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©  An  electrical  interruption  device  [10]  is  disclosed 
in  which  a  space  efficient  spiral  spring  [28]  activates 
current  interruption.  The  spring  [28]  is  characterized 
by  coils  which  wind  continuously  about  and  ap- 
proach  a  central  axis,  with  successive  coils  of  the 
spring  [28]  having  reduced  radius  to  pass  axially 
through  the  center  of  an  outwardly  adjacent  coil.  The 
spring  [28]  may  further  be  made  to  assume  a  flat 
condition  with  the  spring  coils  [50]  lying  flat,  nesting 
interposed  between  adjacent  coils.  Advantageously, 
the  spiral  spring  [28]  is  conical  in  shape  and  is 
tensioned  in  a  reverse  loaded  configuration  wherein 
the  coils  of  one  end  of  the  spring  are  pulled  axially 
inward,  through  and  past  the  coils  of  other  end. 
Preferably  the  reverse  loaded  conical  spring  [28] 
forms  part  of  a  thermally  sensitive  device  which 
includes  a  housing  [26]  having  disposed  therein  a 
plunger  [30]  which  is  in  a  biased  relationship  with 
the  spring  [28].  The  plunger  [30]  extends  beyond  the 
housing  [26]  to  provide  electrical  communication 
with  the  remainder  of  the  electric  circuit,  and  is  held 
in  place  against  the  force  of  the  spring  by  a  meltable 
solder  [54,56].  On  a  predetermined  condition  caus- 
ing  the  solder  [54,56]  to  melt,  the  plunger  [30]  is 
released,  whereby  it  is  moved  by  the  force  of  the 

spring  [28]  into  the  housing  [26]  and  out  of  electric 
communication  with  the  remainder  of  the  electric 
circuit. 
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Scope  of  the  Invention 

This  invention  relates  to  electrical  interruption 
devices  and  more  particularly  to  an  electrical  fuse 
which  is  designed  to  de-energize  an  electric  circuit 
after  either  a  predetermined  interval  of  a  sustained 
overload  current,  or  almost  immediately  under  a 
given  high  over  current,  as  for  example  occurs 
during  short  circuit  conditions. 

Background  of  the  Invention 

Fuses  for  protecting  electrical  circuits  are  well 
known.  Typically  known  fuses  include  an  insulating 
tube  or  casing  which  may  be  made  of  non-conduc- 
tive  material,  such  as  glass,  ceramic  or  the  like. 
Each  of  the  opposite  ends  of  the  tube  are  closed 
by  a  pair  of  electrically  conductive  end  terminals. 
An  electrically  conductive  element  is  provided  with- 
in  the  tube,  connecting  each  of  the  terminals  to 
allow  the  current  to  pass  therebetween. 

In  a  conventional  short  circuit  fuse,  the  conduc- 
tive  element  is  provided  with  one  or  more  constric- 
tions  which  overheat  and  melt  almost  immediately 
during  a  time  of  a  short  circuit,  producing  a  high 
peak  reverse  voltage.  Conventional  fuses  are  disad- 
vantageous  in  that  the  gap  formed  by  the  melting 
of  the  metal  at  the  constriction  during  overloads 
may  not  be  sufficiently  large  to  eliminate  the  arcing 
of  current  thereacross. 

In  prior  art  dual  element  fuses,  such  as  time 
delay  or  thermally  sensitive  fuses,  an  overload  pro- 
tection  device  is  provided  within  the  tube  serially 
connected  with  the  electric  conductive  element. 
The  simplest  type  of  overload  protection  device 
comprises  a  metal  spring  held  in  tension  within  the 
fuse  with  one  end  secured  to  a  first  end  terminal, 
and  the  other  opposite  end  connected  by  a  heat 
meltable  solder  to  an  end  of  the  electric  conductive 
element.  Under  prolonged  overload  conditions,  heat 
generated  by  the  current  flow,  heats  the  solder  to  a 
temperature  where  it  melts  allowing  the  spring  to 
pull  away  from  the  conductive  element  by  its  col- 
lapse.  The  collapse  of  the  spring  away  from  the 
electric  conductive  element  produces  a  sufficient 
gap  in  the  current  path  to  break  the  electric  circuit. 

A  second  type  of  known  overload  protection 
device  is  formed  as  a  preassembly  of  various 
parts,  which  is  inserted  in  series  with  the  conduc- 
tive  element.  Known  preassemblies  typically  in- 
clude  a  cylindrical  housing  having  disposed  therein 
a  plunger  in  a  biased  relationship  with  a  com- 
pressed  or  extended  helical  spring.  The  plunger 
extends  through  and  beyond  one  end  of  the  hous- 
ing  to  engage  the  conductive  element.  The  spring 
provides  a  force  against  the  plunger  member  in  a 
direction  away  from  the  conductive  element,  toward 
re-entry  into  the  housing.  A  meltable  solder  joint  is 

used  to  electrically  connect  the  end  of  the  plunger 
to  the  electric  conductive  element,  thereby  prevent- 
ing  the  return  of  the  plunger  into  the  housing  under 
the  force  of  the  spring. 

5  Upon  prolonged  overload  conditions  within  the 
protective  circuit,  heat  generated  by  a  sustained 
overload  current  flow  through  the  preassembly  and 
electric  conductive  element  causes  the  solder  joint 
to  melt.  Once  the  solder  melts,  the  plunger  mem- 

io  ber  is  drawn  away  from  the  electric  conductive 
element  under  the  force  of  the  untensioning  spring. 

One  disadvantage  of  most  known  overload  pro- 
tection  devices  is  that  when  positioned  within  a 
fuse  with  filler  material,  the  filler  material  must  be 

75  kept  from  interfering  with  the  operation  of  the  pro- 
tection  device.  Typically,  this  is  accomplished  by 
providing  dividers  to  separate  the  overload  protec- 
tion  devices  as  by  forming  a  separate  chamber. 

Another  disadvantage  with  fuses  incorporating 
20  most  known  overload  protection  devices  is  that 

they  are  comparatively  large,  and  are  therefore 
unsuitable  for  use  in  smaller  electrical  circuits  and 
the  like. 

In  many  fuse  applications,  the  fuse  must  be  of 
25  a  particular  exterior  dimension.  The  fuses  contain  a 

number  of  components  to  be  received  within  the 
fuse,  frequently  in  axial  alignment.  A  disadvantage 
of  many  fuses  is  that  their  individual  components 
are  too  large  to  permit  advantageous  spacing  of 

30  the  components  or  the  inclusion  of  additional  com- 
ponents.  In  particular,  comparatively  large  sizing  of 
known  fuses  is  required  to  ensure  that  on  overload 
activation  of  the  fuse  there  is  provided  a  sufficient 
gap  in  the  current  path  to  eliminate  arcing  of  cur- 

35  rent  between  the  overload  protective  device  and 
the  conductive  element.  The  fuse  must  be  manu- 
factured  at  least  as  long  as  the  length  of  the  gap 
required  to  break  the  flow  of  electricity  taken  to- 
gether  with  the  length  of  the  helical  spring  when 

40  compressed. 
A  further  factor  attributing  to  the  large  size  of 

know  time  delay  fuses  is  that  comparatively  large 
springs  are  used  to  ensure  there  is  sufficient  force 
to  rapidly  and  fully  move  the  plunger  away  from 

45  the  conductive  element  on  melting  of  the  solder 
joint. 

Summary  of  the  Invention 

50  Accordingly,  it  is  an  object  of  the  invention  to 
at  least  partially  overcome  the  disadvantages  of 
known  prior  art  fuses  by  providing  a  fuse  for  either 
short  circuit  or  overload  protection  which  incor- 
porates  an  electrical  interruption  device  in  which  a 

55  space  efficient  spiral  spring  activates  current  in- 
terruption. 

It  is  a  further  object  of  the  invention  to  provide 
an  overload  protection  device  which  incorporates  in 
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a  preassembly,  a  relatively  small  spring  which  ex- 
erts  a  similar  or  greater  force  against  a  plunger  as 
a  conventional  compressed  or  extended  helical 
spring  having  a  greater  length. 

It  is  another  object  of  the  invention  to  provide  a 
fuse  which  incorporates  an  overload  protection  de- 
vice  and  which  does  not  require  a  separate  cham- 
ber  to  keep  filler  material  from  interfering  with  the 
operation  of  the  protection  device. 

The  electrical  interruption  device  of  the  present 
invention  comprises  a  spiral  spring  having  coils 
which  wind  continuously  about  and  constantly  ap- 
proaching  a  central  axis.  The  successive  coils  of 
the  spring  have  sufficiently  reduced  radius  to  pass 
axially  through  the  center  of  immediately  outward 
adjacent  coils.  The  spring  comprises  a  large  diam- 
eter  first  end  coil  which  spirals  inwardly  to  a  rela- 
tively  small  diameter  second  other  end  coil.  The 
curvature  of  spiral  of  the  coils  being  such  that  the 
spring  may  assume  a  flat  condition  with  the  coils 
lying  coplanar,  nesting  interposed  between  adja- 
cent  coils.  Preferably,  when  unbiased  the  coils  of 
spiral  spring  have  an  inherent  tendency  to  assume 
either  a  flattened  position  where  the  first  end  coil  is 
axially  aligned  with  the  second  end  coil  or  a  gen- 
erally  conical  position  where  the  first  end  coil  is 
axially  spaced  from  the  second  end  coil. 

Preferably,  the  spiral  coil  spring  for  use  with 
the  present  invention  is  a  conical  spring  which  is 
reverse  loaded.  By  reverse  loaded  it  is  meant  that 
one  end  portion  of  the  spring  is  moved  inwardly 
and  pulled  through  and  past  the  second  other  end 
portion. 

In  a  preferred  embodiment,  the  present  inven- 
tion  provides  circuit  protection  device  for  interrupt- 
ing  an  electric  current.  The  protection  device  com- 
prises,  a  spiral  spring  held  in  tension  extended  in  a 
first  direction  by  a  meltable  junction,  wherein  under 
a  predetermined  current/time  condition,  the  melt- 
able  junction  melts  to  allow  the  collapse  of  the 
spring  and  break  the  path  of  the  electric  current. 

Preferably  the  circuit  protection  device  is 
formed  as  a  preassembled  grouping  of  compo- 
nents,  and  is  used  for  interrupting  a  sustained 
moderate  overload  current. 

In  another  embodiment,  the  present  invention 
provides  in  a  fuse  having  an  insulating  tube  sealed 
by  terminals,  a  conductive  spiral  spring  provided  in 
electrical  communication  in  between  the  terminals, 
wherein  the  current  path  is  along  the  conductive 
spring.  The  spring  is  secured  between  each  of  the 
terminals  in  a  loaded  position  by  a  coupling  mem- 
ber,  such  as  a  solder  joint  or  a  fusible  constriction. 
On  a  predetermined  over  current,  the  coupling 
member  is  caused  to  release  the  spring  to  allow  its 
collapse,  breaking  the  current  path. 

In  a  further  embodiment,  the  electric  fuse  of 
the  present  invention  comprises  a  tube  of  non- 

conducting  material.  Preferably,  separate  means  for 
interrupting  major  fault  currents  and  for  interrupting 
overload  currents  are  serially  connected  to  each 
other  in  the  tube.  The  means  for  interrupting  major 

5  fault  currents  includes  a  fusible  element  of  sheet 
metal  having  at  least  one  perforation  or  point  of 
reduced  cross-section.  A  pulverulent  arc-quenching 
filler  is  provided  inside  the  tube.  The  means  for 
interrupting  overload  currents  includes  a  conductive 

io  housing  and  a  plunger,  wherein  the  housing  has 
first  and  second  ends  and  defines  an  opening  at 
the  first  end  and  a  shoulder  at  the  second  end.  The 
plunger  is  arranged  inside  the  housing  in  a  coaxial 
relation  with  a  spring  and  projects  from  the  first 

is  end,  with  the  outer-most  end  of  the  plunger  con- 
nected  by  a  solder  joint  to  an  end  of  the  fusible 
element  which  is  remote  from  a  first  one  of  said 
terminal  caps.  The  solder  joint  restrains  the  plunger 
from  movement  through  the  opening  as  a  result  of 

20  the  plunger  being  biased  away  from  the  first  termi- 
nal  cap  by  a  spiral  spring.  Preferably,  the  spiral 
spring  is  formed  as  a  coiled  spring  having  a  rela- 
tively  large  diameter  first  end  portion  and  a  rela- 
tively  small  diameter  second  end  portion.  The  coils 

25  of  the  spring  are  configured  so  they  may  be  placed 
in  a  coplanar  configuration,  with  individual  coils 
nesting  interposed  between  adjacent  coils.  When 
unbiased  the  coils  of  said  spring  spread  out  with 
said  second  end  portion  of  the  spring  extending 

30  relative  to  the  first  end  portion  towards  the  second 
one  of  said  terminal  caps.  The  spring  is  preferably 
reverse  loaded  in  an  extended  position  whereby 
the  second  end  portion  of  the  spring  is  pulled 
axially  inwardly  past  the  first  end  portion,  toward 

35  the  first  end  cap.  The  spring  is  held  in  the  reverse 
loaded  position  with  first  end  portion  of  the  spring 
abutting  the  shoulder  and  said  second  end  portion 
of  the  spring  abutting  a  flange  formed  by  the 
plunger. 

40  Accordingly,  in  one  aspect  the  present  inven- 
tion  resides  in  an  electrical  interruption  device  to 
interrupt  current  flow  therethrough  on  a  predeter- 
mined  condition  occurring,  the  device  comprising, 
spiral  spring  means  having  coils  winding  continu- 

45  ously  about  and  constantly  approaching  a  central 
axis,  with  successive  coils  having  sufficiently  re- 
duced  radius  to  pass  axially  through  the  center  of 
an  immediately  outward  adjacent  coil,  the  spring 
means  having  a  first  end  portion  and  a  second  end 

50  portion,  the  spring  means  having  an  inherent  ten- 
dency  to  assume  an  unbiased  first  position,  the 
spring  means  being  axially  deformable  from  the 
unbiased  first  position  to  a  second  loaded  position 
by  drawing  said  second  end  portion  along  the  axis 

55  relative  to  said  first  end  portion,  holding  means  for 
engaging  the  first  and  second  end  portions  to  re- 
tain  the  spring  means  in  the  second  loaded  posi- 
tion,  said  holding  means  comprising  coupling 
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means  releasably  securing  the  second  end  portion, 
wherein  on  said  predetermined  condition  occurring 
said  coupling  means  releases  said  second  end 
portion  to  permit  said  spring  means  to  move  to- 
wards  said  unbiased  first  position,  said  spring 
means  in  moving  towards  said  unbiased  first  posi- 
tion  actuating  interruption  of  the  current  flow. 

In  another  aspect,  the  present  invention  resides 
in  an  electric  fuse  comprising  a  tube  of  non-con- 
ducting  material  closed  at  both  ends  by  a  pair  of 
terminals;  separate  means  for  interrupting  major 
fault  currents  and  means  for  interrupting  overload 
currents  serially  connected  to  each  other  in  said 
tube;  said  means  for  interrupting  major  fault  cur- 
rents  including  a  fusible  element,  and  said  means 
for  interrupting  overload  currents  including,  a  hous- 
ing  having  a  first  and  a  second  end,  and  defining  a 
cavity  having  an  opening  at  the  first  end,  a  plunger 
having  an  interior  end  and  an  exterior  end,  and 
spring  means,  the  plunger  and  spring  means  ax- 
ially  aligned  within  said  cavity,  said  spring  means 
comprising  a  substantially  conical  spiral  spring  hav- 
ing  coils  winding  continuously  about  and  constantly 
approaching  a  central  axis,  with  successive  coils 
having  sufficiently  reduced  radius  to  pass  axially 
through  the  center  of  an  immediately  outward  adja- 
cent  coil,  the  conical  spring  having  a  relatively 
large  diameter  first  end  portion  and  an  axially 
spaced  relatively  small  diameter  second  end  por- 
tion,  the  conical  spring  having  an  inherent  tendency 
to  assume  an  unbiased  first  position,  said  conical 
spring  being  axially  deformable  from  the  unbiased 
first  position  to  a  second  reverse  loaded  position 
by  drawing  the  second  end  portion  along  the  axis 
past  the  first  end  portion,  said  interior  end  of  said 
plunger  secured  to  the  second  end  of  the  spring 
means  within  the  cavity  with  the  exterior  end  of  the 
plunger  projecting  out  from  said  first  end  opening 
and  releasably  secured  by  coupling  means  with  an 
end  of  said  fusible  element  in  electrical  connection 
therewith,  the  coupling  means  comprising  a  first 
low  temperature  solder  mass  having  a  predeter- 
mined  melting  temperature,  the  first  solder  mass 
restraining  the  plunger  from  movement  at  tempera- 
tures  of  the  solder  mass  below  said  predetermined 
temperature,  said  conical  spring  loaded  in  said 
second  position  with  said  first  end  portion  secured 
to  said  housing  spaced  from  the  first  end  opening 
and  said  exterior  end  of  the  plunger  secured  to  the 
end  of  the  fusible  element,  wherein  on  the  coupling 
means  releasing  the  plunger  the  spring  draws  the 
plunger  further  into  the  cavity  away  from  said  end 
of  said  fusible  element  a  distance  sufficient  to 
substantially  interrupt  the  flow  of  current  between 
said  first  and  second  terminal  caps. 

Brief  Description  of  the  Drawings 

Further  objects  and  advantages  of  the  invention 
will  appear  from  the  following  description  taken 

5  together  with  the  accompanying  drawings  in  which: 
Figure  1  is  a  cut-away  pictorial  view  of  a  dual 
element  fuse  according  to  the  present  invention; 
Figure  2  is  an  exploded  view  of  a  preferred 
thermally  sensitive  overload  preassembly  ac- 

io  cording  to  the  present  invention; 
Figure  3  is  a  cross-sectional  view  of  a  preferred 
thermally  sensitive  overload  protection  device  of 
Figure  2  when  closed; 
Figure  4  is  a  cross-sectional  view  of  a  preferred 

is  thermally  sensitive  overload  protection  device  of 
Figure  2  when  open; 
Figure  5  is  a  perspective  side  view  of  a  pre- 
ferred  spring  for  use  with  the  thermally  sensitive 
overload  protection  device  of  Figure  2; 

20  Figure  6  is  a  plan  view  of  the  spring  of  Figure  5 
with  the  coils  lying  in  a  coplanar  orientation; 
Figure  7  is  a  cross-sectional  view  of  the  spring 
of  Figure  6  taken  along  line  6-6'; 
Figure  8  is  a  perspective  side  view  of  a  further 

25  spring  for  use  with  the  thermally  sensitive  over- 
load  protection  device  of  Figure  2;  and 
Figures  9  and  10  are  partial  perspective  views  of 
preferred  thermally  sensitive  overload  protection 
devices  in  series  communication  with  electric 

30  conductive  elements  for  short  circuit  protection, 
for  use  in  the  fuse  of  Figure  1  . 

Detailed  Description 

35  Reference  is  now  made  to  Figure  1,  which 
shows  a  fuse  10  which  includes  an  electrically 
insulative  tube  12  closed  at  each  end  thereof  by 
conductive  metal  terminal  caps  14,16.  Housed  with- 
in  the  insulative  tube  12  are  fusible  elements  18,20 

40  and  an  overload  protection  device  or  preassembly 
22.  The  fusible  elements  18,20  and  overload  preas- 
sembly  22  connected  in  series,  providing  a  con- 
ductive  path  for  electric  communication  between 
terminal  cap  14  and  terminal  cap  16. 

45  Pulverulent  arc-quenching  material  24,  such  as 
silica  sand  with  or  without  a  binder  or  fine  calcium 
sulfate  powders,  is  provided  within  the  tube  12 
about  the  fusible  elements  18,20  and  overload 
preassembly  22. 

50  Figure  2  shows  the  overload  preassembly  22 
comprising  conductive  copper  barrel-shaped  hous- 
ing  26,  stainless  steel  spiral  coil  spring  28,  conduc- 
tive  copper  plunger  30  and  conductive  copper  back 
plate  32. 

55  The  casing  26  defines  a  hollow  cavity  34  hav- 
ing  first  and  second  end  openings  36,38.  A  circum- 
ferential  shoulder  40  is  formed  about  an  inside 
surface  of  casing  26,  adjacent  the  second  end 

4 
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opening  38. 
The  coil  spring  28  and  plunger  30  are  axially 

aligned  within  cavity  34.  Figure  5  shows  the  spring 
28  in  an  unbiased  position  as  preferably  generally 
conical  in  shape,  having  a  relatively  large  diameter 
first  end  portion  44,  which  spirals  inwardly  in  an  arc 
of  continuously  decreasing  radius  to  a  relatively 
small  diameter  second  end  portion  46. 

The  outer-most  diameter  of  the  first  end  portion 
44  is  selected  small  enough  to  allow  insertion  of 
the  spring  28  into  the  cavity  34  through  second 
end  opening  38,  but  large  enough  to  result  in  the 
abutting  engagement  of  the  end  portion  44  against 
shoulder  40.  Figures  6  and  7  show  the  spring  28  in 
a  flattened  state,  wherein  each  of  the  individual 
coils  50a,50b,50c  are  configured  to  lie  coplanar.  As 
is  apparent,  the  radius  of  the  coils  decreases  to- 
ward  the  second  end  portion  46  in  an  amount 
sufficient  to  allow  the  nesting  of  the  individual  coils 
50b  between  adjacent  coils  50a,50c,  such  that  suc- 
cessive  inwardly  displaced  coils  50a,50b  have  a 
sufficiently  reduced  radius  to  pass  axially  through 
the  center  of  an  immediately  outward  adjacent  coil 
50b,50c,  respectively. 

The  assembly  of  preassembly  22  may  best  be 
described  with  reference  to  Figure  2,  which  shows 
the  spring  in  the  unbiased  position,  and  Figure  3 
which  shows  the  assembled  preassembly  22,  with 
the  spring  28  in  a  tensioned  reverse  loaded  con- 
figuration.  As  seen  best  in  Figure  2,  the  unbiased 
spring  28  is  positioned  in  the  cavity  34,  with  the 
first  end  portion  44  abutting  shoulder  40,  and  the 
second  end  portion  46  of  the  spring  28  extending 
away  from  the  first  end  opening  36. 

The  plunger  30  is  axially  aligned  with  the 
spring  28  and  inserted  into  the  cavity  34  through 
the  second  end  opening  38. 

On  insertion,  the  plunger  30  is  passed  through 
the  second  end  portion  46  of  spring  28,  with  a 
retaining  flange  52  formed  on  the  plunger  30  en- 
gaging  the  coils  of  second  end  portion  46.  The 
plunger  30  is  pushed  from  its  flange  52  end 
through  the  spring  28  to  deform  the  spring  28  to 
the  reverse  loaded  configuration,  wherein  the 
smaller  diameter  coils  of  the  second  end  portion  46 
are  moved  inwardly  through  and  past  the  larger 
diameter  coils  of  the  first  end  portion  44,  so  as  to 
extend  towards  the  first  end  opening  36,  as  seen  in 
Figure  3.  The  spring  28  in  the  reverse  loaded 
position  is  under  tension  and  tends  to  return  to  its 
unbiased  position. 

The  length  of  the  plunger  30  is  selected  such 
that  when  received  within  the  cavity  34,  the  first 
end  of  the  plunger  30  passes  through  the  spring  28 
and  extends  outwardly  through  first  end  opening 
36,  beyond  the  housing  26.  The  plunger  30  prefer- 
ably  tapers  marginally  outward  from  its  outwardly 
extending  end  towards  the  inner  end  and  flange  52. 

The  sizing  of  the  plunger  30  is  selected  to  permit 
substantially  unhindered  movement  of  the  plunger 
30  inwardly  into  the  chamber  34,  through  the  open- 
ing  36. 

5  Low  temperature  solder  masses  54,56,  prefer- 
ably  eutectic  solder  having  a  fixed  melting  point  of 
generally  less  than  200°C,  are  applied  to  the  preas- 
sembly  22.  Solder  masses  54,56  act  to  secure  the 
plunger  30  and  casing  26  and  the  plunger  30  and 

io  fusible  element  20,  respectively,  to  restrain  the 
plunger  30  from  movement  further  into  the  cham- 
ber  34  and  prevent  the  return  of  spring  28  toward 
its  unbiased  position.  If  desired,  solder  mass  54 
may  be  first  applied  about  the  plunger  30  to  sub- 

15  stantially  seal  the  first  end  opening  36.  The  provi- 
sion  of  solder  mass  54  sealing  the  first  end  open- 
ing  36  is  advantageous  in  that  it  minimizes  the 
likelihood  of  the  pulverulent  material  24  interfering 
with  the  sliding  of  the  plunger  30  on  activation  of 

20  the  preassembly  22. 
As  is  to  be  appreciated,  the  melting  tempera- 

ture  of  each  solder  mass  54,56  are  selected  as 
predetermined  temperatures  and  preferably  are 
substantially  the  same. 

25  Back  plate  32  is  secured  over  the  second  end 
opening  38,  preferably  initially  by  crimping,  to  sub- 
stantially  seal  opening  38  and  prevent  the  arc- 
quenching  pulverulent  material  24  from  entering 
the  cavity  34  therethrough  and  interfering  with  the 

30  operation  of  preassembly  22.  Later  a  high  tempera- 
ture  solder  58  is  provided  to  further  secure  the 
back  plate  32  in  place.  By  high  temperature  solder, 
it  is  generally  meant  that  solder  mass  58  has  a 
higher  melting  temperature  relative  to  solder 

35  masses  54,56,  preferably  higher  than  200°C. 
In  assembly,  the  solder  54  preferably  achieves 

both  mechanical  and  electrical  purposes.  Mechani- 
cally,  below  its  melting  temperature  solder  mass  54 
retains  spring  28  in  the  reverse  loaded  position  by 

40  restricting  movement  of  plunger  30.  Once  the  melt- 
ing  temperature  is  reached  solder  54  melts  in  con- 
junction  with  solder  56,  to  permit  the  return  of  the 
spring  28  to  an  untensioned  state.  Electrically,  the 
solder  mass  54  provides  a  good  electrical  connec- 

45  tion  and  current  path  between  the  housing  26  and 
plunger  30. 

As  seen  best  in  Figures  3  and  4,  the  preferred 
preassembly  22  includes  an  electrically  insulative 
sleeve,  preferably  comprised  of  silicone  66  (or- 

50  ganosilicon  oxide  polymers  having  the  general  for- 
mula  -R2Si  -0-;  wherein  R  is  a  monovalent  organic 
radical)  about  the  portion  of  the  plunger  30,  which 
extends  outwardly  from  the  housing  26. 

Providing  the  silicone  sleeve  66  is  advanta- 
55  geous  in  that  it  assists  in  preventing  the  pulverulent 

arc-quenching  material  24  from  interfering  with  the 
smooth  sliding  of  the  plunger  30  during  the  activa- 
tion  of  the  preassembly  22.  The  silicone  sleeve  66 

5 
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substantially  isolates  the  movable  plunger  30  of  the 
preassembly  22  from  the  surrounding  arc-quench- 
ing  material  24,  eliminating  the  need  to  isolate  the 
preassembly  22  in  a  separate  chamber  within  the 
fuse  10.  The  silicone  sleeve  66  increases  the  inter- 
ruptive  capacity  of  the  preassembly  22  to  overload 
currents  of  a  higher  amperage.  Once  the  preas- 
sembly  22  is  activated,  the  movement  of  the  plung- 
er  30  inwardly  into  the  sleeve  66,  as  seen  in  Figure 
4,  creates  a  pressure  effect  which  assists  in  extin- 
guishing  any  current  arc.  The  silicone  sleeve  66  is 
further  advantageous  in  that  it  assists  in  containing 
and  controlling  any  arcing  of  electrical  current  oc- 
curring  between  the  end  of  the  plunger  30  and  the 
adjacent  end  of  fusible  element  22,  once  the  preas- 
sembly  22  is  activated. 

Preferably  the  plunger  30  is  provided  with  a 
thin  electrically  conductive  lubricating  coating,  such 
as  tin  plating  68.  The  tin  plating  68  plasticizes  upon 
heating  of  the  plunger  30  during  overload  con- 
ditions  to  minimize  the  extent  the  silicone  sleeve 
66  adheres  to  the  plunger  30  and  interferes  with  its 
sliding  movement.  The  plasticizing  of  the  tin  plating 
also  assists  in  lubricating  the  plunger  30,  easing  its 
sliding  movement  through  opening  36.  It  is  to  be 
appreciated  that  in  addition  to  tin  plating  68,  the 
lubricating  coating  may  also  comprise  other  con- 
ductive  metals,  as  for  example  tin  alloys  or  bismuth 
alloys. 

The  silicone  sleeve  66  may  be  preformed  and 
applied  in  assembly  or  molded  directly  about  the 
preassembly  and  its  plunger  30. 

The  overload  preassembly  22  is  connected 
within  fuse  10  in  series  between  fusible  elements 
18  and  20.  Low  temperature  solder  mass  56  con- 
nects  the  fusible  element  20  to  the  end  of  plunger 
30.  Fusible  element  18  is  secured  in  electrical 
connection  with  back  plate  32  by  means  of  high 
temperature  solder  junction  60.  Preferably,  back 
plate  32  may  be  tin  plated  as  is  known  to  assist  in 
soldering  such  that  in  assembly  the  application  of 
high  temperature  solder  58  and  60  is  optimally 
accomplished  in  a  single  operation. 

As  seen  in  Figure  1,  each  of  fusible  elements 
18  and  20  comprise  a  flat  ribbon  of  conductive 
copper.  Each  fusible  element  18,20  comprises  in 
effect  three  portions,  a  first  castellated  insulating 
fold  portion  adjacent  the  preassembly  22,  a  second 
flat  central  fusible  portion  and  a  third  terminal  por- 
tion  adjacent  each  terminal  cap.  The  central  fusible 
portion  is  shown  as  planar  and  having  at  spaced 
locations  therethrough,  respective  apertures 
62a,62b  and  points  of  reduced  cross-sectional  area 
64a,64b  which  define  one  or  more  narrow  constric- 
tions  65a,65b.  The  third  terminal  portion  of  each 
fusible  element  18,20  is  bent,  and  while  not  shown, 
may  be  reduced  in  width  to  be  secured  to  a 
respective  terminal  cap  16,14  in  known  manner. 

The  first  insulating  fold  portion  of  each  fusible 
element  18,20  is  secured  directly  to  the  preassem- 
bly  22  and  is  formed  by  insulating  folds  19,21. 
Each  of  the  insulating  folds  19,21  comprise  a  por- 

5  tion  of  respective  fusible  elements  18,20  which 
contain  no  constrictions.  As  shown  in  Figure  1  ,  the 
insulating  fold  portions  comprise  a  portion  of  a 
conductive  element  which  has  been  folded  into  a 
full  castellated  cycle  for  compaction.  Insulating 

io  folds  19,21  partially  absorb  and  dissipate  heat  gen- 
erated  by  short  term  overload  current  flow  through 
adjacent  constrictions  65,  to  minimize  the  likelihood 
of  premature  activation  of  the  preassembly  22.  On 
a  sustained  low  overload  current,  insulating  fold 

is  portions  transfer  heat  and  warm  the  preassembly 
22  assisting  in  its  operation. 

In  operation,  short  circuit  conditions  producing 
high  over  currents  cause  the  fusible  elements 
18,20  to  immediately  heat  to  the  melting  point  in 

20  the  area  of  the  constrictions  65a,65b.  The  high  over 
current  passing  through  the  fusible  elements  18,20, 
causes  rapid  heating  and  melting  at  the  constric- 
tions  65a,65b,  resulting  in  the  immediate  circuit 
interruption  by  the  fuse  10.  The  arc-quenching  pul- 

25  verulent  material  24  minimizes  current  arcing  and 
assists  in  maintaining  a  break  in  the  path  of  electric 
current  flow  between  terminal  caps  14  and  16. 

The  operation  of  the  preassembly  22  may  best 
be  described  with  reference  to  Figures  3  and  4 

30  which  show  the  preassembly  22  secured  in  be- 
tween  the  two  fusible  elements  18,20,  which  are 
fixed  in  position  relative  thereto. 

The  resistance  and  thermal  mass  of  the  preas- 
sembly  22,  combined  with  the  melting  temperature 

35  of  the  solder  masses  54,56,  is  selected  such  that 
the  preassembly  22  will  activate  only  after  a  sus- 
tained  moderate  overload  current  condition.  Current 
flowing  through  the  overload  preassembly  22  and 
elements  18,20,  on  a  sustained  overload  current 

40  combines  with  the  thermal  mass  of  the  housing  26 
and  plunger  30  to  gradually  raise  the  temperature 
therein.  The  increase  in  temperature  in  the  preas- 
sembly  22  results  in  the  tin  plating  68  on  the 
plunger  30  plasticizing,  thereby  reducing  the  adher- 

45  ence  of  the  silicone  sleeve  66  to  the  plunger  30. 
When  the  overload  current  occurs  for  a  time  which 
is  sufficient  to  raise  the  preassembly  22  tempera- 
ture  to  that  where  the  solder  masses  54,56  melt, 
the  plunger  30  is  released. 

50  As  seen  in  Figure  4,  once  released,  the  plunger 
30  is  drawn  by  the  spring  28  away  from  fusible 
element  20  further  inwardly  into  the  cavity  34  and 
the  silicone  sleeve  66.  The  plunger  30  is  moved 
away  from  the  fixed  fusible  element  20  a  distance 

55  sufficient  to  break  the  flow  of  electric  current  there- 
between.  The  extended  end  of  the  plunger  30 
becomes  retracted  within  the  silicone  sleeve  66,  as 
is  advantageous  to  assist  in  extinguishing  and  con- 

6 
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trolling  arcing. 
By  providing  a  reverse  loaded  conical  spring 

28,  the  release  of  the  plunger  30  causes  the  coils 
of  the  spring  28  to  collapse  inwardly  into  a  sub- 
stantially  flat  orientation  against  the  back  plate  32, 
with  the  plunger  30  moved  therewith,  so  that  the 
inward  end  of  plunger  30  is  biased  against  the 
back  plate  32.  As  is  to  be  appreciated,  providing  a 
spring  28  which  tends  to  orient  itself  substantially 
flat  against  the  back  plate  32  is  advantageous  over 
conventional  springs  in  that  it  enables  the  move- 
ment  of  the  plunger  30  a  sufficient  distance  from 
conductive  element  20  to  break  the  circuit,  while 
minimizing  the  required  axial  length  of  the  housing 
26. 

While  the  provision  of  reverse  loaded  conical 
spring  28  is  advantageous  in  that  it  places  substan- 
tially  the  same  force  on  the  plunger  30  as  a  con- 
ventional  compressed  or  extended  helical  spring 
having  almost  twice  the  length,  it  is  not  essential. 
Figure  8  shows  a  second  spiral  coil  spring  72  for 
use  with  the  present  invention  and  which  com- 
prises  a  large  diameter  first  end  portion  74  which 
spirals  inwardly  into  a  relatively  smaller  diameter 
second  end  portion  76.  The  coils  of  spring  72 
gradually  decrease  in  radius  from  the  first  end 
portion  74  to  the  second  end  portion  76.  When 
unbiased,  the  individual  coils  of  the  spring  72  nest, 
lying  flat  and  coplanar,  in  substantially  the  same 
configuration  as  the  flattened  spring  28  shown  in 
Figures  6  and  7. 

Spring  72  is  inserted  into  the  preassembly 
casing  32  in  substantially  the  same  manner  as 
spring  28  with  the  first  end  portion  74  abutting 
shoulder  40  and  the  second  end  portion  76  se- 
cured  in  abutting  relationship  with  the  flange  52  of 
the  plunger  30.  The  insertion  of  the  plunger  30  into 
the  cavity  34,  projecting  through  opening  36  ex- 
tends  the  second  end  portion  76  under  tension 
towards  the  first  end  opening  36. 

On  activation  of  the  preassembly  22,  the  spring 
72,  with  plunger  30,  tends  to  return  to  an  unbiased 
position,  fully  collapsed  with  the  coils  of  first  and 
second  end  portions  74,76  lying  in  the  same  plane 
with  each  other  and  with  the  annular  shoulder  40. 

Reference  may  now  be  had  to  Figures  9  and 
10  which  show  two  preferred  fusible  ele- 
ment/overload  preassembly  configurations,  wherein 
equivalent  reference  numerals  are  used  to  des- 
ignate  equivalent  components.  In  each  of  the  em- 
bodiments  shown  in  Figures  9  and  10,  the  overload 
preassembly  22  is  provided  with  an  insulating  sili- 
cone  sleeve  66,  and  is  identical  to  that  shown  in 
Figure  3. 

In  Figure  9,  each  of  the  fusible  elements  18 
and  20  comprise  a  flat  strip  of  copper  which  has 
been  folded  in  a  castellated  manner  for  compac- 
tion.  Fusible  elements  18,20  have  respective  flat 

top  portions  78a,78b,  flat  valley  portions  80a,80b, 
and  flat  side  portions  82a,82b.  Each  flat  side  por- 
tion  82  extends  perpendicular  to  and  connects  ad- 
jacent  top  and  valley  portions  78,80. 

5  A  number  of  equally  spaced  apertures  84a,84b 
and  points  of  reduced  cross-section  86a,86b  define 
constrictions  87a,87b  in  each  respective  fusible 
element  18,20.  Each  fusible  element  18,20  is  fur- 
ther  pierced  by  a  respective  longitudinally  extend- 

io  ing  medial  slot  88,90. 
As  with  constrictions  65a,65b,  constrictions 

87a,87b  have  very  small  diameter  cross-sections  in 
which  the  current  densities  can  be  quite  high.  As 
long  as  current  flowing  through  fusible  elements 

is  18,20  is  less  than  the  rating  for  each  element 
18,20,  the  constrictions  87a,87b  will  remain  intact. 
Slit  88  divides  fusible  element  18  into  two  prefer- 
ably  equal  conductive  parallel  paths  in  electrically 
parallel  relation,  each  having  one  or  more  constric- 

20  tions.  Slit  90  similarly  divides  element  20  into  elec- 
trically  parallel  conductive  paths.  The  provision  of 
two  parallel  paths  in  each  element  18,20  allows  for 
dynamic  current  transfer  from  one  parallel  path  to 
the  other  during  extremely  high  overload  operation. 

25  The  provision  of  a  slit  is  optionally  provided  to 
lower  the  level  of  over-current  required  to  melt  a 
constriction  65  sufficiently  such  that  there  is  over- 
lap  between  the  upper  level  of  overload  current, 
which  is  interrupted  by  the  preassembly  22  and  the 

30  lower  level  of  over-current  required  to  activate  fus- 
ible  elements  18,20. 

Terminal  folds  93,96  are  provided  in  fusible 
element  18  20,  adjacent  respective  terminal  caps 
16,14.  Terminal  folds  93,96  preferably  have  re- 

35  duced  width  and  are  devoid  of  apertures,  points  of 
reduced  cross-section  or  slits. 

Insulating  folds  94,97  are  provided  in  fusible 
elements  18,20  adjacent  preassembly  22.  The  in- 
sulating  folds  94,97  comprise  a  portion  of  a  cas- 

40  tellated  fold  cycle  and  are  devoid  of  apertures, 
fusible  constrictions  or  slits.  The  insulating  folds 
94,97  act  to  partially  absorb  and  dissipate  heat 
generated  by  the  electric  current  flow  through  con- 
strictions  87,  reducing  the  likelihood  of  premature 

45  activation  of  the  preassembly  22. 
In  the  embodiment  shown  in  Figure  10,  a  con- 

ductive  copper  element  100  has  been  substituted 
for  fusible  element  18  and  is  secured  to  the  over- 
load  preassembly  by  high  temperature  solder  102. 

50  Fusible  element  20  is  folded  in  a  castellated  man- 
ner  having  a  similar  configuration  to  that  shown  in 
Figure  9  having  flat  top  portions  104,  flat  valley 
portions  106  and  flat  side  portions  108.  Parallel 
spaced  pairs  of  apertures  110  and  adjacent  pairs  of 

55  points  of  reduced  cross-sectional  area  112  define 
restriction  114  in  each  of  side  portions  108.  Each 
one  of  the  pairs  of  apertures  110  is  separated  by 
an  elongate  medial  slit  116  extending  longitudinally 
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through  fusible  element  20. 
The  constrictions  114  act  in  substantially  the 

same  manner  as  constriction  87  shown  in  Figure  9, 
and  are  identical  but  for  the  constrictions  114  of 
each  side  portion  108  being  laterally  offset  with 
respect  to  adjacent  constrictions  114  in  adjacent 
side  portions  108.  With  constrictions  87  aligned,  as 
seen  in  Figure  9,  it  is  possible  that  an  electric 
current  may  arc  in  a  straight  line  along  the  axis  of 
the  fuse.  Providing  constrictions  114  which  are  out 
of  alignment  with  respect  to  adjacent  constrictions 
114  is  advantageous  in  that  it  reduces  the  likeli- 
hood  of  straight  line  arcing  and  maximizes  the 
segregation  of  separate  current  arc  locations  be- 
tween  side  portions  108,  after  the  constrictions  114 
have  melted.  Maximizing  the  distance  between  ad- 
jacent  constrictions  114  is  advantageous  in  that  it 
reduces  the  likelihood  of  current  arcing  between 
adjacent  side  portions  108. 

While  the  embodiment  discloses  the  use  of  the 
spiral  coil  spring  in  a  preassembly,  it  is  to  be 
appreciated  that  the  invention  is  not  so  limited. 
Other  configurations  of  fuses  incorporating  the  dis- 
closed  spiral  spring  as  a  means  of  interrupting 
electric  current  flow  will  now  become  apparent. 

Although  the  preferred  embodiment  has  been 
shown  as  comprising  an  overload  preassembly 
connected  in  series  with  fusible  elements  within  a 
tube,  it  is  to  be  appreciated  that  the  preassembly  is 
not  so  limited  and  may  equally  be  used  in  any 
device  where  sustained  overload  current  protection 
is  desired. 

Similarly,  the  preferred  overload  preassembly 
and  fusible  elements  are  disclosed  as  comprising 
copper,  however,  other  metals  and  conductive  ma- 
terials  such  as  alloys  of  copper  and  silver  may 
equally  be  used. 

The  use  of  castellated  fusible  elements  formed 
from  a  ribbon  of  metal  is  advantageous  in  that  it 
permits  the  premanufacture  of  a  compact  preas- 
sembly/fusible  element  preformed  unit,  which  may 
then  be  used  in  achieving  a  simplified  fuse  manu- 
facture.  It  is  to  be  appreciated,  however,  that  the 
invention  is  not  so  limited,  and  other  fusible  ele- 
ments,  such  as  flat  metal  ribbons  having  restric- 
tions,  metal  ribbons  having  insulating  folds  or  fus- 
ible  wires,  may  also  be  used. 

The  preferred  embodiment  of  the  invention  dis- 
closes  a  fuse  for  use  with  moderately  high  or  high 
electric  currents.  Persons  skilled  in  this  art  will 
appreciate  that  where  the  preassembly  is  to  be 
used  in  conjunction  with  low  amperage  fuses,  the 
thermally  sensitive  preassembly  may  be  provided 
with  a  heating  device.  A  preferred  heating  device 
comprises  an  electrically  insulated  heater  wire 
wound  about  the  preassembly  housing  and  elec- 
trically  connected  in  series  with  the  current  flowing 
through  the  fuse. 

The  present  invention  illustrates  in  Figure  2  a 
preassembly  which  may  advantageously  be  manu- 
factured  as  a  preformed  component  either  with  or 
without  the  silicone  sleeve  shown  in  Figure  3.  With 

5  plunger  30  retained  in  by  solder  54,  the  preassem- 
bly  without  fusible  elements  18  and  20  may  be 
premanufactured  to  a  modular  component  for  stor- 
age  and  later  used  in  fuses  as  desired.  A  more 
complex  modular  component  may  also  be 

io  premanufactured  comprising,  for  example,  the 
preassembly  of  Figure  2  with  elements  18  and  20 
secured  thereto.  The  modular  component  compris- 
ing  the  preassembly  and  elements  18  and  20,  may 
be  stored  ready  for  use  in  insertion  as  a  whole  unit 

is  in  final  assembly  of  a  fuse.  The  fact  that  the 
preassembly  is  a  sealed  unit  greatly  facilitates  fuse 
manufacture  when  arc-quenching  material  14  is  to 
be  provided  in  the  fuse. 

With  the  preassembly  forming  a  modular  unit 
20  which  may  be  readily  mass  manufactured,  the 

preassembly  can  comprise  a  basic  component  for 
a  progressive  series  of  fuses  of  different  ratings  by 
incorporating  different  components,  such  as  dif- 
ferent  elements  18  and  20  with  each  preassembly. 

25  Moreover,  more  than  one  modular  component  com- 
prising  a  preassembly  and  elements  18  and  20 
may  be  provided  in  parallel  in  a  single  fuse. 

The  preferred  embodiments  of  the  fuses  illus- 
trated  in  Figures  1,  9  and  10  each  use  the  preas- 

30  sembly  of  Figure  2  in  which  in  a  closed  fuse,  the 
current  flow  is  not  along  the  spring  28.  Rather, 
current  flow  as  for  example  with  the  fuse  10  of 
Figure  1  is  sequentially  via  element  18,  solder 
mass  60,  back  plate  32,  solder  mass  58,  casing  26, 

35  solder  mass  54,  plunger  30,  solder  mass  56  and 
element  20.  The  spring  28  operates  to  interrupt  the 
current  by  acting  on  plunger  30.  Similar  such 
springs  may  in  other  embodiments  act  differently 
to  activate  current  interruption.  For  example,  in  a 

40  simpler  fuse  the  current  could  pass  along  a  reverse 
loaded  conical  spring  tensioned  between  two  termi- 
nals  and  joined  to  one  terminal  by  a  solder  mass. 
On  the  solder  mass  heating,  the  spring,  by  its 
collapse  would  interrupt  the  current.  Other  configu- 

45  rations  for  advantageous  use  of  such  a  conical 
spring  will  occur  to  persons  skilled  in  the  art. 

Although  the  disclosure  describes  and  illus- 
trates  preferred  embodiments  of  the  invention,  it  is 
not  limited  to  these  particular  embodiments.  Many 

50  variations  and  modifications  will  now  occur  to  those 
skilled  in  the  art.  For  a  definition  of  the  invention 
reference  is  made  to  the  appended  claims. 

Claims 
55 

1.  An  electrical  interruption  device  [10]  to  inter- 
rupt  current  flow  therethrough  on  a  predeter- 
mined  condition  occurring,  the  device  [10] 
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comprising, 
spiral  spring  means  [28]  having  coils  wind- 

ing  continuously  about  and  constantly  ap- 
proaching  a  central  axis, 

the  spring  means  [28]  having  a  first  end 
portion  [44]  and  a  second  end  portion  [46], 

the  spring  means  [28]  having  an  inherent 
tendency  to  assume  an  unbiased  first  position, 

the  spring  means  [28]  being  axially  defor- 
mable  from  the  unbiased  first  position  to  a 
second  loaded  position  by  drawing  said  sec- 
ond  end  portion  [46]  along  the  axis  relative  to 
said  first  end  portion  [44] 

holding  means  for  engaging  the  first  and 
second  end  portions  to  retain  the  spring  means 
[28]  in  the  second  loaded  position, 

said  holding  means  comprising  coupling 
means  [56]  releasably  securing  the  second 
end  portion  [46],  wherein  on  said  predeter- 
mined  condition  occurring  said  coupling  means 
[56]  releases  said  second  end  portion  to  per- 
mit  said  spring  means  [28]  to  move  towards 
said  unbiased  first  position, 

said  spring  means  [28]  in  moving  towards 
said  unbiased  first  position  actuating  interrup- 
tion  of  the  current  flow, 

characterized  by  said  spring  means  [28] 
comprising  successive  coils  [50a]  having  suffi- 
ciently  reduced  radius  to  pass  axially  through 
the  center  of  an  immediately  outward  adjacent 
coil  [50b]. 

2.  An  electrical  interruption  device  [10]  as 
claimed  in  claim  1,  wherein  in  said  unbiased 
first  position  said  first  end  portion  [44]  being 
spaced  axially  from  said  second  end  portion 
[46],  and 

in  said  second  position  said  spring  means 
[28]  being  reverse  loaded  by  said  second  end 
portion  [46]  having  been  drawn  along  said  axis 
past  said  first  end  portion  [44]. 

3.  An  electrical  interruption  device  [10]  as 
claimed  in  any  preceding  claim,  wherein  said 
spring  means  [28]  comprises  a  substantially 
conical  spiral  coil  spring. 

4.  An  electrical  interruption  device  [10]  as 
claimed  in  claim  1,  wherein  in  said  unbiased 
first  position  said  first  end  portion  is  axially 
aligned  with  said  second  end  portion  with  the 
coils  nesting  interposed  between  adjacent  coils 
substantially  in  the  same  plane. 

5.  An  electrical  interruption  device  [10]  as 
claimed  in  any  preceding  claim, 

further  comprising  a  housing  [26]  and  a 
plunger  [30], 

said  housing  [26]  having  a  first  end  and  a 
second  end  and  defining  a  cavity  [34]  having  a 
first  end  opening  at  the  first  end, 

said  plunger  [30]  disposed  within  said  cav- 
5  ity  [34]  with  an  end  projecting  outwardly  there- 

from  through  said  first  opening, 
said  spring  means  [28]  disposed  in  said 

cavity  [34]  in  coaxial  relation  with  said  plunger, 
with  said  second  end  portion  [46]  secured  to 

io  said  plunger  [30], 
said  first  end  portion  [44]  secured  to  the 

housing  [26]  spaced  from  said  first  end  open- 
ing, 

the  spring  means  [28]  biasing  said  plunger 
is  [30]  towards  the  second  end  of  said  housing 

[26]. 

6.  An  electrical  interruption  device  [10]  as 
claimed  in  claim  5,  including  a  sleeve  [66]  of 

20  electrically  insulating  material,  said  sleeve  [66] 
disposed  about  a  portion  of  said  plunger  [30] 
extending  through  said  opening,  such  that  on 
movement  of  the  spring  means  [28]  towards 
the  first  position  the  end  of  the  plunger  [30]  is 

25  retracted  into  the  sleeve  [66]. 

7.  An  electrical  interruption  device  [10]  as 
claimed  in  claim  5  or  claim  6,  wherein  said 
housing  [26]  and  said  plunger  [30]  are  elec- 

30  trically  conductive. 

8.  An  electrical  interruption  device  [10]  as 
claimed  in  any  one  of  claims  5  to  7  further 
comprising, 

35  a  tube  [12]  of  non-conducting  material 
closed  at  both  ends  by  a  pair  of  terminal  caps 
[14,16],  separate  means  for  interrupting  major 
fault  currents  and  means  for  interrupting  over- 
load  currents  serially  connected  to  each  other 

40  in  said  tube  [12],  said  means  for  interrupting 
major  fault  currents  including  a  fusible  element 
[18],  and 

said  means  for  interrupting  overload  cur- 
rents  comprising, 

45  said  housing  [26], 
said  plunger  [30],  and 
said  spring  means  [28], 
the  exterior  end  of  the  plunger  [30]  se- 

cured  by  said  coupling  means  [56]  with  an  end 
50  of  said  fusible  element  [18]  in  electrical  con- 

nection  therewith, 
the  coupling  means  [56]  comprising  a  first 

low  temperature  solder  mass  having  a  pre- 
determined  melting  temperature,  the  first  sol- 

55  der  mass  restraining  the  plunger  [30]  from 
movement  at  temperatures  of  the  solder  mass 
below  said  predetermined  temperature, 

wherein  said  spring  means  [28]  is  loaded 
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in  said  second  position  and  said  exterior  end 
of  the  plunger  [30]  secured  to  the  end  of  the 
fusible  element  [18],  wherein  on  the  coupling 
means  [56]  releasing  the  plunger  [30]  the 
spring  means  [28]  draws  the  plunger  [30]  fur- 
ther  into  the  cavity  [34]  away  from  said  end  of 
said  fusible  element  [18]  a  distance  sufficient 
to  substantially  interrupt  the  flow  of  current 
between  said  first  and  second  terminal  caps 
[14,16]. 

9.  An  electrical  interruption  device  [10]  as 
claimed  in  any  one  of  claims  5  to  8,  wherein 
said  housing  further  defines  an  opening  at  the 
second  end 

said  second  end  opening  sized  to  allow 
ingress  of  said  spring  means  [28]  into  said 
cavity,  and  includes  a  back  plate  [32]  secured 
over  and  sealing  said  second  end  opening, 

and  wherein  said  coupling  means  [56]  fur- 
ther  includes  a  second  low  temperature  solder 
mass  [54]  disposed  about  said  plunger  [30] 
where  it  passes  through  the  first  end  opening 
to  substantially  seal  said  first  end  opening, 

the  second  solder  mass  [54]  having  a  pre- 
determined  melting  temperature. 

10.  An  electrical  interruption  device  [10]  as 
claimed  in  claim  8  or  claim  9  wherein  said 
housing  [26]  having  an  annular  shoulder  [40] 
formed  adjacent  said  second  end  opening  to 
retain  the  first  end  portion  [44]  of  the  spring 
means  [28]  and 

said  plunger  [30]  including  a  flange  [52] 
for  securing  in  an  abutting  relationship  said 
second  end  portion  [56]  of  said  spring  means 
[28]. 

11.  An  electrical  interruption  device  [10]  as 
claimed  in  any  one  of  claims  5  to  10  wherein 
said  housing  [26]  and  said  plunger  [30]  com- 
prise  copper  or  copper  alloy. 

12.  An  electrical  interruption  device  [10]  as 
claimed  in  any  one  of  claims  8  to  11  wherein 
said  fusible  element  [18]  electrically  connects 
said  first  one  of  said  terminals  and  said  over- 
load  protection  means,  said  fusible  element 
[18]  comprising  an  elongate  planar  ribbon  hav- 
ing  at  least  one  point  of  reduced  cross-section. 

13.  An  electrical  interruption  device  [10]  as 
claimed  in  any  one  of  claims  8  to  12  wherein 
said  fusible  element  [18]  is  folded  in  a  sub- 
stantially  castellated  manner  having  flat  top 
portions  [104],  flat  valley  portions  [106]  and  flat 
side  portions  [108],  said  side  portions  [108] 
extending  generally  perpendicular  to  and  join- 

ing  adjacent  top  and  side  portions  [104,106]. 

14.  An  electrical  interruption  device  [10]  as 
claimed  in  any  one  of  claims  8  to  13  wherein 

5  said  fusible  element  [18]  further  comprises  an 
elongate  medial  slit  [116]. 

15.  An  electrical  interruption  device  [10]  as 
claimed  in  claim  6,  wherein  said  sleeve  of 

io  insulating  material  [66]  comprises  silicone. 

16.  An  electrical  interruption  device  [10]  as 
claimed  in  claim  6,  including  lubrication  means 
[68]  disposed  about  said  plunger  [30]  where  it 

is  passes  through  the  first  end  opening  and  the 
sleeve  [66]. 
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