
J E u r o p a i s c h . e s   

Patentamt 

European  Patent  Office  ®  Publication  number:  0 1 2 1   8 8 1  

Office  europeen  des  brevets  g  1 

©  EUROPEAN  PATENT  SPECIFICATION 

(§)  Dateof  publication  of  patent  specification:  15.06.88  (§)  Int.  CI.4:  H  01  H  85/04,   H  01  H  8 5 / 3 8  

(D  Application  number:  84103544.7 

®  Date  of  filing:  30.03.84 

3$)  High  voltage  electric  fuse. 

CD 

0 0  
0 0  

o  

Q .  
U l  

(g)  Priority:  08.04.83  US  483391  ®  Proprietor:  GENERAL  ELECTRIC  COMPANY 
1  River  Road 
Schenectady  New  York  12305  (US) 

®  Dateof  publication  of  application: 
17.10.84  Bulletin  84/42  ^  Qf)  Inventor:  Leach,  John  Graham 

1310  Nineteenth  Avenue,  N.E. 
(§)  Publication  of  the  grant  of  the  patent:  Hickory  North  Carolina  28601  (US) 

15.06.88  Bulletin  88/24 

(74)  Representative:  Schuler,  Horst,  Dr.  European 
(g)  Designated  Contracting  States:  Patent  Attorney  et  al 

DE  FR  GB  Kaiserstrasse  41 
D-6000  Frankfurt/Main  1  (DE) 

(§)  References  cited: 
DE-C-940  916 
US-A-1  927  397 
US-A-3  705  373 
US-A-3958206 
US-A-4123  738 
US-A-4357  588 

Note:  Within  nine  months  from  the  publication  of  the  mention  of  the  grant  of  the  European  patent,  any  person  may 
give  notice  to  the  European  Patent  Office  of  opposition  to  the  European  patent  granted.  Notice  of  opposition  shall 
be  filed  in  a  written  reasoned  statement.  It  shall  not  be  deemed  to  have  been  filed  until  the  opposition  fee  has  been 
paid.  (Art.  99(1  )  European  patent  convention). 

Courier  Press,  Leamington  Spa,  England. 



1 0  121  8 8 1  2 

Description 

Background  of  the  Invention 
This  invention  relates  to  a  high  voltage  current- 

limiting  fuse  that  is  capable  of  interrupting  a  wide 
range  of  currents  and  is  especially  suited  for  low 
current  interruption. 

The  usual  high  voltage  current-limiting  fuse 
comprises  at  least  one  fusible  conductive  element 
connected  in  series  with  the  circuit  being  pro- 
tected.  When  an  overcurrent  flows  through  the 
fusible  element  for  a  predetermined  duration,  the 
fusible  element  melts  at.  one  or  more  restricted 
locations  along  its  length,  establishing  an  arc  in 
each  region  where  melting  occurs.  If  such  a  fuse  is 
operated  by  a  low  current,  such  as  1.5  times  its 
continuous  current  rating,  only  a  single  arc  might 
be  created  in  response  to  the  overcurrent 
condition. 

The  formation  of  only  a  single  arc  presents 
problems  for  a  high  voltage  fuse.  For  example,  for 
a  fuse  to  successfully  interrupt  1  5  kV  using  a  single 
arc,  the  arc  length  must  be  rapidly  increased  to  a 
relatively  great  value  in  the  range  of  24.4  to 
76.2  cm  (10  to  30  inches).  Moreover,  this  relatively 
long  single  arc  must  be  developed  within  a  few 
cycles  of  power  frequency  current,  or  the  electric 
field  in  the  arc  will  diminish  to  an  unacceptably  low 
value,  and  the  fuse  will  fail  to  clear.  Developing 
such  a  long  arc  within  the  required  time  is  not 
usually  feasible,  considering  the  slowness  with 
which  the  arc  will  elongate  when  the  current 
density  is  low.  Accordingly,  it  is  desired  that  more 
than  one  arc  be  created  along  a  fuse  element  in 
response  to  low  overcurrents  producing  operation 
of  a  high  voltage  fuse  at  voltages  above  about 
1  kV. 

Various  means  are  known  to  establish  multiple 
breaks  for  a  high  voltage  fuse  element  in  order  to 
facilitate  clearing  for  low  current  fault  interruption. 
One  such  means  is  taught  in  US  —  A  —  4,357,588. 

US  —  A  —  4,357,588  describes  a  high  voltage  elec- 
tric  fuse  comprising  a  pair  of  spaced-apart  conduc- 
tive  terminals,  a  fusible  conductive  element  con- 
nected  between  said  terminals,  and  a  body  of 
exothermic  material  disposed  closely  adjacent  to 
said  conductive  element  and  having  the  property 
of  exothermically  reacting  when  heated  to  a 
predetermined  temperature,  wherein  a  triggering 
circuit  and  a  good  heat-transfer  relationship 
between  the  exothermic  material  and  the  fusible 
element  are  used.  The  fuse  element  includes 
various  reduced  cross-section  portions  having  a 
desired  fusible  time-current  characteristic  which 
causes  rupturing  of  the  fuse  elements  and  which 
fuse  elements  are  especially  suited  for  low  current 
fault  interruption.  Although  the  reduced  cross- 
sectional  portions  of  the  fuse  element  provides  for 
the  desired  low  current  interruption,  trie  operation 
of  the  fuse  element  is  hindered  inasmuch  as  there 
is  a  minimum  current  density  in  the  reduced  cross- 
section  portions  below  which  multiple  melting  will 
not  occur.  This  current  density  corresponds  to  a 
melting  time  of  1  —  2  hours. 

There  is  a  requirement  for  a  fuse  to  be  capable  of 

clearing  currents  which  cause  melting  in  times 
longer  than  1  —  2  hours,  and  indeed  it  is  desirable 
that  a  fuse  be  capable  of  clearing  any  current 
which  causes  its  element(s)  to  open.  This  should 

5  include  cases  where  the  fuse  elements  have  been 
damaged,  for  example,  by  a  large  surge  current, 
and  the  fuse  actually  opens  when  carrying  less 
than  its  rated  current.  It  is  toward  this  end  that  the 
present  invention  is  directed. 

10  Another  approach  for  achieving  multiple  breaks 
in  response  to  persistent  overcurrents  of  low  value 
is  disclosed  in  U.S.  Patent  3,705,373  —  Cameron. 
Cameron  provides  a  main  fusible  conductive 
element  and  an  auxiliary  conductive  element 

15  electrically  connected  to  the  main  element  at  at 
least  two  spaced  points  along  its  length.  The 
auxiliary  element  is  made  entirely  or  at  least 
partially  of  high-resistivity  exothermic  material  so 
that  current  normally  flows  through  the  main 

20  fusible  element.  If,  in  response  to  an  overcurrent, 
the  main  fusible  element  melts  at  a  location 
between  said  two  points,  current  is  diverted  into 
the  auxiliary  element,  causing  the  material  of  the 
auxiliary  element  to  exothermically  react.  Since 

25  the  auxiliary  element  is  closely  adjacent  or  touch- 
ing  the  main  fusible  element,  the  exothermic 
reaction  heats  the  main  fusible  element  and 
causes  it  to  melt  at  one  or  more  locations  in 
addition  to  the  first  location. 

so  This  fuse  has  a  number  of  significant  dis- 
advantages.  One  is  that  the  exothermic  material 
must  be  conductive  to  allow  it  to  be  formed  as  a 
conductive  element,  and  this  limits  the  type  and 
quantity  of  the.  exothermic  material  that  can  be 

35  selected  for  such  use.  Another  disadvantage  is  that 
a  relatively  large  quantity  of  exothermic  material  is 
needed  to  effect  melting  of  the  relatively  large 
fusible  element  present  in  a  high  current  fuse;  and 
the  presence  of  this  large  quantity  of  conductive 

40  exothermic  material  results  in  an  undesirable 
parallel  conductive  path  close  to  the  main  fusible 
element  after  fuse  operation,  and  this  would  be 
determined  to  final  clearing  of  the  fuse.  Still 
another  disadvantage  is  that  in  the  case  of  a  fuse 

45  with  multiple  main  fusible  elements  in  parallel,  a 
plurality  of  auxiliary  elements  of  exothermic 
material,  one  for  each  main  fusible  element,  would 
be  needed.  Still  another  disadvantage  is  that  the 
auxiliary  element  cannot  respond  to  all  breaks  in 

so  the  main  fusible  element.  For  example,  should  a 
break  occur  in  the  main  fusible  element  only  in  a 
location  outside  the  region  spanned  by  the  auxili- 
ary  element,  the  auxiliary  element  would  fail  to 
respond  since  it  would  still  be  shunted  by  an  intact 

55  portion  of  the  low  resistance  main  fusible  element. 
Still  another  disadvantage  of  the  Cameron  design 
is  that  the  auxiliary  element  must  be  closely 
adjacent  the  main  element  in  order  to  effect  a 
consistent  response  ofthemainelementfollowing 

60  the  exothermic  reaction. 

Summary 
An  object  of  my  invention  is  to  provide  a  high 

voltage  fuse  which  utilizes  exothermic  material  for 
65  developing  multiple  arcs  in  series  in  response  to 
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low  overcurrents  but  yet  is  not  subject  to  most  of 
the  disadvantages  set  forth  in  the  immediately 
preceding  paragraph. 

Another  object  is  to  provide  a  high  voltage  fuse 
which  is  capable  of  clearing  any  current  which  is 
likely  to  cause  its  fusible  element(s)  to  open. 

Still  another  object  is  to  provide  a  high  voltage 
fuse  comprising  a  main  fusible  element  and, 
paralleling  the  main  fusible  element,  a  trigger 
circuit  operable  upon  conduction  of  significant 
current  to  ignite  bodies  of  exothermic  material  to 
develop  multiple  breaks  in  the  main  fusible 
element. 

Another  object  is  to  preclude  the  trigger  circuit 
of  such  a  fuse  from  operating  in  response  to 
surge  currents  through  the  main  fusible  element 
that  might  develop  appreciable  voltage  across  the 
trigger  circuit. 

In  carrying  out  my  invention  in  one  form,  I 
provide  a  high  voltage  fuse  that  comprises  a  pair 
of  spaced-apart  conductive  terminals  and  a  fus- 
ible  conductive  element  connected  between  said 
terminals.  At  spaced-apart  locations  along  the 
length  of  the  fusible  conductive  element,  I  provide 
bodies  of  exothermic  material,  such  material 
having  the  property  of  exothermically  reacting 
when  heated  to  a  predetermined  temperature. 
Connected  between  the  terminals  independently 
of  the  fusible  conductive  element  is  a  triggering 
circuit  having  a  resistance  that  limits  current 
therethrough  to  very  low  values  until  the  fusible 
conductive  element  is  disrupted.  The  bodies  of 
exothermic  material  are  connected  in  good  heat- 
transfer  relationship  with  the  triggering  circuit 
and  the  fusible  conductive  element  so  that  the 
heating  effect  of  current  through  the  triggering 
circuit  upon  disruption  of  the  fusible  conductive 
element  causes  the  material  of  said  bodies  to 
exothermically  react  and  thus  cause  further  dis- 
ruption  of  the  fusible  element  at  additional  loca- 
tions  respectively  located  adjacent  said  bodies. 
Means  is  provided  for  electrically  insulating  the 
triggering  circuit  from  the  fusible  element  at  all 
points  along  the  length  of  the  fusible  element 
except  at  the  terminals. 

Brief  Description  of  Drawings 
For  a  better  understanding  of  the  invention, 

reference  may  be  had  to  the  following  description 
taken  in  conjunction  with  the  accompanying 
drawings,  wherein: 

Fig.  1  is  a  cross-sectional  view  through  a  high 
voltage  current-limiting  fuse  embodying  one 
form  of  my  invention. 

Fig.  2  is  a  sectional  view  taken  along  the  line 
2—  2  of  Fig.  1. 

Fig.  3  is  a  sectional  view  taken  along  the  line 
3—  3  of  Fig.  2. 

Fig.  4  is  a  sectional  view  taken  along  the  line  of 
4—  4  of  Fig.  2. 

Fig.  5  shows  a  modified  embodiment  of  the 
invention. 

Detailed  Description  of  Preferred  Embodiments 
Referring  now  to  Fig.  1,  the  high  voltage  cur- 

rent-limiting  fuse  depicted  therein  comprises  a 
tubular  casing  10  of  electrical  insulating  material 

5  and  two  conductive  end  caps  12  mounted  on  the 
casing  at  its  respective  opposite  ends.  Clamped 
between  each  end  cap  and  the  end  of  the  casing  is 
a  conductive  plate  16,  soon  to  be  described  in 
more  detail.  Each  end  cap  12  and  its  associated 

w  terminal  plate  16  taken  together  constitute  a  fuse 
terminal  17. 

Extending  between  the  spaced-apart  fuse  ter- 
minals  17  and  electrically  connected  thereto  are  a 
plurality  of  fusible  conductive  elements  18  and  19 

w  electrically  in  parallel  with  each  other.  These 
fusible  elements  18  and  19  are  supported  on  a 
core  20  of  insulating  material  located  centrally  of 
casing  10  and  also  extending  between  the  ter- 
minals  and  suitably  supported  thereon.  In  the 

20  illustrated  embodiment,  the  core  20  is  of  a  cross- 
shaped  transverse  cross-section,  as  shown  in  Fig. 
2,  and  comprises  four  fins  22  extending  along  the 
length  of  the  core  and  radiating  from  its  central 
region.  The  fusibie  conductive  elements  18  and  19 

25  are  spirally  wound  about  the  core  in  spaced 
relationship  to  each  other.  Notches  23  are  pro- 
vided  in  the  outer  edges  of  the  fins  22  to  provide 
added  creepage  distance  along  the  edges  to 
improve  the  ability  of  the  core  to  withstand 

30  voltages  applied  along  the  core  length.  This  abil- 
ity  may  be  further  improved  by  providing 
additional  notches  along  the  outer  edges,  with  at 
least  one  notch  being  interposed  between  adja- 
cent  elements  at  each  location  where  the 

35  elements  contact  the  core. 
The  fusible  elements  18  and  19  are  electrically 

connected  to  the  terminals  in  a  suitable  conven- 
tional  manner,  as  by  having  an  extended  portion 
at  each  end  clamped  between  the  associated 

40  conductive  end  cap  12  and  the  adjacent  terminal 
plate  16.  For  simplicity,  these  conventional  details 
are  not  illustrated  in  the  drawings. 

In  a  preferred  embodiment,  the  insulating  cas- 
ing  10  is  filled  with  a  pulverulent  arc-extinguish- 

45  ing  material  26  such  as  quartz  sand.  This  sand 
surrounds  the  fusible  elements  on  all  sides  except 
where  they  are  in  contact  with  the  core  and  with 
certain  ring  structure  34,  38  (soon  to  be  described) 
attached  to  the  core.  This  sand  serves  in  a 

so  conventional  manner  to  cool  arcing  products  and 
to  extinguish  arcs  that  are  developed  when  the 
fuse  elements  are  disrupted  by  melting  or  vapori- 
zation. 

Each  fusible  element  18  and  19  has  cut-outs  30 
55  located  at  spaced  locations  along  its  length  to 

form  regions  of  reduced  cross-section.  Some  or 
all  of  these  cut-outs  can  be  of  appropriate  shapes 
other  than  those  shown,  e.g.,  they  can  be  circular 
or  they  can  be  in  the  form  of  edge  notches.  In  the 

60  event  of  a  short-circuit  in  the  protected  circuit,  a 
high  current  flows  through  the  fusible  elements, 
causing  the  fusible  elements  to  rapidly  melt  and 
vaporize  at  these  regions  of  reduced  cross-sec- 
tion,  forming  series-related  arcs  along  the  length 

65  of  the  fuse  elements.  The  arcing  products  are 
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cooled  by  the  surrounding  sand,  and  the  arcs  are 
extinguished  in  a  conventional  manner  to  effect 
circuit  interruption. 

To  assist  in  initiating  fuse  operation  under  low 
current  conditions,  each  of  the  fusible  elements  in 
the  illustrated  embodiment  is  provided  with  a 
conventional  "M-effect"  producing  overlay  33 
adjacent  one  of  its  cut-outs  30.  When  the  fusible 
element  is  heated  by  an  over-current  that  persists 
for  a  predetermined  duration,  the  overlay  begins 
to  melt  and  alloy  with  the  adjacent  metal  of  the 
fusible  element.  This  increases  the  resistance  of 
the  fusible  element  at  this  location,  accelerating 
melting  at  this  location.  When  the  last  of  the 
fusible  elements  melts,  an  arc  is  formed  at  this 
location. 

As  pointed  out  hereinabove,  it  is  not  usually 
feasible  to  interrupt  low  current  in  a  high  voltage 
circuit  with  such  a  single  arc,  and  an  object  of  my 
invention  is  to  rapidly  produce  additional  arcs  in 
series  with  the  first  arc  to  assist  in  interrupting  the 
low  current.  To  this  end,  I  provide  at  spaced 
locations  along  the  length  of  the  core  20  bodies  of 
exothermic  material  which  are  ignited  in 
response  to  disruption  of  the  fusible  elements  18, 
19  by  melting  or  otherwise. 

The  bodies  of  exothermic  material  are  shown  at 
34  in  Figs.  1,  3,  and  4.  Each  of  these  bodies  is 
contained  within  an  annular  groove  36  formed  in 
an  annular  ceramic  ring  38.  The  groove  36  has  its 
open  side  facing  in  a  radially-outward  direction. 
Each  ring  38  is  made  up  of  two  semi-circular 
components  38a  and  38b  which  are  fitted  within 
notches  40  in  the  outer  periphery  of  the  core  fins. 
The  two  semi-circular  components  38a  and  38b 
are  suitably  held  together  to  form  a  complete  ring 
as  by  cementing  their  opposed  ends  at  locations 
42  and  43  shown  in  Fig.  2.  In  the  embodiment  of 
Fig.  1,  there  are  five  of  these  rings  38  located  at 
longitudinally  spaced-apart  locations  along  the 
length  of  core  20.  Each  ring  38  contains  a  body  of 
exothermic  material  such  as  above  described. 

For  igniting  each  body  34  of  exothermic 
material,  a  thin  conductive  wire  45  of  high  resis- 
tivity  is  provided  in  good  heat-transfer  relation 
with  the  exothermic  "material.  In  Fig.  3,  this  wire 
45  is  shown  in  the  form  of  a  loop  imbedded  in  the 
exothermic  material.  Terminal  conductors  46 
which  are  of  larger  diameter  than  the  igniter  wire 
45,  extend  in  sealed  relation  through  the  walls  of 
ring  38  and  are  suitably  joined  to  wire  45.  When 
significant  current  is  passed  through  the  igniter 
wire  45,  it  is  heated  and  the  resultant  heat  is 
transferred  to  the  surrounding  body  of  exother- 
mic  material,  quickly  producing  an  exothermic 
reaction  that  very  rapidly  generates  hot  gases 
flowing  in  a  radially  outward  direction.  The  fus- 
ible  elements  18  and  19  are  in  good  heat-transfer 
relationship  with  the  exothermic  material,  and 
these  hot  gases  thus  quickly  heat  the  adjacent 
portions  of  the  fusible  elements.  This  causes  the 
fusible  elements  to  melt  in  the  regions  adjacent 
the  exothermic  bodies,  thus  forming  the  desired 
multiple  arcs  in  series.  This  disruption  of  the 
fusible  elements  is  accelerated  by  the  abruptly- 

developed  forces  produced  by  the  hot  gases 
acting  transversely  of  the  fusible  elements  in  the 
refions  of  the  exothermic  bodies. 

The  igniter  wires  45  are  connected  in  series 
5  with  each  other  between  the  fuse  terminals  17  by 

a  plurality  of  interconnecting  wires  50,  preferably 
of  a  high-conductivity,  oxidation-resistant  metal, 
such  as  silver  or  a  silver  alloy.  These  interconnect- 
ing  wires  50,  which  are  in  coil  form  in  order  to 

w  impart  the  desired  length,  and  are  of  substantially 
larger  diameter  than  the  igniter  wires,  are  con- 
nected  to  the  terminal  conductors  46  of  the  igniter 
wires,  preferably  by  crimp  connections.  The 
series  combination  of  the  igniter  wires  45,  their 

15  terminal  conductors  46,  and  the  interconnecting 
wires  50  may  be  thought  of  as  a  triggering  circuit 
52.  This  triggering  circuit  52  has  its  opposite  ends 
suitably  electrically  connected  to  the  opposite 
fuse  terminals  17.  Means  are  provided  electrically 

20  insulating  the  trigger  circuit  52  from  the  fusible 
conductors  18  and  19  at  all  points  along  the 
length  of  the  fusible  conductors.  Accordingly,  the 
triggering  circuit  provides  a  conductive  path 
between  the  terminals  parallel  to  the  paths  pro- 

25  vided  by  the  fusible  conductors  18  and  19. 
The  resistance  of  the  triggering  circuit  52  is  very 

much  higher  than  that  of  any  of  the  fusible 
elements  18  or  19.  As  a  result,  no  significant 
current  flows  through  the  triggering  circuit  so 

30  long  as  one  of  the  fusible  elements  18  and  19 
remains  intact.  But  should  the  two  fusible 
elements  18  and  19  be  disrupted,  either  by  melt- 
ing,  vaporization,  or  mechanical  breaking,  the 
parallel  triggering  circuit  is  the  only  conductive 

35  path  available  between  the  terminals  and  the 
current  therethrough  accordingly  rises  abruptly. 
This  abrupt  rise  in  current  causes  the  bodies  34  of 
exothermic  material  to  be  heated  simultaneously, 
thus  developing  the  above-described  exothermic 

40  reactions  substantially  simultaneously  at  each 
body  34  of  the  exothermic  material. 

The  exothermic  reaction  at  each  body  34  not 
only  disrupts  the  main  fusible  elements  18  and  19 
in  a  plurality  of  locations  along  the  length  of  the 

45  fusible  elements,  but  it  also  disrupts  the  trigger 
circuit  at  each  of  the  bodies  34,  forming  a  gap 
within  each  body  34  across  which  an  arc  is 
developed.  The  short  gaps  at  34  continue  to  arc  as 
the  current  heats  the  remainder  of  the  trigger 

so  circuit  until  it  too  melts  and  arcs.  The  sand 
surrounding  the  trigger  circuit  interacts  with  the 
arcing  products  to  effect  arc  extinction  and,  in  the 
case  of  low  current  interruption,  to  develop  an 
insulating  gap  capable  of  withstanding  the 

55  applied  recovery  voltage.  The  timing  for  this,  in 
the  case  of  low  currents,  is  designed  to  allow  the 
main  fusible  elements  to  be  fully  severed  before 
the  trigger  circuit  clears  the  current.  The  with- 
stand  voltage  of  the  gaps  in  the  fusible  elements 

60  is  then  high  enough  for  them  to  withstand  the 
recovery  voltage  and  normal  system  voltage. 

With  higher  currents,  trigger  circuit  disruption 
and  extinction  of  the  triggering  circuit  arcs  are 
very  rapid,  and  current  is  commutated  back  to  the 

65  main  fusible  elements  where  the  gaps  formed  by 
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ignition  of  the  exothermic  material  are  still  rela- 
tively  short.  This  results  in  continued  current 
through  the  main  fusible  elements,  but  this  cur- 
rent  can  be  readily  cleared  by  the  main  fusible 
elements  because,  being  of  a  relatively  high 
value,  it  can  rapidly  burn  back  the  main  fusible 
elements  and  develop  gaps  of  sufficient  length  to 
withstand  voltage  after  an  early  current  zero. 

My  studies  have  shown  that  for  high  currents  in 
the  range  of  20  or  more  times  rated  continuous 
current,  the  fusible  elements  melt  and  vaporize  at 
their  regions  of  reduced  cross-section  very 
rapidly  (e.g.,  in  less  than  one  millisecond),  and  the 
trigger  circuit  makes  little  contribution  to  the 
interrupting  process  for  these  high  currents. 

There  are  several  significant  features  of  the 
illustrated  fuse  that  should  be  noted  at  this  point. 
One  is  that  the  trigger  circuit  52  is  connected 
between  the  fuse  terminals  17  independently  of 
the  main  fusible  elements  (18  and  19)  that  it 
parallels  and  is  electrically  insulated  from  the 
main  fusible  elements  at  all  points  along  the 
length  of  the  main  fusible  elements  except  at  the 
terminals.  As  a  result,  no  matter  where  disruption 
occurs  along  the  length  of  the  main  fusible 
element  (18  or  19)  that  is  last  disrupted,  the 
current  that  follows  flows  through  the  trigger 
circuit  52.  Moreover,  all  of  this  follow-on  current 
that  enters  the  trigger  circuit  at  one  end,  flows 
through  the  trigger  circuit  over  its  entire  length, 
exiting  at  its  opposite  end.  Accordingly,  all  of  the 
igniter  wires  45  along  its  length  are  energized  and 
heated  by  this  current,  thus  providing  greater 
assurance  that  all  of  the  bodies  34  of  exothermic 
material  will  be  ignited.  The  above  is  in  distinct 
contrast  to  the  arrangement  of  U.S.  Patent 
#3,705,373  —  Cameron,  where  an  explosive  wire 
parallels  only  a  portion  of  the  main  fusible 
element  and  is  closely  adjacent  and  probably 
touching  the  main  fusible  element.  In  such  an 
arrangement,  a  disruption  of  the  fusible  element 
outside  the  region  spanned  by  the  explosive  wire 
diverts  no  current  through  the  explosive  wire. 
Even  when  the  disruption  of  the  main  fusible 
element  is  located  within  the  spanned  region, 
there  is  no  assurance  that  all  of  the  current 
entering  the  explosive  wire  at  one  end  will  exit 
through  the  other  end  in  view  of  the  close  proxi- 
mity  and  probably  touching  relationship  of  the 
explosive  wire  and  the  main  fusible  element.  This 
is  even  clearer  in  the  embodiment  of  Cameron  in 
which  the  explosive  wire  is  attached  to  the  main 
fusible  element  at  more  places  than  at  the  two 
ends  of  the  explosive  wire. 

With  regard  to  the  above  referred-to  electrical 
insulation  between  the  trigger  circuit  52  and  the 
main  fusible  elements  18  and  19,  it  should  be 
noted  that  the  trigger  circuit  can  be  spaced  an 
appreciable  distance  from  the  main  fusible 
elements.  Along  the  length  of  the  trigger  circuit 
the  fusible  element  is  separated  therefrom  by  the 
sand  10,  the  ceramic  rings  38,  and  the  exothermic 
material  34,  all  of  which  are  good  electrical 
insulators.  It  is  unnecessary  for  the  trigger  circuit 
52  to  be  closely  adjacent  the  fusible  elements  18 

and  19  because  the  heat  that  is  applied  to  the 
fusible  elements  for  initiating  multiple  arcs  is 
derived  from  the  exothermic  material  34  and  not 
directly  from  the  trigger  circuit. 

5  Another  significant  feature  to  be  noted  is  that 
when  the  fuse  has  operated  to  interrupt  the 
circuit,  each  body  34  of  exothermic  material  is 
located  in  a  plane  that  extends  transversely  of  the 
electric  field  across  the  arcing  region.  This  helps 

10  prevent  the  exothermic  material  from  forming  a 
potential  breakdown  path  along  the  potential 
gradient  of  the  fuse.  Considering  this  feature  in 
more  detail,  it  should  be  noted  that  the  exother- 
mic  material,  upon  ignition,  causes  the  fusible 

is  element  to  arc  at  a  location  aligned  with  the  body 
of  exothermic  material;  and  this  arc  causes  the 
fusible  element  to  burn  back  away  from  the 
exothermic  body,  following  which  the  arc  is 
extinguished.  The  electric  field  between  the 

20  spaced  apart  ends  of  the  remaining  portions  of 
the  fusible  element'  extends  between  the  spaced- 
apart  ends  by  paths  that  are  disposed  generally 
longitudinally  of  the  fusible  element.  The  portion 
of  the  body  of  exothermic  material  that  is  located 

25  between  the  spaced  ends  extends  transversely  of 
the  electric  field. 

Still  another  significant  feature  is  that  ignition 
of  each  body  34  of  exothermic  material  causes  all 
the  parallel-connected  main  fusible  elements  to 

30  be  broken  (since  all  of  these  elements  are  in  close 
proximity  to  the  body  34).  This  would  be  the  case 
whether  the  fuse  includes  two  main  fusible 
elements,  as  shown,  or  many  more,  as  would  be 
the  case  in  a  fuse  with  a  higher  current  rating. 

35  Such  a  higher  current  fuse  typically  comprises 
additional  ribbons  wrapped  around  the  core  in 
parallel  with  those  shown,  with  all  the  ribbons 
crossing  each  of  the  annular  bodies  34  of  exother- 
mic  material  at  circumferentially-spaced  loca- 

40  tions.  When  the  exothermic  material  of  body  34 
ignites,  each  ribbon  is  rapidly  heated  to  melting  at 
the  location  where  it  crosses  the  exothermically 
reactive  body  34.  Since  the  exothermic  reaction 
takes  place  with  great  rapidity,  all  the  ribbons  are 

45  broken  substantially  simultaneously. 
In  many  applications  of  high  voltage,  current- 

limiting  fuses,  the  fuse  will  be  exposed  to  surge 
currents  from  switching  surges  and  similar  trans- 
ient  conditions.  Such  surge  currents  can  produce 

so  false  operation  of  the  fuse  shown  in  Fig.  1, 
because  even  though  they  are  of  short  duration 
and  do  not  supply  sufficient  energy  to  the  main 
fusible  elements  to  cause  them  to  melt,  they  have 
high  enough  peaks  to  develop  substantial  volt- 

55  ages  between  the  fuse  terminals.  Such  voltages 
can  sometimes  drive  sufficient  current  through 
the  triggering  circuit  52  of  Fig.  1  to  ignite  the 
exothermic  bodies  34.  To  prevent  significant  cur- 
rent  from  flowing  through  the  triggering  circuit 

60  under  these  conditions,  I  provide  within  the  trig- 
gering  circuit  and  in  series  therewith  a  breakdown 
gap  such  as  shown  at  60  in  Fig.  5.  This  gap  60 
comprises  two  spaced-apart  electrodes  62  that 
are  located  within  a  small  tubular  housing  64  of 

65  insulating  material.  There  is  sufficient  dielectric 

5 



9 0  121  881  10 

strength  between  the  spaced  electrodes  to  with- 
stand  the  voltage  developed  between  the  fuse 
terminals  by  the  above-described  surges.  Thus, 
these  surges  produce  no  significant  current 
through  the  trigger  circuit,  and  the  triggering 
circuit  remains  inactive,  as  desired. 

The  trigger  gap  60  does  not  significantly  inter- 
fere  with  the  desired  operation  of  the  fuse  under 
low  over-current  conditions.  In  this  regard,  con- 
sider  the  case  in  which  the  fusible  element  melts 
and  then  arcs  at  the  overlay  34  in  response  to  a 
persistent  low  overcurrent.  Current  flows  through 
the  arc  until  a  natural  current  zero  following 
which  the  usual  recovery  voltage  transient 
appears  across  the  arcing  gap  in  the  main  fusible 
element.  This  gap  may  not  be  long  enough  at  this 
time  to  have  a  dielectric  strength  as  high  as  the 
trigger  gap  60,  in  which  case  the  recovery  voltage 
transient  would  break  down  the  gap  in  the  main 
fusible  element,  re-establishing  the  arc  that  had 
been  present.  This  arc  would  burn  back  the  main 
fusible  element,  thus  lengthening  the  gap  in  the 
main  fusible  element  and  allowing  the  arcing 
current  to  continue  until  another  natural  current 
zero.  The  recovery  voltage  transient  that  appears 
after  each  current  zero  would  repeat  this  process 
until  the  main  gap  becomes  long  enough  so  that  it 
would  no  longer  breakdown  in  preference  to  the 
trigger  gap  60.  When  this  occurred,  the  trigger 
gap  60  would  be  ignited  by  the  recovery  voltage 
transient  and  current  would  flow  through  the 
triggering  circuit  to  activate  the  exothermic 
bodies  34  in  the  manner  described  hereinabove. 

In  the  case  of  higher  overcurrents,  the  arc  that 
initially  forms  would  burn  back  the  main  fusible 
element  sufficiently  to  allow  the  recovery  voltage 
appearing  after  the  first,  or  at  least  an  early, 
current  zero  to  ignite  the  gap  60  in  preference  to 
the  gap  in  the  main  fusible  element.  After  this, 
current  would  flow  through  the  triggering  circuit 
to  activate  the  exothermic  bodies  in  the  manner 
described  hereinabove. 

Although  only  one  trigger  circuit  (52)  is  shown 
in  the  illustrated  embodiment,  it  is  to  be  under- 
stood  that  it  is  sometimes  advantageous  to 
include  a  second  trigger  circuit  in  parallel  with  the 
first  one.  Preferably,  this  second  trigger  circuit  is 
of  the  same  design  as  the  first  one  and  has  its 
igniter  wires  located  in  the  illustrated  bodies  34  of 
exothermic  material.  In  such  an  arrangement,  the 
current  flowing  after  the  main  fusible  elements 
are  disrupted  will  normally  divide  between  the 
two  trigger  circuits.  If,  for  some  reason,  either  one 
operates  before  the  other,  the  resulting  exother- 
mic  reactions  will  disrupt  the  other  as  well  as  the 
main  fusible  elements.  As  a  result,  the  fuse 
operates  in  the  basic  manner  intended  and 
described  hereinabove,  even  should  a  trigger 
circuit  fail. 

As  noted  herein  above  with  respect  to  trigger 
circuit  52,  the  interconnecting  wires  50  and  the 
terminal  conductors  46  are  of  substantially  larger 
diameter  than  the  igniter  wires  45.  This  helps  to 
assure  that  when  significant  current  passes 
through  the  triggering  circuit  52,  the  heating 

effect  of  the  current  will  be  concentrated  at  the 
igniter  wires.  This  helps  to  prevent  melting  of  the 
trigger  circuit  at  locations  outside  the  igniter 
wires  prior  to  ignition  of  the  exothermic  material, 

5  which  melting  could  prevent  the  desired  oper- 
ation  of  the  trigger  circuit.  Further  contributing  to 
concentration  of  the  heating  effect  at  the  igniter 
wires  45  is  the  fact  that  the  igniter  wires  are  of 
higher  resistivity  material  than  the  connecting 

10  wires  50,  e.g.,  tungsten  as  compared  to  silver  or 
silver  alloy,  as  will  be  noted  later  in  this  specifica- 
tion. 

Exemplary  Materials 
15  The  above  described  fuse  may  employ  a  wide 

variety  of  materials  for  its  various  components, 
and  some  of  these  will  now  be  specified,  but  only 
by  way  of  example  and  not  illustration. 

The  main  fusible  elements  18  and  19  can  be  of 
20  aluminium,  silver,  copper,  tin,  zinc,  or  cadmium. 

Aluminum  and  silver  are  preferred.  It  is  also  to  be 
noted  that  these  elements  can  be  of  forms  other 
than  ribbon  form.  For  example,  they  can  be  of 
wire  form  or  of  cylindrical  form. 

25  The  triggering  circuit  52  in  one  embodiment 
uses  coiled  interconnecting  wires  50  of  silver  or 
silver  alloy,  igniter  wire  45  of  tungsten  or  nickel- 
chromium  alloy,  and  leads  46  of  nickel-chromium 
or  copper-nickel  alloys. 

30  Each  of  the  exothermic  materials  used  for 
bodies  34  is  preferably  a  mixture  of  a  solid 
oxidant,  a  metal  in  powdered  form,  and  a  suitable 
binder  having,  electrical  insulation  properties.  The 
metal  is  selected  from  the  group  consisting  of 

35  zirconium,  hafnium,  thorium,  aluminum,  mag- 
nesium  and  combinations  thereof.  The  oxidant 
comprises  a  material  such  as  potassium  perchlo- 
rate  or  other  chlorates  or  perchlorates  which  react 
exothermically  with  the  metal  when  the  mixture  is 

40  heated.  The  binder  can  be  of  colloidal  silica. 
Despite  the  presence  of  the  metal  particles,  this 
material  is  a  fairly  good  electrical  insulator.  Pre- 
ferably,  the  body  34  is  covered  with  a  thin  coating 
of  a  moisture-resistant  insulating  material  such  as 

45  sodium  silicate. 
The  filler  26  in  the  casing  10  is  preferably  quartz 

sand,  but  my  invention  in  its  broader  aspects  also 
applies  to  fuses  in  which  the  casing  10  is  filled 
with  other  arc-extinguishing  materials,  such  as  oil 

so  or  a  suitable  gas. 

Claims 

1.  A  high  voltage  electric  fuse  comprising: 
55  a)  a  pair  of  spaced-apart  conductive  terminals 

(17), 
b)  a  fusible  conductive  element  (18)  connected 

between  said  terminals, 
c)  bodies  (34)  of  exothermic  material  disposed 

60  closely  adjacent  to  said  conductive  element  at 
spaced-apart  locations  along  the  length  of  the 
conductive  element,  the  exothermic  material  of 
each  body  having  the  property  of  exothermically 
reacting  when  heated  to  a  predetermined 

65  temperature, 
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d)  a  triggering  circuit  (52)  connected  between 
said  terminals  (17)  independently  of  said  fusible 
conductive  element  (18)  and  having  a  resistance 
that  limits  current  therethrough  to  very  low 
values  until  said  fusible  conductive  element  is 
disrupted, 

e)  means  connecting  the  bodies  (34)  of  exother- 
mic  material  in  good  heat-transfer  relationship 
with  said  triggering  circuit  (52)  and  said  fusible 
conductive  element  (18)  so  that  the  heating  effect 
of  current  through  said  triggering  circuit  upon 
disruption  of  said  fusible  conductive  element 
causes  the  material  of  said  bodies  to  exothermi- 
cally  react  and  thus  cause  further  disruption  of 
said  fusible  element  at  additional  locations 
respectively  located  adjacent  to  said  bodies, 

f)  and  means  electrically  insulating  said  trigger- 
ing  circuit  (52)  from  said  fusible  conductive 
element  (18)  at  all  points  along  the  length  of  said 
fusible  element  except  at  said  terminals. 

2.  A  fuse  as  defined  in  claim  1,  characterized  by 
a)  a  support  (20)  of  electrical  insulating  material 

about  which  said  fusible  conductive  element  is 
spirally  wound, 

b)  a  second  fusible  conductive  element  (19)  in 
addition  to  said  first-recited  fusible  conductive 
element  (18),  said  second  element  (19)  being 
connected  between  said  terminals  and  spirally 
wound  about  said  support  in  parallel-circuit  rela- 
tionship  with  said  first  element  and  in  spaced- 
apart  relationship  to  said  first  element, 

c)  the  bodies  (34)  of  exothermic  material 
generally  surrounding  said  support  and  being 
located  on  said  support  in  axially-spaced  relation- 
ship  along  the  length  thereof, 

d)  said  fusible  elements  (18,  19)  passing  over 
the  exterior  of  said  bodies  in  close  proximity 
thereto. 

3.  A  fuse  as  defined  in  claim  1,  characterized  by 
a)  the  bodies  (34)  of  exothermic  material  being 

spaced-apart  along  the  length  of  said  fusible 
element  (18), 

b)  said  fusible  element  (18)  passing  at  least 
once  over  the  exterior  of  each  of  said  bodies  (34), 

c)  said  triggering  circuit  (52)  including  a  plu- 
rality  of  conductive  heating  portions  respectively 
located  in  close  proximity  to  said  pluralities  of 
bodies  and  electrically  connected  in  series  with 
each  other  in  said  triggering  circuit. 

4.  A  fuse  as  defined  in  claim  2,  characterized  by 
means  (36,  38)  mounting  said  bodies  (34)  of 
exothermic  material  on  said  support  (20)  in 
axially-spaced  relationship  along  the  length  of 
said  support  (20). 

5.  The  fuse  of  claim  4,  characterized  in  that  each 
of  said  bodies  (34)  is  of  generally  annular  form. 

6.  The  fuse  of  claim  1  characterized  in  that  said 
triggering  circuit  (52)  includes  a  plurality  of  con- 
ductive  heating  portions  (45)  respectively  located 
in  close  proximity  to  said  plurality  of  bodies  and 
electrically  connected  in  series  with  each  other  in 
said  triggering  circuit. 

7.  The  fuse  of  claim  6  characterized  in  that  said 
triggering  circuit  (52)  further  comprises  inter- 
connecting  portions  (50)  between  said  heating 

portions  (45),  the  interconnecting  portions  being 
in  the  form  of  coiled  wire. 

8.  The  fuse  of  claim  1  characterized  in  that  at 
each  location  where  said  main  fusible  element 

5  (18)  is  disrupted  by  an  exothermic  reaction,  there 
is  an  electric  field  between  the  spaced  portions  of 
said  fusible  element  remaining  at  said  location 
after  arcing,  the  portion  of  the  associating  body  of 
exothermic  material  that  is  located  between  said 

w  spaced  fusible  element  portions  extending  trans- 
versely  of  said  electric  field. 

9.  A  fuse  as  defined  in  claim  2,  characterized  by 
a)  said  second  fusible  conductive  element  (19) 

connected  between  said  terminals  in  parallel- 
15  circuit  relationship  with  said  first  element  (18)  and 

in  spaced-apart  relationship  to  said  first  element, 
b)  each  body  (34)  of  exothermic  material  being 

disposed  closely  adjacent  to  both  said  first  and 
second  fusible  conductive  elements  (18,  19)  at 

20  spaced--apart  locations  along  the  length  of  said 
elements, 

c)  the  bodies  (34)  of  exothermic  material  being 
connected  in  good  heat  transfer  relationship  to 
both  said  first  and  second  fusible  elements  (18, 

25  19)  so  that  the  heating  effect  of  current  through 
said  triggering  circuit  (52)  upon  disruption  of  both 
of  said  fusible  elements  causes  the  material  of 
said  bodies  to  exothermically  react  and  thus 
cause  further  disruption  of  said  fusible  elements 

30  at  additional  locations  respectively  located  adja- 
cent  said  bodies,  and 

d)  means  electrically  insulating  said  triggering 
circuit  from  said  second  fusible  conductive 
element  (19)  at  all  points  along  the  length  of  said 

35  second  fusible  element  except  at  said  terminals. 
10.  The  fuse  of  claim  9,  characterized  in  that 

said  bodies  (34)  are  of  a  generally  ring  shape,  and 
said  fusible  conductive  elements  (18,  19)  pass 
over  the  exterior  of  said  ring-shaped  bodies  at 

40  spaced  locations  in  close  proximity  to  said 
exterior. 

11.  The  fuse  of  anyone  of  claims  1  to  10, 
characterized  in  that  each  of  said  fusible  elements 
(18,  19)  passes  at  least  once  over  the  exterior  of 

45  each  of  said  bodies  (34). 
12.  A  fuse  as  defined  in  claim  1,  characterized 

by 
a)  a  second  triggering  circuit  (52)  connected 

between  said  terminals  independently  of  said 
so  fusible  conductive  element  (18)  and  in  parallel- 

circuit  relationship  with  said  first  triggering  circuit 
and  said  fusible  conductive  element,  said  second 
triggering  circuit  having  a  resistance  that  limits 
current  therethrough  to  very  low  values  until  said 

55  fusible  conductive  element  is  disrupted, 
b)  means  connecting  the  bodies  (34)  of  exother- 

mic  material  in  good  heat-transfer  relationship 
with  said  second  triggering  circuit,  and 

c)  means  electrically  insulating  said  triggering 
60  circuit  from  said  fusible  conductive  element  at  all 

points  along  the  length  of  said  fusible  element 
except  at  said  terminals. 

13.  The  fuse  of  claim  1  in  which  said  triggering 
circuit  (52)  includes  insulating  means  (60)  in 

65  series  with  the  triggering  circuit  for  blocking 
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significant  current  from  flowing  therethrough 
under  predetermined  switching  surge  con- 
ditions  and  for  breaking  down  to  allow  signifi- 
cant  current  through  the  triggering  circuit 
when  the  voltage  thereacross  exceeds  a  pre- 
determined  level. 

14.  The  fuse  of  claim  13,  characterized  in 
that  said  insulating  means  (60)  comprises  a 
breakdown  gap. 

Patentanspruche 

1.  Elektrische  Hochspannungssicherung 
enthaltend: 

a)  zwei  im  Abstand  angeordnete  leitfahige 
Ansclusse  (17), 

b)  ein  schmelzbares  Leiterelement  (18),  das 
zwischen  die  Anschlusse  geschaltet  ist, 

c)  Korper  (34)  aus  exothermem  Material,  die 
eng  neben  dem  Leiterelement  an  beab- 
standeten  Stellen  auf  der  Lange  des  Leiter- 
elements  angeordnet  sind,  wobei  das 
exotherme  Material  von  jedem  Korper  die 
Eigenschaft  hat,  exotherm  zu  reagieren,  wenn 
es  auf  eine  vorbestimmte  Temperatur  erwarmt 
wird, 

d)  eine  Triggerschaltung  (52),  die  zwischen 
die  Anschlusse  (17)  geschaltet  ist  unabhangig 
von  dem  schmelzbaren  Leiterelement  (18)  und 
einen  Widerstand  aufweist,  der  den  hindurch- 
flieBenden  Strom  auf  sehr  kleine  Werte 
begrenzt,  bis  das  schmelzbare  Leiterelement 
unterbrochen  wird, 

e)  Mittel,  die  die  Korper  (34)  aus  exother- 
mem  Material  in  einer  guten  Warmeubertra- 
gungsrelation  mit  der  Triggerschaltung  (52) 
und  dem  schmelzbaren  Leiterelement  (18)  ver- 
binden,  so  dalS  der  Erwarmungseffekt  des 
Stromes  durch  die  Triggerschaltung  beim 
Unterbrechen  des  schmelzbaren  Leiterelements 
bewirkt,  dalS  das  Material  der  Korper  exotherm 
reagiert  und  somit  weiterhin  eine  Unterbrec- 
hung  des  schmelzbaren  Elements  an  zusatz- 
lichen  Stellen  bewirkt,  die  auf  entsprechende 
Weise  neben  den  Korpern  angeordnet  sind, 

f)  und  Mittel,  die  die  Triggerschaltung  (52) 
elektrisch  von  dem  schmelzbaren  Leiterelement 
(18)  an  alien  Punkten  auf  der  Lange  des 
schmelzbaren  Elementes,  auBer  an  den 
Anschlussen,  isoliert. 

2.  Sicherung  nach  Anspruch  1,  gekennzeich- 
net  durch: 

a)  eine  Halterung  (20)  aus  elektrischem 
Isoliermateriai,  um  die  das  schmelzbare  Leiter- 
element  wendelformig  gewickelt  ist, 

b)  ein  zweites  schmelzbares  Leiterelement 
(19)  zusatzlich  zu  dem  ersten  schmelzbaren 
Leiterelement  (18),  wobei  das  zweite  Element 
(19)  zwischen  die  Anschlusse  geschaltet  ist 
und  wendelformig  um  die  Halterung  in 
Parallelschaltung  zu  dem  ersten  Element  und 
im  Abstand  zu  dem  ersten  Element  gewickelt 
ist, 

c)  die  Korper  (34)  aus  exothermem  Material 
im  wesentlichen  die  Halterung  umgeben  und 

auf  der  Halterung  mit  axialem  Abstand  auf  der 
Lange  der  Halterung  angeordnet  sind, 

d)  die  schmelzbaren  Elemente  (18,  19)  eng 
uber  dem  AulSeren  der  Korper  verlaufen. 

5  3.  Sicherung  nach  Anspruch  1,  gekennzeich- 
net  durch: 

a)  die  Korper  (34)  aus  exothermem  Material 
sind  im  Abstand  auf  der  Lange  des  schmelz- 
baren  Elements  (18)  angeordnet, 

w  b)  das  schmelzbare  Element  (18)  wenigstens 
einmal  uber  das  AuSere  von  jedem  Korper 
(34)  verlauft, 

c)  die  Triggerschaltung  (52)  weist  mehrere 
leitfahige  Erwarmungsabschnitte  auf,  die  auf 

is  entsprechende  Weise  sehr  nahe  an  den  Kor- 
pern  angeordnet  und  elektrisch  mit  jedem 
anderen  in  der  Triggerschaltung  in  Reihe  ge- 
schaltet  sind. 

4.  Sicherung  nach  Anspruch  2,  gekennzeich- 
20  net  durch  Mittel  (36,  38)  zum  Befestigen  der 

Korper  (34)  aus  exothermem  Material  auf  der 
Halterung  (20)  in  axialem  Abstand  auf  der 
Lange  der  Halterung  (20). 

5.  Sicherung  nach  Anspruch  4,  dadurch 
25  gekennzeichnet,  dalS  jeder  Korper  (34)  im 

wesentlichen  ringfdrmig  ist. 
6.  Sicherung  nach  Anspruch  1,  dadurch 

gekennzeichnet,  dalS  die  Triggerschaltung  (52) 
mehrere  leitfahige  Erwarmungsabschnitte  (45) 

30  aufweist,  die  auf  entsprechende  Weise  sehr 
nahe  an  den  Korpern  angeordnet  und  elek- 
trisch  mit  jedem  anderen  in  der  Trigger- 
schaltung  in  Reihe  geschaltet  ist. 

7.  Sicherung  nach  Anspruch  6,  dadurch  ge- 
35  kennzeichnet,  dalS  die  Triggerschaltung  (52) 

ferner  Verbindungsabschnitte  (50)  zwischen 
den  Erwarmungsabschnitten  (45)  aufweist, 
wobei  die  Verbindungsabschnitte  die  Form  von. 
zu  einer  Spule  gewickeltem  Draht  haben. 

40  8.  Sicherung  nach  Anspruch  1,  dadurch  ge- 
kennzeichnet,  dalS  an  jeder  Stelle,  wo  das 
schmelzbare  Hauptelement  (18)  durch  eine 
exotherme  Reaktion  unterbrochen  wird,  ein 
elektrisches  Feid  besteht  zwischen  den  im 

45  Abstand  angeordneten  Abschnitten  des 
schmelzbaren  Elements,  das  an  der  Stelle  nach 
der  Lichtbogenbildung  zuruckbleibt,  wobei  der 
Abschnitt  des  zugeordneten  Korpers  aus 
exothermem  Material,  der  zwischen  den  im 

so  Abstand  angeordneten  schmelzbaren  Element- 
abschnitten  angeordnet  ist,  quer  zu  dem  elek- 
trischen  Feld  verlauft. 

9.  Sicherung  nach  Anspruch  2,  gekennzeich- 
net  durch: 

55  a)  das  zweite  schmelzbare  Leiterelement  (19), 
das  zwischen  die  Anschlusse  geschaltet  ist,  ist 
mit  dem  ersten  Element  (18)  parallel  geschaltet 
und-  im  Abstand  zu  dem  ersten  Element  ange- 
ordnet, 

60  b)  jeder  Korper  (34)  aus  exothermem  Mate- 
rial  ist  eng  neben  beiden  ersten  und  zweiten 
schmelzbaren  Leiterelementen  (18,  19)  an 
beabstandeten  Stellen  auf  der  Lange  der  Ele- 
mente  angeordnet, 

65  c)  die  Korper  (34)  aus  exothermem  Material 
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sind  in  guter  Warmeubertragungsrelation  mit 
sowohl  dem  ersten  als  auch  zweiten  schmelz- 
baren  Element  (18,  19)  verbunden,  so  daB  der  Er- 
warmungseffekt  des  Stroms  durch  die  Trigger- 
schaltung  (52)  beim  Unterbrechen  beider  5 
schmelzbaren  Elemente  bewirkt,  daB  das  Mate- 
rial  der  Korper  exotherm  reagiert  und  somit  eine 
weitere  Unterbrechung  der  schmelzbaren  Ele- 
mente  an  zusatzlichen  Stellen  bewirkt,  die  auf 
entsprechende  Weise  neben  den  Korpern  ange-  10 
ordnet  sind,  und 

d)  Mittel,  die  die  triggerschaltung  von  dem 
zweiten  schmelzbaren  Leiterelement  (19)  isolie- 
ren  an  alien  Punkten  auf  der  Lange  des  zweiten 
schmelzbaren  Elements,  auBer  an  den  Anschliis-  75 
sen. 

10.  Sicherung  nach  Anspruch  9,  dadurch 
gekennzeichnet,  daB  die  Korper  (34)  im  wesent- 
lichen  eine  Ringform  haben  und  die  schmelz- 
baren  Leiterelemente  (18,  19)  uber  dem  AuBeren-  20 
der  ringformigen  Korper  an  beabstandeten  Stel- 
len  sehr  nahe  zu  dem  AuBeren  verlaufen. 

11.  Sicherung  nach  einem  der  Anspriiche  1  bis 
10,  dadurch  gekennzeichnet,  daB  jedes  schmelz- 
bare  Element  (18,  19)  wenigstens  einmal  liber  25 
das  AuSere  von  jedem  Korper  (34)  verlauft. 

12.  Sicherung  nach  Anspruch  1,  gekennzeich- 
net  durch: 

a)  eine  zweite  Triggerschaltung  (52),  die 
zwischen  die  Anschlusse  geschaltet  ist  unab-  30 
hangig  von  dem  schmelzbaren  Leiterelement 
(18)  und  in  Parallelschaltung  zu  der  ersten 
Triggerschaltung  und  dem  ersten  schmelzbaren 
Leiterelement,  wobei  die  zweite  Triggerschaltung 
einen  Widerstand  aufweist,  der  einen  hindurch-  35 
flieBenden  Strom  auf  sehr  kleine  Werte  begrenzt, 
bis  das  schmelzbare  Leiterelement  unterbrochen 
ist, 

b)  Mittel,  die  die  Korper  (34)  aus  exothermem 
Material  in  einer  guten  Warmeubertragungsrela-  40 
tion  mit  der  zweiten  Triggerschaltung  verbinden, 
und 

c)  Mittel,  die  die  Triggerschaltung  elektrisch 
von  dem  schmelzbaren  Leiterelement  an  alien 
Punkten  auf  der  Lange  des  schmelzbaren  Ele-  45 
ments,  auBer  an  den  Anschliissen,  isolieren. 

13.  Sicherung  nach  Anspruch  1,  wobei  die 
Triggerschaltung  (52)  Isoiiermittel  (60)  in  Reihe 
mit  der  Triggerschaltung  aufweist  zum  Sperren 
eines  signifikanten  Stromflusses  unter  vorbe-  50 
stimmten  SchaltstoBzustanden  und  zum  Uber- 
schlagen,  damit  ein  signifikanter  Strom  durch  die 
Triggerschaltung  flieBen  kann,  wenn  die  dariiber 
anstehende  Spannung  einen  vorbestimmten 
Wert  iiberschreitet.  55 

14.  Sicherung  nach  Anspruch  13,  dadurch  ge- 
kennzeichnet,  daB  die  Isoiiermittel  (60)  eine 
Uberschlagstrecke  aufweisen. 

Revendications  eo 

1.  Un  fusible  6lectrique  de  haute  tension  com- 
prenant: 

a)  une  paire  de  bornes  conductrices  mutuelle- 
ment  espac6es  (17),  65 

b)  un  element  conducteur  fusible  (18)  connecte 
entre  ces  bornes, 

c)  des  blocs  (34)  de  matiere  exothermique 
disposes  de  fagon  etroitement  adjacente  a  I'ele- 
ment  conducteur  en  des  emplacements 
mutuellement  espaces  sur  la  longueur  de  I'ele- 
ment  conducteur,  la  matiere  exothermique  de 
chaque  bloc  ayant  la  propriete  de  reagir  de  fagon 
exothermique  lorsqu'elle  est  chauffee  a  une 
temperature  predeterminee, 

d)  un  circuit  de  declenchement  (52)  connecte 
entre  les  bornes  precitees  (17),  independamment 
de  I'element  conducteur  fusible  (18)  et  ayant  une 
resistance  qui  limite  a  de  tres  faibles  valeurs  le 
courant  qui  le  traverse,  jusqu'a  ce  que  I'element 
conducteur  fusible  soit  coupe, 

e)  des  moyens  destines  a  maintenir  les  blocs 
(34)  de  matiere  exothermique  dans  une  relation 
de  bon  transfert  thermique  avec  le  circuit  de 
declenchement  (52)  et  I'element  conducteur  fusi- 
ble  (18),  afin  que  I'effet  d'echauffement  du  cou- 
rant  traversant  le  circuit  de  declenchement  au 
moment  de  la  coupure  de  I'element  conducteur 
fusible  fasse  reagir  de  fagon  exothermique  la 
matiere  des  blocs  precites  et  provoque  ainsi  de 
nouvelles  coupures  de  I'element  fusible  a  des 
emplacements  supplementaires  respectivement 
adjacents  aux  blocs, 

f)  et  des  moyens  qui  isolent  electriquement  le 
circuit  de  declenchement  (52)  par  rapport  a  I'ele- 
ment  conducteur  fusible  (18)  en  tout  point  sur  la 
longueur  de  cet  element  fusible,  sauf  aux  bornes. 

2.  Un  fusible  selon  la  revendication  1,  caracte- 
rise  par 

a)  un  support  (20)  en  matiere  electriquement 
isolante  autour  duquel  I'element  conducteur  fusi- 
ble  est  enroule  en  helice, 

b)  un  second  element  conducteur  fusible  (19), 
en  plus  de  I'element  conducteur  fusible  men- 
tionne  en  premier  (18),  ce  second  element  (19) 
etant  connecte  entre  les  bornes  et  enroule  en 
helice  autour  du  support,  en  parallele  au  point  de 
vue  electrique  avec  le  premier  element  et  en 
etant  espace  par  rapport  au  premier  element, 

c)  les  blocs  (34)  de  matiere  exothermique 
entourant  de  fagon  generate  le  support  et  etant 
places  sur  le  support  dans  des  positions 
mutuellement  espacees  en  direction  axiale  sur  la 
longueur  du  support, 

d)  les  elements  fusibles  (18,  19)  passant  a 
I'exterieur  des  blocs  precites  et  a  proximite 
immediate  de  ces  derniers. 

3.  Un  fusible  selon  la  revendication  1,  caracte- 
rise  en  ce  que 

a)  les  blocs  (34)  de  matiere  exothermique  sont 
mutuellement  espaces  sur  la  longueur  de  I'ele- 
ment  fusible  (18), 

b)  I'element  fusible  (18)  passe  au  moins  une 
fois  a  I'exterieur  de  chacun  des  blocs  (34), 

c)  le  circuit  de  declenchement  (52)  comprend 
un  ensemble  de  parties  de  chauffage  conduc- 
trices  qui  sont  respectivement  situees  a  proxi- 
mite  immediate  de  I'ensemble  de  blocs  et  qui 
sont  connecters  electriquement  en  serie  les  unes 
avec  les  autres  dans  le  circuit  de  declenchement. 
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4.  Un  fusible  selon  la  revendication  2,  caracte- 
rise  par  des  moyens  (36,  38)  permettant  de  mon- 
ter  les  blocs  (34)  de  matiere  exothermique  sur  le 
support  (20)  de  fagon  qu'ils  soient  mutuellement 
espaces  en  direction  axiale  sur  la  longueur  du 
support  (20). 

5.  Le  fusible  de  la  revendication  4,  caracterise 
en  ce  que  chacun  des  blocs  (34)  a  une  forme 
generate  annulaire. 

6.  Le  fusible  de  la  revendication  1,  caracterise 
en  ce  que  le  circuit  de  declenchement  (52)  com- 
prend  un  ensemble  de  parties  de  chauffage 
conductrices  (45)  qui  sont  respectivement  situees 
a  proximite  immediate  de  I'ensemble  de  blocs  et 
qui  sont  electriquement  connectees  en  serie  les 
unes  avec  les  autres  dans  le  circuit  de  declenche- 
ment. 

7.  Le  fusible  de  la  revendication  6,  caracterise 
en  ce  que  le  circuit  de  declenchement  (52)  com- 
prend  en  outre  des  parties  d'interconnexion  (50) 
entre  les  parties  de  chauffage  (45),  et  les  parties 
d'interconnexion  se  presentent  sous  la  forme 
d'un  fil  spirale. 

8.  Le  fusible  de  la  revendication  1,  caracterise 
en  ce  qu'a  chaque  emplacement  auquel  I'element 
fusible  principal  (18)  est  coupe  par  une  reaction 
exothermique,  un  champ  electrique  est  etabli 
entre  les  parties  espacees  de  I'element  fusible  qui 
restent  a  cet  emplacement  apres  qu'un  arc  se  soit 
produit,  et  la  partie  du  bloc  associe  de  matiere 
exothermique  qui  se  trouve  entre  les  parties 
espacees  precitees  de  I'element  fusible  s'etend 
transversalement  par  rapport  a  ce  champ  elec- 
trique. 

9.  Un  fusible  selon  la  revendication  2,  caracte- 
rise  en  ce  que 

a)  le  second  element  conducteur  fusible  (19)  est 
connecte  entre  les  bornes  en  parallele  au  point  de 
vue  electrique  avec  le  premier  element  (18),  et  en 
etant  espace  par  rapport  a  ce  premier  element, 

b)  chaque  bloc  (34)  de  matiere  exothermique 
est  place  de  fagon  etroitement  adjacente  a  la  fois 
aux  premier  et  second  elements  conducteurs 
fusibles  (18,  19),  a  des  emplacements  mutuelle- 
ment  espaces  sur  la  longueur  de  ces  elements, 

c)  les  blocs  (34)  de  matiere  exothermique  sont 
maintenus  dans  une  relation  de  bon  transfert 
thermique  a  la  fois  avec  les  premier  et  second  ele- 
ments  fusibles  (18,  19),  de  fagon  que  I'effet 
d'echauffement  du  courant  qui  circule  dans  le 
circuit  de  declenchement  (52)  apres  la  coupure 
des  deux  elements  fusibles  fasse  reagir  de  fagon 
exothermique  la  matiere  des  blocs  et  provoque 

ainsi  une  nouvelle  coupure  des  elements  fusibles 
a  des  emplacements  supplementaires  respective- 
ment  adjacents  aux  blocs  precites,  et 

d)  des  moyens  qui  isolent  electriquement  le 
5  circuit  de  declenchement  par  rapport  au  second 

element  conducteur  fusible  (19)  en  tout  point  sur 
la  longueur  du  second  element  fusible,  sauf  aux 
bornes. 

10.  Le  fusible  de  la  revendication  9,  caracterise 
10  en  ce  que  les  blocs  (34)  ont  une  forme  generale 

annulaire,  et  les  elements  conducteurs  fusibles 
(18,  19)  passent  a  I'exterieur  des  blocs  de  forme 
annulaire  en  des  emplacements  mutuellement 
espaces,  a  proximite  immediate  de  I'exterieur  des 

15  blocs. 
1.  Le  fusible  selon  I'une  quelconque  des 

revendications  1  a  10,  caracterise  en  ce  que 
chacun  des  elements  fusibles  (18,  19)  passe  au 
moins  une  fois  a  I'exterieur  de  chacun  des  blocs 

20  (34). 
12.  Un  fusible  selon  la  revendication  1,  caracte- 

rise  par 
a)  un  second  circuit  de  declenchement  (52) 

connecte  entre  les  bornes,  independamment  de 
25  I'element  conducteur  fusible  (18)  et  en  parallele 

au  point  de  vue  electrique  avec  le  premier  circuit 
de  declenchement  et  I'element  conducteur  fusi- 
ble,  ce  second  circuit  de  declenchement  ayant 
une  resistance  qui  limite  a  de  tres  faibles  valeurs 

30  le  courant  qui  le  traverse,  jusqu'a  ce  que  I'element 
conducteur  fusible  soit  coupe, 

b)  des  moyens  qui  maintiennent  les  blocs  (34) 
de  matiere  exothermique  dans  une  relation  de 
bon  transfert  thermique  avec  le  second  circuit  de 

35  declenchement,  et 
c)  des  moyens  qui  isolent  electriqument  ce 

circuit  de  declenchement  par  rapport  a  I'element 
conducteur  fusible  en  tout  point  sur  la  longueur 
de  I'element  fusible,  sauf  aux  bornes. 

40  13.  Le  fusible  de  la  revendication  1,  dans  lequel 
le  circuit  de  declenchement  (52)  comprend  des 
moyens  d'isolation  (60)  branches  en  serie  avec  le 
circuit  de  declenchement,  qui  empechent  la  circu- 
lation  d'un  courant  notable  dans  ce  circuit  dans 

45  des  conditions  predeterminees  correspondent  a 
la  presence  d'un-  transitoire  de  commutation,  et 
qui  deviennent  conducteurs,  par  claquage,  pour 
permettre  la  circulation  d'un  courant  notable  dans 
le  circuit  de  declenchement  lorsqu  la  tension  a 

so  leurs  bornes  depasse  un  niveau  predetermine. 
14.  Le  fusible  de  la  revendication  13,  caracterise 

en  ce  que  les  moyens  d'isolation  (60)  consistent 
en  un  eclateur. 

55 

60 

65 
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