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©  Electric  fuse. 

The  electric  fuse  comprises  a  porous  filler  and  a 
combination  of  a  pair  of  terminals  mutually  insulated  except 
for  one  or  more  metallic  fuse  conductors.  These  conductors 
comprise  two  kinds  of  metal  so  arranged  that  the  current 
from  one  terminal  to  the  other  will  pass  successively  and 
alternately  through  the  two  kinds  of  metal,  beginning  and 
ending  in  the  first  kind  of  metal.  The  second  metal  has 
pronounced  reductions  in  cross-section  defining  one  or 
more  fuse  elements,  and  is  particularly  suited  to  withstand 
for  a  long  time  a  temperature  at  a  fuse  element  near  the 
melting  point  without  significant  deterioration.  The  first 
metal  is  selected  to  provide  favorable  conditions  for  current 
interruption  with  the  arc  burning  between  foot-points  on 
parts  of  said  first  metal.  The  electric  fuse  may  be  used  under 
marginal  conditions  both  in  respect  of  the  steady  state 
operating  current  and  of  the  operating  voltage  and  provides 
with  an  extremely  fast  action  and  current  limiting  operation. 
Such  operating  conditions  are  generally  associated  with 
fuses  used  for  the  protection  of  semi-conductor  devices. 



The  i n v e n t i o n   r e l a t e s   to  e l e c t r i c   fuses   and  i n  

p a r t i c u l a r   to  fu ses   to  be  used  under   m a r g i n a l  c o n d i t i o n s  

both  in  r e s p e c t   of  the  s t e a d y   s t a t e   o p e r a t i n g   c u r r e n t  

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

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

o p e r a t i o n .   Such  o p e r a t i n g   c o n d i t i o n s   are  g e n e r a l l y  

a s s o c i a t e d   with  fuses   used  for   the  p r o t e c t i o n   of  s e m i -  

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

I t   is  the  o b j e c t   of  the  i n v e n t i o n   to  i n d i c a t e   a  

de s ign   t h a t   p e rmi t s   to  ex tend  these   marg ina l   c o n d i t i o n s  

w i t h i n   given  l i m i t a t i o n s   in  s i z e   and  w i thou t   i n c r e a s i n g  

the  power  l o s s   e n c o u n t e r e d .  

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

with  fuse   c o n d u c t o r s   embedded  in  a  porous  f i l l e r ,   a n d  

where  the  fuse   conduc to r   c o n s i s t e s   of  s u c c e s s i v e   p a r t s  

of  d i f f e r e n t   meta l s   in  the  d i r e c t i o n   of  c u r r e n t   f l o w .  

Such  b i - m e t a l l i c   fuses   are  known  to  the  t r ade   a n d - u s e d  

because   they  a l low  a d v a n t a g e s   of  an  economic  n a t u r e  

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

p e r f o r m a n c e .   However,  i t   is  a l so   the  o b j e c t   of  t h e  

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

under   m a r g i n a l   o p e r a t i n g   c o n d i t i o n s   wi thou t   s a c r i f i c i n g  

the  economic  advan tages   known  from  p r i o r   a r t .  

P r i o r   a r t   i n c l u d e s   fu ses   where  the  c u r r e n t  

s u c c e s s i v e l y   passes   a  pa r t   of  the  fuse  conduc to r   made 

of  coppe r ,   then  a  par t   made  of  s i l v e r ,   and  f i n a l l y  

aga in   a  pa r t   of  copper ,   the  p a r t s   so  a r r anged   t h a t   t h e  

fuse   e l e m e n t ,   namely  the  pa r t   i n t e n d e d   to  melt  and  open  

the  c i r c u i t ,   is   s i t u a t e d   e n t i r e l y   in  the  s i l v e r   p a r t ,  

whi le   the  p a r t s   tha t   p r i m a r i l y   serve  to  conduct   e l e c -  '  

t r i c i t y   and  the  heat   c r e a t e d   in  the  fuse  e lement   a r e  

made  from  the  l e s s   expens ive   meta l   copper .   This  r e s u l t s  

in  a  fuse  t h a t   by  and  l a r g e   behaves  l ike   a  fuse  with  t h e  

e n t i r e   fuse  conduc to r   made  of  s i l v e r .  



A  t y p i c a l   example  of  such  p r i o r   a r t   and  an  e x a m p l e  

which  is  a l so   the  c o n s t r u c t i o n   coming  c l o s e s t   to  t h e  

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

US  p a t e n t   2 , 7 8 1 , 4 3 4 .   With  a  knowledge  of  the  p r e s e n t  

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

r e s e m b l e s   the  p r e s e n t   i n v e n t i o n ,   but  a  c l o s e r   s tudy   w i l l  

r e v e a l   t h a t   t h i s   is  not  the  c a s e .  

For  i n s t a n c e ,   s a id   p a t e n t   d i s c l o s u r e  s a y s   ( c o l . 1 ,  

l i n e   24 `  p .p . )   "........and  which  are  n e v e r t h e l e s s   c a p a b l e  

of  l i m i t i n g   major  f a u l t   c u r r e n t s   at  l e a s t   to  the  s a m e  

e x t e n t   as  comparab le   fuses   hav ing   l i n k s   c o n s i s t i n g   e n t i r e l y  

of  s i l v e r . "  

Here  the  e x p r e s s i o n   "at  l e a s t "   might  appear   to  be  

a n t i c i p a t i n g   the  p r e s e n t   i n v e n t i o n ,   but  i t   becomes  

obvious   from  the  r e s t   of  the  d i s c l o s u r e   t h a t   t h i s   " a t  

l e a s t "   should   be  read  in  the  sense   of  "up  to"  b e c a u s e  

t h e r e   are  nowhere  e l se   in  the  p a t e n t   t ex t   the  s l i g h t e s t  

ment ion   of  any  p o s s i b l e   improvement  i  p e r f o r m a n c e .   Only  

.  the  economic  a d v a n t a g e s   are  d i s c l o s e d   and  c l a i m e d .  

Moreover ,   i t   is  c a u t i o u s l y   ment ioned   t h a t   even  i f  

the  arc  should   burn  i n to   the  copper   p a r t ,   i t   w i l l   n o t  

be  d e t r i m e n t a l   to  the  p e r f o r m a n c e .   For  i n s t a n c e   ( c o l . 3 ,  

l i n e   42  p . p . )   "The  s i l v e r   s t r i p   2  does  not  need  to  b e  

as  long  as  the  r e q u i r e d   b a c k - b u r n i n g   d i s t a n c e   of  t h e  

l ink . . . . . . . . " ,   and  ( l i n e   47  p . p . )   "For  r ea sons   of  economy 

the  l e n g t h   of  the  s i l v e r   s t r i p   2  ought  to  be  l e s s . . . . . . . . " .  

Thus  r e a d i n g   claim  7.  of  the  p r i o r   a r t   in  c o n n e c t i o n  

with  the  c i t a t i o n s   above  from  the  d i s c l o s u r e ,   the  c o n c l u -  

s ion   i s ,   t h a t   t h i s   c la im  is  added  to  be  sure  to  i n c l u d e  

the  most  economic  des ign   and  not  with  any  i dea   of  a  

d e l i b e r a t e  . p r e f e r e n c e   for   t h i s   v e r s i o n ,   ment ioned   a t  

the  very   l a s t ,   because   i t   might  i nvo lve   any  s p e c i f i c  

a d v a n t a g e   of  p e r f o r m a n c e .   This  i n d i c a t e s   t h a t   the  e f f e c t  

a c h i e v e d   by  a  fuse   a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n  

is  in  f a c t   an  u n e x p e c t e d   e f f e c t ,   t ha t   h i t h e r t o   h a s  

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

c la imed   in  any  p r i o r   a r t .  

In  c o n t r a s t   to  t h i s   i t   is  d i s c l o s e d   and  c l a i m e d  

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

can  be  r e a l i z e d .  



g i n a l   cases   t h a t   dec ide   how  high  a  c u r r e n t   r a t i n g  a n d  

how  high  a  v o l t a g e   r a t i n g   i t   is  p o s s i b l e   to  a s s i g n  

to  a  f u s e ,   and  i t   is  c l e a r l y   d e m o n s t r a t e d   tha t   a  f u s e  

a c c o r d i n g   to  the  i n v e n t i o n   can  be  a s s i g n e d   s i g n i f i c a n t l y  

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

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

For  b e t t e r   u n d e r s t a n d i n g   of  the  i n v e n t i o n   r e f e -  

rence   may  be  had  to  the  accompanying  d rawings ,   w h e r e i n :  

Fig  1.  is  a  p lane  view  of  a  fuse  c o n d u c t o r   in  one 

metal   and  a c c o r d i n g   t o  p r i o r   a r t .  

Fig  2.  i s  a   p lane   view  of  a  fuse  c o n d u c t o r   in  two 

m e t a l s   d e m o n s t r a t i n g   the  d i f f e r e n c e   between  p r i o r   a r t  

and  the  i n v e n t i o n .  

F i g . . 3 .   is  a  p lane  view  of  a  fuse  c o n d u c t o r   for   u s e  

at  a  h i g h e r   va lue   of  v o l t a g e .  

Fig  4.  is  a  p lane  view  of  a  fuse  c o n d u c t o r   a c c o r d i n g  

to  the  i n v e n t i o n ,   but  for   d i f f e r e n t   working  c o n d i t i o n s .  

Fig.   5.  is  a  d e t a i l   of  f i g .   4 .  

The  fuse   c o n d u c t o r   of  f i g .   1.  c o n s i s t s   o f  a   t h i n  

p l a t e   of  s i l v e r   i n t e n d e d   to  c a r r y   the  c u r r e n t   in  t h e  

d i r e c t i o n   c o i n c i d i n g   with  i t s   l a r g e s t   d imens ion .   A c r o s s  

t h i s   d i r e c t i o n   of  c u r r e n t   f low,   fuse  e lements   have  b e e n  

c r e a t e d   by  punch ing   open ings   in  the  c o n d u c t o r .   In  f i g .   1 .  

t h e r e   are  a  number  of  ho les   in  a  row,  namely  f o u r ,  t h e r e b y  

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

f i ve   fuse   e l e m e n t s   at  the  l o c a t i o n s   i n d i c a t e d   by  ( 1 ) ,  

and  t h i s   p a t t e r n   of  fuse  e l e m e n t s   is  r e p e a t e d   f ive   t i m e s  

along  the  l e n g t h   of  the  f u se ,   so  tha t   the  fuse  can  b e  

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

fuse  e l e m e n t .  

I t   is  a l so   pa r t   of  p r i o r   a r t   to  l e t   the  s e r i e s   o f  

open ings   a c r o s s   the  fuse   c o n d u c t o r   begin  w i t h  " h a l f "  

o p e n i n g s ,   t h a t   is  with  the  c e n t e r   of  the  opening   coming  

e s s e n t i a l l y   in  the  c o n t o u r   of  the  edge.  In  case  of  o n l y  

two  h a l f   open ings   we  have  the  e q u i v a l e n t   of  a  n o t c h e d  

fuse  c o n d u c t o r .   The  open ings   can  have  any  s u i t a b l e  

shape  b e s i d e s   the  s imple   c i r c u l a r   shape  shown,   and  i n  

s t e ad   of  open ings   i t   is  a l so   known  to  use  r e d u c t i o n s  

of  the  t h i c k n e s s   of  the  c o n d u c t o r   to  c o n s t i t u t e   t h e  

fuse  e l e m e n t ,  -   or  to  use  any  o the r   p r a c t i c a l   way 

of  p r o v i d i n g   r educed   c r o s s - s e c t i o n .  



By  a  d e s i g n   t ha t   impels   the  arc  to  burn  p r e d o m i n a n t l y  

between  copper   e l e c t r o d e s   in  s t ead   of  between  s i l v e r  

e l e c t r o d e s   s u p e r i o r   pe r fo rmance   is  a c h i e v e d .  

The  f a c t   t h a t   the  c o n d i t i o n s   p r e f e r r e d   a c c o r d i n g   t o  

the  i n v e n t i o n   p r e t t y   wel l   c o i n c i d e s   with  the  maximum 

sav ings   in  e x p e n s i v e   s i l v e r   is  an  i n c i d e n t a l ,   but  mos t  

wellcome  s u p p l e m e n t a r y   a d v a n t a g e .  

The  f a c t s   of  p h y s i c s   t ha t   makes  the  i n v e n t i o n   work  

are  a s s o c i a t e d   with  the  d e s i r e   for   the  h i g h e s t   p o s s i b l e  

arc  v o l t a g e   once  the  i n t e r r u p t i n g   arc  is  e s t a b l i s h e d .  

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

except   for   the  meta l   used  for   the  fuse  c o n d u c t o r ,   h a v e  

shown  t h a t   in  the  case  where  the  metal   is  copper ,   t h e  

arc  v o l t a g e   w i l l   reach  a  h i g h e r   v a l u e ,   reach  i t   e a r l i e r ,  

and  r e t a i n   i t   l o n g e r   than  in  the  case  where  the  meta l   i n  

the  fuse  c o n d u c t o r   is  s i l v e r .  

However,  the  obvious   s o l u t i o n   of  j u s t   u s ing   c o p p e r  

in  s t ead   of  s i l v e r   is  only  p o s s i b l e   in  the  cases   w h e r e  

the  only  duty  of  the  fuse   is  to  i n t e r r u p t   high  v a l u e s  

of  o v e r c u r r e n t .   I f   the  fuse  is  a lso   r e q u i r e d   to  c a r r y  

c u r r e n t   of  a  va lue   in  the  ne ighborhood   of  i t s   m a r g i n a l  

c u r r e n t   c a r r y i n g   c a p a c i t y   for   a  long  time,  the  t e m p e r a -  

ture   at  the  fuse   e lement   would  be  so  high  t ha t   i t   would  b e  

s u b j e c t   to  f a s t   d e t e r i o r a t i o n   due  to  p r o g r e s s i v e   o x y d i -  

z a t i o n   r e s u l t i n g   in  unwanted  o p e r a t i o n   of  the  f u s e .  

The  i n v e n t i o n   e x p l o r e s   p r i o r   a r t   in  the  l i g h t   o f  

t h i s   h i t h e r t o   u n n o t i c e d   advan tage   of  copper  by  l o c a t i n g  

the  t h e r m a l l y   h i g h l y   s t r e s s e d   fuse  element  in  the  p a r t  

made  of  s i l v e r ,   whi le   at  the  same  time  l o c a t i n g   t h e  

par t   made  of  copper   as  c lose   to  the  fuse  e lement   a s  

c o m p a t i b l e   w i t h   an  avo idance   of  the  tendency  to  b e  

s u b j e c t   to  p r o g r e s s i v e   o x y d i z a t i o n .  

Under  such  c i r c u m s t a n c e s   the  arc  wi l l   q u i c k l y   b u r n  

back  th rough   the  s i l v e r   and  come  to  the  copper  p a r t ,   and  

the  d e s i r e d   h igh  and  l a s t i n g   arc  vo l t age   w i l l   be  r e a l i z e d .  

I t   is  c l e a r   t ha t   the  f u l l   advantage  of  the  i n v e n t i o n  

is  only  o b t a i n e d   when  i t   is  needed,   namely  in  case  o f  

marg ina l   v a l u e s   of  the  system  v o l t a g e ,   where  i t  i s  

d e c i s i v e   for   a  s u c c e s s f u l   o p e r a t i o n   that   the  arc  v o l t a g e  

is  both  high  and  s u s t a i n e d .   However,  i t   is  those  man-  



The  fuse   conduc to r   shown  in  f i g .   2.  can  be  c o n c e i v e d  

as  s imply  a c c o r d i n g   to  p r i o r   a r t   as  d i s c l o s e d   in  US  p a t e n t  

2 , 7 8 1 , 4 3 4  ,   but  depending   on  the  d imens ions   s e l e c t e d   i t   . 

can  a l so   be  a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n .   F o r  

s i m p l i c i t y   i t   only  shows  the  fuse  e lements   (1)  f o rmed  

by  the  punching   of  c i r c u l a r   openings   (2)  in  the  p a r t  

made  of  s i l v e r   (3)  l o c a t e d   between  the  ou t e r   p a r t s   o f  

the  fuse  c o n d u c t o r   made  of  copper   (4) ,   but  s p e c i a l   a t - :  

t e n t i o n   should   be  d i r e c t e d   t o  t h e   l o c a t i o n   of  the  t r a n -  ,  

s i t i o n s   (5)  between  s i l v e r   and  c o p p e r .  

The  c r i t i c a l   d imension  d e f i n i n g   the  i n v e n t i o n   i s  .  

the  d i s t a n c e   between  the  c e n t e r   of  the  fuse  e l e m e n t s  

(1)  and  the  t r a n s i t i o n s   (5) ,   because   t h i s   d i s t a n c e   s h a l l  

be  long  enough  to  ensure  t ha t   the  t e m p e r a t u r e   of  any  p a r t  

of  copper   does  not  exceed  the  va lue   of  t e m p e r a t u r e   t h a t  

l eads   to  ha rmfu l   p r o g r e s s i v e   o x y d i z a t i o n ,   while  on  t h e  

o t h e r   hand,  the  amount  of  s i l v e r   l o c a t e d   in  between  m u s t  

burn  away  b e f o r e   the  arc  can  be  e s t a b l i s h e d   b e t w e e n  

f o o t - p o i n t s   on  c o p p e r .  

The  i n v e n t i o n   c e n t e r s   on  the  means  a v a i l a b l e   t o  

ach ieve   the  d e s i r a b l e ,   but  h i t h e r t o   u n n o t i c e d   e f f e c t  

r e s u l t i n g   from  an  ea r ly   t r a s i t i o n   of  the  arc  from  s i l v e r  

to  c o p p e r .  

As  the  flow  of  e l e c t r i c   c u r r e n t   and  the  flow  o f  

heat   in  a  meta l   to  a  g rea t   e x t e n t   c o i n c i d e s ,   the  o b j e c t  

of  des ign   must  be  to  achieve   the  r e d u c t i o n   of  c r o s s -  

s e c t i o n  i n   as  sho r t   a  d i s t a n c e   as  p r a c t i c a l .   An  i m -  

p o r t a n t   means  to  tha t   end  is  to  i n c r e a s e   the  n u m b e r  o f  

openings   in  a  given  width  of  c o n d u c t o r ,   t ha t   i s ,   t o  

have  many  smal l   openings  in  s t e ad   of  a  few  l a rge   o n e s ,  
and  to  l o c a t e   the  fuse  e lements   e s s e n t i a l l y   midway  i n  

between  the  t r a n s i t i o n   l i n e s   (5 ) .   F u r t h e r   improvements .  

can  be  a c h i e v e d   by  proper   d e v i a t i o n s   from  the  s i m p l e  

c i r c u l a r   form  in  va r ious   ways  g e n e r a l l y   known  to  t h e  

man  s k i l l e d   in  the  a r t .  

The  degree   to  which  t h i s   c r i t i c a l   d i s t a n c e   can  b e  

d i m i n i s h e d   a l so   depends  on  the  o p e r a t i n g   t e m p e r a t u r e   o f  

the  fuse  e l e m e n t .   The  most  u n f a v o r a b l e   case  is  tha t   o f  

the  t e m p e r a t u r e   of  the  fuse  e lement   being  almost   t h e  

m e l t i n g   po in t   of  s i l v e r .  



However,  o p e r a t i o n   t h a t   c l o se   to  the  m e l t i n g   p o r t  

is  not   a  n o r m a l l y   a d v i s a b l e   p r a c t i c e ,   and  t h e r e f o r e   i t  

is  more  u s u a l   to  a s s i g n   to  the  fuse  a  c e r t a i n . v a l u e   o f  

c u r r e n t ,   a  r a t e d   c u r r e n t ,   which  is  a  l i m i t i n g   va lue   u p  
to  which  l i m i t   the  m a n u f a c t u r e r   of  the  fuse  can  a s s u r e  

p r o p e r   o p e r a t i o n .   Such  l i m i t a t i o n s   a l lows  the  s a f e  

l o w e r i n g   of  the  l eng th   of  c u r r e n t   flow  in  the  s i l v e r  

and  t h e r e b y   i n c r e a s e s   the  b e n e f i t   of  the  i n v e n t i o n !  

The  fuse  conduc to r   shown  on  f i g .   3.  is  made  a c -  

c o r d i n g   to  the  i n v e n t i o n .   I t   shows  the  use  of  a  h i g h e r  

number  of  openings   with  i n t e r v e n i n g   fuse  e l emen t s   a c r o s s  

t h e   wid th   of  the  fuse  c o n d u c t o r   and  a l so   the  use  o f  

s e v e r a l   bands  of  fuse  e l emen t s   over  the  l e n g t h ,   m a k i n g  

i t   p o s s i b l e   to  des ign  the  fuse   fo r   any  d e s i r e d   v a l u e  

o f   v o l t a g e .  

The  fuse  conduc to r   shown  on  f i g .   4.  is  s i m i l a r   t o  

t h a t   of  f i g .  3 .   except   t ha t   the  l e n g t h   of  s i l v e r   i s  

shown  to  be  l e s s   than  the  d i a m e t e r   of  the  o p e n i n g s .   A 

d e t a i l   is  shown  e n l a r g e d   on  f i g .   5 .  

I t   should   be  ment ioned  t h a t   the  shown  use  of  two 

or  more  d i f f e r e n t   meta ls   in  the  fuse   c o n d u c t o r   does  n o t  

r e l a t e   to  the  use  of  the  s o - c a l l e d   M - e f f e c t ,   where  one  

meta l   at  a  c e r t a i n   t e m p e r a t u r e   forms  an  a l l o y   w i t h  

a n o t h e r   me ta l ,   the reby   a l t e r i n g   the  e l e c t r i c a l   a n d  

o t h e r   p h y s i c a l   p r o p e r t i e s   of  the  fuse  c o n d u c t o r .  

However,  t h e r e   is  no  r eason   why  t h i s   M - e f f e c t   c a n n o t  

be  c o p a t i b l e   with  and  used  in  c o m b i n a t i o n   with  a  f u s e  

c o n d u c t o r   a c c o r d i n g   to  the  i n v e n t i o n .  

So  f a r   the  i n v e n t i o n   has  been  e x p l a i n e d   only  on  t h e  

b a s i s   of  p r i o r   a r t ,   namely  the  use  of  compos i t e   f u s e  

c o n d u c t o r s   with  the  me ta l s   s i l v e r   and  copper ,   b u t  

s i m i l a r   a d v a n t a g e s   can  be  had  from  o t h e r   c o m b i n a t i o n s  

of  d i f f e r e n t   m e t a l s .  

Of  such  o the r   meta l s   s p e c i a l   mention  should   be  made 

of  a lumin ium.   In  c o n t r a s t   to  copper ,   a luminium  w i l l  

not  be  s u b j e c t   to  harmful   p r o g r e s s i v e   o x y d i z a t i o n   b e -  

cause   the  f i r s t   oxide  f i lm  formed  w i l l   be  m e c h a n i c a l l y  

s t r o n g   and  imperv ious   to  oxygen  and  t h e r e f o r e   p r o t e c t  

a g a i n s t   f u r t h e r   o x y d i z a t i o n .   This  imp l i e s   t h a t   in  c a s e  

a luminium  is  used  in  place  of  s i l v e r   and  t o g e t h e r   w i t h  



copper   as  e x p l a i n e d ,   the  fuse  e lement   car.  assume  a  t em-  

p e r a t u r e   even  above  the  m e l t i n g   poin t   of  a l u m i n i u m ,  t h e  

molten  aluminium  be ing   r e t a i n e d   w i th in   the  oxide  f i l m  

u n t i l   i t   b u r s t s .   However,  because   of  the  lower  t e m -  

p e r a t u r e   i t   can  be  used  with  l e s s   d i s t a n c e   to  the  c o p -  

per ,   and  because   aluminium  at  the  t e m p e r a t u r e   of  t h e  

arc  r e a c t s   with  q u a r t s ,   a  f r e q u e n t l y   used  component  o f  

the  porous  f i l l e r   of  the  fuse ,   the  bu rn -back   v e l o c i t y  

in  aluminium  w i l l   be  h i g h e r   than  for   s i l v e r .   Both  o f  

these   p r o p e r t i e s   lead  to  a  f a s t e r   t r a n s f e r   of  the  a r c  

f o o t - p o i n t s   to  copper   to  r e a l i z e   the  e f f e c t   a c c o r d i n g  

to  the  i n v e n t i o n .  

I t   is  a l so   f o r e s e e n   t h a t   for   s p e c i a l   a p p l i c a t i o n s  

i t   can  be  a d v a n t a g e o u s   to  use  the  combina t ion   of  s i l v e r  

with  a luminium  in  s t ead   of  copper ,   because  the  f a s t e r  

b u r n - b a c k   of  a luminium  w i l l   lead  to  a  f a s t   growth  o f  

arc  v o l t a g e   due  to  e l o n g a t i o n ,   while   the  more  p r e c i s e  

o p e r a t i o n   of  s i l v e r   in  the  opening   of  small   o v e r l o a d s  

w a r r a n t s   the  use  of  s i l v e r   for   the  l o c a t i o n   of  t h e  

fuse  e l e m e n t s .  

In  g e n e r a l   the  i n v e n t i o n   opens  the  p o s s i b i l i t y   t o  

e x p l o i t   many  more  combina t i ons   of  d i f f e r e n t   m e t a l s ,  

each  with  i t s   p a r t i c u l a r   a d v a n t a g e s   in  the  two  p a r t s  

of  the  b i - m e t a l l i c   fuse  c o n d u c t o r .   such  o t h e r   com- 

b i n a t i o n s   w i l l   occur  to  the  man  s k i l l e d   in  the  a r t  

when  the  d e s i r e d   s p e c i a l   p r o p e r t i e s   of  the  fuse  and  

i t s   o p e r a t i n g   c o n d i t i o n s   are  s p e c i f i e d .  



In  an  e n c l o s e d   fuse   with  a  porous  f i l l e r  t h e  

c o m b i n a t i o n   of  a  pa i r   of  t e r m i n a l s  m u t u a l l y   i n s u l a t e d  

excep t   for   one  or  more  m e t a l l i c   fuse  c o n d u c t o r s   c o m p r i -  

s ing  two  k inds   of  metal   so  a r r a n g e d   t ha t   the  c u r r e n t  

from  one  t e r m i n a l   to  the  o t h e r   w i l l   pass  s u c c e s s i v e l y  

and  a l t e r n a t e l y   t h rough   the  two  k i n d s  o f   me ta l ,   b e g i n -  

ning  and  ending   in  the  f i r s t   kind  of  meta l ,   the  s e c o n d  

meta l   hav ing   p ronounced   r e d u c t i o n s   in  c r o s s - s e c t i o n  

d e f i n i n g   one  or  more  fuse   e l e m e n t s ,   sa id   second  m e t a l  

be ing   p a r t i c u l a r l y   s u i t e d   to  w i t h s t a n d   for   a  long  t i m e  

a  t e m p e r a t u r e   at  a  fuse  e lement   near   the  m e l t i n g   p o i n t  

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

be ing   s e l e c t e d   to  p rov ide   f a v o r a b l e   c o n d i t i o n s   f o r  

c u r r e n t   i n t e r r u p t i o n   w i t h  t h e   arc  burn ing   b e t w e e n  

f o o t - p o i n t s  o n   p a r t s   of  s a id   f i r s t   m e t a l .  



2.  In  an  e n c l o s e d   fuse  with  a  porous  f i l l e r   t h e  

combina t ion   of  a  pa i r   of  t e r m i n a l s   mutua l ly   i n s u l a t e d  

except   for   one  or  more  m e t a l l i c   fuse  c o n d u c t o r s   c o m p r i -  

s ing  two  k inds   of  metal   so  a r r anged   tha t   the  c u r r e n t  

from  one  t e r m i n a l   to  the  o the r   w i l l   pass  s u c c e s s i v e l y  

and  a l t e r n a t i v e l y   th rough   the  two  kinds  of  m e t a l ,   b e g i n -  

ning  and  ending  in  the  f i r s t   kind  of  meta l ,   the  s e c o n d  '  

metal   hav ing   pronounced  r e d u c t i o n s   in  c r o s s - s e c t i o n  

d e f i n i n g   one  or  more  fuse   e l emen t s ,   said  second  m e t a l  

be ing   p a r t i c u l a r l y   s u i t e d   to  w i t h s t a n d   for  a  long  t i m e  

a  t e m p e r a t u r e   at  a  fuse  e lement   near  the  m e l t i n g   p o i n t  

wi thou t   s i g n i f i c a n t   d e t e r i o r a t i o n   and  said  f i r s t   m e t a l  

being  s e l e c t e d   to  p rov ide   f a v o r a b l e   c o n d i t i o n s   f o r  

c u r r e n t   i n t e r r u p t i o n   with  the  arc  burn ing   b e t w e e n  

f o o t - p o i n t s   on  sa id   f i r s t   me ta l ,   with  the  t r a n s i t i o n s  

between  the  f i r s t   and  the  second  metal   as  c lose   in  t h e  

d i r e c t i o n   of  c u r r e n t   flow  to  the  fuse  e lements   a s  

compa t ib l e   with  e s s e n t i a l l y   n o n - d e t e r i o r a t i o n   of  s a i d  

f i r s t   m e t a l .  



3.  In  an  e n c l o s e d   fuse  with  a  porous  f i l l e r   t h e  

c o m b i n a t i o n   of  a  pa i r   of  t e r m i n a l s   m u t u a l l y   i n s u l a t e d  

except   fo r   one  or  more  m e t a l l i c   fuse  c o n d u c t o r s   c o m p r i -  

s ing   two  k inds   of  meta l   so  a r r a n g e d   t ha t   the  c u r r e n t  

from  one  t e r m i n a l   to   the  o t h e r   w i l l   pass  s u c c e s s i v e l y  

and  a l t e r n a t i v e l y   th rough  the  two  kinds  of  me ta l ,   b e g i n -  

n ing  and  ending   in  the  f i r s t   kind  of  me ta l ,   the  s e c o n d  

meta l   hav ing   pronounced  r e d u c t i o n s   in  c r o s s - s e c t i o n  

d e f i n i n g   one  or  more  fuse   e l e m e n t s ,   sa id   second  m e t a l  

be ing   p a r t i c u l a r l y   s u i t e d   to  w i t h s t a n d   for   a  long  t i m e  

a  t e m p e r a t u r e   at  a  fuse  e lement   near   the  m e l t i n g   p o i n t  

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

be ing   s e l e c t e d   to  p rov ide   f a v o r a b l e   c o n d i t i o n s   f o r  

c u r r e n t   i n t e r r u p t i o n   with  the  arc  bu rn ing   b e t w e e n  

f o o t - p o i n t s   on  sa id   f i r s t   m e t a l ,   with  the  t r a n s i t i o n s  

between  the  f i r s t   and  the  second  meta l   as  c l o s e   i n  t h e  

d i r e c t i o n  o f   c u r r e n t   flow  to  the  fuse  e l emen t s   a s  

c o m p a t i b l e   wi th   e s s e n t i a l l y   n o n - d e t e r i o r a t i o n   of  s a i d  

f i r s t   meta l   when  the  fuse  o p e r a t e s   for   a  long  time  a t  

or  below  i t s   r a t e d   c u r r e n t .  



4.  In  an  e n c l o s e d   fuse  with  a  porous  f i l l e r   t h e  

c o m b i n a t i o n   of  a  pa i r   of  t e r m i n a l s   mutua l ly   i n s u l a t e d  

excep t   fo r   one  or  more  m e t a l l i c   fuse  conduc to r s   c o m p r i -  

s i n g p a r t s   of  copper   and  s i l v e r   so  a r ranged   t ha t   t h e  

c u r r e n t   from  one  t e r m i n a l   to  the  o the r   w i l l   pass  s u c -  

c e s s i v e l y   and  a l t e r n a t i v e l y   th rough   copper  and  s i l v e r ,  

b e g i n n i n g   and  ending  in  c o p p e r ,  w i t h   the  s i l v e r   h a v i n g  

pronounced   r e d u c t i o n s   in  c r o s s - s e c t i o n   d e f i n i n g   one  o r  

more  fuse   e l emen t s   and  with  the  t r a n s i t i o n s   b e t w e e n  

copper   and  s i l v e r   as  c lose   in  the  d i r e c t i o n   of  c u r r e n t  

flow  to  the  fuse   e l ements   as  compa t ib l e   with  e s s e n t i a l l y  

n o n - d e t e r i o r a t i o n   of  the  copper   even  with  the  f u s e  

e l e m e n t s o p e r a t i n g   for   a  long  time  at  a  t e m p e r a t u r e  

near   the  m e l t i n g   po in t   of  s i l v e r .  



δ•  In  an  e n c l o s e d   fuse  with  a  porous  f i l l e r   t h e  

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

excep t   for   one  or  more  m e t a l l i c   fuse  c o n d u c t o r s   c o m p r i -  

s ing   p a r t s   of  c o p p e r  a n d   s i l v e r   so  a r r anged   t h a t   t h e  

c u r r e n t   from  one  t e r m i n a l   to  the  o t h e r   w i l l   pass  s u c -  

c e s s i v e l y   and  a l t e r n a t i v e l y   t h rough   copper  and  s i l v e r ,  

b e g i n n i n g   and  ending   in  copper ,   with  the  s i l v e r   h a v i n g  

pronounced  r e d u c t i o n s   in  c r o s s - s e c t i o n   d e f i n i n g   one  o r  

more  fuse  e l emen t s   and  with  the  t r a n s i t i o n s   b e t w e e n  

copper   and  s i l v e r   so  c lose   in  the  d i r e c t i o n   of  c u r r e n t  

flow  to  the  fuse   e l ements   t h a t   a  s u b s t a n t i a l   pa r t   o f  

the  a r c i n g   time  w i l l   be  with  the  arc  bu rn ing   from  c o p -  

per  to  copper   when  the  fuse   o p e r a t e s   under  the  m o s t  

severe   c o n d i t i o n s   d e f i n e d   by  i t s   r a t i n g ,   yet   far   e n o u g h  

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

the  copper   when  the  fuse  o p e r a t e s   for   a  long  time  at  o r  

below  i t s   r a t e d   c u r r e n t .  



6.  In  an  e n c l o s e d   fuse  with  a  porous  f i l l e r   t h e  

c o m b i n a t i o n  o f  a  p a i r   of  t e r m i n a l s   mu tua l ly   i n s u l a t e d  

except   for   one  or  more  m e t a l l i c   fuse   c o n d u c t o r s   c o m p r i -  

sing  p a r t s   of  copper   and  aluminium  so  a r r anged   t ha t   t h e  

c u r r e n t   from  one  t e r m i n a l   to  the  o the r   w i l l   pass  s u c -  

c e s s i v e l y   and  a l t e r n a t i v e l y   through  copper  and  a l u m i n i u m  

b e g i n n i n g   and  ending  in  c o p p e r ,  w i t h   the  aluminium  h a v i n g  

pronounced  r e d u c t i o n s   in  c r o s s - s e c t i o n   d e f i n i n g  o n e   o r  

more  fuse  e l emen t s   and  with  the  t r a n s i t i o n s   b e t w e e n  

copper   and  a luminium  as  c lose   in  the  d i r e c t i o n   of  c u r r e n t  

f l o v   to  the  fuse   e lements   as  c o m p a t i b l e   with  e s s e n t i a l l y  

n o n - d e t e r i o r a t i o n   of  the  copper  even  with  the  f u s e  

e lements   o p e r a t i n g   for  a  long  time  at  a  t e m p e r a t u r e  

around  the  m e l t i n g   po in t   of  a l u m i n i u m .  



7.  In  an  e n c l o s e d   fuse  with  a  porous  f i l l e r   t h e  

c o m b i n a t i o n   of  a  p a i r   of  t e r m i n a l s   mu tua l ly   i n s u l a t e d  

excep t   for   one  or  more  m e t a l l i c   fuse  c o n d u c t o r s . c o m p r i -  

s ing   p a r t s   of  copper   and  a luminium  s o  a r r a n g e d   t h a t   t h e  

c u r r e n t   from  one  t e r m i n a l   to  the  o the r   w i l l   pass  s u c -  

c e s s i v e l y   and  a l t e r n a t i v e l y   th rough   copper  and  a l u m i n i u m ,  

b e g i n n i n g   and  ending  in  copper ,   with  the  s i l v e r   h a v i n g  

pronounced  r e d u c t i o n s   in  c r o s s - s e c t i o n   d e f i n i n g   one  o r  

more  fuse  e l e m e n t s   and  with  the  t r a n s i t i o n s   b e t w e e n  

copper   and  a luminium  so  c l o se   in  t h e  d i r e c t i o n   of  c u r r e n t  

f l o w   to  the  fuse   e lements   t h a t   the  amount  of  a l u n i n i u m  

in  the  fuse  becomes  a  minimum  c o m p a t i b l e  w i t h   e s s e n t i a l l y  

n o n - d e t e r i o r a t i o n   of  the  copper   when  the  fuse  o p e r a t e s  

for   a  long  time  at  or  below  i t s   r a t e d   c u r r e n t .  
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