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[Document  name]  Spec i f i ca t i on  

T ITLE  OF THE  INVENTION 

 PLASMA TORCH,  PLASMA THERMAL SPRAYING DEVICE ,  AND 

CONTROL METHOD FOR PLASMA TORCH  

 

[Techn i ca l  f i e ld]  

[0001]  

 The  present  invent ion  re la tes  to  a  p lasma tor ch ,  a  p lasma 

therma l  spray ing  dev ice ,  and a  cont ro l l ing  method  for  the  p lasma 

torch .  

 

[Background techno logy]  

[0002]  

 P lasma spray ing,  wh ich  c rea tes  a  f i lm  on  a  sur face  o f  an  ob jec t ,  

has  been pu t  in to  prac t i ca l  use  as  a  method for  f orm ing  a  f i lm  that  

prov ides  hea t  res i s tance ,  cor ros ion  res i s tance ,  abras ion  res is tance ,  

et c .  on  the sur face o f  the subst ra te ,  by  me l t ing  a  powder  o f  therma l  

spray  mater ia ls  such  as  meta l s ,  a l l oys ,  i norgan ic  mater ia ls ,  or  

ceramics  us ing  the rad ian t  hea t  o f  the  p lasma ar c  generated  by  a  

p lasma torch ,  and  sp ray ing  th i s  powder  onto  the  sur face o f  the ob jec t  

such as  a  meta l  subs t ra te.     

[0003]  

 A  p lasma tor ch  inc ludes ,  f or  examp le ,  a  r ing  ca thode,  an  anode,  

the anode be ing  ar ranged in  a  cont inuous  manner  w i th  a  d is charge 

space between  the  anode and  the  r ing  cathode,  and  a  p lu ra l i t y  o f  

magnets  tha t  fo rm in tersect ing  magnet i c  f lux  in  a  p lane  inc lud ing  a  

cent ra l  ax i s  in  a  d i scharge space .     

[0004]  

 In  th i s  p lasma torch ,  a  vo l tage i s  app l i ed  between  e lec t rodes  

w i th in  the p lasma torch  wh i l e  supp ly ing  a  p lasma generat ion  gas  

around the r ing  ca thode.   Thereby ,  a  co lumnar  p lasma ar c  i s  

genera ted  by d i s charg ing  between  the e lec t rodes ,  and the generated  

p lasma arc  i s  r ota ted  a t  h igh  speed  in  a  c i r cumferen t ia l  d i r ec t i on  o f  

the p lasma tor ch  w i th  a  p lu ra l i t y  o f  magnets ,  thereby  generat ing  a  

p lasma je t .  

[0005]  

 Here ,  f o r  examp le ,  the  powder  o f  therma l  spray  mater ia l  i s  

supp l i ed  in to  the  p lasma je t  f r om a  ho l l ow o f  the r ing  cathode us ing  

gas  as  a  med ium a long  approx imate ly  the  cent ra l  ax i s  o f  the 

d i scharge space .   The  generated  p lasma arc  me l t s  the  therma l  spray  

mater ia l  and  sp rays  i t  onto  the  sur face o f  the ob jec t  (e .g . ,  see Pa tent  

Documents  1  and  2) .    

[0006]  

 As  descr ibed in  Paten t  Documents  1  and 2  above,  i n  a  p lasma 

torch  that  s imp ly  rotates  the p lasma a rc ,  p lasma genera t ion  gas  i s  

supp l i ed  in to  the  p lasma je t .   As  a  resu l t ,  the  powder  o f  the thermal  

spray  mater ia l  in t roduced  f rom a  therma l  spray  mater ia l  supp ly  por t  

in  the cen ter  o f  the  r ing  cathode dev ia tes  f r om the  cent ra l  ax is  o f  the  

d i scharge space due to  the in f luence o f  a  swi r l i ng  gas  f l ow o f  the  
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p lasma generat ion  gas .   Th i s  may  cause  a  mo l ten  therma l  sp ray  

mater ia l  t o  adhere  to  an  inner  sur face  (d is charge  sur face)  o f  the  

anode.   In  par t i cu lar ,  depend ing  on the  proper t i es  o f  the  thermal  

spray  mater ia l ,  such  as  a  spec i f i c  g rav i t y  and  par t i c l e  s i ze  o f  the  

therma l  spray mater ia l  powder ,  the  therma l  spray  mater ia l  mo l ten  

under  the  in f luence o f  the sw i r l i ng  gas  f l ow is  more  l i ke ly  to  adhere  

to  the  d is charge sur face o f  the anode.   Fur thermore ,  in  such 

convent iona l  p lasma torches ,  the therma l  spray  mater ia l  has  a  l ow 

me l t ing  e f f i c i ency,  and the thermal  spray mater ia l  may  not  be fu l l y  

u t i l i zed  for  f orm ing  the  f i lm.   I t  i s  no ted  that  me l t ing  e f f i c i ency  re fe r s  

to  the ra te  a t  wh i ch  the  mo l ten  therma l  spray  mater ia l  i s  em i t ted  

f rom the  p lasma tor ch .    

[0007]  

 There fore ,  there  i s  a  need  for  a  p lasma tor ch  tha t  can suppress  

damage on  the  e lec t rode wh i l e  s tab ly  improv ing  the  me l t ing  e f f i c i ency  

o f  therma l  sp ray  mater ia l ,  in  order  to  fur ther  improve  the  e f f i c i ency 

o f  f o rming  f i lms  made o f  var ious  therma l  spray  mater ia l s  on  the  

sur face o f  subs t ra tes  us ing  p lasma.    

[0008]  

 Thus ,  a  p lasma tor ch  e .g . ,  as  descr ibed  in  Paten t  Document  3  

has  been  p roposed .   In  the  ar rangement  o f  the  e lec t rodes  and  

magnets  for  generat ing  p lasma in  the  p lasma torch  desc r ibed  in  

Patent  Document  3 ,  a  d i r ec t i on  o f  r o ta t i on  o f  the  po le  o f  d i scharge  

and  a  vector  o f  the  magnet ic  f lux  o f  the  cur rent  and  magnet i c  f i e ld  

that  determ ine  a  magn i tude  o f  f o rce  a re  not  or thogona l  t o  each  other .   

There fore ,  a  vector  p roduct  o f  the  cu r ren t  and  the  magnet i c  f lux  o f  

the magnet i c  f i e ld  becomes uns tab le ,  and the ro tat i on  d i r ec t i on  o f  the  

po le  po in t  i s  r eversed  or  the  po le  po in t  does  not  rotate .  As  a  resu l t ,  

there  i s  a  prob lem in  tha t  the  po les  become s tuck  and  the  hea t  

becomes  concent rated .    

[0009]  

 Fur thermore ,  in  the p lasma torch  desc r ibed  in  Patent  Document  

3 ,  i f  t he vec tor  product  o f  the cu r rent  and the  magnet ic  f lux  o f  the  

magnet i c  f i e ld  i s  unstab le ,  a  thermal  spray  mater ia l  i n t roduct ion  p ipe  

( in jec tor )  that  supp l i es  therma l  spray  mater ia l  i n to  the  d is charge 

space momenta r i l y  becomes  a  d i scharge  path ,  a  d is charge cur rent  

f l ows in to  the  therma l  sp ray mater ia l  in t roduct ion  p ipe ,  and  there  i s  a  

prob lem where the  therma l  spray  mater ia l  in t roduct ion  p ipe me l ts .    

[ PR IOR  ART ]  

[ 0010 ]  

[ Pa t en t  Documen t ]  

[ Pa t en t  Documen t  1 ]  J P  H8 -31955 2  A  

[ Pa t en t  Documen t  2 ]  J P  2011 -071 081  A  

[ Pa t en t  Documen t  3 ]  J P  5799153  B  

[Out l ine  o f  the Inven t ion]  

[P rob lems  to  be so lved  by the  invent ion]  

[ 0011 ]  

 The  p r e s en t  i n ve n t i on  h a s  b e en  made  i n  v i ew  o f  t h e  ab ove -

men t i oned  p r ob l ems ,  whe r e  a  p l a sma  t o r c h ,  a  p l a sma  t h e rma l  
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s p ray i n g  d ev i c e ,  a nd  a  me t hod  o f  c on t r o l l i n g  a  p l a sma  t o r c h  a r e  

p r ov i d ed  c apab l e  o f  s t a b i l i z i n g  a  r o t a t i on  o f  t h e  po l e  o f  d i s c h a r ge  

b y  ma i n t a i n i n g  an  o r t h ogona l i t y  o f  t h e  v e c t o r  p r odu c t  o f  a  c u r r e n t  

f o r  g ene ra t i n g  p l a sma  and  a  magne t i c  f l u x  o f  a  magne t i c  f i e l d ,  

wh i c h  i s  a l s o  p o s s i b l e  t o  s upp r e s s  d amage  on  a  t h e rma l  s p ray  

ma t e r i a l  i n t r odu c t i on  t u be .    

[0012]  

[Means for  so lv ing  the prob lem]   

 In  o rder  to  so lve  the above p rob lems,  a  p lasma tor ch  accord ing 

to  the  presen t  invent ion  rotates  a  genera ted  p lasma a long  a  cen t ra l  

ax i s ,  e jec t s  the  p lasma in  an  ax ia l  d i r ec t i on ,  me l ts  a  powder  o f  a  

therma l  spray ing  mater ia l  w i th  the  p lasma,  and  expe l s  the  mo l ten  

powder  f r om the  f ront  nozz le  open ing to  outs ide,  where  the  p lasma 

torch  compr i ses :    

 a  f i r s t  e lec t rode  formed  in  a  cy l indr ica l  shape  hav ing  a  f i r s t  

through  ho le  extend ing  in  the  ax ia l  d i r ec t i on  a t  a  center ,  the  f i r s t  

e lec t rode  hav ing  a  f i r s t  d is charge  sur face con t inuous ly  formed  a round  

a  f ron t  end  of  the  f i r s t  through  ho le;    

 a  second e lec t rode  formed  in  a  cy l indr i ca l  shape  hav ing a  

second through  ho le  ex tend ing  in  the ax ia l  d i r ec t i on  a t  a  center  and 

located  on  a  f ront  s ide  o f  the  f i r s t  e lec t rode,  the  second  e lec t rode  

hav ing  a  second  d i scharge  su r face  cont inuous ly  formed  around  a  rea r  

end o f  the  second through  ho le  so  as  to  face  the f i r s t  d is charge  

sur face o f  the  f i r s t  e lec t rode;  

 a  f i r s t  magnet  p rov ided on a  rea r  s ide  o f  the f i r s t  e lec t rode 

oppos i t e  to  the  f i r s t  d i scharge  sur face;    

 a  second magnet  prov ided  on an outer  per iphery  o f  the  second  

e lec t rode;   

 a  th i rd  magnet  prov ided  on a  f ront  s ide o f  the  second e lec t rode 

oppos i t e  to  the  second  d i scharge su r face;    

 a  four th  magnet  prov ided  on  an  ou ter  per iphery  o f  the  f i r s t  

e lec t rode  and  fac ing  the  second  magnet  in  the  ax ia l  d i r ec t i on;    

 a  therma l  sp ray  mater ia l  in t roduc t ion  p ipe  s l i dab ly  p rov ided  in  

the  f i r s t  through  ho le  a long  the  cent ra l  ax is ,  tha t  supp l i es  thermal  

spray  mater ia l  powder  f r om a  supp ly  por t  t o  a  d i scharge  space  fo rmed 

between the  f i r s t  e lec t rode  and  the  second  e lec t rode;  and   

 a  p lasma generat ion  gas  supp ly  passage  tha t  supp l i es  p lasma 

genera t ion  gas  to  the d i scharge space f rom the ou ter  per iphera l  s ide  

o f  the  f i r s t  e lec t rode ,    

 where in  a  vector ,  o f  cu r rent  f l ow ing between  the f i r s t  d i scharge  

sur face o f  the f i r s t  e lec t rode and  the second d is charge sur face o f  the  

second e lec t rode  to  genera te the  p lasma,  and  a  vector ,  o f  magnet i c  

f lux  o f  a  comb ined  magnet i c  f i e ld  by the f i r s t  magnet ,  the second 

magnet ,  the th i rd  magnet ,  and the  four th  magnet ,  are  or thogona l .    

[0013]  

 In  the  p lasma tor ch ,   

 the f i r s t  e lec t rode i s  a r ranged  as  a  m ir ror  image of  the second  

e lec t rode  w i th  respec t  t o  a  p lane  pass ing  between  the  f i r s t  e lec t rode 

and  the  second e lec t rode and  or thogona l  t o  the  cent ra l  ax i s ,  and   
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 the f i r s t  d i scharge  su r face  o f  the  f i r s t  e lec t rode  i s  pos i t i oned  

as  a  m i r ror  image o f  the  second d is charge  sur face  o f  the  second  

magnet  w i th  respect  t o  the  p lane .    

[0014]  

 In  the  p lasma tor ch ,    

 the f i r s t  magnet  i s  ar ranged  as  a  m ir ro r  image o f  the th i rd  

magnet  w i th  respect  t o  the  p lane ,  and  

 the vec tor  o f  magnet ic  f l ux  o f  the magnet ic  f i e ld  o f  the f i r s t  

magnet  i s  pos i t i oned as  a  m ir ro r  image of  the  vec tor  o f  magnet ic  f l ux  

o f  the  magnet i c  f i e ld  o f  the  th i rd  magnet  w i th  respec t  t o  the p lane .    

[0015]  

 In  the  p lasma tor ch ,   

 the second magnet  i s  a r ranged  as  a  m i r ror  image o f  the fou r th  

magnet  w i th  respect  t o  the  p lane ,  and   

 the  vector  o f  magnet ic  f lux  o f  the  magnet i c  f i e ld  o f  the  second  

magnet  i s  a  mi r ror  image o f  the  vec tor  o f  magnet ic  f lux  o f  the 

magnet i c  f i e ld  o f  the fou r th  magnet  w i th  respect  t o  the  p lane .    

[0016]  

 In  the  p lasma tor ch ,  

 the f i r s t  magnet  i s  a r ranged ins ide  the  f i r s t  e lec t rode in  a  

reg ion  between  the  f i r s t  through  ho le  and the  outer  per iphery ,  and   

 the th i rd  magnet  i s  a r ranged  ins ide  the  second  e lec t rode in  a  

reg ion  between  the  second  through  ho le  and  the  ou ter  per iphery .    

[0017]  

 In  the  p lasma tor ch ,     

 the fou r th  magnet  i s  con t inuous ly  formed so  as  to  su r round  the 

f ron t  end  of  the f i r s t  e lec t rode ,  and   

 the second  magnet  i s  cont inuous ly  formed  so as  to  sur round 

the rear  end o f  the  second  e lec t rode .    

[0018]  

 In  the  p lasma tor ch ,   

 the f i r s t  magnet  has  a  cy l indr ica l  shape  w i th  a  through  ho le  

extend ing  in  the ax ia l  d i r ec t i on  centered  on  the cen t ra l  ax is ,  

 the  second  magnet  has  a  cy l i ndr i ca l  shape  w i th  a  through  ho le  

extend ing  in  the ax ia l  d i r ec t i on  centered  on  the cen t ra l  ax is ,  

 the th i rd  magnet  has  a  cy l indr ica l  shape w i th  a  through  ho le  

extend ing  in  the ax ia l  d i r ec t i on  centered  on  the cen t ra l  ax is ,  and   

 the  four th  magnet  has  a  cy l i ndr i ca l  shape  w i th  a  th rough  ho le  

extend ing  in  the ax ia l  d i r ec t i on  centered  on  the cen t ra l  ax is .   

[0019]  

 In  the  p lasma tor ch ,   

 the f i r s t  d is charge  su r face  of  the f i r s t  e lec t rode  and  the  second 

d i scharge sur face  o f  the second e lec t rode  are  inc l i ned,  such tha t  a  

gap  between the  f i r s t  d is charge  su r face  of  the f i r s t  e lec t rode  and  the 

second  d is charge  sur face  o f  the  second  e lec t rode  widens  toward  the  

cent ra l  ax i s .    

[0020]  

 In  the  p lasma tor ch ,   
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 a  magn i tude  of  the  inc l inat ion  o f  the  f i r s t  d is charge  su r face 

w i th  respect  t o  the  p lane  or thogona l  t o  the cen t ra l  ax is  i s  the  same as  

a  magn i tude  o f  the  inc l ina t ion  of  the second  d i scharge  sur face w i th  

respect  t o  the  p lane .    

[0021]  

 In  the  p lasma tor ch ,   

 the p lasma generat ion  gas  supp ly  passage supp l i es  the p lasma 

genera t ion  gas ,  f r om between  the  fou r th  magnet  and  the  outer  

per iphery  of  the  f i r s t  e lec t rode,  t oward between the  f i r s t  d i scharge 

sur face o f  the f i r s t  e lec t rode and  the second d is charge sur face o f  the  

second e lec t rode .    

[0022]  

 The  p lasma torch ,   

 fu r ther  compr i ses  a  shea th  gas  supp ly  passage that  supp l i es  

shea th  gas  f rom the  sheath  gas  supp ly  por t  t oward  the  d i scharge 

space  f rom around  the  supp ly  por t  o f  the  thermal  spray  mater ia l  

in t roduct ion  p ipe .    

[0023]  

 In  the  p lasma tor ch ,   

 a  p lura l i ty  o f  the  shea th  gas  supp ly  por ts  o f  the  shea th  gas  

supp ly  passage are  prov ided at  equa l  in terva ls ,  a round the  supp ly  

por t  o f  the thermal  spray  mater ia l  in t roduct ion  p ipe .    

[0024]  

 In  the  p lasma tor ch ,   

 the  sheath  gas  i s  the  same gas  as  the  p lasma 

genera t ion  gas  or  a  d i f f e rent  gas  f rom the  p lasma generat ion  gas .   

[0025]  

 In  the  p lasma tor ch ,   

 the sheath  gas  i s  a  gas  conta in ing  one  or  more  se lec ted  f rom a  

group  conta in ing  nob le  gas  e lements ,  n i t r ogen,  and  hydrogen .  

[0026]  

 In  the  p lasma tor ch ,   

 a  pos i t i on  o f  the  supp ly  por t  o f  the  therma l  spray ing  mater ia l  

in t roduct ion  p ipe  i s  ad jus ted  depend ing  on  the  type  o f  the  therma l  

spray ing  mater ia l .    

[0027]  

 In  the  p lasma tor ch ,   

 the  pos i t i on  of  the  supp ly  por t  o f  the  therma l  spray  mater ia l  

in t roduct ion  p ipe i s  ad justed  so tha t  the pos i t i on  o f  the  supp ly  por t  i s  

w i th in  the d is charge  space .    

[0028]  

 In  order  to  so lve the  above  p rob lems ,  a  p lasma thermal  

spray ing  dev ice  accord ing  to  the invent ion ,  compr is ing:  

 the p lasma tor ch;    

 a  power  source  tha t  app l i es  a  vo l t age  between the  f i r s t  

e lec t rode  and  the  second  e lec t rode;  and   

 a  thermal  spray  mater ia l  conveyance  un i t  that  conveys  the 

therma l  sp ray mater ia l  t o  the  thermal  sp ray mater ia l  i n t roduct ion  p ipe .   

[0029]  
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 In  o rder  to  so lve  the above prob lems,  a  con t ro l  method for  a  

p lasma torch ,  by  us ing  the  p lasma torch  accord ing  to  the  invent ion ,  

by s l id ing  the  therma l  spray ing mater ia l  in t roduct ion  p ipe in  the  ax ia l  

d i r ec t i on  and  ad just ing  the  pos i t i on  o f  the  supp ly  por t  o f  the  therma l  

spray ing mater ia l  in t roduc t ion  p ipe  accord ing  to  the type o f  the  

therma l  sp ray ing  mater ia l ,  i s  prov ided  to  me l t  the  powder  o f  the  

therma l  spray  mater ia l .    

[0030]  

[E f fec t  o f  the inven t ion]  

 Accord ing to  the  present  invent ion ,  i t  i s  poss ib le  to  ma in ta in  

the or thogona l i ty  o f  the  vector  produc t  o f  the  cur ren t  for  generat ing  

p lasma and the magnet i c  f lux  o f  the magnet i c  f i e ld ,  t o  s tab i l i ze  the  

ro tat i on  of  the  po le  o f  the  d i scharge,  and  to  suppress  the  

consumpt ion  o f  the  therma l  spray  mater ia l  in t roduct ion  p ipe.    

[Br i e f  exp lana t ion  of  d raw ings]  

[0031]  

[F IG.  1]  F IG.  1  i s  a  d iagram showing  the  conf igurat ion  o f  a  p lasma 

torch  accord ing to  an  embod iment  o f  the  present  inven t ion .  

[F IG.  2]  F IG.  2  i s  a  pa r t ia l l y  en larged  v iew o f  r eg ion  Q o f  the  p lasma 

torch  shown in  F IG.  1 .  

[F IG.  3 ]  F IG.  3  i s  a  d iagram showing  the  shape  o f  the  f i r s t  magnet  

shown in  F IG.  1 .  

[F IG.  4]  F IG.  4  i s  a  d iagram show ing  an  examp le  o f  the  temperatu re 

d i s t r i but ion  o f  a  p lasma je t .  

[F IG.  5]  F IG.  5  i s  an  exp lanatory  d iag ram show ing  a  s ta te in  wh ich  

the p lasma tor ch  11  shown in  F IG.  1  generates  p lasma.  

[F IG.  6 ]  F IG.  6  i s  an  exp lana tory  d iagram showing  the  s ta te  o f  

magnet i c  f lux  o f  the  p lasma torch  11 shown in  F IG.  1 .  

[F IG.  7A]  F IG.  7A  i s  a  d iagram show ing  an  example  o f  a  pos i t ive  

e lec t rode  ar rangement .  

[F IG.  7B]  F IG.  7B  i s  a  d iagram show ing  an  examp le  of  an  e lec t rode  

ar rangement  o f  oppos i t e  po lar i ty .    

[Mode for  car ry ing  ou t  the  invent ion]  

[0032]   

 Here ina f ter ,  modes  for  car ry ing  ou t  the  p resent  invent ion  

(here ina f ter  r e fer red  to  as  embod iments )  w i l l  be  descr ibed  in  deta i l  

based on the drawings .   In  th i s  embod iment ,  a  case where a  p lasma 

torch  i s  app l i ed  to  a  p lasma thermal  spray ing dev i ce w i l l  be  desc r ibed.   

I t  i s  noted tha t  the  presen t  inven t ion  i s  not  l im i ted  to  the  fo l l ow ing  

embod iments .  That  i s ,  the  p lasma torch  accord ing to  the  presen t  

inven t ion  can  be  app l i ed  to  a  w ide  var iety  o f  app l i ca t i ons  such as  

therma l  spray ing ,  me l t ing ,  and  gas  heat ing .   Fur thermore ,  the  

cons t i tuen t  e lements  in  the  embod iments  desc r ibed  be low inc lude  

those  tha t  can  be  eas i ly  assumed by  those  sk i l l ed  in  the  ar t ,  and  

those that  are substant ia l ly  the  same.   Fur thermore ,  the components  

d i sc losed  in  the  embod iments  be low can  be  comb ined as  appropr ia te.    

[0033]  

<P lasma thermal  spray ing  dev ice> 
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 A  p lasma therma l  spray ing dev i ce  app l i ed  w i th  a  p lasma torch  

accord ing to  the  presen t  invent ion  w i l l  be  descr ibed .  

[0034]  

  F IG.  1  i s  a  d iagram show ing  the  conf igura t ion  o f  a  p lasma torch  

based on  the  embod iment  o f  the presen t  inven t ion .  Moreover ,  F IG.  2  

i s  a  par t ia l l y  en larged v iew o f  r eg ion  Q o f  the p lasma tor ch  shown in  

F IG.1 .  Moreover ,  F IG.  3  i s  a  d iagram show ing  a  shape o f  the f i r s t  

magnet  shown in  F IG.  1 .  Moreover ,  F IG.  4  i s  a  d iagram show ing  an 

example  o f  a  t empera ture d is t r ibut ion  o f  a  p lasma jet .  Fur thermore ,  

F IG.  5  i s  an  exp lana tory  d iagram show ing  a  s ta te  in  wh ich  the  p lasma 

torch  11 shown in  F IG.  1  generates  p lasma.  Fur thermore ,  F IG.  6  i s  an 

exp lana tory  d iagram show ing a  s ta te o f  magnet i c  f lux  o f  the p lasma 

torch  11  shown in  F IG.  1 .    

 For  examp le ,  as  shown in  F IGS.  1  and  2 ,  a  p lasma therma l  

spray ing  dev ice  10  accord ing to  th is  embod iment  inc ludes  a  p lasma 

torch  11 ,  a  power  source  12 ,  and  a  therma l  spray  mater ia l  conveyance 

dev i ce ( therma l  spray mater ia l  conveyance sec t i on)  13 .    

[0035]  

 [P lasma torch]  

 The  p lasma tor ch  11 inc ludes  a  to rch  body 21,  a  ca thode  b lock 

22 ,  an  insu la t ing  sect i on  23,  an  anode b lock  24 ,  a  therma l  spray 

mater ia l  in t roduct ion  p ipe  25,  a  p lasma generat ion  gas  supp ly  

passage 26 ,  coo l ing  water  supp ly  passages  27-1 to  27-3,  and  a  sheath  

gas  supp ly  passage  101 .   I t  i s  no ted tha t  the  tor ch  body 21 and the 

cathode  b lock  22  are e lec t r i ca l l y  and therma l ly  in su la ted .    

[0036]  

 In  add i t i on ,  in  th is  embod iment ,  a  d i r ec t i on  of  the cent ra l  ax i s  

o f  the  cy l i ndr i ca l  shape o f  the  e lec t rode  used in  the  cathode b lock 22  

and  the anode b lock  24  i s  de f ined  as  an  "ax ia l  d i r ec t i on" ,  and  a  

d i r ec t i on  o f  the d iameter  o f  the cy l i ndr i ca l  e l ec t rode  i s  de f ined  as  a  

" rad ia l  d i r ec t i on" .    

[0037]  

 For  examp le,  as  shown in  F IGS.  1 ,  2 ,  5 ,  and 6 ,  the p lasma 

torch  11  i s  con f igured  to  e jec t  the  genera ted  p lasma P  in  the  ax ia l  

d i r ec t i on  wh i l e  ro tat ing  i t  a long  the  cent ra l  ax is  T ,  and  i s  con f igu red  

to  me l t  the  powder  o f  therma l  spray  mater ia l  us ing  p lasma P  and  

d i scharge i t  t o  the  out s ide  f rom the  nozz le  por t  21-a  in  the f ron t .   

[0038]  

 The tor ch  body 21 i s  f ormed in to a  cy l ind r ica l  shape.  The tor ch  

body 21 inc ludes  an  ou ter  cy l i nder  31  hav ing a  nozz le  open ing 21a a t  

i t s  t ip  ( l e f t  end  in  F IG.  1 ) ,  and  an inner  cy l inder  32  p rov ided  ins ide 

the outer  cy l inder  31 .   The tor ch  body  21  i s  f ormed  us ing  a  copper  

a l l oy  o r  the l i ke  hav ing good therma l  conduc t iv i t y  and e lec t r i ca l  

conduct i v i t y .   An  insu la t ing  l ayer  may  be prov ided  between  the  torch  

body  21  and  the  anode b lock  24.   One end  of  the  to rch  body  21  i s  

covered  w i th  a  cap 33 .    

[0039]  
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 The  inner  cy l inder  32  i s  prov ided wi th  a  p lasma generat ion  gas  

supp ly  passage 26 and  coo l ing  water  supp ly  passages  27-1  to  27-3  

there in .    

[0040]  

 For  example ,  as  shown in  F IGS.  1  and 2,  the  cathode  b lock  22 

inc ludes  a  ca thode  (a  f i r s t  e lec t rode)  36 ,  a  f i r s t  magnet  37,  and  a  

four th  magnet  M4.    

[0041]  

 As  shown in  F IGS.  1  and  2,  f or  example ,  the  cathode  36  i s  

f ormed  in to  a  cy l i ndr i ca l  shape  hav ing  a  f i r s t  through  ho le  K1 

extend ing  in  the  ax ia l  d i r ec t i on  at  the center .   Fur thermore ,  th i s  

cathode  36  has  a  f i r s t  d is charge  sur face  39  tha t  i s  cont inuous ly  

formed  a round the  f ront  end o f  the  f i r s t  through  ho le  K1.    

[0042]  

 Fur thermore ,  the  f i r s t  magnet  37 i s  prov ided  beh ind  the  

cathode  36,  for  example ,  as  shown in  F IGS.  1  and 2 .   That  i s ,  the  f i r s t  

magnet  37  i s  prov ided  on  the  rea r  s ide o f  the  ca thode  36  oppos i t e  to  

the f i r s t  d is charge  su r face  39,  for  example ,  as  shown in  F IGS.  1  and  2.   

In  par t i cu la r ,  the  f i r s t  magnet  37  i s  ar ranged  ins ide  the  cathode  36  in  

a  reg ion  between  the  f i r s t  through ho le  K1 and  the  outer  per iphery .  

The  f i r s t  magnet  M1  is  coo led  by  the  coo l ing  water  o f  the  su r round ing 

coo l ing  channe l  so  as  not  to  exceed the Cur ie  po in t  temperature ,    

[0043]  

 In  the examp le  shown in  F IGS.  1  and 2 ,  the  f i r s t  magnet  37 has  

a  cy l indr ica l  shape w i th  a  through ho le  extend ing in  the  ax ia l  

d i r ec t i on  centered on  the cen t ra l  ax is  T .  

[0044]  

 Here ,  f or  examp le ,  as  shown in  F IG.  3 ,  the f i r s t  magnet  37 has  

a  through  ho le  in  the  center  and  i s  f ormed  in  a  cy l indr ica l  shape  ( r ing  

shape) .   In  add i t i on ,  in  F IG.  3 ,  a long  the  cen t ra l  ax i s  o f  the  f i r s t  

magnet  37,  one  s ide  i s  se t  as  a  N  po le  and  the  other  s ide  i s  set  as  a  S 

po le  ( the  upper  d i r ec t i on  in  F IG.  3  i s  the  N  po le ,  and  the  l ower  

d i r ec t i on  i s  the  S  po le) ,  however ,  a long the cen t ra l  ax i s  o f  the f i r s t  

magnet  37 ,  one  s ide  may  be  se t  as  the sou th  po le  and  the  o ther  s ide 

may  be  se t  as  the  nor th  po le .    

[0045]  

 Fur thermore ,  the  four th  magnet  M4 i s  p rov ided on the outer  

per iphery  o f  the  cathode  36 ,  for  example ,  as  shown in  F IGS.  1  and  2 ,  

and  i s  ar ranged to  face the second magnet  42 in  the  ax ia l  d i r ec t i on .   

In  par t i cu lar ,  the  four th  magnet  M4  i s  cont inuous ly  formed  so  as  to  

sur round  the  36  t ips  o f  the  cathode.   A  p lura l i ty  o f  f our th  magnets  M4 

may be ar ranged in  a  cy l indr ica l  shape  (a  r ing  shape) .   In  th i s  

embod iment ,  one  row o f  f our th  magnets  M4  is  p rov ided  in  the  rad ia l  

d i r ec t i on ,  but  the  number  can be  set  t o  any number  as  appropr ia te.    

[0046]  

 I t  i s  noted  that ,  l i ke  the  f i r s t  magnet  37,  the  four th  magnet  M4  

may be formed in  a  cy l ind r ica l  shape.   In  th i s  case ,  the four th  magnet  

M4  has  a  cy l i ndr i ca l  shape w i th  a  through ho le  extend ing  in  the  ax ia l  

d i r ec t i on  centered on  the cen t ra l  ax is  T .    
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[0047]  

 Fur thermore ,  the  insu la t ing  sec t i on  23  i s  prov ided  on the  ou ter  

per iphery  of  the  therma l  spray mater ia l  in t roduc t ion  p ipe  25.   As  the 

insu la t ing  sec t i on  23 ,  an  insu la t ing  mater ia l  hav ing  heat  res is tance  i s  

used .    

[0048]  

 Fur thermore ,  the  anode b lock  24  inc ludes  an  anode ( second  

e lec t rode)  41 ,  a  second  magnet  42 ,  and a  th i rd  magnet  M3.  

[0049]  

 For  examp le,  as  shown in  F IGS.  1  and  2,  the  anode 41 i s  

prov ided  on the inner  per iphera l  wa l l  o f  the torch  body 21 ,  has  a  

cy l indr ica l  shape  wi th  a  second  through  ho le  K2  extend ing  in  the  ax ia l  

d i r ec t i on  a t  the center ,  and i s  l ocated in  f r ont  o f  the ca thode  36 .   

Fur thermore ,  th i s  anode  41  has  a  second  d is charge  sur face  49 

cont inuous ly  formed  a round  the  rear  end o f  the second through ho le  

K2  so  as  to  face  the  f i r s t  d is charge  su r face  39  of  the  cathode 36 .    

[0050]  

 Fur thermore ,  the  second magnet  42  i s  prov ided  on the  outer  

per iphery  o f  the  anode 41 ,  for  examp le ,  as  shown in  F IGS.  1  and  2 .   

In  par t i cu lar ,  the  second  magnet  42  i s  con t inuous ly  fo rmed  so  as  to  

sur round  the  t i p  o f  the anode 41 .   A  p lura l i ty  o f  second  magnets  42 

may  be  ar ranged  in  a  cy l i ndr i ca l  shape  ( r ing  shape) .   I t  i s  noted tha t  

in  th is  embod iment ,  the  second  magnets  42  are  prov ided  in  one  row in  

the  rad ia l  d i r ec t i on ,  but  the  number  may  be  any  number  as  

appropr ia te .    

[0051]  

 I t  i s  noted that ,  l i ke  the  f i r s t  magnet  37 ,  the  second  magnet  42 

may  be  formed  in  a  cy l i ndr i ca l  shape.   In  th is  case ,  the  second  

magnet  42 has  a  cy l i ndr i ca l  shape w i th  a  through  ho le  extend ing  in  

the ax ia l  d i r ec t i on  centered on the  cen t ra l  ax i s  T .    

[0052]  

 In  the  examples  shown in  F IGS.  1  and 2 ,  the  second  magnet  42  

and  the  four th  magnet  M4  have  the  same cy l ind r i ca l  i nner  d iameter .    

[0053]  

 Fur thermore ,  the th i rd  magnet  M3 is  prov ided ,  for  example ,  on  

the f ront  s ide  o f  the anode 41 oppos i t e  to  the second d i scharge  

sur face 49 ,  as  shown in  F IGS.  1  and  2 .   In  par t i cu la r ,  th i s  th i rd 

magnet  M3  is  ar ranged ins ide  the anode 41  in  a  reg ion  between  the  

second through  ho le  K2  and  the  outer  per iphery,  so  that  the th i rd  

magnet  M3 i s  coo led  by the coo l ing  water  o f  the  su r round ing coo l ing  

channe l  so as  not  to  exceed  the Cur ie  po in t  t empera ture .    

[0054]  

 I t  i s  noted  tha t ,  l i ke  the  f i r s t  magnet  37,  the  th i rd  magnet  M3  

may be  formed in  a  cy l indr ica l  shape.   In  th i s  case ,  the  th i rd  magnet  

M3  has  a  cy l i ndr i ca l  shape w i th  a  through ho le  extend ing  in  the  ax ia l  

d i r ec t i on  centered on  the cen t ra l  ax is  T .    

[0055]  

 In  the  examples  shown in  F IGS.  1  and 2 ,  the  cy l ind r i ca l  th i rd  

magnet  M3  and  the  f i r s t  magnet  37  have  the  same inner  d iameter .   
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[0056]  

 Here ,  f or  examp le ,  as  shown in  F IGS.  1 ,  2 ,  and 6 ,  the above-

ment ioned  cathode 36  i s  ar ranged in  m i r ror  image (p lane symmetr i c )  

w i th  the  anode 41,  r egard ing  a  p lane R  pass ing  between  the  cathode  

36 and  the  anode 41 and or thogona l  t o  the  cent ra l  ax i s  T ,  

Fur thermore ,  as  shown in  F IG 2 ,  the  f i r s t  d is charge  sur face 39  of  the  

cathode  36  i s  pos i t i oned  as  a  m ir ror  image (p lane  symmetr ic )  o f  the  

second  d is charge  sur face  49  of  the  second  magnet  41 ,  r egard ing  p lane  

R.     

[0057]  

 Here ,  i n  the  convent iona l  t echno logy ,  fo r  examp le ,  t o  s tar t  a  

DC d i scharge between e lec t rodes  hav ing  a  gap ,  f i r s t  a  h igh  f r equency 

vo l tage i s  app l i ed  between  the  e lec t rodes  to  b reak the insu la t i on  in  

the e lec t rode space and cause  a  spark  d is charge .  Immed iate ly  a f t er  

that ,  a  DC vo l t age  i s  super imposed  between  the  e lec t rodes  to  

t rans i t i on  to  DC d i scharge.   Usua l l y ,  the  gap between  the  e lec t rodes  

i s  set  t o  a  s i ze  commensurate w i th  the ra ted vo l tage  of  the DC power  

supp ly ,  but  i f  t h i s  gap  i s  l a rge ,  h igh- f requency  spark  d is charge  

becomes  d i f f i cu l t .  For  th is  r eason,  the gap i s  set  by mechan ica l  

opera t ion  so  that  i t  i s  sma l l  a t  the t ime of  ign i t i on  and  changes  to  a  

gap  su i tab le  for  the  ra ted  vo l t age  once the  DC d i scharge  s tar ts .    

 However ,  in  th i s  embod iment ,  f or  example ,  as  shown in  F IGS.  1  

and  2 ,  the f i r s t  d i scharge  sur face  39 o f  the  ca thode  36  and  the  second  

d i scharge  sur face  49  o f  the  anode 41  are  inc l ined  ( in  the  rad ia l  

d i r ec t i on)  so  that  the gap  between  the f i r s t  d i scharge  sur face  39  of  

the cathode 36 and the second d i scharge  su r face 49 of  the  anode 41 

widens  f rom the ou ter  c i r cumferen t ia l  s ide toward the  cen t ra l  ax is  T ,  

f r om a s i ze  tha t  a l l ows  ign i t i on  by  h igh- f requency  spark  d is charge to  

a  s i ze  commensurate  w i th  the  ra ted  vo l tage,    

 As  a  resu l t ,  th is  embod iment  ach ieves  a  t rans i t i on  f rom ign i t i on  

by  h igh- f requency  spark  d i scharge  to  app l i ca t i on  o f  ra ted  vo l tage 

wi thou t  per form ing  mechan i ca l  opera t ions  un l ike  conven t iona l  

techno logy .  

[0058]  

 For  examp le ,  as  shown in  F IGS.  1  and  2,  the  magn i tude  o f  the  

inc l i na t ion  o f  the  f i r s t  d i scharge sur face  39  w i th  respec t  t o  the  p lane 

R or thogona l  t o  the  cen t ra l  ax is  T  i s  the  same as  the magn i tude  of  the  

inc l i na t ion  o f  the  second  d is charge  sur face 49  w i th  respect  t o  the  

p lane  R .    

[0059]  

 Fur thermore ,  f or  example ,  as  shown in  F IGS.  1 ,  2 ,  and  6 ,  the  

f i r s t  magnet  37 i s  a r ranged  in  m i r ro r  image (p lane symmetr i c )  w i th  

the th i rd  magnet  M3  w i th  respect  t o  the  p lane  R.   Fur thermore,  the  

vec tor  o f  the  magnet ic  f lux  o f  the  magnet i c  f i e ld  o f  the  f i r s t  magnet  

37 i s  pos i t i oned as  a  m ir ror  image (p lane symmetr i c )  o f  the  vector  o f  

the magnet ic  f l ux  o f  the magnet ic  f i e ld  o f  the  th i rd  magnet  M3  wi th  

respect  t o  the  p lane  R.    

[0060]  
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 In  pa r t i cu lar ,  f or  example ,  as  shown in  F IGS.  1 ,  2 ,  and  6 ,  w i th  

respect  t o  the p lane R ,  the  second magnet  42 i s  a r ranged in  m ir ro r  

image (p lane  symmet r ic )  w i th  respec t  t o  the  four th  magnet  M4.   In  

par t i cu lar ,  w i th  respec t  t o  the p lane R ,  the vec tor  o f  the  magnet i c  

f lux  o f  the magnet i c  f i e ld  o f  the  second  magnet  42 i s  pos i t i oned as  a  

mir ro r  image (p lane  symmetr i c )  o f  the  vector  o f  the  magnet ic  f lux  o f  

the magnet ic  f i e ld  o f  the  four th  magnet  M4.    

[0061]  

 Wi th  th is  conf igu rat ion ,  f or  example ,  as  shown in  F IG 6 ,  the 

vec tor ,  o f  cu r rent  X to  be passed between the  f i r s t  d i scharge sur face  

39  o f  the  cathode  36  and  the  second  d i scharge sur face  49  of  the 

anode 41  in  order  to  generate  p lasma P ,  and  The  vec tor ,  o f  the  

magnet i c  f luxes  o f  the  comb ined  magnet i c  f i e lds  o f  the  f i r s t  magnet  

37 ,  the  second  magnet  42 ,  the th i rd  magnet  M3,  and the  four th  

magnet  M4,  are  o r thogona l  t o  each  other .    

[0062]  

 A lso ,  f or  examp le ,  as  shown in  F IGS.  1  and 2,  the therma l  

spray mater ia l  in t roduct ion  p ipe  25 i s  s l idab ly  prov ided  in  the f i r s t  

through  ho le  K1 a long  the  cent ra l  ax is  T ,  and  supp l i es  therma l  spray 

mater ia l  powder  to  the  d is charge  space  S  formed  between  the  cathode 

36  and  the  anode 41 f rom the supp ly  por t  25-a .    

[0063]  

 More spec i f i ca l l y ,  f or  examp le ,  as  shown in  F IGS.  1  and  2 ,  the  

therma l  spray mater ia l  in t roduc t ion  p ipe  25 i s  p rov ided on  the  inner  

per iphery  o f  the  cathode  36  v ia  the  insu la t ing  sect i on  23 ,  and  the 

ax i s  o f  the  thermal  spray  mater ia l  in t roduct ion  p ipe  25  i s  prov ided  to  

co inc ide  w i th  the  ax i s  o f  the  cathode  36.   The thermal  sp ray mater ia l  

in t roduct ion  p ipe  25  i s  prov ided  at  i t s  t ip  w i th  a  supp ly  por t  25-a  fo r  

supp ly ing  therma l  spray  mater ia l  powder  ( therma l  spray powder)  onto  

the  cen t ra l  ax i s  T  o f  the  cathode  36 .   The  thermal  spray  mater ia l  

in t roduct ion  p ipe  25  i s  connected to  the thermal  spray mater ia l  

conveyance  dev ice 13 ,  the therma l  spray powder  i s  car r i ed  a long w i th  

the ca r r i er  gas  f rom the  therma l  spray mater ia l  conveyance dev i ce  13 

and  i s  supp l i ed  onto the cen t ra l  ax is  T  o f  the  ca thode  36  th rough  the  

therma l  spray  mater ia l  i n t roduct ion  p ipe 25 .    

[0064]  

 Examp les  o f  therma l  spray  mater ia ls  inc lude ,  fo r  in s tance ,  

ox ide  ceramics  such as  a lumina,  z i r con ia ,  and  t i t an ia ,  carb ide  

ceramics  such as  tungs ten ca rb ide  (WC) ,  non-ox ide  ceramics  such  as  

s i l i con  n i t r i de ,  and meta ls  such as  a luminum, n iob ium, and s i l i con .   

[0065]  

 The  therma l  sp ray mater ia l  in t roduct ion  p ipe 25  i s  prov ided in  

the  th rough  ho le  o f  the  cathode  36  so  as  to  be  s l idab le  in  the  ax ia l  

d i r ec t i on  o f  the  therma l  spray  mater ia l  in t roduct ion  p ipe 25 .   The  

pos i t i on  o f  the  supp ly  por t  25a  of  the  thermal  spray  mater ia l  

in t roduct ion  p ipe  25  i s  ad justed  depend ing on  the  mater ia l  used .   The 

therma l  spray  mater ia l  in t roduct ion  p ipe  25  can  be  s l i d  us ing  an  a i r  

cy l inder ,  an  e lec t r i c  cy l inder ,  o r  the  l ike .   Thereby ,  the  supp ly  por t  

25a o f  the  thermal  spray  mater ia l  in t roduct ion  p ipe  25  can be  eas i l y  
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and  cont inuous ly  pos i t i oned  wh i l e  s l i d ing  the  thermal  spray  mater ia l  

in t roduct ion  p ipe  25 .    

[0066]  

 In  add i t i on ,  i n  order  to  s l ide the  therma l  sp ray mater ia l  

in t roduct ion  p ipe  25  in  the  th rough  ho le  o f  the  cathode  36  and  the  

insu la t ing  sect i on  23 in  the  ax ia l  d i r ec t i on  o f  the  therma l  sp ray  

mater ia l  in t roduc t ion  p ipe 25 ,  i t  i s  pre ferab le  tha t  the sur face  of  the  

therma l  sp ray mater ia l  in t roduct ion  p ipe 25 i s  processed  so tha t  the  

s l i d ing  res is tance  on  the  su r face  thereof  i s  r educed .   As  the  sur face  

process ing  method ,  fo r  example ,  gr ind ing  us ing  a  l a the ,  bu f f ing ,  

po l i sh ing  us ing  a  gr ind ing s tone ,  e lec t ro ly t i c  po l i sh ing ,  chemica l  

c l ean ing,  et c .  can  be used .   The su r face t rea tment  may be per fo rmed 

us ing  these  types  a lone  or  in  comb inat ion .    

[0067]  

 In  th is  embod iment ,  the  supp ly  por t  25-a  o f  the therma l  spray 

mater ia l  in t roduc t ion  p ipe  25 i s  f ixed w i th  a  f ix ing  member  a f ter  

s l i d ing  the  thermal  spray  mater ia l  in t roduct ion  p ipe  25  in  the  ax ia l  

d i r ec t i on  and  determ in ing  the  pos i t i on .    

[0068]  

 Here ,  the  pos i t i on  o f  the  supp ly  por t  25-a  o f  the  therma l  spray 

mater ia l  in t roduc t ion  p ipe 25  i s  ad jus ted  depend ing on  the  type  o f  

therma l  spray  mater ia l ,  average par t i c l e  d iameter ,  phys i ca l  proper t i es  

( fo r  example ,  me l t ing  po in t ,  spec i f i c  heat ,  therma l  conduc t iv i ty ,  etc . ) .   

As  a l r eady ment ioned,  F IG.  4  shows an  examp le o f  the temperatu re  

d i s t r i but ion  o f  the p lasma jet .   As  shown in  F IG.  4 ,  the cent ra l  par t  o f  

the p lasma jet  i s  a t  an  ex t reme ly  h igh  temperatu re  o f  10 ,000°C or  

more ,  and the  sur round ing  a rea  i s  a t  a  h igh  tempera ture  o f  abou t  

1500  to  2000°C.   There fore ,  the  pos i t i on  o f  the  supp ly  por t  25a  i s  

ad justed  depend ing  on  the  type ,  average  par t i c l e  d iameter ,  phys ica l  

proper t i es  (e .g . ,  me l t ing  po in t ,  spec i f i c  hea t ,  therma l  conduc t iv i ty ,  

et c . ) ,  et c .  o f  the  therma l  spray  mater ia l  so  tha t  the therma l  sp ray 

powder  can be mo l ten  e f f i c i ent l y .   Thereby,  the  coa t ing  C o f  the  

sprayed  powder  can  be  ef f i c i ent l y  fo rmed  on  the  sur face  of  the  

subst ra te  M.  

[0069]  

 In  th i s  embod iment ,  the pos i t i on  o f  the supp ly  por t  25-a  of  the 

therma l  spray  mater ia l  in t roduct ion  p ipe 25  can be  determ ined by 

us ing  a  prev ious ly  c reated  d iagram (cor re la t i on  d iagram)  show ing the  

cor re la t i on  between  the type o f  therma l  sp ray mater ia l ,  average  

par t i c l e  s i ze,  phys i ca l  proper t i es  (e .g . ,  me l t ing  po in t ,  spec i f i c  hea t ,  

therma l  conduct iv i t y ,  et c . )  and the  pos i t i on  where the  therma l  spray  

mater ia l  supp l i ed  f rom the  thermal  spray mater ia l  i n t roduc t ion  p ipe 

25  i s  spouted in  a  mo l ten  s ta te.    

[0070]  

 Such  a  cor re la t i on  d iagram can  be  obta ined ,  for  example ,  as  

fo l l ows .   F i r s t ,  when a  spec i f i c  therma l  sp ray mater ia l  i s  i n t roduced  

in to  p lasma,  the  t ime requ i red  for  the  thermal  spray mater ia l  t o  me l t  

to  the core  i s  de term ined ,  depend ing on the  type  o f  spec i f i c  therma l  
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spray  mater ia l ,  average  par t i c l e  s i ze ,  phys ica l  proper t i es  (e .g . ,  

me l t ing  po in t ,  spec i f i c  heat ,  thermal  conduct i v i t y ,  e tc . ) .    

[0071]  

 Then ,  the  pos i t i on  where  the  thermal  spray  mater ia l  supp l i ed  

f rom the therma l  spray mater ia l  i n t roduct ion  p ipe 25 i s  e jec ted in  a  

mo l ten  s ta te  i s  determ ined  based  on  the  t ime requ i red  fo r  the  thermal  

spray  mater ia l  t o  me l t .   As  a  resu l t ,  a  cor re la t i on  d iag ram as  

desc r ibed  above i s  obta ined .  

[0072]  

 Fur thermore ,  even when us ing  a  therma l  sp ray mater ia l  other  

than  the  therma l  spray  mater ia l  r eg i s tered in  the cor re la t i on  d iagram, 

the t ime requ i red  for  the  other  therma l  spray  mater ia l  t o  me l t  i s  

de term ined.   Then,  f r om the  ra t i o  o f  the obta ined  t ime to  the  t ime 

requ i red  fo r  the  therma l  spray  mater ia l  accumu lated  in  the  cor re la t i on  

d iagram to  me l t ,  i t  i s  poss ib le  to  determ ine  the  pos i t i on  where  the 

therma l  spray  mater ia l  i s  e jec ted  in  a  mo l ten  s ta te .    

[0073]  

 For  examp le ,  when the therma l  spray mater ia l  i s  meta l  powder ,  

the  me l t ing  po in t  o f  the  meta l  i s  genera l ly  l ower  than that  o f  ce ramics .   

For  th i s  r eason ,  the supp ly  por t  25-a  o f  the thermal  sp ray mater ia l  

in t roduct ion  p ipe  25  i s  pre ferab ly  p rov ided  c loser  to  the  anode b lock  

24  than  the  p lane  R .  

[0074]  

 Fur thermore ,  when  the  therma l  spray  mater ia l  i s  ceramic  

powder ,  the  me l t ing  po in t  o f  ceramic  i s  genera l l y  h igher  than that  o f  

meta l .  For  th i s  r eason ,  the  supp ly  por t  25-a  o f  the  therma l  sp ray  

mater ia l  in t roduc t ion  p ipe  25  i s  prefe rab ly  p rov ided  c loser  to  the  

cathode  b lock  22  than  the p lane  R .    

[0075]  

 In  th is  way ,  the  pos i t i on  o f  the supp ly  por t  25-a  o f  the  therma l  

spray  mater ia l  i n t roduc t ion  p ipe 25  i s  ad justed depend ing  on  the  type  

o f  therma l  spray  mater ia l .  Th is  a l l ows  the therma l  spray  powder  to  be 

mo l ten  and  d i scharged more  re l i ab ly .    

[0076]  

 Inc identa l ly ,  the  me l t ing  po in t  o f  the  meta l  powder  targeted  by 

the p lasma tor ch  11 accord ing  to  th i s  embod iment  i s ,  f o r  examp le ,  

abou t  650  to  2500°C.   As  the  meta l  powder ,  f or  examp le ,  a lum inum 

(me l t ing  po in t :  about  660°C) ,  n iob ium (me l t ing  po in t :  about  2468°C) ,  

et c .  are  used .    

 Fur thermore ,  the me l t ing  po in t  o f  the  ceramic  powder  targeted  

by  the  p lasma therma l  spray ing dev ice  10 i s ,  f o r  examp le ,  abou t  2000 

to  2450°C.   As  the  ceramic  powder ,  f or  examp le,  a lum ina  (me l t ing  

po in t :  about  2015°C) ,  z i r con ia  (me l t ing  po in t :  about  2420°C) ,  e t c .  

a re used.  

 A lso ,  the t ime requ i red  for  the  therma l  spray mater ia l  t o  reach  

i t s  me l t ing  po in t  can be  es t imated depend ing on the  mater ia l  used .  

However ,  th i s  t ime var ies  depend ing  on  the  average  par t i c l e  s i ze  o f  

the  therma l  spray  mater ia l .  I t  i s  no ted  tha t  the  average  par t i c l e  

d iameter  re fe rs  to  the  vo lume average  d iameter  based  on  the  
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e f fec t i ve  d iameter .  The average par t i c l e  d iameter  i s  measured,  fo r  

example ,  by  a  l aser  d i f f rac t i on/scat ter ing  method  or  a  dynamic  l i ght  

sca t ter ing  method .   

[0077]  

 Fur thermore ,  the  supp ly  por t  25-a  of  the  thermal  spray 

mater ia l  in t roduc t ion  p ipe  25  may  be  ad justed on ly  when  the  p lasma 

therma l  sp ray ing  dev i ce  10  i s  operated.   However ,  in  order  to  more  

e f f i c i ent l y  me l t  the  therma l  spray  powder  and  form a coat ing  C o f  the  

therma l  spray  powder  on  the  sur face  of  the subst ra te  M,  th i s  may  be  

car r i ed  out  per iod i ca l l y  or  cont inuous ly  a f t er  opera t ion ,  depend ing  on  

the degree  o f  me l t ing  of  the thermal  spray  powder .    

[0078]  

 The  p lasma generat ion  gas  supp ly  passage 26  i s  a  passage for  

supp ly ing  the p lasma generat ion  gas  45  f rom the ou ter  per iphera l  s ide  

o f  the  cathode  36  to  the  d is charge  space  S  fo rmed  between  the  anode 

41  and the ca thode  36 .   The p lasma genera t ion  gas  supp ly  passage  26  

i s  f ormed  ins ide  the  inner  cy l i nder  32  and  the  anode 41.       

[0079]  

 In  par t i cu lar ,  f or  examp le ,  as  shown in  F IGS.  1  and  2 ,  th i s  

p lasma generat ion  gas  supp ly  passage 26 i s  adapted  to  supp ly  p lasma 

genera t ion  gas  45 f rom between the  four th  magnet  M4 and the ou ter  

c i r cumference  of  the  cathode  36 to  between the  f i r s t  d ischarge  

sur face 39  o f  the  cathode 36 and  the second  d i scharge  sur face  49  o f  

the anode 41 .    

[0080]  

 Here ,  as  the  p lasma generat ion  gas  45,  a  gas  conta in ing  one  or  

more  se lec ted  f rom the group  inc lud ing  rare  gas  e lements ,  n i t r ogen  

(N 2 ) ,  hydrogen  (H 2 ) ,  and CO 2  can  be used.   Argon  (Ar ) ,  he l ium (He) ,  

or  the l i ke  can  be  used  as  the  ra re  gas  e lement .   Gases  con ta in ing  

components  composed  o f  d ia tomic  mo lecu les  such  as  N 2  and  H 2  cause  

severe  damage to  the  ca thode  36 or  the  anode 41 ,  thus ,  f r om the  

v iewpoint  o f  preven t ing  shor ten ing  o f  a  l i f e  o f  the cathode 36  or  the  

anode 41 ,  i t  i s  genera l ly  not  pre ferab le  to  use  these .   

[0081]  

 However ,  as  exp la ined  l a te r ,  in  th i s  embod iment ,  the p lasma 

arc  i s  r ota ted  in  the  rad ia l  d i r ec t i on  so  that  the  d i scharge  po in t s  o f  

the cathode 36 and the anode 41 are not  concen t ra ted a t  one po in t  on  

the  cathode  36  and  the  anode 41,  r espect i ve ly .  There fore ,  as  the 

p lasma generat ion  gas  45,  a  gas  con ta in ing  a  component  composed  o f  

d ia tomic  mo lecu les ,  such  as  N 2  gas  or  H 2  gas ,  can  a lso  be e f fec t i ve ly  

used .    

[0082]  

 Fur thermore ,  the  temperature o f  the p lasma je t  generated in  

the d i scharge space S  decreases  as  i t  approaches  the  nozz le  open ing 

21a,  and rap id ly  decreases  in  the reg ion  beyond the nozz le  open ing  

21a.   However ,  gases  such  as  N 2  gas  and H 2  gas  tha t  a re composed o f  

d ia tomic  mo lecu les  have  a  s low tempera ture  drop ,  compared  to  gases  

composed o f  monoatomic  molecu les  such  as  rare gas  e lements ,  wh ich  
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have  a  rap id  t empera ture  drop dur ing  the  process  o f  r eturn ing  f rom 

the p lasma s tate  to  the or ig ina l  neut ra l  gas .    

[0083]  

 There fore ,  by  us ing  a  gas  composed  of  d ia tomic  mo lecu les  as  

the  p lasma generat ion  gas  45,  i t  i s  poss ib le  to  w iden the  heat ing  a rea 

that  i s  e f f ec t ive  for  me l t ing  the  sp rayed  powder .   Thus ,  the  e f fec t i ve  

heat ing  reg ion  o f  the  p lasma in  wh i ch  the sp rayed  powder  i s  mo l ten  

can  be  ex tended wh i l e  suppress ing  damage on  the  cathode 36  and the  

anode 41 .    

[0084]  

 A lso ,  f or  examp le ,  as  shown in  F IGS.  1  and  2,  the sheath  gas  

supp ly  passage 101  i s  conf igured  to  supp ly  the  shea th  gas  SG f rom 

the sheath  gas  supp ly  por t  101a ,  f r om around  the supp ly  por t  25-a  of  

the therma l  spray  mater ia l  in t roduc t ion  p ipe  25 toward the  d is charge  

space  S .    

[0085]  

 I t  i s  noted  that  a  p lura l i t y  o f  shea th  gas  supp ly  por ts  101a  of  

th is  sheath  gas  supp ly  passage  101 may  be p rov ided a t  equa l  

in terva ls  around  the supp ly  por t  25-a  of  the  thermal  spray mater ia l  

in t roduct ion  p ipe  25 ,  for  examp le.  

[0086]  

 I t  i s  noted  that  the  sheath  gas  SG is ,  f o r  example ,  a  gas  

conta in ing  one  or  more  se lec ted  f rom the  group  conta in ing  rare  gas  

e lements ,  n i t r ogen,  and  hydrogen .   That  i s ,  the  shea th  gas  SG may be  

the same gas  as  the  p lasma generat ion  gas  45  descr ibed above.   

However ,  the sheath  gas  SG may be  a  d i f f erent  gas  f rom the p lasma 

genera t ion  gas  45 .    

[0087]  

 In  th i s  way,  the  sheath  gas  supp ly  passage 101 supp l i es  the 

shea th  gas  SG f rom around  the  supp ly  por t  25-a  o f  the  thermal  spray 

mater ia l  i n t roduc t ion  p ipe  25  toward  the  d i scharge  space  S  f rom the  

shea th  gas  supp ly  por t  101a .   As  a  resu l t ,  even  i f  the  generated  

p lasma is  unstab le ,  the therma l  sp ray  mater ia l  in t roduc t ion  p ipe 25 i s  

prevented  f rom momentar i l y  becoming a  d is charge  path ,  and  no 

d i scharge cur rent  i s  a l l owed  to  f l ow in to the  thermal  spray  mater ia l  

in t roduct ion  p ipe .  Then,  i t  i s  poss ib le  to  suppress  me l t ing  o f  the  

therma l  spray  mater ia l  i n t roduct ion  p ipe 25 .    

[0088]  

 A lso ,  f o r  examp le ,  as  shown in  F IGS.  1  and  2 ,  the coo l ing  water  

supp ly  passages  27-1  to  27-3  a re  passages  fo r  coo l ing  the  members  

cons t i tu t ing  the  p lasma torch  11 .   In  th is  embod iment ,  the coo l ing  

water  supp ly  passage  27-1  i s  f ormed  ins ide  the  inner  tube  32,  i ns ide  

and  ou ts ide  the  anode 41 ,  and  between  the  outer  tube  31  and  the  

inner  tube  32 .   A  coo l ing  water  supp ly  passage  27-2  i s  f ormed  ins ide  

the inner  cy l i nder  32 and  ins ide  the  cathode 36 .  A coo l ing  water  

supp ly  passage 27-3  i s  f ormed  ins ide  the  thermal  spray  mater ia l  

in t roduct ion  p ipe  25 .    

[0089]  
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 A lso ,  f or  example ,  as  shown in  F IG.  1 ,  the  o ther  end  o f  the  

to rch  body  21  i s  connected  to  a  p lasma genera t ion  gas  in t roduct ion  

jo in t  51 tha t  supp l i es  p lasma generat ion  gas  45  to  the rad ia l  ou ter  

c i r cumference  of  the thermal  spray mater ia l  in t roduct ion  p ipe 25 ,  a  

f i r s t  water  supp ly  jo in t  52 that  supp l i es  coo l ing  water  W to the anode 

41 ,  a  f i r s t  d ra inage  jo in t  (not  shown)  tha t  d is charges  the  coo l ing  

water  W used  fo r  heat  exchange at  the anode 41,  a  second water  

supp ly  jo in t  (not  shown)  tha t  supp l i es  coo l ing  water  W,  a  second 

dra inage  jo in t  (not  shown)  that  d i scharges  the  coo l ing  water  W used 

for  hea t  exchange at  the ca thode  36 ,  a  water  supp ly  passage  53 tha t  

supp l i es  coo l ing  water  W in to the therma l  sp ray mater ia l  in t roduc t ion  

p ipe  25 ,  and  a  dra inage  passage  54  for  d is charg ing  the  coo l ing  water  

W used  for  heat  exchange in  the  therma l  spray  mater ia l  i n t roduc t ion  

p ipe 25 ,  r espect i ve ly .    

[0090]  

 The  coo l ing  water  W supp led  to  the  water  supp ly  jo in t  52-a  

passes  ins ide the  inner  cy l inder  32,  ou ts ide  the  anode 41 ,  and 

between the ou ter  cy l inder  31 and  the inner  cy l i nder  32,  i s  used fo r  

heat  exchange,  and  i s  dra ined  through  the  d ra inage  jo in t  52-b .   A lso ,  

the  coo l ing  water  W supp l i ed  to  the  water  supp ly  jo in t  52-c  passes  

ins ide the  inner  cy l i nder  32 and the cathode 36,  used for  hea t  

exchange,  and  i s  d ra ined  through  the  dra inage  jo in t  52-d.   A l so,  the  

coo l ing  water  supp l i ed  to  the wate r  supp ly  passage  53 passes  ins ide 

the therma l  spray mater ia l  i n t roduct ion  p ipe 25,  i s  used for  heat  

exchange,  and  i s  dra ined through  the  d ra inage  passage  54 .  

[0091]  

  [Power  supp ly ]  

 The  power  supp ly  12  i s  a  DC power  supp ly  that  app l i es  vo l t age  

between the  cathode  36  and  the  anode 41 .  

[0092]  

  [Therma l  spray mater ia l  conveyance dev i ce]  

 The  therma l  spray  mater ia l  conveyance dev i ce 13 conveys  

therma l  spray mater ia l  powder  to  the thermal  spray  mater ia l  

in t roduct ion  p ipe  25 ,  and supp l i es  the  therma l  sp ray  mater ia l  t o  the  

therma l  spray mater ia l  in t roduc t ion  p ipe  25  w i th  the  therma l  spray  

powder  ent ra ined  in  the  car r i e r  gas  G.  

[0093]  

 In  the p lasma tor ch  11  of  such  p lasma therma l  spray ing  dev ice  

10 ,  ar c  d i scharge  i s  generated in  the  d i scharge space  S  by  app ly ing  a  

vo l tage  f rom the  power  source  12  between  the  cathode  36  and  the 

anode 41 .   By  supp ly ing  the  p lasma genera t ion  gas  45  to  the  

d i scharge space S,  the  p lasma generat ion  gas  45  i s  g iven energy ,  

becomes  a  p lasma s ta te ,  and  generates  a  cur rent  (d i scharge cur rent )  

X  between  the  e lec t rodes .   Immed ia te ly  a f t er  the  d is charge  cur rent  X  

i s  genera ted ,  a  co lumnar  p lasma arc  i s  genera ted  on  the sur faces  o f  

the ca thode  36  and the  anode 41  at  po in t s  where energy consumpt ion  

i s  m in im ized .  

[0094]  
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 For  examp le,  a  p lasma ar c  between  the ca thode  36 and  the  

anode 41 occu rs  on  the  sur faces  o f  the ca thode  36 and  the  anode 41 ,  

as  shown in  F IG.  5 ,  f o r  examp le.   On  the  other  hand,  magnet i c  f lux  i s  

genera ted between the ca thode  36  and  the anode 41 by the f i r s t  t o  

four th  magnets  37,  42 ,  M3,  and M4 ar ranged  outs ide the  d is charge  

space  S  in  the  rad ia l  d i r ec t i on .   When  th i s  cur ren t  and  magnet ic  f lux  

in tersect ,  the  magnet i c  f i e ld  ac t s  on  the  cur rent  and generates  a  

ro tat i ona l  f or ce accord ing to  F leming 's  l e f t -hand ru le .   Due to  th i s  

ro tat i ona l  f or ce ,  the p lasma ar c  moves  the  d i scharge po in t  ( ca thode  

po in t )  a long the  f i r s t  d i scharge sur face 39 o f  the ca thode 36 and 

ro tates .  Thereby,  the p lasma ar c  s im i la r l y  moves  and  rotates  the  

d i scharge  po in t  (anode  po in t )  o f  the  anode 41  a long  the  second  

d i scharge sur face  49 o f  the  anode 41 .  

[0095]  

 In  th i s  way,  the  generated  p lasma arc  rota tes  in  the 

c i r cumferent ia l  d i r ec t i on  w i th  respect  t o  the cent ra l  ax is  T  o f  the  

p lasma torch  11  due  to  the ac t i on  o f  the  magnet i c  f i e ld .  

[0096]  

 Here ,  as  ment ioned  above,  the  ca thode 36  i s  ar ranged  in  m i r ror  

image (p lane symmet r ic )  w i th  the anode 41 w i th  respec t  t o  the  p lane  

R pass ing  between the  cathode 36 and  the  anode 41  and or thogona l  t o  

the cent ra l  ax is  T .   Fur thermore ,  as  shown in  F IG.  2 ,  the f i r s t  

d i scharge sur face 39  of  the  ca thode 36 i s  pos i t i oned as  a  m ir ror  

image (p lane  symmet r ic )  o f  the  second  d is charge  sur face  49  o f  the  

second magnet  41  w i th  respect  t o  the  p lane  R .    

[0097]  

 Fur thermore ,  w i th  respect  t o  the p lane  R,  the f i r s t  magnet  37  

i s  ar ranged in  m ir ro r  image (p lane symmetr i c )  w i th  respec t  t o  the  

th i rd  magnet  M3.   Fu r thermore ,  the  vec tor  o f  the  magnet ic  f lux  o f  the  

magnet i c  f i e ld  o f  the f i r s t  magnet  37  i s  pos i t i oned  as  a  m ir ro r  image 

(p lane symmetr i c )  o f  the  vec tor  o f  the  magnet ic  f l ux  o f  the magnet ic  

f i e ld  o f  the th i rd  magnet  M3  wi th  respec t  t o  the  p lane  R.    

[0098]  

 Fur thermore ,  w i th  respect  t o  the  p lane  R,  the  second  magnet  

42 i s  ar ranged in  mi r ror  image (p lane symmetr ic )  w i th  respect  t o  the  

four th  magnet  M4.   Fu r thermore,  w i th  respec t  t o  the  p lane  R ,  the  

vec tor  o f  the magnet i c  f l ux  o f  the magnet ic  f i e ld  o f  the  second  

magnet  42 i s  pos i t i oned as  a  mi r ror  image (p lane symmetr ic )  o f  the  

vec tor  o f  the magnet ic  f l ux  o f  the  magnet i c  f i e ld  o f  the fou r th  magnet  

M4.    

[0099]  

 Wi th  such  a  conf igura t ion ,  f or  example ,  as  shown in  F IG 6,  the  

vec tor ,  o f  the  cu r rent  X  that  i s  passed  between  the  f i r s t  d i scharge  

sur face 39  o f  the  cathode 36 and  the second  d i scharge  sur face  49  o f  

the anode 41 in  o rder  to  generate p lasma P ,  and the vec tor ,  o f  

magnet i c  f lux  o f  the comb ined magnet ic  f i e ld  o f  the  f i r s t  magnet  37 ,  

the  second  magnet  42 ,  the  th i rd  magnet  M3,  and  the  four th  magnet  

M4,  are  or thogona l  t o  each  other .    

[0100]  
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 As  a  resu l t ,  the  p lasma arc  can  rotate  more  s tab ly  con t inuous ly .   

In  other  words ,  i t  i s  poss ib le  to  s tab i l i ze  the rotat i on  o f  the  d i scharge  

o f  d i scharge by  ma in ta in ing  the  or thogona l  o f  the  cu r ren t  and 

magnet i c  f l ux  o f  magnet i c  f l ux  to  genera te  p lasma.   The  consumpt ion  

o f  the  therma l  sp ray  mater ia l  in t roduc t ion  p ipe  can  be  suppressed  by  

avo id ing  the  in f l ow o f  d i scharge cu r rent  to  the thermal  spray mater ia l  

in t roduct ion  p ipe .    

[0101]  

 Due to  such  a  funct ion  o f  the  p lasma torch  11,  a  p lasma a rc  

that  s tab ly  rota tes  a t  h igh  speed  becomes  a  p lasma je t  generated 

f rom the  c i r cu la r  end  face  o f  the  cathode  36,  and  i s  e jec ted  f rom the  

nozz le  open ing  21a.   

[0102]  

 In  add i t i on ,  the  p lasma torch  11  pos i t i ons  the  supp ly  por t  25-a  

o f  the  therma l  sp ray  mater ia l  in t roduc t ion  p ipe  25  on the cent ra l  ax is  

o f  the  cathode 36 ,  and  ad justments  so tha t  the  thermal  spray  powder  

i s  supp l i ed  f rom the supp ly  por t  25-a  onto  the  cen t ra l  ax is  T  o f  the  

p lasma je t .   There fore ,  the sp ray  powder  can be supp l i ed  onto the  

cent ra l  ax i s  T  o f  the p lasma jet .   As  ment ioned above,  the 

temperature  d is t r ibut ion  o f  the  p lasma je t  i s  such  that  the cen t ra l  

por t i on  o f  the  p lasma je t  i s  a t  an  ext reme ly  h igh  temperature  o f  

10 ,000°C or  more ,  and the sur round ing area  i s  a t  a  h igh  temperatu re 

o f  approx imate ly  1500  to  2000°C.   There fore ,  by  supp ly ing  therma l  

spray powder  onto the cent ra l  ax i s  o f  the p lasma je t  f r om beh ind the 

p lasma je t ,  the therma l  sp ray powder  i s  taken  in to  the  center  o f  the  

vor tex  f l ow o f  the  p lasma arc  ro tat ing  at  h igh  speed .  There fore ,  the  

therma l  spray  powder  can  be  mo l ten  by the  ext reme ly  h igh  

temperature  hea t  o f  the  cent ra l  por t i on  of  the  p lasma je t  and 

d i scharged  f rom the  nozz le  por t  21a.    

[0103]  

 Accord ing  to  th i s  embod iment ,  the  p lasma tor ch  11  ad just s  the  

pos i t i on  at  wh ich  the  sp rayed  powder  i s  supp l i ed  in to  the  d ischarge 

space S depend ing on the type o f  sprayed powder .  Thereby,  

regard less  o f  the  degree  o f  d i f f i cu l ty  in  me l t ing  the  therma l  spray 

mater ia l ,  f o r  example ,  90% or  more  o f  the thermal  spray  mater ia l  

supp l i ed  f rom the  therma l  spray  mater ia l  conveyance dev i ce 13  can be 

used to  form the  f i lm,  so that  i t  i s  d is charged f rom the nozz le  por t  

21a in  a  comp le te ly  mo l ten  s ta te  and  d i r ec ted  toward the  subst ra te  M 

wi thou t  adher ing  to  the inner  wa l l  o f  the  d is charge  space  S.    

[0104]  

 In  th i s  way ,  in  the  p lasma torch  11,  the thermal  sp ray  mater ia l  

in t roduct ion  p ipe  25  i s  prov ided ins ide the ca thode 36 ,  ad jus t ing  the  

pos i t i on  o f  the t i p  o f  the therma l  spray  mater ia l  in t roduct ion  p ipe 25 

based on  the pos i t i on  a t  wh ich  me l t ing  o f  the thermal  spray mater ia l  

i s  comp le ted ,  de term ined  in  advance  depend ing  on  the  type  of  therma l  

spray  mater ia l .    

[0105]  

 Then ,  wh i l e  rota t ing  the  p lasma,  the  thermal  spray  mater ia l  i s  

cont ro l l ed  to  be  supp l i ed  onto  the  cent ra l  ax i s  T  o f  the  p lasma je t  
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f r om the supp ly  por t  25a  located  on the  cen t ra l  ax is  o f  the ca thode  36.   

As  a  resu l t ,  the  p lasma torch  11  me l t s  the  sp rayed powder  supp l i ed 

on to  the  cent ra l  ax i s  T  o f  the  p lasma je t  by  draw ing i t  i n to  the  cen ter  

o f  the vor tex o f  the p lasma arc  rotat ing  at  h igh  speed and  fo rm the  

f i lm  by  e jec t ing  the  mo l ten  therma l  spray ing  powder  f r om the  nozz le  

por t  21-a  wh i l e  suppress ing  the  adhes ion  o f  the  mo l ten  therma l  

spray ing  powder  to  the  d i scharge sur face  41-a  of  the  anode 41.    

[0106]  

 For  th is  r eason,  s ince  the p lasma tor ch  11  can  increase  the  

me l t ing  e f f i c i ency  of  the  so lub le  powder ,  f or  example ,  t o  90  % or  

more ,  f or  examp le ,  the  so lu t i on  powder  supp l i ed  f rom the  therma l  

spray  mater ia l  conver ted  dev ice  13 ,  r egard less  o f  the  d i f f i cu l t y  o f  

me l t ing  thermal  spray  mater ia l ,  the me l t ing  e f f i c i ency  of  therma l  

spray  mater ia l  can  be improved  s tab ly ,  and damage on the cathode 36  

and  the  anode 41  can  be  suppressed.   

[0107]  

 In  add i t i on ,  the  anode and  cathode  po in ts  o f  the  p lasma a rc  a re 

forc ib ly  dr iven  and moved ,  and  the  concen t ra t i on  o f  the  po la r  po in t  i s  

suppressed  tha t  damage occurs  in  the  cathode  36  and  the  anode 41 .   

As  a  resu l t ,  the  l i f e  o f  the cathode  36  and the  anode 41 can be 

improved,  and  the  occur rence  of  con taminat ion  due  to  the  damage on 

the ca thode  36  and the anode 41  can be  suppressed .    

[0108]  

 Fur thermore ,  the  p lasma a rc  rotates  to  suppress  the 

concent rat i on  o f  the  po les .   For  th i s  r eason ,  even  i f  the  gas  composed 

o f  d ia tomic  mo lecu les  such as  N 2  gas  and  H 2  gas  i s  used  as  the  

p lasma generat ion  gas ,  an  opera t ing  cost  can be reduced and damage 

to  the ca thode  36  and the  anode 41 can  be  suppressed .    

[0109]  

 Fur thermore ,  the  p lasma tor ch  11 can sp read  the area o f  

me l t ing  the  so lu t i on  powder  by  us ing  the  gas  composed  o f  d ia tomic  

mo lecu les  as  a  gas  45  p lasma generat ion  gas  45.   For  th is  r eason ,  

wh i l e  suppress ing  the damage on the cathode 36  and the anode 41 ,  

the  e f fec t ive  hea t ing  a rea  o f  the  p lasma in  wh i ch  the  therma l  spray  

mater ia l  i s  mo l ten  may  be  pro longed .    

[0110]  

 In  th i s  way ,  the p lasma therma l  spray ing  dev ice  10 ,  wh ich  has  

the p lasma torch  11 ,  can  use the p lasma to  fo rm a  var ie ty  o f  therma l  

spray  mater ia l  f i lms more  ef f i c i ent l y  on  the  sur face  o f  the  subst ra te  M 

to  fur ther  improve  the  so lu t i on  e f f i c i ency .    

[0111]  

 Then ,  as  a l r eady ment ioned ,  w i th  respec t  t o  the  p lane  R 

pass ing  between  the cathode 36  and the anode 41  and or thogona l  t o  

the  cen t ra l  ax i s  T ,  the  cathode  36 and  the  anode 41  a re  ar ranged  in  

mir ro r  image (p lane symmetr i c ) .   Fur thermore ,  the  f i r s t  magnet  37  

and the th i rd  magnet  M3 are  ar ranged in  m ir ro r  image (p lane  

symmetr ic ) ,  and  the  vec tor  o f  the  magnet i c  f lux  o f  the  magnet i c  f i e ld  

o f  the  f i r s t  magnet  37  and  the vec tor  o f  the  magnet ic  f lux  o f  the  

magnet i c  f i e ld  o f  the th i rd  magnet  M3 a re a r ranged in  m ir ro r  image 
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(p lane  symmetr i c ) .   Fu r thermore ,  the  second  magnet  42  and  the  

four th  magnet  M4  are  ar ranged  in  m i r ror - image (p lane  symmetr ic ) ,  

and  the  vector  o f  the  magnet i c  f l ux  o f  the  magnet ic  f i e ld  o f  the  

second magnet  42  and the vector  o f  the  magnet i c  f l ux  o f  the  magnet i c  

f i e ld  o f  the  four th  magnet  M4  are  pos i t i oned  as  mi r ro r  images  (p lane  

symmetr ic ) .   

[0112]  

 Here ,  i t  i s  exp la ined us ing  F IG.  7a  and  7B,  why  the  shape  and 

ar rangement  o f  e lec t rodes  and magnets  in  th i s  embod iment  l ead  to  a  

s tab i l i za t i on  o f  a  vector  produc t  be tween the  cur ren t  o f  the  p lasma 

space  and the  magnet ic  f i e ld  in  the  same space .   

[0113]  

 For  example ,  the  l e f t  and r ight  m ir ror - image compos i t e  

magnet i c  f i e lds  generated by  the f i r s t  and four th  magnet  sets  and  the  

th i rd  and second magnet  set s  p laced in  the cathode and anode 

sect i ons ,  respec t i ve ly ,  co l l ide  c lose ly  on  the  l e f t - r i ght  symmet r i ca l  

p lane  between  the  ca thode  and  anode gaps  (F ig .  7A)  or  downward 

(F igu re  7B)  and or thogona l  t o  the  cur ren t  f l ow ing  between  the  two 

po les .   Then ,  when  the  vo l tage i s  app l i ed  between the  e lec t rodes ,  

d i scharge  s tar ts  a t  the  upper  end  m in imum gap  between  the  

e lec t rodes ,  and the  cu r rent  f l ow ing th rough the  generated p lasma i s  

pushed downward  by  the gas  pressure f l ow ing f rom above to  between  

the  e lec t rodes  but  pushed  back  by  the  p ressure  o f  the  sheath  gas  

f l ow ing at  the l ower  end  o f  the  e lec t rode and  the  powder  car r i e r  gas ,  

thus  rema ins  in  a  pos i t i on  where  the  p ressure  i s  ba lanced ma inta in ing  

d i scharge,  and  rotates  under  the  force  o f  d i r ec t i on  and  magn i tude 

expressed by a  vector  produc t  o f  cur rent  and  magnet ic  f i e ld  a t  tha t  

pos i t i on .   In  the  examp le  o f  F IG.  7A ,  the  fo rce  i s  c l ockw ise  when  

v iewed f rom the f ront  o f  the  f i gure ,  tha t  i s ,  f r om the l e f t ,  and in  the  

example  o f  F IG.  7B,  the po lar i ty  i s  r eversed ,  bu t  the  magnet i c  f i e ld  

a l so  swi tches  up  and  down.   Thus ,  the  magn i tude  and d i r ec t i on  of  the  

ac t ing  fo rce  rema in  unchanged ,  and the  d i r ec t i on  o f  r o ta t i on  becomes  

c lockw ise .    

[0114]  

 By  such  a  con f igura t ion ,  the  vector ,  o f  cur rent  X  f l ow ing  

between  the  f i r s t  d is charge  sur face  39  o f  the  ca thode  36  and  the  

second  d is charge  sur face o f  the  anode 41  to  generate  p lasma P ,  and  

the vector ,  o f  magnet ic  f lux  o f  syn thes i zed  magnet ic  f i e lds  in  the  f i r s t  

magnet  37 ,  second magnet  42 ,  th i rd  magnet  M3,  and  four th  magnet  

M4,  are  or thogona l .     

[0115]  

 Th is  a l l ows  the  p lasma ar c  to  ro tate  cont inuous ly  and  more  

s tab ly .  In  o ther  words ,  by main ta in ing  the vector  product  o f  the  

cur rent  for  generat ing  p lasma and  the  magnet i c  f lux  o f  the  magnet i c  

f i e ld  to  be  or thogona l ,  i t  i s  poss ib le  to  s tab i l i ze  the  rota t i on  o f  the  

po le  o f  the d is charge ,  and th is  preven ts  d is charge cur rent  f r om 

f l ow ing in to  the  therma l  spray  mater ia l  in t roduc t ion  p ipe,  thereby 

suppress ing  damage on  the therma l  spray  mater ia l  in t roduct ion  p ipe .    

[0116]  



21 

 

 Fur thermore ,  as  desc r ibed  above,  the  sheath  gas  supp ly  

passage  101  supp l i es  the  sheath  gas  SG f rom the  shea th  gas  supp ly  

por t  101a  toward  the d is charge space S f rom around the  supp ly  por t  

25-a  o f  the  thermal  spray mater ia l  in t roduct ion  p ipe  25 .   Even  i f  t he  

genera ted  p lasma i s  unstab le ,  the therma l  spray  mater ia l  i n t roduc t ion  

p ipe 25  i s  prevented  f rom momentar i l y  becoming  a  d is charge  path .   

No  d i scharge  cu r rent  w i l l  f l ow in to the  therma l  spray  mater ia l  

in t roduct ion  p ipe ,  and  i t  i s  poss ib le  to  suppress  me l t ing  o f  the  

therma l  spray  mater ia l  i n t roduct ion  p ipe 25 .    

[0117]  

 As  desc r ibed above,  the  p resen t  inven t ion  can  s tab i l i ze  the 

ro tat i on  o f  the po le  o f  d ischarge by ma inta in ing  or thogona l i t y  o f  the  

vec tor  product  o f  the cur rent  for  generat ing  p lasma and  the  magnet i c  

f lux  o f  the  magnet i c  f i e ld  and  can suppress  damage on  the  thermal  

spray  mater ia l  i n t roduct ion  p ipe .  Therma l  spray  powder  can  be  

d i scharged  f rom the  therma l  spray  mater ia l  in t roduct ion  p ipe  to  the  

ou ts ide  w i thout  caus ing  the thermal  sp ray mater ia l  t o  adhere to  the  

d i scharge sur face  of  the  anode.   F rom improv ing  the  me l t ing  

e f f i c i ency  o f  therma l  spray  mater ia ls ,  f or  examp le ,  th i s  can  be 

su i tab ly  app l i ed  to  abras ion-res is tant  therma l  spray  coat ing  on  the  

sur face o f  a  ca lender  ro l l ,  pu r i f i ca t i on  o f  s i l i con  fo r  so lar  ce l l s ,  

in su la t i on  coa t ing  o f  l a rge  p lasma d i sp lay  pane ls ,  and the  l ike .   

Fur thermore ,  as  desc r ibed  above,  the  p lasma tor ch  accord ing  to  the  

presen t  invent ion  i s  no t  l im i ted  to  be ing  app l i ed  to  therma l  spray ing  

dev i ces ,  but  can be  app l i ed  to  a  w ide  var iety  o f  app l i ca t i ons  such as  

me l t ing  and gas  hea t ing .    

[0118]  

 I t  i s  no ted tha t  in  th i s  embod iment ,  a  cathode ( f i r s t  e lec t rode)  

and  an  anode (second  e lec t rode)  a re  used  as  a  ca thode  and  an anode,  

respect i ve ly .  However ,  the  po lar i t i es  o f  the  f i r s t  e lec t rode  and  the  

second  e lec t rode  may  be  changed  by  sw i t ch ing  the  po lar i t i es  o f  the  

power  supp l i es .  

[0119]  

 Fur thermore ,  in  th i s  embod iment ,  a  case  has  been  desc r ibed  in  

wh ich  the  p lasma torch  i s  app l i ed  to  a  p lasma thermal  sp ray ing  dev ice ,  

but  the present  inven t ion  i s  no t  l im i ted  to  th i s ,  and the  p lasma torch  

can  a l so be app l i ed  to  a  par t i c l e  manufac tur ing  dev i ce .    

[Des c r i p t i on  o f  Re f e r en c e ]  

[ 0120 ]  

10  P lasma therma l  sp ray ing  dev i ce  

11  P lasma torch  

12  DC power  supp ly  

13  Therma l  sp ray  mater ia l  conveyance  dev ice  ( thermal  spray mater ia l  

conveyance  sect i on)  

21  Torch  body  

S D ischarge  space  
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 [Document name] CLAIMS 

[C la im 1]  

 A  p lasma tor ch  that  ro tates  a  generated  p lasma a long  a  cent ra l  

ax i s ,  e jec t s  the  p lasma in  an  ax ia l  d i r ec t i on ,  me l t s  powder  o f  a  

therma l  spray ing  mater ia l  w i th  the  p lasma,  and  expe l s  the  mo l ten  

powder  f r om the  f ront  nozz le  open ing  to  out s ide ,  the  p lasma tor ch  

compr i s ing:    

 a  f i r s t  e lec t rode  formed  in  a  cy l indr ica l  shape  hav ing  a  f i r s t  

through  ho le  extend ing  in  the  ax ia l  d i r ec t i on  a t  a  center ,  the  f i r s t  

e lec t rode  hav ing  a  f i r s t  d is charge  sur face con t inuous ly  formed  a round  

a  f ron t  end  of  the  f i r s t  through  ho le;    

 a  second e lec t rode  formed  in  a  cy l indr i ca l  shape  hav ing a  

second through  ho le  ex tend ing  in  the ax ia l  d i r ec t i on  a t  a  center  and 

located  on  a  f ront  s ide  o f  the  f i r s t  e lec t rode,  the  second  e lec t rode  

hav ing  a  second  d i scharge  su r face  cont inuous ly  formed  around  a  rea r  

end o f  the  second through  ho le  so  as  to  face  the f i r s t  d is charge  

sur face o f  the  f i r s t  e lec t rode;  

 a  f i r s t  magnet  p rov ided on a  rea r  s ide  o f  the f i r s t  e lec t rode 

oppos i t e  to  the  f i r s t  d i scharge  sur face;    

 a  second magnet  prov ided  on an outer  per iphery  o f  the  second  

e lec t rode;   

 a  th i rd  magnet  prov ided  on a  f ront  s ide o f  the  second e lec t rode 

oppos i t e  to  the  second  d i scharge su r face;    

 a  f our th  magnet  prov ided  on  an  ou ter  per iphery  o f  the  f i r s t  

e lec t rode  and  fac ing  the  second  magnet  in  the  ax ia l  d i r ec t i on;    

 a  therma l  sp ray  mater ia l  in t roduc t ion  p ipe  s l i dab ly  p rov ided  in  

the  f i r s t  through  ho le  a long  the  cent ra l  ax is ,  tha t  supp l i es  thermal  

spray  mater ia l  powder  f r om a  supp ly  por t  t o  a  d i scharge  space  fo rmed 

between the  f i r s t  e lec t rode  and  the  second  e lec t rode;  and   

 a  p lasma generat ion  gas  supp ly  passage  tha t  supp l i es  p lasma 

genera t ion  gas  to  the d i scharge space f rom the ou ter  per iphera l  s ide  

o f  the  f i r s t  e lec t rode ,    

 where in  a  vector ,  o f  cu r rent  f l ow ing between  the f i r s t  d i scharge  

sur face o f  the f i r s t  e lec t rode and  the second d is charge sur face o f  the  

second e lec t rode  to  genera te the  p lasma,  and  a  vector ,  o f  magnet i c  

f lux  o f  a  comb ined  magnet i c  f i e ld  by the f i r s t  magnet ,  the second 

magnet ,  the th i rd  magnet ,  and the  four th  magnet ,  are  or thogona l .    

[C la im 2]  

 The  p lasma torch  accord ing to  c la im 1 ,   

 where in  the  f i r s t  e lec t rode  i s  ar ranged as  a  m ir ror  image o f  the  

second e lec t rode  w i th  respec t  t o  a  p lane  pass ing  between  the  f i r s t  

e lec t rode  and  the  second e lec t rode  and  or thogona l  t o  the cen t ra l  ax i s ,  

and   

 where in  the  f i r s t  d is charge  su r face o f  the f i r s t  e lec t rode  i s  

pos i t i oned as  a  mir ro r  image of  the second d is charge sur face  of  the  

second magnet  w i th  respect  t o  the p lane .    

[C la im 3]  

 The  p lasma torch  accord ing to  c la im 2 ,   
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 where in  the  f i r s t  magnet  i s  ar ranged  as  a  m ir ror  image o f  the 

th i rd  magnet  w i th  respec t  t o  the  p lane,  and  

 where in  the  vec tor  o f  magnet ic  f lux  o f  the  magnet i c  f i e ld  o f  the 

f i r s t  magnet  i s  pos i t i oned  as  a  m ir ror  image o f  the  vector  o f  magnet ic  

f lux  o f  the  magnet i c  f i e ld  o f  the  th i rd  magnet  w i th  respec t  t o  the  

p lane .    

[C la im 4]  

 The  p lasma torch  accord ing to  c la im 3 ,   

 where in  the second magnet  i s  ar ranged as  a  mi r ro r  image o f  

the fou r th  magnet  w i th  respect  t o  the  p lane ,  and  

 where in  the  vec tor  o f  magnet ic  f lux  o f  the  magnet i c  f i e ld  o f  the 

second  magnet  i s  a  m ir ror  image o f  the  vector  o f  magnet i c  f lux  o f  the  

magnet i c  f i e ld  o f  the fou r th  magnet  w i th  respect  t o  the  p lane .    

[C la im 5]  

 The  p lasma torch  accord ing to  any one  o f  c la ims 2  to  4 ,  

 where in  the f i r s t  magnet  i s  ar ranged  ins ide  the  f i r s t  e lec t rode  

in  a  reg ion  between  the  f i r s t  through  ho le  and  the  ou ter  per iphery ,  

and   

 where in  the th i rd  magnet  i s  a r ranged ins ide the second 

e lec t rode  in  a  reg ion  between  the  second through  ho le  and  the  outer  

per iphery .    

[C la im 6]  

 The  p lasma torch  accord ing to  c la im 5 ,     

 where in  the four th  magnet  i s  cont inuous ly  formed  so  as  to  

sur round  the f ron t  end o f  the  f i r s t  e lec t rode ,  and   

 where in  the second magnet  i s  cont inuous ly  formed  so  as  to  

sur round  the rear  end  o f  the  second e lec t rode.    

[C la im 7]  

 The  p lasma torch  accord ing to  c la im 6 ,   

 where in  the  f i r s t  magnet  has  a  cy l i ndr ica l  shape  w i th  a  through  

ho le  extend ing  in  the ax ia l  d i r ec t i on  centered on the  cen t ra l  ax i s ,  

 where in  the  second  magnet  has  a  cy l indr ica l  shape  wi th  a  

through  ho le  ex tend ing  in  the  ax ia l  d i r ec t i on  cen tered  on  the  cent ra l  

ax i s ,  

 where in  the  th i rd  magnet  has  a  cy l indr ica l  shape w i th  a  

through  ho le  ex tend ing  in  the  ax ia l  d i r ec t i on  cen tered  on  the  cent ra l  

ax i s ,  and    

 where in  the  fou r th  magnet  has  a  cy l indr ica l  shape w i th  a  

through  ho le  ex tend ing  in  the  ax ia l  d i r ec t i on  cen tered  on  the  cent ra l  

ax i s .   

[C la im 8]  

 The  p lasma torch  accord ing to  any one  o f  c la ims 2  to  7 ,   

 where in  the f i r s t  d is charge  sur face  of  the f i r s t  e lec t rode and 

the second  d i scharge  sur face  o f  the second  e lec t rode are  inc l i ned ,  

such  that  a  gap  between  the  f i r s t  d i scharge  sur face  of  the  f i r s t  

e lec t rode  and  the  second  d i scharge  su r face  o f  the  second  e lec t rode  

widens  toward  the  cen t ra l  ax i s .     

[C la im 9]  
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 The  p lasma torch  accord ing to  any  one  o f  c l a ims 2  to  8 ,  

where in  a  magn i tude o f  the inc l inat ion  o f  the  f i r s t  d is charge sur face  

w i th  respect  t o  the  p lane  or thogona l  t o  the cen t ra l  ax is  i s  the  same as  

a  magn i tude  o f  the  inc l ina t ion  of  the second  d i scharge  sur face w i th  

respect  t o  the  p lane .    

[C la im 10]  

 The  p lasma torch  accord ing to  any  one  o f  c l a ims 1  to  9 ,  

where in  the  p lasma generat ion  gas  supp ly  passage supp l i es  the  

p lasma genera t ion  gas ,  f r om between  the  four th  magnet  and the  outer  

per iphery  of  the  f i r s t  e lec t rode,  t oward between the  f i r s t  d i scharge 

sur face o f  the f i r s t  e lec t rode and  the second d is charge sur face o f  the  

second e lec t rode .    

[C la im 11]  

 The  p lasma torch  accord ing  to  any  one  of  c l a ims 1  to  10 ,  

fur ther  compr i s ing  a  shea th  gas  supp ly  passage  that  supp l i es  shea th  

gas  f rom a  sheath  gas  supp ly  por t  t oward  the  d i scharge  space  f rom  

around the supp ly  por t  o f  the thermal  spray mater ia l  in t roduct ion  p ipe .  

[C la im 12]  

 The  p lasma torch  accord ing to  c la im 11,   

 where in  a  p lura l i t y  o f  the  shea th  gas  supp ly  por t s  o f  the  shea th  

gas  supp ly  passage  are prov ided a t  equa l  in te rva ls ,  a round the  supp ly  

por t  o f  the thermal  spray  mater ia l  in t roduct ion  p ipe .     

[C la im 13]  

 The  p lasma torch  accord ing to  c la im 11 or  12 ,   

 where in  the  shea th  gas  i s  the  same gas  as  the  p lasma 

genera t ion  gas  or  a  d i f f e rent  gas  f rom the  p lasma generat ion  gas .   

[C la im 14]  

 The  p lasma torch  accord ing to  any one  o f  c la ims 11  to  13,   

 where in  the  sheath  gas  i s  a  gas  conta in ing  one  or  more  

se lec ted  f rom a  group  con ta in ing  nob le  gas  e lements ,  n i t r ogen ,  and 

hydrogen .  

[C la im 15]  

 The  p lasma torch  accord ing to  any one  o f  c la ims 1  to  14,   

 where in  a  pos i t i on  o f  the  supp ly  por t  o f  the  thermal  spray ing  

mater ia l  i n t roduc t ion  p ipe  i s  ad justed depend ing on the type o f  the  

therma l  spray ing mater ia l .    

[C la im 16]  

 The  p lasma torch  accord ing to  c la im 15,  where in  the  pos i t i on  of  

the supp ly  por t  o f  the thermal  spray mater ia l  in t roduc t ion  p ipe  i s  

ad justed  so  tha t  the  pos i t i on  o f  the supp ly  por t  i s  w i th in  the  

d i scharge space .    

[C la im 17]  

 A  p lasma therma l  spray ing dev i ce compr i s ing:  

 the p lasma tor ch  accord ing to  any one  o f  c la ims 1  to  16;    

 a  power  source  tha t  app l i es  a  vo l t age  between the  f i r s t  

e lec t rode  and  the  second  e lec t rode;  and   

 a  thermal  spray  mater ia l  conveyance  un i t  that  conveys  the 

therma l  sp ray mater ia l  t o  the  thermal  sp ray mater ia l  i n t roduct ion  p ipe .   

[C la im 18]  
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 A  cont ro l  method for  a  p lasma torch ,  by  us ing  the  p lasma tor ch  

accord ing to  any  one  of  c la ims 1  to  16 ,  by  s l i d ing  the therma l  

spray ing mater ia l  i n t roduc t ion  p ipe  in  the  ax ia l  d i r ec t i on  and 

ad just ing  the  pos i t i on  o f  the  supp ly  por t  o f  the  therma l  sp ray ing 

mater ia l  in t roduc t ion  p ipe  accord ing to  the  type  of  the thermal  

spray ing  mater ia l ,  t o  me l t  the  powder  o f  the  therma l  sp ray  mater ia l .    

 


