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Description 

The  present  invention  relates  to  plasma  arc 
torches,  and  more  particularly  to  an  improved  noz- 
zle  construction  for  initiating  an  arc  in  such  torches 
utilizing  a  high  voltage,  high  frequency  signal  ap- 
plied  to  either  an  electrode  or  to  the  nozzle. 

The  starting  of  plasma  torches  has  for  a  long 
time  been  a  problem  area  in  plasma  torch  develop- 
ment  and  the  focus  of  much  engineering  attention. 

There  are  currently  three  know  methods  to 
initiate  a  plasma  arc  discharge  and  start  a  plasma 
arc  torch:  1)  the  high  frequency  discharge  or  its 
relative,  the  high  voltage  spark  discharge,  2)  con- 
tact  starting,  and  3)  an  exploding  wire  technique.  In 
each  method,  an  arc  is  drawn  in  an  ionizable  gas 
between  a  cathode  (an  electrode)  and  an  anode  (a 
nozzle  or  component  of  a  nozzle). 

The  oldest,  and  most  widely  used  method  is 
the  high  frequency,  high  voltage  spark  discharge 
method.  The  high  voltage,  high  frequency  gen- 
erates  charge  carriers  which  create  an  electrical 
current  path  in  the  gas  in  the  gap  between  the 
cathode  and  the  electrode  to  establish  D.C.  flow  of 
current,  a  pilot  arc  discharge.  It  is  common  practice 
to  attach  the  high  frequency  coil  to  the  power 
supply  line  leading  to  the  electrode  or  the  nozzle, 
but  on  smaller  systems  having  a  lower  power  rat- 
ing,  e.g.,  those  characterized  by  a  DC  amperage  of 
200  or  less,  the  high  frequency  coil  is  usually 
coupled  to  the  power  line  for  the  electrode. 

An  example  of  this  high  frequency,  high  volt- 
age  starting  method  is  described  in  U.S.  Patent  No. 
3,641,308  to  Couch,  Jr.,  et  al.  A  brief,  high  voltage 
pulse  applied  to  the  cathode  initiates  an  arc  across 
the  gap  to  a  nozzle  which  is  connected  through  a 
switch  and  a  resistor  to  ground.  The  workpiece  is 
also  grounded  so  that  once  the  gas  flow  is  initiated 
the  arc  will  transfer  from  the  nozzle  to  the  work- 
piece.  The  switch  is  then  opened  so  that  the  nozzle 
is  electrically  floating  and  the  workpiece  remains 
connected  to  ground.  This  general  method  of  start- 
ing  is  also  disclosed  in  U.S.  Patent  Nos.  3,082,314 
to  Arata  et  al;  3,131,298  to  Browning;  3,534,388  to 
Ito  et  al;  3,619,549  to  Hogan  et  al;  3,787,247  to 
Couch,  Jr.;  3,833,787  to  Couch,  Jr.;  and  4,203,022 
to  Couch,  Jr.  et  al. 

In  prior  art  plasma  arc  torches  the  electrode 
has  traditionally  had  a  generally  cylindrical  configu- 
ration,  whether  a  cylindrical  disk  seated  in  a  solid 
copper  tube  as  described  in  the  aforementioned 
U.S.  Patent  Nos.  3,641,308,  4,203,022  or  the  elec- 
trode-nozzle  arrangement  shown  and  described  in 
U.S.  Patent  Nos.  4,421,970;  4,791,268;  and 
4,861  ,962.  In  these  prior  art  arrangements,  the  low- 
er  end  of  the  electrode  adjacent  the  nozzle  typi- 
cally  has  a  cylindrical  configuration.  The  imme- 
diately  opposite  nozzle  surface  typically  mirrors  the 

outer  configuration  of  the  electrode,  or  is  smooth, 
conical  and  downwardly  coverging.  In  both  in- 
stances  the  nozzle  includes  a  central  exit  port 
where  the  plasma  arc  exits  the  torch  and  attaches 

5  to  the  workpiece.  It  is  significant  that  while  the 
transition  between  the  interior  nozzle  surface  and 
the  exit  port  may  be  a  sharp  corner,  and  while  this 
corner  may  be  closely  spaced  from  the  electrode, 
it  is  not  located  in  a  region  where  it  is  closer  to  the 

io  electrode  than  immediately  adjacent  portions  of  the 
nozzle. 

US-A-4282418  describes  a  low  power  plasma 
arch  torch  for  micro  plasma  welding  according  to 
the  preamble  of  claim  1  and  comprising  a  nozzle 

75  member  according  to  the  preamble  of  claim  9  and 
having  an  exit  port  and  a  needle  point  electrode, 
the  exit  port  being  provided  with  a  raised  annular 
edge  facing  the  electrode  such  that  the  needle 
point  is  closest  to  the  nozzle  at  the  annular  edge. 

20  There  are  two  principal  problems  with  the  prior 
art  designs.  First,  when  the  arc  is  initiated  it  is 
sometimes  difficult  to  induce  the  breakdown  of  the 
gas  to  start  the  plasma  arc  discharge.  To  reliably 
reach  the  breakdown  potential  to  initiate  the  arc, 

25  the  voltage  level  applied  to  the  electrode  is  in- 
creased.  This  however,  accentuates  the  electro- 
magnetic  noise  interference  problems  associated 
with  all  high-frequency,  high-voltage  starting  ar- 
rangements. 

30  Another  quite  significant  problem  is  the  lack  of 
reliability  as  to  where  on  the  electrode  and  nozzle 
the  arc  will  initiate.  This  lack  of  control  over  the 
location  of  the  arc  causes  wear  problems.  For 
example,  if  the  high  frequency  spark  begins  high 

35  on  the  side  of  the  electrode  (away  from  the  exit 
port),  by  the  time  it  travels  to  the  lower  portion  of 
the  electrode,  typically  containing  an  electron  emit- 
ting  element,  the  DC  current  and  voltage  levels  can 
be  ramped  up  to  a  level  such  that  double  arcing 

40  occurs. 
As  is  well  known  in  the  trade,  double  arcing  will 
quickly  destroy  torch  components  such  as  the  noz- 
zle  and  the  electrode. 

In  the  prior  art  it  is  known  to  machine  mark  the 
45  electrode  to  facilitate  breakdown  of  the  gas  at  the 

mark  on  start  up.  However,  to  the  best  of  ap- 
plicant's  knowledge,  there  has  been  no  nozzle 
structure  specifically  designed  to  reduce  the  break- 
down  potential  (and  the  elapsed  time  required  to 

50  achieve  breakdown)  and  to  control  the  location  of 
where  the  pilot  arc  is  initiated  by  applying  a  high 
frequency,  high  voltage  to  either  the  nozzle  or  the 
electrode.  This  is  particularly  true  where  the  high 
voltage,  high  frequency  coil  is  attached  to  the  pow- 

55  er  line  leading  to  the  nozzle,  not  the  electrode.  In 
this  situation  with  prior  art  constructions,  variations 
in  the  external  configuration  of  the  electrode  would 
have  little  or  no  effect  on  the  location  of  the  arc. 

2 
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It  is  therefore  a  principal  object  of  the  present 
invention  to  provide  a  nozzle  construction  or  a 
plasma  arc  torch  which  reliably  initiates  an  arc 
within  a  small,  well-defined  annular  region  of  the 
electrode  and  the  nozzle. 

Another  principal  object  is  to  reduce  electrode 
wear  as  compared  to  comparable  prior  art  nozzles 
in  comparable  torches  operated  under  the  same 
conditions. 

Yet  another  principal  object  of  this  invention  is 
to  reduce  the  breakdown  potential  required  to  ini- 
tiate  an  arc  discharge  in  a  given  plasma  arc  torch. 
A  further  object  in  the  present  invention  is  to  pro- 
vide  a  nozzle  construction  which  reduces  elec- 
tromagnetic  interference  during  the  high  frequency, 
high  voltage  start  up  with  other  electrical  and  elec- 
tronic  components  in  the  operating  area. 

A  still  further  object  of  the  present  invention  is 
to  provide  a  nozzle  construction  with  the  foregoing 
advantages  which  is  simple  in  construction,  has  a 
comparatively  low  cost  of  manufacture,  and  can  be 
used  as  a  replacement  part  for  conventional  nozzle 
of  existing  plasma  arc  torches. 

According  to  the  present  invention  a  plasma 
arc  torch  and  a  nozzle  have  the  features  outlined 
respectively  in  claims  1  and  9. 

A  plasma  arc  torch  includes  an  electrode  and  a 
nozzle  mounted  in  a  mutually  spaced  relationship 
at  one  end  of  the  torch  adjacent  a  workpiece.  They 
are  also  mounted  symmetrically  with  respect  to  the 
torch  and  each  other  about  a  common  longitudinal 
axis.  A  flow  of  an  ionizable  gas  passes  through  the 
torch  and  exits  a  central  exit  port  in  the  nozzle 
which  is  aligned  opposite  the  lower  end  of  the 
electrode.  A  DC  power  supply  is  attached  to  the 
electrode  and  the  nozzle  and  a  high  frequency, 
high  voltage  coil/generator  is  electromagnetically 
coupled  to  either  the  negative  or  positive  output  of 
the  DC  power  supply. 

The  nozzle,  which  is  typically  cup-shaped,  re- 
ceives  the  electrode  within  the  nozzle  with  a  gen- 
erally  uniform  spacing  between  the  electrode  in  the 
opposite  surfaces  of  the  nozzle.  The  interior  sur- 
face  of  the  nozzle  facing  the  electrode  has  a  con- 
vex,  inwardly  projecting,  circumferentially  extending 
solid  angle  or  "angle  kink"  portion.  This  angle  kink 
is  characterized  by  a  minimum  radius  of  curvature 
(whether  a  sharp  corner,  a  rounded  corner,  or  even 
some  more  complex  cross-sectional  shape)  for  a 
narrow  annular  region  of  this  surface  immediately 
opposite  to  the  electrode  and  adjacent  the  central 
exit  port  of  the  nozzle.  This  annular  region  defines 
the  location  of  preferential  initiation  of  the  plasma 
arc  discharge.  This  kink  angle  is  located  at  the 
closest  approach  between  the  electrode  and  the 
nozzle,  and  is  displaced  from  the  angle  formed  by 
the  intersection  of  the  central  exit  port  in  the  nozzle 
and  the  interior  surface  of  the  nozzle. 

In  a  preferred  form,  the  angle  kink  is  formed  by 
the  intersection  of  two  conical  surfaces  having  dif- 
ferent  angles  of  inclination  with  respect  to  the  lon- 
gitudinal  axis.  Comparatively  flat  angle  kinks,  e.g. 

5  one  with  an  included  angle  of  about  165°  are 
effective.  The  electrode  also  has  an  outwardly  pro- 
jecting  angle  kink  formed  by  the  cylindrical  side 
surface,  or  a  conical  transition  surface  of  the  lower 
end  of  the  electrode,  and  a  planar  end  face  ori- 

io  ented  perpendicular  to  the  longitudinal  axis.  The 
electrode  angle  kink  is  also  located  at  the  point  of 
closest  approach  between  the  electrode  and  the 
nozzle  and  it  opposes  the  angle  kink  on  the  nozzle. 
The  electrode  and  nozzle  angle  kinks  are  centered 

is  in  circumferentially  extending  annular  regions.  Be- 
cause  of  the  minimum  radius  of  the  angle  kink  and 
the  fact  that  the  angle  kink  are  located  at  local 
points  of  closets  approach  of  the  electrode  and 
nozzle,  1)  the  electric  field  induced  by  the  high 

20  voltage,  high  frequency  starting  signal  is  enhanced 
and  2)  there  is  a  reliable  and  rapid  breakdown  of 
the  plasma  at  this  region  in  preference  to  other 
locations  on  the  electrode  or  nozzle. 

These  and  further  feature  and  objects  of  the 
25  present  invention  will  be  more  readily  understood 

from  the  following  detailed  disclosure  of  the  pre- 
ferred  embodiments  which  should  be  read  in  light 
of  the  accompanying  drawings. 

30  Brief  Description  of  the  Drawings 

Fig.  1  is  a  simplified  schematic  view  of  a  high 
frequency,  high  voltage  plasma  arc  initiation 
system  utilising  the  nozzle  of  the  present  inven- 

35  tion; 
Fig.  2  is  a  detail  view  in  side  elevation  partially 
in  vertical  section  of  the  lower  portion  of  the 
electrode  and  the  nozzle  shown  in  Fig.  1; 
Fig.  3  is  a  view  corresponding  to  Fig.  2  showing 

40  a  prior  art  nozzle  construction  utilising  smooth 
conical  interior  nozzle  surface;  and 
Fig.  4  is  a  view  corresponding  to  Fig.  2  of  an 
alternative  nozzle  construction  according  to  the 
present  invention. 

45 
Detailed  Description  of  the  Preferred  Embodiments 

With  reference  to  Fig.  1,  a  plasma  arc  torch  10 
having  a  nozzle  12  and  an  electrode  14  is  con- 

50  nected  to  a  DC  power  supply  16.  As  shown,  the 
positive  output  of  the  power  supply  16  is  con- 
nected  by  lead  18  to  the  nozzle  12  and  the  nega- 
tive  side  of  the  power  supply  16  is  connected  by 
lead  20  to  the  electrode  14.  The  plasma  arc  torch 

55  10  can  be  any  of  a  wide  variety  of  currently  avail- 
able  torch  designs  in  the  prior  art.  Suitable  con- 
structions  are  shown,  example,  in  the  aforemen- 
tioned  U.S.  Patent  Nos.  3,641,308;  4,203,022; 

3 
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4,791,268;  and  4,861,962.  A  high-frequency  coil  22 
can  be  coupled  electromagnetically  to  either  the 
positive  lead  18,  as  shown,  or  the  negative  lead  20. 
The  high-frequency  coil/generator  produces  a  high- 
voltage,  high-frequency  signal  which  is  transmitted 
over  the  lead  to  the  nozzle  or  the  electrode.  The 
high-frequency  coil  generator  is  of  well  known, 
conventional  construction,  as  is  the  DC  power  sup- 
ply.  A  typical  high  voltages  produced  by  the 
coil/generator  22  are  in  the  range  typically  5,000 
volts  at  frequencies  in  the  range  of  2  to  3  mHz. 

During  operation,  a  flow  24  of  an  ionizable  gas 
is  initiated  through  an  electrode-nozzle  chamber  25 
exiting  the  torch  through  an  exit  port  44  in  the 
lower  face  of  the  nozzle.  It  assumes  a  swirling  flow 
path  24a  between  the  lower  end  of  the  electrode 
and  the  nozzle  just  before  it  exits  port  44  in  the 
nozzle. 
When  high  frequency  is  applied  to  the  system  via 
the  coil  22,  a  high  level  oscillating  electric  field  will 
be  generated  between  the  electrode  14  and  the 
nozzle  12. 

A  significant  aspect  of  the  present  invention  is 
that  the  interior  surface  26  of  the  nozzle  has  cir- 
cumferentially  extending  (closed  loop)  projection  or 
peak  which  is  termed  herein  an  angle  kink  28.  It  is 
significant  this  angle  kink  28  is  located  at  the  point 
of  closest  spacing  between  the  nozzle  12  and  the 
electrode  14,  and  represents  a  line  of  localized 
minimum  gap  separation  between  the  electrode 
and  the  nozzle  ~  as  compared,  for  example,  to 
prior  art  constructions  where  the  corner  associated 
with  the  nozzle  exit  port  may  have  a  minimum 
radius  of  curvature,  but  is  no  closer  to  the  elec- 
trode  than  adjacent  portions  of  the  surface.  It  has 
been  found  that  this  construction  reduces  the 
breakdown  voltage  between  a  narrow  annular  re- 
gion  30  centered  on  the  angle  kink  28  and  a  narrow 
annular  region  32  centered  on  an  electrode  angle 
kink  34.  The  electrode  14  has  a  conical  tapered 
end  surface  36  and  a  planar  end  face  38  oriented 
perpendicular  to  a  common  longitudinal  axis  40  of 
the  torch,  the  nozzle  12,  and  the  electrode  14.  The 
intersection  of  the  surface  36  and  the  end  face  38 
defines  the  angle  kink  34.  The  intersection  of  coni- 
cal  surface  26a  (having  an  angle  A  of  inclination  of 
about  45  °  from  the  axis  40,  as  shown)  and  conical 
surface  26b  (having  an  angle  B  of  inclination  of 
about  60  °  from  the  axis  40,  as  shown)  defines  the 
angle  kink  28.  In  the  preferred  form  shown,  the 
angle  kink  therefore  has  an  included  angle  of  165° 
and  has  a  line  intersection  which  is  not  rounded. 
The  angle  kinks  28  and  34  and  their  associated 
regions  30  and  32  are  separated  by  a  gap  42  in  an 
electrode-nozzle  chamber  25.  While  the  angle  kink 
28  and  34  are  shown  as  being  directly  opposite 
one  another,  and  this  is  the  preferred  embodiment, 
such  a  precise  opposite  alignment  is  not  essential 

to  the  operation  of  this  invention. 
It  should  be  noted  that  the  gap  42  between  the 

angle  kinks  28  and  34  is  the  point  of  closest 
spacing  between  the  nozzle  and  the  electrode,  at 

5  least  in  the  region  immediately  adjacent  the  angle 
kinks.  As  a  result,  the  application  of  the  high  fre- 
quency  to  the  nozzle  12  over  the  positive  lead  18 
concentrates  the  electric  field  strength  at  the  noz- 
zle  angle  kink  28  and  provides  a  reliable  break- 

io  down  in  the  zone  between  the  annular  regions  30 
and  32.  It  is  also  significant  that  the  angle  kink  28 
formed  on  the  interior  36  of  the  nozzle  has  a 
minimum  radius  of  curvature  as  compared  to  the 
radius  of  curvature  of  the  adjoining  portions  of  the 

is  surface  so  as  to  create  a  protrusion  which  pro- 
duces  the  electric  field  enhancement  discussed 
above.  Similarly,  the  angle  kink  34  on  the  electrode 
should  have  the  smallest  radius  in  the  immediate 
region  adjoining  the  point  of  closest  spacing  be- 

20  tween  the  electrode  and  the  nozzle  at  the  gap  42. 
If  the  high  frequency  coil  22  is  attached  to  the 

negative  lead  20  of  the  DC  power  supply,  the 
breakdown  voltage  can  be  reduced  between  the 
annular  regions  32  and  30  with  respect  to  the 

25  remainder  of  the  electrode-nozzle  chamber  25.  Fur- 
ther,  by  providing  an  angle  kink  34  on  the  elec- 
trode  and  an  angle  kink  28  on  the  nozzle  that  are 
each  characterized  by  a  minimum  radius  of  cur- 
vature,  then  there  will  be  a  strong  electric  field 

30  enhancement  that  the  electrode  angle  kink  34 
which  tends  to  concentrate  the  electric  field 
strength  between  the  annular  regions  30  and  32. 
This  enhanced  field  strength  in  turn  both  assures 
that  breakdown  will  occur  between  the  zones 

35  across  the  gap  42  and  that  the  breakdown  potential 
will  be  reduced  as  compared  to  the  potential  re- 
quired  if  the  nozzle  12  had  a  simple  conical  con- 
figuration  as  depicted  in  Fig.  3. 

Fig.  4  illustrates  alternative  embodiment  of  the 
40  present  invention  where  the  nozzle  has  a  generally 

cylindrical  interior  configuration  formed  by  a  cylin- 
drical  side  wall  12a'  and  a  lower  end  wall  12b'  that 
includes  the  exit  port  44'  (like  parts  being  identified 
with  the  same  reference  number  in  the  different 

45  embodiments).  Again,  the  nozzle  12'  is  spaced 
symmetrically  from  the  electrode  14'.  The  nozzle 
end  wall  12b'  is  spaced  closer  to  the  opposite 
surface  of  the  electrode  than  the  side  wall  12a'. 

An  angle  kink  28'  is  formed  on  the  inner  sur- 
50  face  26'  of  the  nozzle  by  the  intersection  of  the 

generally  planar  inner  surface  portion  26a'  defining 
the  end  wall  12b'  and  a  conical  surface  26b'  ex- 
tending  between  the  exit  port  44  and  the  inner 
surface  portion  26a'. 

55  The  conical  surface  16b'  is  typically  inclined  at 
about  10°  from  the  plane  of  the  surface  portion 
26b'.  The  angle  kink  28'  is  located  at  appoint  of 
closest  spacing  from  the  electrode  14',  and  prefer- 

4 
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ably  directly  opposite  an  angle  kink  34'  formed  on 
the  lower  end  of  the  electrode.  As  shown,  the  angle 
kink  34'  is  the  circumferentially  extending  solid 
angle  defined  by  the  intersection  of  a  conical  sur- 
face  36'  and  an  end  surface  38'.  The  electrode  14' 
has  a  cylindrical  electron  emitting  insert  48  at  the 
center  of  its  lower  end  face  38',  directly  opposite 
the  exit  port  44. 

The  angle  kinks  28'  and  32'  are  centered  in 
narrow  annular  regions  30',  32'  which  define  a  zone 
in  which  the  plasma  arc  discharge  will  preferentially 
occur.  The  gap  42'  between  the  angle  kinks  28' 
and  34'  is  a  point  of  closest  approach. 

In  operation,  the  nozzle  construction  of  the 
present  invention,  when  used  with  a  200  ampere 
plasma  torch  of  the  type  sold  by  Hypertherm,  Inc. 
under  the  trade  designation  MAX  200,  reduced  the 
maximum  breakdown  potential  by  as  much  as  10% 
and  reduced  electrode  wear  by  as  much  as  30%. 
Comparable  reductions  have  been  obtained  with 
other  torches  under  standard  conditions.  Moreover, 
the  pilot  arc  discharge  has  been  found  to  occur 
preferentially  and  reliably  within  a  zone  defined  at 
its  end  by  the  annular  regions  30  and  32. 

While  the  angle  kink  on  the  nozzle  has  been 
described  as  formed  by  the  intersection  of  com- 
binations  of  conical  and  planar  surfaces,  it  may  be 
formed  with  a  rounded  cross-section,  a  rounded 
cross-section  with  a  circumferentially  extending 
ridge  at  its  "peak",  or  a  variety  of  other  configura- 
tions  which  produce  a  protrusion  with  a  minimum 
radius  of  curvature,  in  cross  section,  located  at  a 
point  of  closest  spacing  to  the  opposed  cathode,  or 
anode,  and  with  this  closest  spacing  being  a 
localised  point  of  minimum  spacing.  Also,  while  the 
angle  kinks  have  been  described  and  illustrated  for 
the  nozzle  and  electrode  as  being  circumferentially 
extending,  they  could  be  formed  to  extend  in  an- 
nular  displacement  over  less  than  360°  about  the 
axis  40. 

Claims 

1.  A  plasma  arc  torch  (10)  that  operates  in  a 
transferred  arc  mode  on  a  workpiece  but  ini- 
tiates  first  in  a  pilot  arc  mode  where  a  nozzle 
(12,  12')  acts  in  conjunction  with  an  electrode 
(14,  14')  mounted  with  the  nozzle  (12,  12')  in  a 
spaced  relationship  as  one  end  of  the  torch  to 
initiate  a  plasma  arc  discharge  in  a  flow  of 
ionizable  gas  passing  between  the  electrode 
and  the  nozzle,  said  electrode  (14,  14')  having 
a  generally  cylindrical  configuration;  said  noz- 
zle  (12)  comprising  a  conductive  member  hav- 
ing  a  central  exit  port  (44,  44')  opposite  an  end 
surface  (38)  of  said  electrode  for  the  plasma 
arc  when  it  attaches  to  the  workpiece  that  is 
asigned  with  said  electrode; 

characterised  in  that,  said  end  surface  (38,  38') 
of  said  electrode  (14,  14')  is  generally  trans- 
verse  to  the  longitudinal  axis  (40,  40')  thereof 
and  said  member  includes  a  surface  (26,  26') 

5  facing  said  electrode  and  adjacent,  but  spaced 
from,  said  exit  port  and  having  an  angle  kink 
(28,  28')  formed  therein  and  located  at  a  point 
of  minimum  spacing  between  said  electrode 
(14,  14')  and  said  nozzle  (12,  12')  to  produce 

io  said  pilot  arc  preferentially  and  reliably  in  the 
region  of  said  angle  kink  (28,  28')  at  a  reduced 
breakdown  potential  when  a  high  voltage,  high 
frequency  signal  is  applied  across  said  elec- 
trode  and  said  nozzle. 

15 
2.  A  plasma  arc  torch  (10)  according  to  claim  1 

wherein  said  angle  kink  (28,  28'),  (1)  has  a 
minimum  convex  radius  of  curvature  as  com- 
pared  to  the  radius  of  curvature  of  adjacent 

20  portions  of  said  surface  and  (2)  is  positioned  at 
a  point  of  minimum  spacing  (42)  between  said 
electrode  (14,  14')  and  said  nozzle  (12,  12'). 

3.  A  plasma  arc  torch  (10)  according  to  claim  1  or 
25  claim  2  herein  said  electrode  (14,  14')  and  said 

nozzle  (12,  12')  have  outer  (36,  36')  and  inner 
surfaces  (26,  26')  respectively  facing  one  an- 
other  across  said  spacing  (42),  said  nozzle 
inner  surface  (26,  26')  being  located  adjacent, 

30  but  spaced  from,  said  exit  port  (44,  44'),  and 
said  inner  and  outer  surfaces  each  having  an 
angle  kink  (28,  28';  34,  34')  formed  therein. 

4.  A  plasma  arc  torch  (10)  according  to  claim  1  or 
35  claim  2  wherein  said  angle  kink  (28,  28')  ex- 

tends  continuously  in  a  closed  loop  path  ori- 
ented  generally  transverse  to  said  longitudinal 
axis. 

40  5.  A  plasma  arc  torch  (10)  according  to  claim  1  ,  2 
or  3  wherein  said  angle  kink  (28,  28';  34,  34') 
is  formed  by  the  intersection  of  a  first  conical 
(26a,  26a')  surface  and  a  second  surface  (26b, 
26b'). 

45 
6.  A  plasma  arc  torch  (10)  according  to  claim  5 

wherein  said  second  surface  (26b,  26b')  is  also 
conical,  but  has  a  different  slope  than  said  first 
conical  surface  (26a,  26a')  with  respect  to  the 

50  longitudinal  axis  (40,  40'). 

7.  A  plasma  arc  torch  (10)  according  to  claim  3 
wherein  said  angle  kink  (34,  34')  on  said  elec- 
trode  (14,  14')  is  located  at  a  portion  of  said 

55  electrode  that  in  normal  operation  experiences 
low  wear  and  is  adjacent,  but  spaced  laterally 
from,  the  portion  of  said  electrode  (38,  38') 
immediately  above  said  nozzle  exit  port  (44, 

5 



9 EP  0  496  733  B1 10 

44'). 

8.  A  plasma  arc  torch  (10)  according  to  claim  3  or 
claim  7  wherein  said  electrode  angle  kink  (34, 
34')  and  said  nozzle  angle  kink  (28,  28')  are  in 
an  opposed  spaced  relationship  at  a  point  of 
minimum  separation  between  said  electrode 
(14,  14')  and  said  nozzle  (12,  12'). 

9.  A  nozzle  (12)  for  a  plasma  arc  torch  (10) 
having  a  first  substantially  cylindrical  inner  sur- 
face  (26),  a  transverse  end  portion  containing 
an  exit  port  (44)  coaxial  with  the  longitudinal 
axis  of  said  inner  surface  (26)  and  a  second 
surface  (26a,  26b)  extending  between  said  in- 
ner  cylindrical  surface  (26)  and  the  entrance  to 
said  exit  port  (44), 
characterised  in  that  said  second  surface  (26a, 
26b)  is  defined  by  a  first  portion  (26b)  extend- 
ing  from  said  cylindrical  surface  (26)  at  a  first 
angle  (B)  of  inclination  to  the  said  longitudinal 
axis  and  a  second  portion  (26a)  extending  to 
the  entrance  of  said  exit  port  (44)  at  a  second 
angle  (A)  of  inclination  to  the  said  longitudinal 
axis,  said  first  angle  (B)  of  inclination  being 
greater  than  said  second  angle  (A),  the  junc- 
tion  of  said  first  and  said  second  portions  (26b, 
26a)  of  said  second  surface  forming  a  peak 
radially  spaced  from  said  exit  port  (44). 

10.  A  nozzle  (12)  according  to  claim  9  for  use  in  a 
plasma  arc  torch  (10)  according  to  any  one  of 
claims  1  to  8. 

Patentanspruche 

1.  Plasmalichtbogenbrenner  (10),  der  in  einem 
Ubertragungsbogenmodus  an  einem  Werk- 
stuck  betrieben  wird,  aber  zuerst  in  einem  Pi- 
lotbogenmodus  iniziiert  wird,  wobei  eine  Duse 
(12,  12')  in  Verbindung  mit  einer  Elektrode  (14, 
14')  wirkt,  die  in  einem  Abstandsverhaltnis  zur 
Duse  (12,  12')  an  einem  Ende  des  Brenners 
angebracht  ist,  urn  eine  Plasmalichtbogenentla- 
dung  in  einem  Strom  von  ionisierbarem  Gas  zu 
iniziieren,  das  zwischen  der  Elektrode  und  der 
Duse  durchstromt,  wobei  die  Elektrode  (14, 
14')  eine  im  wesentlichen  zylindrische  Konfigu- 
ration  aufweist;  wobei  die  Duse  (12)  ein  leiten- 
des  Element  umfaBt,  das  gegenuber  einer 
Endflache  (38)  der  Elektrode  eine  zentrale 
Austrittsoffnung  (44,  44')  fur  den  Plasmalicht- 
bogen  aufweist,  wenn  dieser  an  dem  Werk- 
stuck  angebracht  ist,  das  der  Elektrode  zuge- 
wiesen  ist; 
dadurch  gekennzeichnet, 
daf3  die  Endflache  (38,  38')  der  Elektrode  (14, 
14')  im  wesentlichen  quer  zu  der  Langsachse 

(40,  40')  davon  verlauft  und  das  Element  eine 
Flache  (26,  26')  aufweist,  die  der  Elektrode 
gegenuberliegt  und  in  Nahe  aber  beabstandet 
von  der  Austrittsoffnung  angeordnet  ist  und 

5  einen  winkelformigen  Knick  (28,  28')  aufweist, 
der  darin  gebildet  ist  und  an  einer  Stelle  ange- 
ordnet  ist,  an  welcher  der  Abstand  zwischen 
der  Elektrode  (14,  14')  und  der  Duse  (12,  12') 
minimal  ist,  urn  den  Pilotbogen  vorzugsweise 

io  und  zuverlassig  in  dem  Bereich  des  winkelfor- 
migen  Knicks  (28,  28')  bei  einem  reduzierten 
Durchschlagpotential  zu  erzeugen,  wenn  ein 
Signal  hoher  Spannung  und  hoher  Frequenz 
uber  der  Elektrode  und  der  Duse  aufgebracht 

is  wird. 

2.  Plasmalichtbogenbrenner  (10)  nach  Anspruch 
1,  bei  dem  der  winkelformige  Knick  (28,  28') 
erstens  im  Vergleich  zum  Krummungsradius 

20  der  angrenzenden  Abschnitte  der  Flache  einen 
minimalen  konvexen  Krummungsradius  auf- 
weist  und  zweitens  an  einer  Stelle  angeordnet 
ist,  an  welcher  der  Abstand  (42)  zwischen  der 
Elektrode  (14,  14')  und  der  Duse  (12,  12') 

25  minimal  ist. 

3.  Plasmalichtbogenbrenner  (10)  nach  Anspruch 
1  oder  Anspruch  2,  bei  dem  die  Elektrode  (14, 
14')  und  die  Duse  (12,  12')  Auf3en-(36,  36')  und 

30  Innenflachen  (26,  26')  aufweisen,  die  jeweils 
uber  dem  Abstand  (42)  einander  gegenuberlie- 
gen,  wobei  die  Duseninnenflache  (26,  26')  in 
der  Nahe  aber  beabstandet  von  der  Austritts- 
offnung  (44,  44')  angeordnet  ist,  und  die  Innen- 

35  und  AuBenflachen  jeweils  einen  winkelformi- 
gen  Knick  (28,  28';  34,  34')  aufweisen,  der 
darin  gebildet  ist. 

4.  Plasmalichtbogenbrenner  (10)  nach  Anspruch 
40  1  oder  Anspruch  2,  bei  dem  sich  der  winkelfor- 

mige  Knick  (28,  28')  durchgehend  in  einer  ge- 
schlossenen  Schleifenbahn  erstreckt,  die  im 
wesentlichen  quer  zur  Langsachse  orientiert 
ist. 

45 
5.  Plasmalichtbogenbrenner  (10)  nach  Anspruch 

1,  2  oder  3,  bei  dem  der  winkelformige  Knick 
(28,  28';  34,  34')  durch  den  Schnitt  einer  ersten 
konischen  (26a,  26a')  Flache  und  einer  zweiten 

50  Flache  (26b,  26b')  gebildet  ist. 

6.  Plasmalichtbogenbrenner  (10)  nach  Anspruch 
5,  bei  dem  die  zweite  Flache  (26b,  26b')  eben- 
falls  konisch  ist,  aber  bezogen  auf  die  Langs- 

55  achse  (40,  40')  eine  andere  Neigung  als  die 
erste  konische  Flache  (26a,  26a')  aufweist. 

6 
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7.  Plasmalichtbogenbrenner  (10)  nach  Anspruch 
3,  bei  dem  der  winkelformige  Knick  (34,  34') 
an  der  Elektrode  (14,  14')  in  einem  Abschnitt 
der  Elektrode  angeordnet  ist,  der  bei  norma- 
lem  Betrieb  geringen  VerschleiB  erfahrt  und  in 
der  Nahe  aber  seitlich  beabstandet  von  dem 
Abschnitt  der  Elektrode  (38,  38')  unmittelbar 
oberhalb  der  Dusenaustrittsoffnung  (44,  44') 
angeordnet  ist. 

8.  Plasmalichtbogenbrenner  (10)  nach  Anspruch 
3  oder  Anspruch  7,  bei  dem  der  winkelformige 
Knick  (34,  34')  der  Elektrode  und  der  winkel- 
formige  Knick  (28,  28')  der  Duse  in  einem 
gegenuberliegenden  beabstandeten  Verhaltnis 
an  einer  Stelle  angeordnet  sind,  an  der  die 
Entfernung  zwischen  der  Elektrode  (14,  14') 
und  der  Duse  (12,  12')  minimal  ist. 

9.  Duse  (12)  fur  einen  Plasmalichtbogenbrenner 
(10)  mit  einer  ersten  im  wesentlichen  zylindri- 
schen  Innenflache  (26),  einem  querverlaufen- 
den  Endabschnitt,  der  eine  Austrittsoffnung 
(44)  aufweist,  die  koaxial  mit  der  Langsachse 
der  Innenflache  (26)  ist,  und  mit  einer  zweiten 
Flache  (26a,  26b),  die  sich  zwischen  der  zylin- 
drischen  Innenflache  (26)  und  dem  Eingang  zu 
der  Austrittsoffnung  (44)  erstreckt, 
dadurch  gekennzeichnet, 
dal3  die  zweite  Flache  (26a,  26b)  durch  einen 
ersten  Abschnitt  (26b),  der  sich  von  der  zylin- 
drischen  Flache  (26)  unter  einem  ersten  Nei- 
gungswinkel  (B)  bezuglich  der  Langsachse  er- 
streckt,  und  einen  zweiten  Abschnitt  (26a),  der 
sich  unter  einem  zweiten  Neigungswinkel  (A) 
bezuglich  der  Langsachse  zum  Eingang  der 
Austrittsoffnung  (44)  erstreckt,  definiert  ist,  wo- 
bei  der  erste  Neigungswinkel  (B)  groBer  ist  als 
der  zweite  Neigungswinkel  (A),  wobei  die  Ver- 
bindungsstelle  der  ersten  und  zweiten  Ab- 
schnitte  (26b,  26a)  von  der  zweiten  Flache 
einen  Scheitel  bilden,  der  radial  von  der  Aus- 
trittsoffnung  (44)  beabstandet  ist. 

10.  Duse  (12)  nach  Anspruch  9  zur  Verwendung  in 
einem  Plasmalichtbogenbrenner  (10)  nach  ei- 
nem  der  Anspruche  1  bis  8. 

Revendicatlons 

1.  Torche  a  arc  de  plasma  (10)  fonctionnant  dans 
un  mode  de  transfert  de  Tare  sur  une  piece  de 
travail,  mais  s'amorgant  tout  d'abord  dans  un 
mode  d'arc  pilote  dans  lequel  une  lance  (12, 
12')  agit  en  cooperation  avec  une  electrode 
(14,  14')  montee,  avec  la  lance  (12,  12'),  dans 
une  relation  d'espacement  a  une  extremite  de 
la  torche,  de  maniere  a  amorcer  une  decharge 

d'arc  de  plasma  dans  un  courant  de  gaz  ioni- 
sable  passant  entre  I'electrode  et  la  lance, 
I'electrode  (14,  14')  ayant  une  configuration 
generalement  cylindrique  ;  la  lance  (12)  com- 

5  prenant  un  element  conducteur  muni  d'un  orifi- 
ce  de  sortie  central  (44,  44')  oppose  a  une 
surface  d'extremite  (38)  de  I'electrode  de  fa- 
gon  que  Tare  de  plasma,  lorsqu'il  s'attache  a 
la  piece  de  travail,  soit  fixe  par  I'electrode  ; 

io  caracterisee  en  ce  que  la  surface  d'extre- 
mite  (38,  38')  de  I'electrode  (14,  14')  est  gene- 
ralement  transversale  par  rapport  a  son  axe 
longitudinal  (40,  40'),  et  en  ce  que  I'element 
conducteur  comprend  une  surface  (26,  26') 

is  venant  en  face  de  I'electrode  au  voisinage 
mais  en  etant  espacee  de  I'orifice  de  sortie, 
cet  element  conducteur  comportant  une  pliure 
d'angle  (28,  28')  formee  dans  celui-ci  et  placee 
en  un  point  d'espacement  minimum  entre 

20  I'electrode  (14,  14')  et  la  lance  (12,  12')  de 
maniere  a  produire  Tare  pilote  preferentielle- 
ment  et  de  fagon  fiable  dans  la  zone  de  la 
pliure  d'angle  (28,  28'),  avec  un  potentiel  de 
claquage  reduit  lorsqu'on  applique  un  signal  a 

25  haute  tension  et  haute  frequence  aux  bornes 
de  I'electrode  et  de  la  lance. 

2.  Torche  a  arc  de  plasma  (10)  selon  la  revendi- 
cation  1,  caracterise  en  ce  que  la  pliure  d'an- 

30  gle  (28,  28')  :  (1)  presente  un  rayon  de  courbu- 
re  convexe  minimum  comparativement  au 
rayon  de  courbure  des  parties  adjacentes  de  la 
surface  et  (2)  est  positionnee  en  un  point  d'es- 
pacement  minimum  (42)  entre  I'electrode  (14, 

35  14')  et  la  lance  (12,  12'). 

3.  Torche  a  arc  de  plasma  (10)  selon  la  revendi- 
cation  1  ou  la  revendication  2,  caracterisee  en 
ce  que  I'electrode  (14,  14')  et  la  lance  (12,  12') 

40  ont  des  surfaces  exterieure  (36,  36')  et  inte- 
rieure  (26,  26')  venant  respectivement  en  face 
I'une  de  I'autre  de  part  et  d'autre  de  I'espace- 
ment  (42),  la  surface  interieure  (26,  26')  de  la 
lance  etant  placee  au  voisinage  mais  en  etant 

45  espacee  de  I'orifice  de  sortie  (44,  44'),  et  les 
surfaces  interieure  et  exterieure  presentant 
chacune  une  pliure  d'angle  (28,  28'  ;  34,  34') 
formee  dans  celle-ci. 

50  4.  Torche  a  arc  de  plasma  (10)  selon  la  revendi- 
cation  1  ou  la  revendication  2,  caracterisee  en 
ce  que  la  pliure  d'angle  (28,  28')  s'etend  de 
fagon  continue  suivant  un  chemin  en  boucle 
fermee  oriente  d'une  fagon  generale  transver- 

55  salement  par  rapport  a  I'axe  longitudinal. 

5.  Torche  a  arc  de  plasma  (10)  selon  la  revendi- 
cation  1,  2,  ou  3,  caracterisee  en  ce  que  la 

7 
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pliure  d'angle  (28,  28';  34,  34')  est  formee  par 
I'intersection  d'une  premiere  surface  conique 
(26a,  26a')  et  d'une  seconde  surface  (26b, 
26b'). 

5 
6.  Torche  a  arc  de  plasma  (10)  selon  la  revendi- 

cation  5,  caracterisee  en  ce  que  la  seconde 
surface  (26b,  26b')  est  egalement  conique 
mais  presente  une  pente  differente  de  celle  de 
la  premiere  surface  conique  (26a,  26a')  par  10 
rapport  a  I'axe  longitudinal  (40,  40'). 

7.  Torche  a  arc  de  plasma  (10)  selon  la  revendi- 
cation  3,  caracterisee  en  ce  que  la  pliure  d'an- 
gle  (34,  34')  formee  sur  I'electrode  (14,  14')  est  75 
placee  dans  une  partie  de  cette  electrode  qui, 
en  fonctionnement  normal,  est  soumise  a  une 
faible  usure  et  se  trouve  adjacente  mais  en 
etant  espacee  lateralement  par  rapport  a  la 
partie  de  I'electrode  (38,  38')  situee  juste  au-  20 
dessus  de  I'orifice  de  sortie  (44,  44')  de  la 
lance. 

8.  Torche  a  arc  de  plasma  (10)  selon  la  revendi- 
cation  3  ou  la  revendication  7,  caracterisee  en  25 
ce  que  la  pliure  d'angle  (34,  34')  de  I'electrode 
et  la  pliure  d'angle  (28,  28')  de  la  lance  sont 
dans  une  relation  d'espacement  I'une  en  face 
de  I'autre  en  un  point  de  separation  minimum 
entre  I'electrode  (14,  14')  et  la  lance  (12,  12').  30 

9.  Lance  (12)  pour  torche  a  arc  de  plasma  (10), 
comportant  une  premiere  surface  interieure  es- 
sentiellement  cylindrique  (26),  une  partie  d'ex- 
tremite  transversale  contenant  un  orifice  de  35 
sortie  (44)  coaxial  avec  I'axe  longitudinal  de  la 
surface  interieure  (26),  et  une  seconde  surface 
(26a,  26b)  s'etendant  entre  la  surface  cylindri- 
que  interieure  (26)  et  I'entree  de  I'orifice  de 
sortie  (44),  lance  caracterisee  en  ce  que  la  40 
seconde  surface  (26a,  26b)  est  definie  par  une 
premiere  partie  (26b)  partant  de  la  surface 
cylindrique  (26)  sous  un  premier  angle  d'incli- 
naison  (B)  par  rapport  a  I'axe  longitudinal,  et 
une  seconde  partie  (26a)  partant  de  I'entree  de  45 
I'orifice  de  sortie  (44)  sous  un  second  angle 
d'inclinaison  (A)  par  rapport  a  I'axe  longitudi- 
nal,  le  premier  angle  d'inclinaison  (B)  etant 
superieur  au  second  angle  (A),  la  jonction  de  la 
premiere  partie  et  de  la  seconde  partie  (26b,  50 
26a)  de  la  seconde  surface  formant  un  som- 
met  espace  radialement  de  I'orifice  de  sortie 
(44). 

10.  Lance  (12)  selon  la  revendication  9,  destinee  a  55 
etre  utilise  dans  un  chalumeau  a  arc  a  plasma 
(10)  selon  I'une  quelconque  des  revendications 
1  a  8. 
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