
(19) 3  

Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets 

(12) 

(43)  Date  of  publication: 
19.02.1997  Bulletin  1997/08 

(21)  Application  number:  96305893.8 

(22)  Date  of  filing:  12.08.1996 

een  des  brevets  ^   E  P  0  7 5 8   7 3 5   A 2  

EUROPEAN  PATENT  A P P L I C A T I O N  

(51)  Intel  e  F42B  3 /00  

(84)  Designated  Contracting  States:  •  Chatley,  Glenn  R. 
DE  FR  GB  Mesa,  AZ  85205  (US) 

(30)  Priority:  14.08.1995  US  514616  (74)  Representative:  Ede,  Eric  et  al 
Fitzpatricks, 

(71)  Applicant:  ICI  Americas  Inc  4  West  Regent  Street 
Tamaqua,  PA  18252  (US)  Glasgow  G2  1RS,  Scotland  (GB) 

(72)  Inventors: 
•  Hambro,  Roger  S. 

Orefield,  PA  18069  (US) 

CM 
<  

CO 
Is- 
00 
LO 
Is- 
o  
□_ 
LU 

(54)  Pyrotechnic  initiator  and  process  of  making  same  

(57)  Short  circuits  in  automotive  airbag  initiators  uti- 
lizing  fine,  stranded  leadwires  are  avoided  by  forming 
balls  on  the  ends  of  the  wire  by  a  plasma  arc.  The  wires 

are  spot  welded  to  the  initiator  terminals,  and  no  fraying 
occurs  in  the  spot  welding  process.  The  procedure  pro- 
duces  a  reliable  initiator,  and  simplifies  the  inspection 
process. 
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Description 

Brief  Summary  of  the  Invention 

This  invention  relates  generally  to  electrically  acti- 
vated  pyrotechnic  initiators  of  the  kind  used  in  the  de- 
ployment  of  automotive  airbags.  It  relates  more  partic- 
ularly  to  improvements  in  the  electrical  connections  by 
which  an  electrical  signal  is  conducted  from  a  source  of 
electrical  power  to  the  initiator. 

In  airbag  initiators,  two  types  of  electrical  interface 
are  used.  One  is  the  pin  style  interface,  in  which  one 
end  of  the  initiator  has  pins  which  fit  an  electrical  con- 
nector.  The  other  is  the  leadwire  interface,  in  which  a 
two-wire  "pigtail"  extends  from  the  interior  of  the  initiator 
to  an  electrical  harness  connector  spaced  from  the  ini- 
tiator.  This  invention  pertains  to  improvements  in  initia- 
tors  having  the  leadwire  interface. 

Airbag  specifications  generally  require  very  flexible 
leadwires,  typically  18  or  20  gauge,  insulated,  stranded 
wire.  For  example,  one  automotive  wire  specification 
calls  for  a  leadwire  comprising  41  strands  of  extremely 
fine  copper  wire,  each  having  a  diameter  of  0.004  inch. 
A  major  difficulty  in  making  connections  of  these  fine, 
stranded  leadwires  to  initiator  terminals  arises  because 
of  the  tendency  of  the  stranded  wire  to  fray,  and  because 
of  the  small  size  and  close  spacing  of  electrical  terminals 
within  the  initiator.  A  single  loose  strand  can  cause  a 
short  circuit  either  from  one  wire  to  the  other,  or  from 
one  wire  to  a  metal  portion  of  the  initiator  case. 

Various  methods  have  been  proposed  for  control- 
ling  wire  fraying  in  airbag  initiators. 

One  method  is  to  utilize  an  intermediate  component 
such  as  a  wire  terminal,  clasp  or  sleeve  to  gather  the 
strands  of  wire  together  either  prior  to,  or  after,  the  at- 
tachment  of  the  lead  to  the  initiator  terminal.  This  ap- 
proach  has  several  disadvantages.  It  requires  an  addi- 
tional  component  and  additional,  difficult  assembly 
steps.  It  also  requires  additional  internal  space  in  the 
initiator,  which  may  necessitate  an  increase  in  the  over- 
all  size  of  the  initiator.  Furthermore,  it  requires  inspec- 
tion,  which  is  difficult  to  carry  out  and  may  disturb  the 
electrical  connections. 

Another  approach  is  to  utilize  wire  strand  capturing 
geometry  in  the  initiator  or  attachment  tooling.  This  ap- 
proach  also  has  disadvantages  in  that  it  increases  the 
cost  of  the  initiator  components,  and  requires  extra 
processing  and  inspections.  It  is  not  entirely  effective  in 
preventing  fraying  and  consequent  short-circuiting. 

The  length  of  the  stripped  portion  of  the  wire  can  be 
kept  as  short  as  possible  to  minimize  the  potential  of  the 
strands  of  the  wire  to  fray.  The  disadvantage  of  this  ap- 
proach  is  that  there  is  a  minimum  stripped  length  re- 
quired  for  attachment  of  the  wire  to  the  initiator  terminal. 
The  tolerance  necessary  to  assure  reliable  connections 
in  spite  of  possible  errors  in  the  connection  process 
must  be  added  to  the  absolute  minimum  stripped  length. 
When  the  tolerance  is  added,  there  is  still  enough 

stripped  length  that  there  is  a  significant  possibility  of 
fraying. 

Still  another  approach  is  to  use  a  butt  joint  rather 
than  a  lap  joint.  This  will  avoid  lateral  compression  of 

5  the  bundle  of  strands  in  the  wire,  and  thereby  reduce 
the  potential  of  the  wire  to  fray.  However,  the  butt  joint 
technique  requires  very  accurate  location  of  the  wire  rel- 
ative  to  the  initiator  terminal  and,  for  that  reason  is  not 
entirely  satisfactory. 

10  It  is  also  difficult  to  verify  that  there  are  no  loose 
strands  after  the  wire  is  attached  to  the  initiator.  Visual 
inspection  is  time-consuming.  Magnification  is  required, 
and  even  with  magnification  it  is  difficult  for  an  inspector 
to  see  individual  stands  of  wire.  The  visual  inspection 

is  process  is  time-consuming,  costly,  and  not  very  effec- 
tive,  especially  since  it  requires  strict  operator  attention. 
Even  with  automated  equipment  aiding  visual  inspec- 
tion,  results  are  not  entirely  satisfactory,  especially  be- 
cause  initiator  components  block  some  views  of  the  con- 

20  nection  and  prevent  a  complete  inspection  from  being 
carried  out. 

The  principal  objects  of  this  invention  are  to  provide 
a  highly  reliable  and  inexpensive  method  for  making 
connections  of  fine  stranded  wire  to  initiator  terminals, 

25  and  to  provide  an  inexpensive  and  reliable  initiator,  free 
of  loose  strands  which  may  cause  a  short  circuit. 

In  accordance  with  the  invention,  a  pyrotechnic  in- 
itiator  is  made  by  a  process  in  which  the  tips  of  the 
strands  of  a  length  of  stranded  wire  are  fused  together 

30  to  form  a  ball  at  a  free  end  of  the  wire.  The  free  end  is 
then  welded  to  an  electrical  conductor  of  the  initiator. 
This  process  prevents  fraying  of  the  stranded  wire  in  the 
process  of  attaching  it  to  the  initiator,  and  avoids  short 
circuits,  thereby  producing  a  more  reliable  initiator. 

35  Preferably,  the  fusing  step  is  carried  out  by  means 
of  a  plasma  arc.  In  a  preferred  method,  a  short  length 
of  insulation  is  stripped  from  insulated,  stranded  wire  to 
expose  a  short  length  of  the  stranded  wire  having  a  free 
end.  This  short  length  of  exposed  wire  is  held  in  an  elec- 

40  trically  conductive  clamp,  with  the  free  end  extending 
beyond  the  clamp.  A  plasma  torch  is  brought  into  prox- 
imity  to  the  free  end  of  the  length  of  stranded  wire,  and 
an  electrical  arc  is  struck  from  the  plasma  torch  to  the 
free  end  of  wire  by  imposing  an  electrical  potential  dif- 

45  ference  on  the  clamp  and  torch.  A  plasma  gas  and  a 
shielding  gas  are  passed  through  the  torch.  The  ball 
formed  at  the  end  of  the  wire  by  the  fusing  of  the  ends 
of  the  strands  together  is  then  pressed  by  a  welding 
electrode  against  a  terminal  of  the  initiator,  which  may 

so  be  either  a  pin,  or  a  portion  of  the  initiator  body.  The  pres- 
sure  tends  to  flatten  the  ball  while  welding  takes  place. 
This  process  produces  a  good  electrical  connection  of 
the  wire  to  the  initiator  terminal,  but  cannot  cause  fraying 
of  the  wire.  The  process  can  be  carried  out  with  minimal 

55  inspection,  and  produces  a  highly  reliable  product  at  a 
very  low  cost. 

Further  objects,  details  and  advantages  of  the  in- 
vention  will  be  apparent  from  the  following  detailed  de- 
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scription,  when  read  in  conjunction  with  the  drawings. 

Brief  Description  of  the  Drawings 

FIG.  1  is  an  axial  section  of  an  airbag  initiator  in  ac-  s 
cordance  with  the  invention,  showing  the  manner  in 
which  leadwires  are  connected  to  the  initiator  termi- 
nals  in  accordance  with  the  invention; 
FIG.  2  is  an  elevational  view,  partly  in  section,  illus- 
trating  the  formation  of  a  ball  at  the  end  of  a  stripped  10 
section  of  leadwire  by  means  of  a  plasma  arc  torch; 
FIG.  3  is  a  fragmentary  perspective  view,  partially 
broken  away,  showing  a  clamp  for  holding  the  lead- 
wire; 
FIG.  4  is  a  fragmentary  elevational  view  of  a  lead  15 
wire  having  a  ball  formed  at  one  of  its  free  ends; 
FIG.  5  is  an  elevational  view  showing  the  manner 
in  which  a  lead  wire  having  a  ball  formed  at  one  of 
its  ends  is  welded  to  an  initiator  pin  terminal;  and 
FIG.  6  is  an  elevational  view  showing  the  manner  20 
in  which  a  lead  wire  having  a  ball  formed  at  one  of 
its  ends  is  welded  to  an  initiator  body  terminal. 

Detailed  Description 
25 

The  initiator  10,  shown  in  FIG.  1  ,  comprises  a  metal 
squib  body  12  to  which  is  attached  a  cup  14  containing 
a  pyrotechnic  charge  1  6.  A  central  terminal  pin  1  8,  hav- 
ing  a  flattened  end  20,  extends  axially  through  the  squib 
body,  from  the  pyrotechnic  charge  16,  where  it  is  sup-  30 
ported  by  glass  insulation  22.  A  ferrite  bead  24  sur- 
rounds  pin  18  for  r.f.  suppression.  A  bridge  wire  (not 
shown)  is  connected  from  the  end  of  pin  1  8  to  the  metal 
squib  body  12  in  the  vicinity  of  the  pyrotechnic  charge. 
When  heated  by  an  electric  current,  the  bridge  wire  sets  35 
off  the  charge  16. 

The  squib  body  1  2  is  supported  in  a  retainer  26  hav- 
ing  a  mounting  flange  28.  The  squib  body  is  surrounded 
by  a  metal  ring  30  and  separated  from  the  metal  ring  by 
a  ring  32  of  insulating  glass.  The  cup  1  4  is  enclosed  with-  40 
in  an  elongated  insulating  cup  34,  which  is  held  in  a 
sleeve  36,  crimped  into  retainer  26. 

Electric  current  is  conducted  to  the  device  through 
leads  38  and  40.  These  leads  are  insulated,  stranded 
wire.  The  stranded  conductor  in  each  lead  typically  con-  45 
sists  of  41  strands  of  extremely  fine  copper  wire,  each 
having  a  diameter  of  0.004  inch.  The  insulation  is 
stripped  from  one  end  of  the  lead  38  to  expose  a  short 
length  of  conductor  at  42,  which  is  welded  to  the  flat  end 
20  of  central  pin  18.  One  end  of  lead  40  is  similarly  so 
stripped  to  expose  a  short  length  of  conductor  at  44, 
which  is  welded  to  the  outside  of  squib  body  12.  Both 
leads  are  potted  in  epoxy  potting  material  46,  and  the 
far  ends  of  the  leads  are  stripped  and  temporarily  twist- 
ed  together  at  48  as  a  safety  measure  to  avoid  acciden-  55 
tal  firing  of  the  pyrotechnic  charge  by  stray  fields. 

A  typical  assembly  of  the  kind  shown  in  FIG.  1  is 
only  about  one  inch  in  length,  with  the  diameter  of  the 

insulating  cup  being  less  than  one-half  inch.  Some  ini- 
tiator  assemblies  are  even  smaller.  The  small  size,  and 
the  requirement  for  fine,  stranded  leadwires  leads  to  the 
possibility  of  short-circuiting  in  conventional  initiators, 
and  has  required  careful  measures  to  avoid  short- 
circuiting,  as  discussed  above. 

In  accordance  with  this  invention,  balls  are  formed 
at  the  ends  of  the  leadwires  by  a  plasma  arc.  The  ends 
of  the  leadwires  can  then  be  pressed  against  the  central 
pin  and  squib  body  respectively  in  the  subsequent  at- 
tachment  process  without  fraying.  This  eliminates  the 
need  for  careful  inspection,  and  results  in  an  initiator  of 
consistent  quality  with  few  rejects  in  the  final  inspection. 

The  formation  of  the  balls  at  the  ends  of  the  lead- 
Wires  is  carried  out  by  a  plasma  arc  torch  50  as  shown 
in  FIG.  2.  The  plasma  arc  torch,  also  known  as  a  "PAW" 
(Plasma  Arc  Welder)  torch,  is  used  to  direct  a  short  du- 
ration  electrical  arc  from  an  electrode  (not  shown)  in  the 
torch  to  the  end  of  the  leadwire.  Details  of  a  typical  plas- 
ma  arc  torch  are  described  in  United  States  Patent 
5,013,885,  dated  May  7,  1991.  The  specification  and 
drawings  of  Patent  5,013,885  are  here  incorporated  by 
reference. 

The  torch  50  is  mounted  on  an  arm  52  so  that  it  can 
be  accurately  moved  in  three  dimensions  by  a  suitable 
positioning  device  (not  shown).  The  exposed  conductor 
42  at  the  stripped  end  of  leadwire  38  is  clamped  be- 
tween  the  edges  of  a  pair  of  metal  clamping  plates,  one 
of  which  is  shown  at  54  in  FIG.  2.  These  plates  are  se- 
cured  to  metal  supports  which  are  movable  toward  each 
other  in  order  to  bring  the  edges  of  the  metal  plates  to- 
gether.  One  such  support  is  shown  in  FIG.  2  at  56.  The 
other  metal  plate  57,  and  the  other  support  59,  are  sim- 
ilarto  plate  54  and  support  56,  and  are  illustrated  in  FIG. 
3.  Support  56  is  stationary,  while  support  57  is  pivoted 
so  that  the  edges  of  plates  54  and  59  can  be  brought 
together  to  clamp  the  exposed  conductor  42. 

Plate  54  has  a  recess  58,  and  plate  59  has  a  similar 
recess  61  .  These  recesses  come  together  to  form  a  sin- 
gle  recess  receiving  the  end  of  the  insulated  portion  of 
leadwire  38.  With  the  end  of  the  leadwire  stripped  to  a 
predetermined  length,  when  the  end  of  the  insulation 
abuts  the  wall  60  of  recess  58  and  wall  63  of  recess  61  , 
the  end  of  the  conductor  of  the  leadwire  is  positioned  at 
a  predetermined  location  in  the  Z  axis,  i.e.  along  the  di- 
rection  of  the  length  of  the  lead  wire.  The  vertical  posi- 
tion,  or  Y  axis  position,  of  the  end  of  the  leadwire  is  de- 
termined  by  aligning  the  wire  with  a  suitable  marking  on 
the  clamping  plates.  Alternatively,  the  Y  axis  position 
can  be  determined  by  a  suitable  support  for  the  wire,  or 
by  positioning  the  wire  in  a  small  recess  in  an  edge  one 
of  the  plates.  The  X  position  of  the  end  of  the  wire  is 
determined  by  the  edges  of  the  clamping  plates  them- 
selves,  since,  with  one  of  the  supports,  e.g.  support  56, 
fixed,  the  edges  can  be  brought  together  at  a  single  pre- 
determined  position.  With  the  leadwire  clamped  be- 
tween  the  edges  of  the  clamping  plates,  its  end  is  there- 
fore  held  at  a  predetermined  location.  The  tip  of  the  plas- 
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ma  torch  can  then  be  brought  to  a  predetermined  posi- 
tion  without  reference  to  the  location  of  the  end  of  the 
leadwire,  and  the  tip  of  the  plasma  torch  will  be  directly 
opposite  to  the  end  of  the  leadwire. 

The  supports  for  the  clamping  plates  are  connected 
to  one  pole  of  the  torch  power  supply,  while  the  electrode 
of  the  torch  is  connected  to  the  other  pole.  The  clamping 
plates  and  their  supports  conduct  electric  current  to  the 
exposed  portion  42  of  the  leadwire.  In  the  operation  of 
the  plasma  torch,  an  electrical  arc  is  struck  between  the 
torch  electrode  and  the  tip  of  the  leadwire.  Auxiliary  sys- 
tems  (not  shown)  are  provided  to  control  current  and 
timing,  and  to  direct  plasma  supporting  gas  and  anti-ox- 
idation  gas  through  the  torch.  The  heat  generated  by  the 
arc  melts  the  end  of  the  wire,  and,  as  the  molten  copper 
coalesces  and  cools,  a  ball  62  is  formed  at  the  end  of 
the  wire,  as  shown  in  FIG.  4. 

Preferably,  the  plasma  arc  conditions  are  as  follows. 
For  a  typical  stranded  wire,  the  plasma  current  is  held 
at  16.0  amperes  for  a  duration  of  0.4  seconds.  The  plas- 
ma  gas  flow  is  0.4  liters  per  minute,  and  the  shielding 
gas  (Argon)  flow  is  6  liters  per  minute.  For  heavier  wires, 
the  current  is  raised  to  20.0  amperes,  with  the  other  con- 
ditions  remaining  the  same. 

The  ball  62  permanently  secures  the  ends  of  the 
individual  strands  of  copper  wire  together,  so  that  they 
wire  cannot  fray  in  the  process  of  connecting  it  to  the 
terminals  of  the  initiator. 

As  shown  in  FIG.  5,  the  exposed  portion  42  of  lead- 
wire  38  is  secured  to  the  flat  portion  20  of  terminal  pin 
18  by  spot  welding.  In  the  welding  process,  the  pin  18 
supported  in  a  groove  64  on  the  top  surface  of  an  insu- 
lating  block  66,  and  the  leadwire  is  similarly  supported 
in  a  groove  68  on  the  top  surface  of  an  insulating  block 
70.  Spot  welding  electrodes  72  and  74  are  brought  to- 
ward  each  other  and  the  exposed  portion  42  of  the  wire 
and  the  flat  portion  20  of  the  terminal  pin  1  8  are  clamped 
together  between  the  welding  electrodes.  An  electrical 
potential  difference  is  applied  to  electrodes  72  and  74, 
and  the  resulting  heavy,  localized  current  in  the  parts  of 
the  wire  and  pin  compressed  between  the  electrodes 
causes  the  wire  to  be  securely  welded  to  the  pin. 

The  other  leadwire,  40,  is  welded  to  the  squib  body 
12  in  a  similar  manner,  as  shown  in  FIG.  6.  The  squib 
body  is  supported  in  a  groove  76  formed  in  the  top  sur- 
face  of  insulating  block  78.  The  cylindrical  portion  80  of 
the  squib  body  is  supported  by  a  lower  spot  welding 
electrode  82  having,  at  its  upper  end,  a  groove  for  re- 
ceiving  portion  80  of  the  squib  body.  Leadwire  40  is  sup- 
ported  in  a  groove  84  on  the  upper  surface  of  insulating 
block  86.  The  two  insulating  blocks  are  so  related  to 
each  other  that  the  exposed  length  44  of  the  conductor 
of  leadwire  40  lies  against  the  cylindrical  portion  80  of 
the  squib  body  underneath  an  upper  spot  welding  elec- 
trode  88.  Here,  as  in  FIG.  5,  the  spot  welding  electrodes 
are  brought  toward  each  other,  and  part  of  the  exposed 
length  44  of  the  lead  wire  is  compressed  against  the 
squib  body  in  the  spot  welding  process. 

The  pressure  applied  to  the  wire  by  the  welding 
electrodes  must  be  sufficient  to  produce  a  good  weld, 
and  is  therefore  also  sufficient  to  flatten  the  wire.  How- 
ever,  because  the  ends  of  the  individual  strands  of  the 

5  leadwire  are  fused  together  into  a  ball,  the  pressure  of 
the  welding  electrodes  cannot  cause  fraying  of  the  wire. 

The  use  of  a  plasma  arc  to  form  a  ball  at  the  end  of 
a  stranded  leadwire  ensures  that  all  of  the  ends  of  the 
fine  strands  are  reliably  secured  together,  so  that  fraying 

10  cannot  occur  in  the  process  of  spot-welding  the  wire  to 
the  initiator  components.  The  use  of  the  process  de- 
scribed  above  will  result  in  a  substantial  reduction  in  in- 
itiator  production  costs  by  reducing  the  number  of  initi- 
ators  rejected  because  of  frayed  wires,  and  by  simplify- 

15  ing  the  inspection  process. 
While  the  process  of  the  invention  has  particular 

utility  in  the  manufacture  of  airbag  initiators,  the  process 
can  be  used  in  other  miniature,  electrically  actuated  py- 
rotechnic  devices  in  which  fraying  of  stranded  wire  could 

20  cause  short  circuiting. 
Various  modifications  can  be  made  to  the  process 

described  above.  For  example,  the  process  can  be  used 
with  initiators  in  which  both  terminals  are  in  the  form  of 
pins.  Other  modifications  and  applications,  which  will 

25  occur  to  persons  skilled  in  the  art,  may  be  made  without 
departing  from  the  scope  of  the  invention  as  defined  in 
the  following  claims. 

1.  A  process  for  making  a  pyrotechnic  initiator  com- 
prising  the  steps  of: 

35  fusing  the  tips  of  the  strands  of  a  length  of 
stranded  wire  together  to  form  a  ball  at  a  free 
end  of  the  length  of  stranded  wire;  and 
thereafter  welding  said  free  end  of  the  length  of 
stranded  wire  to  an  electrical  conductor  of  a  py- 

40  rotechnic  initiator; 

whereby,  fraying  of  the  stranded  wire  in  the  process 
of  attaching  the  wire  to  the  initiator  is  prevented. 

45  2.  The  process  of  claim  1  in  which  the  fusing  step  is 
carried  out  by  means  of  a  plasma  arc. 

3.  The  process  of  claim  1  in  which  the  fusing  step  is 
carried  out  by  clamping  an  exposed  length  of  the 

so  stranded  wire  having  said  free  end  in  an  electrically 
conductive  clamp  with  said  free  end  extending  be- 
yond  the  clamp,  bringing  a  plasma  torch  into  prox- 
imity  to  the  free  end  of  the  length  of  stranded  wire, 
and  striking  an  electrical  arc  from  the  plasma  torch 

55  to  the  free  end  of  the  length  of  stranded  wire  by  im- 
posing  an  electrical  potential  difference  on  the 
clamp  and  torch,  while  passing  a  plasma  gas 
through  the  torch. 

25 
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4.  The  process  of  claim  1  in  which  the  fusing  step  is 
carried  out  by  clamping  an  exposed  length  of  the 
stranded  wire  having  said  free  end  in  an  electrically 
conductive  clamp  with  said  free  end  extending  be- 
yond  the  clamp,  bringing  a  plasma  torch  into  prox- 
imity  to  the  free  end  of  the  length  of  stranded  wire, 
and  striking  an  electrical  arc  from  the  plasma  torch 
to  the  free  end  of  the  length  of  stranded  wire  by  im- 
posing  an  electrical  potential  difference  on  the 
clamp  and  torch,  while  passing  a  plasma  gas  and  a 
shielding  gas  through  the  torch. 

5.  The  process  of  claim  1  in  which  the  stranded  wire 
is  insulated  stranded  wire,  and  in  which  the  fusing 
step  is  carried  out  by  clamping  an  exposed  length 
of  the  stranded  wire  having  said  free  end  between 
the  edges  of  a  pair  of  clamping  plates,  with  said  free 
end  extending  beyond  the  plates,  and  with  the  in- 
sulation  of  the  stranded  wire  abutting  at  least  one 
of  the  plates,  bringing  a  plasma  torch  into  proximity 
to  the  free  end  of  the  length  of  stranded  wire,  and 
striking  an  electrical  arc  from  the  plasma  torch  to 
the  free  end  of  the  length  of  stranded  wire  by  im- 
posing  an  electrical  potential  difference  on  the 
clamp  and  torch,  while  passing  a  plasma  gas 
through  the  torch. 

6.  The  process  of  claim  1  including  the  step  of  applying 
pressure  to  the  ball  to  flatten  the  ball,  whereby  the 
free  end  of  the  length  of  stranded  wire  welded  to  an 
electrical  conductor  of  the  initiator  is  in  the  form  of 
a  flattened  ball. 

the  strands  together  and  forming  a  ball; 
applying  pressure  to  the  ball  in  a  direction 
transverse  to  the  longitudinal  direction  of  the 
exposed  length  of  stranded  wire  to  flatten  the 

5  ball;  and 
welding  the  flattened  ball  to  an  electrical  con- 
ductor  of  a  pyrotechnic  initiator; 

whereby,  fraying  of  the  stranded  wire  in  the  process 
10  of  attaching  the  wire  to  the  initiator  is  prevented. 

9.  A  pyrotechnic  initiator  comprising: 

a  pair  of  electrical  conductors  having  a  squib 
is  connected  between  them;  and 

means,  comprising  a  pair  of  lengths  of  insulat- 
ed,  stranded  wire  connected  respectively  to  the 
electrical  conductors,  for  conducting  electrical 
current  from  a  power  source  to  the  electrical 

20  conductors; 
in  which  at  least  one  of  the  strandedwires  com- 
prises  an  end  portion  with  the  insulation 
stripped  therefrom,  the  end  portion  having  a  tip 
in  the  form  of  a  flattened  ball  made  up  of  indi- 

25  vidual  strands  of  wire  fused  together;  and 
in  which  the  tip  is  welded  to  one  of  the  electrical 
conductors. 

25 

7.  The  process  of  claim  1  including  the  step  of  applying 
pressure  to  the  ball  in  the  welding  step,  to  flatten  35 
the  ball,  whereby  the  free  end  of  the  length  of  stand- 
ed  wire  welded  to  an  electrical  conductor  of  the  in- 
itiator  is  in  the  form  of  a  flattened  ball. 

8.  A  process  for  making  a  pyrotechnic  initiator  com-  40 
prising  the  steps  of: 

stripping  insulation  from  a  length  of  insulated, 
stranded  wire  to  expose  a  predetermined 
length  of  the  stranded  wire,  the  exposed  length  45 
of  stranded  wire  extending  in  a  longitudinal  di- 
rection  and  having  a  free  end  consisting  of  tips 
of  strands  of  the  stranded  wire; 
clamping  the  exposed  length  of  stranded  wire 
in  an  electrically  conductive  clamp  with  the  free  so 
end  thereof  extending  beyond  the  clamp; 
bringing  a  plasma  torch  into  proximity  to  the 
free  end  of  the  length  of  stranded  wire; 
striking  an  electrical  arc  from  the  plasma  torch 
to  the  free  end  of  the  length  of  stranded  wire  by  55 
imposing  an  electrical  potential  difference  on 
the  clamp  and  torch,  while  passing  a  plasma 
gas  through  the  torch,  thereby  fusing  the  tips  of 

5 
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