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©  High  voltage  current  limiting  fuse  employing  a  composite 
metal  fuse  element,  which  consists  of  at  least  two  portions  of 
different  metals  (10,  12)  with  different  electrothermal  proper- 
ties  extending  through  the  melt  and  arczone,  the  two  portions 
being  bonded  to  one  another  along  their  adjoining  faces  for 
good  thermal  exchange.  One  metal  of  the  composite  should 
be  of  high  conductivity  and  high  melting  point  whilethe  other 
is  of  low  melting  point,  so  that  melting  of  the  low  melting 
point  metal  occurs  at  any  and  all  locations  along  the  element 
when  its  temperature  reaches  the  said  low  melting  point.  The 
resulting  composite  exhibits  properties  that  are  not  the  mean 
of  the  metals  employed  and  has  a  reversible  resistance 
characteristic  thus  facilitating  the  design  of  the  fuse  for  low 
current  fault  interruption.  An  element  having  a  low  melting 
temperature  along  its  entire  length  results  and  giives  essen- 
tial  arcing  substantially  simultaneously  of  the  total  elementto 
improve  the  low  current  clearing  performance  of  the  fuse.  The 
metals  are  selected  from  the  group  consisting  of  silver,  cop- 
per,  tin,  nickel,  lead,  magnesium,  zinc,  aluminum  and  cad- 
mium  while  the  preferred  combination  is  zinc  and  aluminum 
or  cadmium  and  silver.  A  barrier  may  be  provided  between 
the  two  portions,  such  as  a  preformed  alloy  layer. 

Croydon  Printing  Company  Ltd. 

High voltage current limiting fuse employing a composite 
metal  fuse  element,  which  consists  of  at  least  two  portions  of 
different  metals  (10, 12)  with  different  electrothermal  proper- 
ties  extending  through  the  melt  and  arc  zone,  the  two  portions 
being  bonded  to  one  another  along  their  adjoining  faces  for 
good  thermal  exchange.  One  metal  of  the  composite  should 
be of  high  conductivity  and  high  melting  point while the  other 
is  of  low  melting  point,  so  that  melting  of  the  low  melting 
point  metal  occurs  at  any  and  all  locations  along  the  element 
when  its  temperature  reaches  the  said  low  melting  point.  The 
resulting  composite  exhibits  properties  that  are  not the  mean 
of  the  metals  employed  and  has  a  reversible  resistance 
characteristic  thus  facilitating  the  design  of  the  fuse  for  low 
current  fault  interruption.  An  element  having  a  low  melting 
temperature  along  its  entire  length  results  and  giives  essen- 
tial  arcing  substantially  simultaneously  of the total  elementto 
improve the  low  current  clearing  performance  of  the  fuse.  The 
metals  are  selected  from  the  group  consisting  of  silver,  cop- 
per,  tin,  nickel,  lead,  magnesium,  zinc,  aluminum  and  cad- 
mium  while  the  preferred  combination  is  zinc  and  aluminum 
or  cadmium  and  silver.  A  barrier  may  be  provided  between 
the  two  portions,  such  as  a  preformed  alloy  layer. 



F i e l d   of   t h e   I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   i s   c o n c e r n e d   w i t h   i m p o r o v e m e n t s  

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

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

l i m i t i n g   t y p e .  

R e v i e w   of  t h e   P r i o r   A r t  

I t   i s   known  p r a c t i c e   to   p r o t e c t   an  e l e c t r i c   c i r c u i t   b y  

m e a n s   of   two  d i f f e r e n t   f u s e s ,   one  of  w h i c h   i s   a  c u r r e n t   l i m i t i n g  

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

i n t e r r u p t i n g   r a t i n g   to   i t s   min imum  i n t e r r u p t i n g   r a t i n g ,   and  t h e  

o t h e r   of   w h i c h   i s   a  s o - c a l l e d   weak  l i n k   e x p u l s i o n   f u s e   t h a t   w i l l  

i n t e r r u p t   f a u l t   c u r r e n t s   a  value  from  s l i g h t l y   above  the  minimum  i n t e r r u p t i n g  

c u r r e n t   r a t i n g   of  the  c u r r e n t   l i m i t i n g   fuse .   Obv ious ly   i t   is  d e s i r a b l e   to  e l i m i n a t e  

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

i n t e r r u p t i n g   low  c u r r e n t s   j u s t   a b o v e   ( e . g .   two  t i m e s   or   m o r e )  

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

to   t h e   f u s e   d e s i g n e r s ,   and  has   a d d e d   s u b s t a n t i a l l y   t o  t h e  

c o m p l e x i t y ,   s i z e   and  c o s t   of  t h e   f u s e s .  

Fuse   e l e m e n t s   f o r   s u c h   f u s e s   c o m m o n l y   c o n s i s t   of  one  o r  

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

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

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

e l e m e n t   i s   made ,   t h e   d i m e n s i o n s   of  t h e   s t r i p   or  r i b b o n ,   w h e t h e r  

or  n o t   t h e   s t r i p   i s   n o t c h e d   or  p r o v i d e d   w i t h   e u t e c t i c   s p o t s  

(Metca l f   e f f e c t )   along  i t s   l eng th ;   whether   or  not   the  e lement   is  wound on  a  

ceramic   or  d e i o n i z i n g   gas  p roduc ing   core;  whe the r   or  not  the  e lement   c o n s i s t s   o f  



two  d i f f e r e n t   m e t a l s   connec t ed   in  s e r i e s ;   and  the  cho ice   of  the  m a t e r i a l  

su r round ing   the  e l e m e n t .   In  a  s p e c i f i c   example,   the  r i bbon   may  be  of  s i l v e r  

and  p r o v i d e d   a l o n g   i t s   l e n g t h   w i t h   up  t o   a b o u t   100  n o t c h e s ,  o r  h o l e s ,  

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

f o r m a t i o n   of   an  a r c ;   t h e   e l e m e n t   i s   c o m p l e t e l y   b u r i e d   in   q u a r t z  

s a n d   w h i c h   a c t s   t o   a b s o r b   t h e   e n e r g y   g e n e r a t e d   by  t h e   a r c s ,   a n d  

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

The  c h o i c e   o f   t h e   m e t a l   to   be  u s e d   i s   a l w a y s   d i f f i c u l t ,  

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

a d v a n t a g e s   and  d i s a d v a n t a g e s .   For   e x a m p l e ,   s i l v e r   h a s   a  d e s i r -  

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

h i g h   m e l t i n g   p o i n t   ( 9 6 0 ° C ) ,   and  a  h i g h   h e a t   of   e v a p o r a t i o n  a n d  

-is  c o s t l y .   When  s p o t s   of   t i n   a r e   s o l d e r e d   a l o n g   t h e   s i l v e r  

e l e m e n t   to   make  u s e   of   t h e   s o - c a l l e d   M e t c a l f   o r   M - e f f e c t   a  

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

t h e   s p o t   ( a p p r o x i m a t e l y   230°C)   to   make  t h e   f u s e   a p p l i c a b l e   f o r  

low  c u r r e n t   o p e r a t i o n ,   b u t   s u c h   s p o t s   e x h i b i t   w i t h   t i m e   a  n o n -  

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

t h a t   can   l e a d   t o   d a m a g e   o f   t h e   f u s e .   A d d i t i o n a l l y ,   w h i l e   t h e   s p o t  

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

a p p r o x i m a t e l y   7 0 0 ° C   g r e a t e r   t e m p e r a t u r e   i s   r e q u i r e d   t o   r e s u l t  

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

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

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

i v e n e s s   of  t h e   d e s i g n .  

Cadmium  i s   a  low  m e l t i n g   p o i n t   m e t a l   ( 3 2 1 ° C )   w i t h   a  v e r y  

low  t e m p e r a t u r e   o f   e v a p o r a t i o n   ( 7 5 0 ° C ) .   I t   h a s   a n  e x c e l l e n t  



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

u s e d   in  e l e c t r i c a l   c o n t a c t s .   M o r e o v e r ,   i t   h a s   v e r y   h i g h   b u r n -  

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

c u r r e n t s .   Cadmium  has   low  c o n d u c t i v i t y   and   c u r r e n t   c a r r y i n g  

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

i n s u l a t o r .  

Z i n c   i s   a  low  m e l t i n g   p o i n t   m e t a l   ( 4 1 9 ° C )   t h a t   i s   r e s -  

i s t a n t   to   o x i d a t i o n ,   has   a  h i g h   b u r n b a c k   r a t e   and  h a s   a  n o n -  

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

c o n d u c t i v i t y   3-4  t i m e s   l o w e r   t h a n   t h a t   o f   s i l v e r .   o t h e r   m e t a l s  

and  a l l o y s   t h e r e o f   show  some  d i s a d v a n t a g e s   when  a l l   of   t h e  

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

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

p o i n t   ( 6 5 8 ° C )   and  t h e   o x i d e   p r o d u c e d   i s   n o n - c o n d u c t i v e ,   w h i c h   a r e  

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

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

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

i n c o n s i s t e n t .  

I t   i s   t h e r e f o r e   an  o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   t o  

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

as  t h e   f u s e   e l e m e n t .  

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

p r o v i d e d   an  e l e c t r i c   f u s e   f o r   u se   in   c i r c u i t s   of  a t   l e a s t   1 0 0 0  

v o l t s   c o m p r i s i n g :  

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

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

of   t h e   f u s e   in   an  e l e c t r i c   c i r c u i t ;  



a t   l e a s t   one  m e t a l   f u s e   e l e m e n t   m o u n t e d   w i t h i n   t h e  

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

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

t h e r e b e t w e e n ;  

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

s i l i c a   s a n d   d i s p o s e d   w i t h i n   t h e   h o u s i n g ;  

c h a r a c t e r i z e d   in   t h a t :  

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

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

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

a t   l e a s t   two  of   t h e   s a i d   p o r t i o n s   a r e   o f   two  d i f f e r e n t  

r e s p e c t i v e   m e t a l s   t h a t   w i l l   n o t   a l l o y   t o   an  a p p r e c i a b l e   e x t e n t  

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

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

t h a n   3%  by  v o l u m e   of   t h e   t o t a l ;  

t h e   s a i d   p o r t i o n s   b e i n g   b o n d e d   t o   one   a n o t h e r   a t  

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

e l e m e n t ;  

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

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

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

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

or   p o r t i o n s .  

The  s a i d  o n e   of   s a i d   two  m e t a l s   may  be  of   l o w e r   m e l t i n g  

p o i n t .  



The  s a i d   one   m e t a l  m a y   be  a  low  m e l t i n g   p o i n t   m e t a l  

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

c a d m i u m ,   and  t h e   s a i d   o t h e r   m e t a l   may  be  a  h i g h   m e l t i n g   p o i n t  

m e t a l   s e l e c t e d   f r o m   t h e   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 ,  

n i c k e l ,   m a g n e s i u m   and  a l u m i n u m .   T h e r e   may  be  p r o v i d e d   a  b a r r i e r  

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

a l l o y i n g   of   t h e   m e t a l s   w i t h   one   a n o t h e r .  

D e s c r i p t i o n   of  t h e   D r a w i n g s  

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

F i g u r e s   1  to   4  a r e   r e s p e c t i v e   p e r s p e c t i v e   v i e w s   o f  

p r e f o r m s   f rom  w h i c h   f u s e   e l e m e n t s   of   t h e   i n v e n t i o n   c an   be  f o r m e d .  

F i g u r e   5  i s   a  p e r s p e c t i v e   v i e w   of  one  f o r m  o f   f u s e  

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

F i g u r e   6  i s   a  l o n g i t u d i n a l   c r o s s - s e c t i o n a l   v i e w   of  t h e  

s t r u c t u r e   of  F i g u r e   5,  p a r t s   t h e r e o f   b e i n g   shown  b r o k e n   a w a y '  

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

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

d e t a i l s   of   c o n s t r u c t i o n   of   t h e   f u s e   e l e m e n t s   shown  i n   F i g u r e   6 .  



E e s o r i p t i o n   of  t h e   P r e f e r r e d   E m b o d i m e n t s  

A  f u s e   e l e m e n t   f o r   u s e   in   an  e l e c t r i c   f u s e   of  t h e  

i n v e n t i o n   c o n s i s t s   of   a t   l e a s t   two  s e p a r a t e   m e t a l s ,   e a c h   of  w h i c h  

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

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

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

a d j o i n g   s u r f a c e s   w h e r e   t h e y   c o n t a c t   one  a n o t h e r   t o   f o r m   i n  

e f f e c t   a  c o m p o s i t e   m e t a l   b o d y .  

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

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

p o r t i o n s   10  and  12,  e a c h   of   w h i c h ' h a s   t h e   f o r m   of   a  t h i n   f l a t  

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

n a r r o w e r   f a c e s   or   e d g e s .   The  two  s t r i p s   a r e   p l a c e d   f a c e   to   f a c e  

and   m e t a l l u r g i c a l l y   b o n d e d   t o   one   a n o t h e r   b y ,   f o r   e x a m p l e ,   c o -  

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

t e m p e r a t u r e   of  t h e   l o w e r   m e l t i n g   m a t e r i a l .   I n  a n o t h e r   m e t h o d   t h e  

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

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

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

r o l l e d ,   e t c .  

In  a n o t h e r   e m b o d i m e n t   i l l u s t r a t e d  b y   F i g u r e   2,  more   t h a n  

two  s e p a r a t e   p o r t i o n s   a r e   e m p l o y e d   ( t h r e e   in   t h i s   e x a m p l e ) ;   t h e  

m e t a l   of  t h e   p o r t i o n s   10  and  14  can   be  t h e   s a m e ,   in   w h i c h   c a s e  

t h e   p o r t i o n   12  i s   s a n d w i c h e d   b e t w e e n   two  i d e n t i c a l   o t h e r   p o r t i o n s  

or   t h e y   c an   be  of   d i f f e r e n t   m e t a l s .   In  t h e   e m b o d i m e n t   i l l u s t r a t e  

by  F i g u r e   3  one  p o r t i o n   c o n s i s t s   of   a  p l u r a l i t y   of  u n i f o r m l y -  

s p a c e d   m e t a l   w i r e s   o r   r o d s   10  w h i c h   a r e   e n c l o s e d   i n   t h e   s e c o n d  



body   p o r t i c n   12  by  c a s t i n g   the   l a t t e r   m e t a l   a r o u n d   t h e m .   T h e  

r e s u l t a n t   rod   or  w i r e   can   t h e n   be  r o l l e d   or  e x t r u d e d   as  r e q u i r e d .  

In  t h e   e m b o d i m e n t   i l l u s t r a t e d   in   F i g u r e   4  a  s i n g l e   b o d y  

p o r t i o n   10  i s   e n c l o s e d   by  t h e   o t h e r   m e t a l   p o r t i o n   12.  T h e  

m e t a l l u r g i c a l   b o n d i n g   of   t h e   two  body   p o r t i o n s   a t   t h e i r   a b u t t i n g  

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

E a c h   of  t h e   p r e f o r m s   i l l u s t r a t e d   i s   p r o c e s s e d ,   f o r  

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

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

t e r m i n a l s ;   and  e m b e d d i n g   t h e   e l e m e n t   in   a  s u i t a b l e   s u r r o u n d i n g  

m e d i u m ,   s u c h   as  q u a r t z   s a n d ,   in   a  s u i t a b l e   c o n t a i n e r .  

R e f e r r i n g   now  t o  F i g u r e s   5  t o   7,  t h e r e   i s   i l l u s t r a t e d  

t h e r e i n   an  e l e c t r i c   f u s e   c o n s i s t i n g   of  a  t u b u l a r   h o u s i n g   16  of  a n  

i n s u l a t i n g   m a t e r i a l ,   p r o v i d e d   w i t h   end  c a p s   18  and  20  of  a  

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

22  and  24  a r e   s e c u r e d   a b o u t   t h e   end  c a p s   18  and  20  r e s p e c t i v e l y   b y  

a  p r e s s   f i t   and  a r e   s e c u r e d   to   t h e   t u b u l a r   h o u s i n g   16  by  c e m e n t  

l a y e r s   26  and  28  r e s p e c t i v e l y .  A n   end   t e r m i n a l   s l e e v e   30  and   a n  

end  t e r m i n a l   cap   32  a r e   f a s t e n e d   r e s p e c t i v e l y   to   t h e   i n n e r   s u r f a c e s  

of   end  c a p s   18  and  20,  and  t h e   h o u s i n g   i s   f i l l e d   w i t h   a  g r a n u l a r  

f i l l e r   c o n s i s t i n g   of  s i l i c a   s a n d   34.  D i s p o s e d   w i t h i n   t h e   h o u s i n g  

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

a  p l u r a l i t y   (5  in   t h i s   e m b o d i m e n t )   of   c o a x i a l   h e l i c a l   f u s i b l e  

e l e m e n t s   36  t h r o u g h   44,  e a c h   of  w h i c h   h a s   i t s   two  e n d s   c o n n e c t e d  

r e s p e c t i v e l y   to   t h e   t e r m i n a l   30  and  32.  As  i s   a p p a r e n t   f r o m  

F i g u r e   3  t h e   h e l i c a l   f u s i b l e   e l e m e n t s   a r e   e a c h   p r o v i d e d   a l o n g   i t s  

l e n g t h   w i t h   a  l a r g e   n u m b e r   of   s p a c e d   n o t c h e s   4 6 .  



The  m e t a l s   t o   be  e m p l o y e d   in   a  f u s e   e l e m e n t   of   t h e  

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

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

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

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

( F i g .   2)  or  of  a  w i r e   of   a l u m i n u m ,   w h i c h   has   t h e   h i g h e r   m e l t i n g  

p o i n t   of  t h e   t w o ,   e n c l o s e d   by  t h e   z i n c   w h i c h   i s   c a s t   a r o u n d   i t ,  

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

s i l v e r   e i t h e r   in   t h e   f o r m   of  a  s a n d w i c h   ( F i g . 2 ) ,   o r   of   a  w i r e  

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

i s   r o l l e d   a r o u n d   i t   ( F i g .   4 ) .  

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

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

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

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

t h e r e f r o m .   The  t e m p e r a t u r e / t i m e   c h a r a c t e r i s t i c s   of   t h e   c o m p o s i t e s  

of   t he   i n v e n t i o n   a r e   c h a r a c t e r i z e d   by  two  d i f f e r e n t   s t a g e s .   T h e  

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

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

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

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

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

t i m e ,   due  to   a  r e d u c t i o n   in   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  

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

c o m p o n e n t   and  c o n s e q u e n t   i n c r e a s e   in   t h e   c u r r e n t   d e n s i t y   t h r o u g h  

t h e   r e m a i n i n g   c o m p o n e n t .   T h i s   m a r k e d   i n c r e a s e   in   c h a r a c t e r i s t i c  

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



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

d u l y   a f f e c t e d   by  a g i n g   or  p r e - m e l t i n g   t e m p e r a t u r e   c h a n g e s   o f  

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

p a s s i n g   t h r o u g h   i t .   The  t e m p e r a t u r e / t i m e   c h a r a c t e r i s t i c   of   t h e  

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

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

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

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

e v e n t u a l   d a m a g e .  

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

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

thermal   p r o p e r t i e s ,   by  which  are  meant  any one  or  more  of  t h e i r   c h a r a c t e r i s t i c s ;  

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

h e a t   of  f u s i o n ,   and   h e a t   of  e v a p o r a t i o n .   I t   w i l l   be  u n d e r s t o o d  

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

p r o p e r t i e s   as  n o t   to   be  s u i t a b l e   f o r   a p p l i c a t i o n   of  t h e   i n v e n t i o n .  

The  d i f f e r e n t   p o r t i o n s   of  t h e   e l e m e n t   h a v e   as  i n t i m a t e   a n  

i n t e r f a c e   as  p o s s i b l e ,   in   o r d e r  t o   o b t a i n   t h e   b e s t   p o s s i b l e  

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

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

p r e m e l t i n g   t i m e .  

Each   m e t a l   p r e s e n t   in  t h e   c o m p o s i t e   s h o u l d   be  p r e s e n t  

in  an  a m o u n t   n o t   l e s s   t h a n   3%  by  v o l u m e   of   t h e   e n t i r e   e l e m e n t  

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

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

be  a p p a r e n t   t h a t   e a c h   m e t a l   m u s t   be  p r e s e n t   in  t h e   f o r m   of  a  

s e p a r a t e   body   or   p l u r a l i t y   of   b o d i e s   t h a t  w i l l   e x t e n d   t h r o u g h  



t he   i n t e n d e d   m e l t   and  a r c   zone   of   t h e   f u s e   e l e m e n t   in   t h e  

d i r e c t i o n   of  f l o w   of   t h e   c u r r e n t   t h e r e t h r o u g h .  

When  two  m e t a l s   a r e   e m p l o y e d   in  t h e   c o m p o s i t e   one   o f  

them  w i l l   be  o f   h i g h   c o n d u c t i v i t y   and   h i g h   m e l t i n g   p o i n t   ( e . g .  

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

o t h e r   i s   of   low  m e l t i n g   p o i n t ( e . g .   c a d m i u m   and   z i n c   r e s p e c t -  

i v e l y ) ,   so  t h a t   e l e m e n t   m e l t i n g   i s   i n i t i a t e d   a t   any   and   a l l  

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

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

t h e   n o t c h e s   46.  I t   w i l l   be  s e e n   t h a t   t h e   p r e f e r r e d   m e t a l s  

may  be  a r r a n g e d   in   a  h i g h   m e l t i n g   p o i n t  g r o u p   c o n s i s t i n g   of  s i l v e  

( 9 6 0 ° C ) ,   c o p p e r   ( 1 0 8 3 ° C ) ,   n i c k e l   ( 1 3 5 0 ° C ) ,   m a g n e s i u m   ( 6 5 1 ° C )   a n d  

a l u m i n u m   ( 6 5 8 ° C ) ,   and   a  low  m e l t i n g   p o i n t   g r o u p   c o n s i s t i n g   o f  

t i n   ( 2 3 2 ° C ) ,   l e a d   ( 3 2 7 ° C ) ,   z i n c   ( 4 1 9 ° C ) ,   and  c a d m i u m   ( 3 2 1 ° C ) ,  

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

f u s e   e l e m e n t   of  t h e   i n v e n t i o n   may  be  made  u s i n g   two  m e t a l s  

f r o m   t h e   same  g r o u p .  

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

m e l t i n g   t e m p e r a t u r e ,   b u t   a l s o   on  t h e   n e e d   t o   a v o i d   any   s t r u c t u r a l  

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

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

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

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

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

any  c o m b i n a t i o n   i s   t h a t   t h e   m e t a l s   e x h i b i t   a  p e r i t e c t i c   e f f e c t .  



H o w e v e r ,   b e a r i n g   in  m ind   t h a t   a  f u s e   i s   e x p e c t e d   t o  

h a v e   a  l i f e   of  many  y e a r s   a t   i t s   n o r m a l   w o r k i n g   t e m p e r a t u r e .  

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

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

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

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

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

b e t w e e n   t h e   f u s e   e l e m e n t   p o r t i o n s .   Such   a  l a y e r   can   c o n s i s t  

f o r   e x a m p l e ,   of  a  t h i n   f i l m   of  a  p r e f o r m e d   a l l o y   of  t h e   t w o  

m a t e r i a l s ,   w h i c h   may  a d d i t i o n a l l y   be  p r e - a g e d   so  t h a t   t h e r e   a r e  

no  s u b s t a n t i a l   c h a n g e s   in  c h a r a c t e r i s t i c   w i t h   t i m e .   O t h e r  

f o r m s   of  b a r r i e r   a r e   a  t h i r d   m e t a l ,   an  o x i d e   c o a t i n g   of  one  o f  

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

as  n o t   to   r e a c t   w i t h   t h e   m e t a l s .  

In  t h e   p r e f e r r e d   c a d m i u m / s i l v e r   c o m p o s i t e ,   t h e  

c a d m i u m   p r e f e r a b l y   i s   p r e s e n t   in  t h e   a m o u n t   o f  f r o m   97  to   53% 

by  v o l u m e   w i t h   t h e   b a l a n c e   s i l v e r .   I n a   p a r t i c u l a r   c o m p o s i t e  

p r e f o r m   e m p l o y e d   in  t h e   p r o d u c t i o n   of  a  f u s e   e l e m e n t   f o r   a  1 0 0  

amp,  s l o w - a c t i n g ,   g e n e r a l   p u r p o s e ,   c u r r e n t - l i m i t i n g   f u s e ,   i n  

w h i c h   t h e   f u s e   e l e m e n t   i s   of  h e l i c a l   f o rm  e m b e d d e d   in  q u a r t z   s a n d ,  

t h e   p e r c e n t a g e s   by  v o l u m e   of   c a d m i u m   to   s i l v e r   we re   80  to   9 0  

p e r c e n t   of  c a d m i u m   w i t h   t h e   b a l a n c e   s i l v e r .   The  m e l t i n g  

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



of   c admium  w i t h   a  m e l t i n g   t e m p e r a t u r e   of  a b o u t   3 2 0 ° C . ,   t h e  

c h a r a c t e r i s t i c   b e i n g   f u l l y   r e v e r s i b l e   up  to   t h e   m e l t i n g   p o i n t .  

The  c a d m i u m / s i l v e r   c o m b i n a t i o n   a l s o   has   t h e   a d v a n t a g e s   t h a t  

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

p o i n t   of  s i l v e r ,   and  in   a d d i t i o n   t h e   m e t a l s   e x h i b i t   a  p e r i t e c t i c -  

r e a c t i o n   w i t h   one  a n o t h e r .   M o r e o v e r ,   t h e   c a d m i u m   o x i d e   t h a t  

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

t h e r e f o r e   does  not  a f f e c t   the  fuse  c h a r a c t e r i s t i c   and  e s t a b l i s h e s   good  

d i e l e c t r i c   s t r e n g t h s   so  as  to  a s s i s t  t h e   arc  e x t i n g u i s h i n g   p r o c e s s .  

For   t h e   p r e f e r r e d   z i n c / a l u m i n u m   c o m p o s i t e   t h e   z i n c  

p r e f e r a b l y   i s   p r e s e n t   in   t h e   a m o u n t   of  f r o m   97  to   53%  by  v o l u m e  

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

e m p l o y e d   in  t h e   p r o d u c t i o n   of   a  f u s e   e l e m e n t   f o r   a  100  a m p ,  

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

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

t h e  p e r c e n t a g e s   b y  v o l u m e   of   z i n c   to   a l u m i n u m   w e r e   80  to   9 0 .  

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

to   t h a t   of  an  e u t e c t i c   z i n c / a l u m i n u m   a l l o y   w i t h   a  m e l t i n g  

t e m p e r a t u r e   of  a b o u t   3 8 0 ° C .   I t   was  f o u n d   t h a t   t h e   c o m p o s i t e  

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

b e g i n n i n g   a t   a b o u t   2 0 0 ° C ,   up  t o   t h e   m e l t i n g   p o i n t   of  3 8 0 ° C ,   a n d  

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

up  to   t h e   m e l t i n g   p o i n t .  

I t  w i l l   be  u n d e r s t o o d   t h a t   o t h e r   t e m p e r a t u r e s   w i t h i n  

t h e   n o r m a l   d e s i r e d   r a n g e   of   200  t o   400°C  c o u l d   be  a c h i e v e d   b y  

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

e m p l o y e d .  



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

F i g u r e  2   i s   p r e f e r r e d ,   in  w h i c h   a  h i g h   m e l t i n g  t e m p e r a t u r e  

s t r i p   i s   s a n d w i c h e d   b e t w e e n   two  low  m e l t i n g   t e m p e r a t u r e   s t r i p s .  

I t   i s   a l s o   f o u n d   t h a t   t h e r e   i s   a  p r e f e r r e d   r a t i o   of  w i d t h   t o  

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

t h i s   s h o u l d   be  a b o u t   1 0 : 1 ,   and  may  of  c o u r s e   v a r y   b e t w e e n   s a y  

8 :1   and  1 2 : 1 .   An  8O  a m p  f u s e   as  d e s c r i b e d   a b o v e   w i l l   t y p i c a l l y  

e m p l o y   12  h e l i c a l   e l e m e n t s   c o n n e c t e d   in   p a r a l l e l   e a c h   m e a s u r i n g  

a b o u t   2.5mm  by  0 . 2 5 m m .  

The  s i l i c a   s a n d   f i l l e r   34  p r e f e r a b l y   i s   in   t h e   f o r m   o f  

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

r a n g e .   T h e s e   g r a i n s   p r e f e r a b l y   a r e   c o m p o s e d   of   a t   l e a s t   99% 

s i l i c a   and  a p p r o x i m a t e l y   98%  of   t h e   g r a i n s   a r e   r e t a i n e d   on  s i e v e  

mesh   s i z e   100  w h i l e   a p p r o x i m a t e l y   2%  of  t h e   g r a i n s   a r e   r e t a i n e d  

on  s i e v e   mesh  s i z e   30.  A p p r o x i m a t e l y   30%  of  t h e   g r a i n s   a r e  

r e t a i n e d   on  s i e v e   mesh   s i z e   40  w h i l e   a p p r o x i m a t e l y   7 5 %  a r e  

r e t a i n e d   on  s i e v e   mesh   s i z e   50.  The  p e l l e t s   a r e   i d e n t i f i e d   a s  

109  G . S . S .  

In  t h e   e v e n t   of  t h e   o c c u r r e n c e   of   a  h i g h   m a g n i t u d e  

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

e l e m e n t s   3 6 - 4 4   m e l t   p r a c t i c a l l y   s i m u l t a n e o u s l y   a t   a l l   of  t h e i r  

r e d u c e d   s e c t i o n s   46  to   f o r m   a  c h a i n   of  a r c s .   T h e s e   a r c s  

q u i c k l y   l e n g t h e n   and  b u r n   b a c k   f rom  t h e i r   r o o t s .   The  e n e r g y   o f  

t h e   a r c   in  t h e   f o r m   o f  h e a t   i s   a b s o r b e d   by  t h e   f i l l e r   m a t e r i a l  

in  t h e   g r a n u l a r   f o r m   34.  The  e x c h a n g e   of  e n e r g y   b e t w e e n   t h e   a r c s  

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



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

of  t h a s   e x p o s u r e   t h e   more   e f f i c i e n t   i s   t h e   e x c h a n g e   of  e n e r g y ,  

T h i s  f a c t o r   i s   f a c i l i t a t e d   by  t h e   u s e   of  t h e   f i l l e r   d e s c r i b e d  

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

and  t h a t   t h e y   a r e   a r r a n g e d   as  m u l t i p l e   e l e m e n t s   r a t h e r   t h a n   a s  

one  s i n g l e   e l e m e n t ,   a l t h o u g h   t h e   i n v e n t i o n   in   i t s   b r o a d e r   a s p e c t s  

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

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

S i n c e   t h e   i n v e n t i o n   i s   c o n c e r n e d   w i t h   h i g h   v o l t a g e  

c u r r e n t s   of   1 , 0 0 0   v o l t s   and  a b o v e ,   i t   i s   h e r e i n   c a t e g o r i z e d   a s  

a  h i g h   v o l t a g e   f u s e .  

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

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

such   as  t r a n s f o r m e r s ,   c a p a c i t o r s ,   s w i t c h g e a r   and  t h e   l i k e .   By  

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

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

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

s l i g h t l y   in   e x c e s s   of  t h e   n o r m a l   r a t e d   c u r r e n t   of   t h e   f u s e   due   i n  

p a r t   to   t h e   f a c t   t h a t   t h e   f u s i b l e   e l e m e n t s   may  be  r a i s e d   b y  

r e l a t i v e l y   low  f a u l t   c u r r e n t s   t o   t e m p e r a t u r e   l e v e l s   a p p r o a c h i n g  

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

t e m p e r a t u r e .  



I t   w i l l   a l s o   be  n o t e d   t h a t   t h e   p r e f e r r e d   i l l u s t r a t e d  

f u s e   i s   of  c o r e l e s s   d e s i g n   w h i c h   i s   to   be  p r e f e r r e d .   In  a d d i t i o n  

to  t h e i r   e x p e n s e ,   c o r e s   a r e   o b j e c t i o n a b l e   b e c a u s e   c o n t a c t   w i t h  

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

b e t w e e n   t h e   a r c s   and  t h e   f i l l e r   m a t e r i a l   can   t a k e   p l a c e .   S i n c e  

t h e   i n t e r r u p t i n g   p r o c e s s   r e q u i r e s   t h a t   m o s t   of  t h e   a r c   e n e r g y  

be  t r a n s f e r r e d   to   l a t e n t   h e a t   of  f u s i o n   of  t h e   f i l l e r   m a t e r i a l  

any  r e d u c t i o n   of  t h e   a r e a   of   c o n t a c t   w i t h   t h e   f i l l e r   m a t e r i a l  

is   u n d e s i r a b l e .   M o r e o v e r ,   t h e   a r e a s   of  c o n t a c t   b e t w e e n   t h e  

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

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

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

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

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

p e r i o d   f o l l o w i n g   a r c i n g .  

U n d e r   c e r t a i n   t r a n s i e n t   c u r r e n t   c o n d i t i o n s ,   a n  

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

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

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

on  t h e   f u s i b l e   e l e m e n t s   s i n c e   t h e y   may  n o t   s t r a i g h t e n   o u t   due  t o  

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

p o s s i b l e ,   as  in   a  c o r e l e s s   c o n s t r u c t i o n ,   t h i s   t e n s i o n   may  b e  

r e l i e v e d .   In  e l e m e n t s   wound  on  a  c o r e ,   t h e   o p p o r t u n i t y   f o r  

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

due  to   t h i s   i n c r e a s e d   t e n s i o n   may  o c c u r ,   s i n c e   t h e   i n c r e a s e s   m a y  

be  s u f f i c i e n t   to   b r e a k   t h e   f u s i b l e   e l e m e n t ,   p a r t i c u l a r l y   a t   t h e  

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



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

l e a s t  1 0 0 0   v o l t s   c o m p r i s i n g :  

a  t u b u l a r   h o u s i n g   o f   i n s u l a t i n g   m a t e r i a l ;  

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

c o n n e c t i o n   of   t h e   f u s e   in   an  e l e c t r i c   c i r c u i t ;  

a t   l e a s t   one   m e t a l   f u s e   e l e m e n t   m o u n t e d   w i t h i n   t h e  

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

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

t h e r e b e t w e e n ;  

e a c h   f u s e   e l e m e n t   b e i n g   e m b e d d e d   i n   a n d   s u r r o u n d e d  7  

s i l i c a   s a n d   d i s p o s e d   w i t h i n   t h e   h c u s i n g ;  

c h a r a c t e r i s e d   in   t h a t :  

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

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

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

a t   l e a s t   two   o f   t h e   s a i d   p o r t i o n s   a r e   o f   two   d i f f e r s  

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

a n o t h e r ,  e a c h  

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

t h a n   3%  by  v o l u m e   o f   t h e   t o t a l ;  

t h e   s a i d   p o r t i o n s   b e i n g   b o n d e d   t o   o n e   a n o t h e r   a t  

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

e l e m e n t ;  

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

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

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

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

o r   p o r t i o n s .  



2.  An  e l e c t r i c   f u s e   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   t h e   s a i d   two  m e t a l s   r e a c t   p e r i t e c t i c a l l y .  

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

t h e   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 ,   t i n ,   l e a d ,   n i c k e l ,  

m a g n e s i u m ,   z i n c ,   a l u m i n u m   and  c a d m i u m .  

4.  An  e l e c t r i c   f u s e   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 a i d   one  m e t a l   i s   a  low  m e l t i n g   p o i n t   m e t a l   s e l e c t e d  

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

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

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

and   a l u m i n u m .  



5.  An  e l e c t r i c   f u s e   as  c l a i m e d   i n  c l a i m  4 ,  c h a r a c t e r i z e d  

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

6.  An  e l e c t r i c   f u s e   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   f u s e   e l e m e n t   c o m p r i s e s   f r o m   90  t o   50%  by  v o l u m e  

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

7.  An  e l e c t r i c   f u s e   as  c l a i m e d   in   c l a i m   4 ,  c h a r a c t e r i z e d  

in  t h a t   t h e   s e l e c t e d   m e t a l s   a r e   z i n c   and   a l u m i n u m .  

3   An  e l e c t r i c   f u s e   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   f u s e   e l e m e n t   c o m p r i s e s   f r o m   90  t o   50%  by  v o l u m e  

of  z i n c ,   w i t h   t h e   b a l a n c e   a l u m i n u m .  

9,  An  e l e c t r i c   f u s e  a s   c l a i m e d   in   a n y  o n e   of  c l a i m s   1  t o  

8  c h a r a c t e r i z e d   in   t h a t   t h e r e   i s   p r o v i d e d   a  b a r r i e r   l a y e r  

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

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

10,  An  e l e c t r i c   f u s e   as  c l a i m e d   in   c l a i m   9,  c h a r a c t e r i z e d  

in  t h a t   t h e   s a i d   b a r r i e r   l a y e r   c o n s i s t s   o f   an  a l l o y   o f   t h e   t w o  

m e t a l s .  



11.  An  e l e c t r i c   f u s e   as  c l a i m e d   in  c l a i m   10;  c h a r a c t e r i z e d  

in  t h a t   t h e   s a i d   b a r r i e r   l a y e r   c o n s i s t s   of   an  a g e d   a l l o y   o f  

t h e   two  m e t a l s .  

12.  An  e l e c t r i c   f u s e   as  c l a i m e d   in   c l a i m   9,  c h a r a c t e r i z e d  

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

13.  An  e l e c t r i c   f u s e   as   c l a i m e d   in   c l a i m   9.,  c h a r a c t e r i z e d  

in   t h a t   t h e   s a i d   b a r r i e r   l a y e r   c o n s i s t s   of   an  o r g a n i c   a d h e s i v e .  

14.  An  e l e c t r i c   f u s e   as  c l a i m e d   in   c l a i m  9 ,   c h a r a c t e r i z e d  

in  t h a t   t h e   s a i d   b a r r i e r   l a y e r   c o n s i s t s   of  an  o x i d e   c o a t i n g   o f  
; 

one  o f   t h e   m e t a l s .  

15.  An  e l e c t r i c   f u s e   as  c l a i m e d   in   a n y  o n e   of  c l a i m s   1  t o  

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

fo rm  of   a  s i n g l e   t h i n   f l a t   s t r i p   h a v i n g  t w o   w i d e r   f a c e s   and  t w o  

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

a d j o i n i n g   and  c o n t a c t i n g   a  w i d e r   f a c e   of   t h e   i m m e d i a t e l y  

a d j a c e n t   s t r i p .  



16.   An  e l e c t r i c   f u s e  a s   c l a i m e d   i n   any   one  of  c l a i m s   1  t o  

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

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

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

o n e   w i d e r   f a c e   a d j o i n i n g   and   c o n t a c t i n g   a  w i d e r   f a c e   o f   t h e  

i m m e d i a t e l y   a d j a c e n t   s t r i p ,   w h i c h   i s   o f   a  d i f f e r e n t   m e t a l .  

1 .   An  e l e c t r i c   f u s e   as   c l a i m e d   i n   c l a i m   15  o r   1 6 ,  

c h a r a c t e r i z e d   in   t h a t   t h e   w i d t h  t o  t h i c k n e s s  r a t i o   o f   e a c h   s t r i p  

i s   i n   t h e   r a n g e  8 : 1   t o   1 2 : 1 .  

18.   An  e l e c t r i c   f u s e   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  

1 4   c h a r a c t e r i z e d   i n  t h a t   one   f u s e   e l e m e n t   p o r t i o n   o f   h i g h e r  

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

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

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

10 .   An  e l c e t r i c   f u s e   as  c l a i m e d   i n   any  of  c l a i m s  1   t o  

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

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

i v e   s i r e s   of  i n c r e a s e d   c u r r e n t   d e n s i t y   and  c o n s e q u e n t   i n c r e a s e d  

t e m p e r a t u r e .  

2 0 .   An  e l e c t r i c   f u s e   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  

19,   c h a r a c t e r i z e d   by  a  p l u r a l i t y  o f   c o a x i a l   h e l i c a l   e l e m e n t s   e a c h  

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