e a c h   s i d e   of  t h e  



h o l e   a n d  t h e   u n i t   now  f o l l o w s   a  m e l t   s e q u e n c e  

s i m i l a r   to  a  s o l i d   l i n k   of  t he   s m a l l e r   c r o s s  

s e c t i o n .  

By  way  of  e x p l a n a t i o n ,   a  t i m e   c u r r e n t  

c h a r a c t e r i s t i c   c u r v e   is  shown  in  F i g u r e   4  w h i c h  

g r a p h i c a l l y   shows  the   c h a n g e   in  c h a r a c t e r i s t i c   o f  

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

by  the   p r e s e n t   i n v e n t i o n .   In  t h i s   r e g a r d ,   t h e  

c u r v e   d e n o t e d   by  l e t t e r   "A"  is   an  a v e r a g e   m e l t  

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

of  .020  i n c h e s   and  a  w i d t h  o f   .195   i n c h e s .   T h i s  

l i n k   is  f o r m e d   of  a  f l a t   s t r i p   of  c o p p e r   a n d  

shows   a  m e l t   t i m e   of  100  s e c o n d s   a t   500  a m p e r e s .  

A  s o l i d   e u t e c t i c   l i n k   h a v i n g   t he   same  t h i c k n e s s  

and  w i d t h   as  shown  in  C u r v e   "A"  is  shown  in  C u r v e  

"E" .   T h i s   l i n k   shows  a  m e l t   t i m e   of  .04  s e c o n d s  

at   500  amps .   The  c u r v e   d e n o t e d   by  t he   l e t t e r   " B "  

is   a  s o l i d   e u t e c t i c   l i n k   h a v i n g   a  m e l t   t i m e   a t  

500  a m p e r e s   of  a p p r o x i m a t e l y   .9  s e c o n d s .  

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

d e s c r i b e d   a b o v e ,   to  i n c l u d e   t h r e e   h o l e s   16  h a v i n g  

a  9 / 6 4   i n c h   d i a m e t e r   and  f i l l e d   w i t h   e u t e c t i c  

s o l d e r ,   a  c u r v e   d e n o t e d   by  t h e   l e t t e r   "C"  i n  

F i g u r e   4  is   a c h i e v e d .   T h i s   f u s e   e l e m e n t   has   a  

m e l t   t i m e   c h a r a c t e r i s t i c   a t   500  a m p e r e s   w h i c h   h a s  

now  been   i n c r e a s e d   to  a p p r o x i m a t e l y   10  s e c o n d s .  



A  f u s e   l i n k   h a v i n g   t h r e e   h o l e s   of  1 1 / 6 4 t h   i n c h  

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

c u r v e   D,  t he   m e l t   t i m e   at   500  amps  i s  

a p p r o x i m a t e l y   3  s e c o n d s .  

C o n v e r s e l y   in  a s s u m i n g   a  100  s e c o n d   t i m e  

r e q u i r e m e n t ,   a  s o l i d   e u t e c t i c   l i n k   as  shown  i n  

c u r v e   B  w o u l d   m e l t   a t   100  amps ,   t h e   l i n k   w i t h   t h e  

1 1 / 6 4 t h   d i a m e t e r   h o l e s   in  c u r v e   D  w o u l d   m e l t   a t  

1 4 0   a m p s ,  c u r v e   C  300  amps  and  c u r v e   A  500  a m p s .  

I t   i s   t h e r e f o r e   p o s s i b l e   to  s e l e c t   t h e  

c h a r a c t e r i s t i c s   r e q u i r e d   fo r   a  p a r t i c u l a r  

e x p u l s i o n   f u s e   and  to  m o d i f y   t he   f u s e   l i n k   t o  

a c h i e v e   t he   d e s i r e d   r e s u l t .  

Means  a r e   p r o v i d e d   to  p r e v e n t   t h e   f u s e   l i n k  

f rom  l a y i n g   f l a t   a g a i n s t   t h e   i n n e r   s u r f a c e   of  t h e  

f u s e   t u b e .   T h i s   is  a c c o m p l i s h e d   by  t w i s t i n g   t h e  

f u s e   l i n k   f rom  180  to   360°   o v e r   i t s   l e n g t h .   I f  

t he   f u s e   l i n k   were   to  l a y   f l a t   a g a i n s t   t h e   i n n e r  

s u r f a c e   of  t he   f u s e   t u b e ,   t h e   f i l l e r   m a t e r i a l   1 6  

c o u l d   p o o l   in  t h e   a r e a   and  t h e   s m a l l   c r o s s  

s e c t i o n   w o u l d   no t   be  a c h i e v e d .  



1.  A  f u s e   l i n k   f o r   a  f u s e   c o m p r i s i n g   a  f u s e   e l e m e n t  

made  of  a  m a t e r i a l   h a v i n g   a  known   t i m e   c u r r e n t   c h a r a c t e r i s t i c ,  

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

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

c u r r e n t   c h a r a c t e r i s t i c   s i m i l a r   to  t h e   f u s e   e l e m e n t   and   a  

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

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

f u s e   e l e m e n t   can   be  s e l e c t i v e l y   v a r i e d   to   a  known  r e q u i r e m e n t .  

2.  A  f u s e   l i n k   as   c l a i m e d   i n   C l a i m   1  w h e r e i n   s a i d   f u s e  

e l e m e n t   i s   f o r m e d   of  c o p p e r .  

3.  A  f u s e   l i n k   as  c l a i m e d   i n   C l a i m   1  w h e r e i n   s a i d   f u s e  

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

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

a l l o y s .  

4.   A  f u s e   l i n k   as  c l a i m e d   i n   e i t h e r   C l a i m   2  or  C l a i m   3 ,  

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

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

t h e   r e l a t i o n   C r o s s   S e c t i o n a l   A r e a   =  (12 xTime/K=  1 / 2  

w h e r e   "K"  i s   a  c o n s t a n t   u n i q u e   to   e a c h   e l e m e n t   m a t e r i a l .  

5.  A  f u s e   l i n k   as  c l a i m e d   i n   a n y   one  of   C l a i m s   1  to   4 ,  

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

6.  A  f u s e   l i n k   as  c l a i m e d   i n   a n y  o n e   of  C l a i m s   1  t o   4 ,  

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

a  m e l t   t e m p e r a t u r e   b e l o w   t h a t   of  t h e   l i n k   m a t e r i a l .  

7 . .   A  f u s e   l i n k   as  c l a i m e d   i n   a n y  o n e   of  C l a i m s   1  to   6 ,  

w h e r e i n   s a i d   h o l e s   a r e   of  e q u a l   d i a m e t e r   and  a r e   e q u a l l y  

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



8.  A  f u s e   l i n k   as  c l a i m e d   i n   a n y  o n e   of   C l a i m s   1  to   6 ,  

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

f i l l e r   m a t e r i a l   to   f l o w   or   w i c k   o u t   of  t h e   h o l e   when  i t  

m e l t s .  

9.  A  f u s e   l i n k   as  c l a i m e d   i n   a n y  o n e   of  C l a i m s   1  to   8 ,  

w h e r e i n   s a i d   h o l e s   a r e   l o c a t e d   on  t h e   l i n k   to  c r e a t e   t h e  

d e s i r e d   l o c a l i z e d   h e a t i n g   i n   t h e   r e d u c e d   c r o s s   s e c t i o n a l  

a r e a s .  

10 .   A  f u s e   l i n k   as  c l a i m e d   i n   a n y  o n e   o f   C l a i m s   1  to   9 ,  w h e r e i n  

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

t h e   f u s e   e l e m e n t   c a u s e s   t h e   e l e m e n t   to   h a v e   a  m e l t   c h a r a c t e r -  

i s t i c   a t   h i g h   c u r r e n t   c o n d i t i o n s   s u b s t a n t i a l l y   e q u a l   t o   t h e  

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

11 .   In   c o m b i n a t i o n   an  e x p u l s i o n   f u s e   i n c l u d i n g   a  t u b u l a r  

h o u s i n g   h a v i n g   an  e l e c t r i c a l   c o n t a c t   a t   e a c h   end   and   a  f u s e  

l i n k   as  c l a i m e d   i n   a n y  o n e   of  C l a i m s   1  to   11  w i t h i n   s a i d  

h o u s i n g   c o n n e c t e d   to  t h e   c o n d u c t i v e   m e m b e r s ,   w h e r e i n   t h e  

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

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

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

12.   A  c o m b i n a t i o n   as  c l a i m e d   i n   C l a i m   11  w h e r e i n   s a i d  

e l e m e n t   i s   t w i s t e d   a t   l e a s t   1 8 0 °   t h r o u g h o u t   i t s   l e n g t h .  

13.   A  f u s e   l i n k   f o r   an  e l e c t r i c   f u s e   c o m p r i s i n g   a  f u s e  

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

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

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

e l e m e n t   h a v i n g   a  h o l e   or  n u m b e r   of   h o l e s   i n   o r   n e a r   t h e  

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



14 .   A  f u s e   l i n k   as  c l a i m e d   i n   C l a i m   13,   w h e r e i n   t h e  

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

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

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

c u r r e n t   m e l t   c h a r a c t e r i s t i c   of  a  h o m o g e n e o u s   e l e m e n t .  

15 .   A  f u s e   l i n k   as  c l a i m e d   i n   C l a i m   13,   w h e r e i n   s a i d  

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

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

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

h o m o g e n e o u s   f u s e   e l e m e n t .  






	bibliography
	description
	claims
	drawings

