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(54)  Rotary  atomizing  electrostatic  coating  apparatus  

(57)  A  rotary  atomizing  electrostatic  coating  appa- 
ratus  includes  a  plurality  of  shaping  air  nozzles  (6)  dis- 
posed  on  a  first  circle  having  its  circle  center  on  an  axis 
of  rotation  of  an  atomizing  head  (1),  a  plurality  of  pattern 
control  air  nozzles  (7)  disposed  on  a  second  circle  hav- 
ing  a  larger  diameter  than  the  first  circle.  The  pattern 
control  air  nozzles  are  located  at  3-100  mm  on  a  rear 

side  of  the  shaping  air  nozzles  (6)  and  inside  a  circle 
having  a  diameter  three  times  a  diameter  of  the  atomiz- 
ing  head  (1).  An  air  passable  opening  may  be  formed 
radially  between  the  shaping  air  nozzles  (6)  and  the  pat- 
tern  control  air  nozzles  (7). 
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Description 

The  present  invention  relates  to  a  rotary  atomizing 
electrostatic  coating  apparatus  of  the  type  capable  of 
controlling  a  shaping  air  flow  pattern.  s 

Japanese  Patent  Publication  No.  HEI  7-24367  dis- 
closes  a  rotary  atomizing  electrostatic  coating  appara- 
tus  of  the  type  capable  of  controlling  a  shaping  air  flow 
pattern.  In  the  apparatus,  as  illustrated  in  FIGS.  8  and  9, 
shaping  air  nozzles  6'  are  arranged  on  a  first  circle  hav-  w 
ing  its  circle  center  on  an  axis  of  rotation  of  a  rotary 
atomizing  head,  and  pattern  control  air  nozzles  7'  are 
arranged  on  a  second  circle  having  a  larger  diameter 
than  the  first  circle.  Each  shaping  air  nozzle  6'  has  a 
nozzle  axis  inclined  from  a  line  parallel  to  an  axis  of  the  is 
rotary  atomizing  head  so  that  the  shaping  air  flow  pat- 
tern  is  spread  in  a  direction  away  from  the  shaping  air 
nozzles.  The  air  expelled  from  the  pattern  control  air 
nozzles  7'  collides  with  the  shaping  air  flow  pattern  and 
changes  the  pattern.  20 

Since  the  shaping  air  is  expelled  from  the  nozzles 
at  a  high  speed,  the  shaping  air  flow  draws  air  around 
the  flow  to  generate  a  secondary  flow  (accompanying 
air  flow).  It  is  important  that  the  secondary  flow  freely 
accompany  the  shaping  air  flow  without  generating  tur-  25 
bulence  or  a  vortex  so  that  a  smooth  shaping  air  flow  is 
formed. 

However,  in  the  conventional  apparatus,  since  the 
pattern  control  air  nozzles  are  disposed  radially  outside 
the  arrangement  of  the  shaping  air  nozzles,  free  gener-  30 
ation  of  the  accompanying  air  flow  is  obstructed,  pro- 
ducing  a  negative  pressure  adjacent  the  shaping  air 
nozzles,  causing  vortices  or  turbulence  V  (FIG.  8)  to  be 
generated.  As  a  result,  atomized  paint  around  the  vorti- 
ces  is  drawn  to  the  region  and  in  turn  attaches  to  the  35 
atomizing  head  and  the  shaping  air  cap.  Further,  when 
the  pattern  control  air  is  being  expelled,  the  amount  of 
the  main  air  flow  increases  so  that  the  negative  pres- 
sure  and  the  air  turbulence  are  enhanced  to  draw  more 
paint  particles.  The  paint  particles  which  adhere  to  the  40 
atomizing  head  and  the  air  cap  drop  onto  the  body  to  be 
coated  to  degrade  the  coating  quality. 

An  object  of  the  present  invention  is  to  provide  a 
rotary  atomizing  electrostatic  coating  apparatus  that 
can  form  a  shaping  air  flow  generating  almost  no  vorti-  45 
ces  or  turbulence  therearound. 

The  above-described  object  can  be  achieved  by 
providing  a  rotary  atomizing  electrostatic  coating  appa- 
ratus  according  to  the  present  invention  where  shaping 
air  nozzles  are  arranged  on  a  first  circle  having  its  so 
center  on  an  axis  of  rotation  of  an  atomizing  head  and 
pattern  control  air  nozzles  are  arranged  on  a  second  cir- 
cle  having  a  larger  diameter  than  the  first  circle  of  the 
shaping  air  nozzles,  the  pattern  control  air  nozzles  are 
located  in  the  range  of  3  mm  to  1  00  mm  on  a  rear  side  ss 
of  the  shaping  air  nozzles  in  an  axial  direction  of  the 
atomizing  head  and  inside  a  circle  having  a  diameter 
three  times  a  diameter  of  the  atomizing  head  in  a  radial 
direction  of  the  atomizing  head. 

Further,  an  opening  for  permitting  air  to  pass  there- 
through  may  be  provided  to  the  rotary  atomizing  electro- 
static  coating  apparatus  radially  between  the  first  circle 
and  the  second  circle. 

In  the  above-described  apparatus,  since  a  configu- 
ration  of  an  air  cap  is  optimized  due  to  the  locational 
relationship  between  the  shaping  air  nozzles  and  the 
pattern  control  air  nozzles,  a  flow  accompanying  the 
shaping  air  flow  is  generated  smoothly  around  the  shap- 
ing  air  flow  so  that  generation  of  vortices  is  effectively 
suppressed  and  adhesion  of  atomized  paint  drops  onto 
the  air  cap  is  effectively  prevented. 

Further,  in  the  case  where  the  opening  is  formed, 
air  is  smoothly  introduced  to  a  space  between  the  shap- 
ing  air  nozzles  and  the  pattern  control  air  nozzles  from 
the  rear  side  through  the  opening,  so  that  despite  the 
provision  of  the  pattern  control  air  nozzles,  a  flow 
accompanying  the  shaping  air  flow  is  generated 
smoothly  around  the  shaping  air  flow.  As  a  result,  gen- 
eration  of  vortices  is  effectively  suppressed  and  adhe- 
sion  of  atomized  paint  drops  onto  the  air  cap  is 
effectively  prevented. 

The  above  and  other  objects,  features,  and  advan- 
tages  of  the  present  invention  will  become  more  appar- 
ent  and  will  be  more  readily  appreciated  from  the 
following  detailed  description  of  the  preferred  embodi- 
ments  of  the  present  invention  in  conjunction  with  the 
accompanying  drawings,  in  which: 

FIG.  1  is  a  schematic  cross-sectional  view  of  a 
rotary  atomizing  electrostatic  coating  apparatus 
according  to  a  first  embodiment  of  the  present 
invention; 
FIG.  1  A  is  a  partial  view  of  FIG.  1  ; 
FIG.  2  is  a  graph  illustrating  a  relationship,  obtained 
in  tests,  between  a  magnitude  of  paint  adhesion  to 
a  cap  and  head  and  an  axial  distance  between 
inner  nozzles  (shaping  air  nozzles)  and  outer  noz- 
zles  (pattern  control  air  nozzles); 
FIG.  3  is  a  graph  illustrating  a  relationship,  obtained 
in  tests,  between  a  magnitude  of  paint  adhesion  to 
a  cap  and  head  and  a  diameter  of  a  circle  on  which 
the  outer  nozzles  are  arranged; 
FIG.  4  is  a  schematic  cross-sectional  view  of  a 
rotary  atomizing  electrostatic  coating  apparatus 
according  to  a  second  embodiment  of  the  present 
invention; 
FIG.  5  is  a  front  elevational  view  of  the  apparatus  of 
FIG.  4; 
FIG.  6  is  a  schematic  cross-sectional  view  of  a 
rotary  atomizing  electrostatic  coating  apparatus 
according  to  a  third  embodiment  of  the  present 
invention; 
FIG.  7  is  a  front  elevational  view  of  the  apparatus  of 
FIG.  6; 
FIG.  8  is  a  schematic  cross-sectional  view  of  a  con- 
ventional  rotary  atomizing  electrostatic  coating 
apparatus;  and 
FIG.  9  is  a  front  elevational  view  of  the  apparatus  of 
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FIG.  8. 

FIGS.  1-3  illustrate  an  apparatus  and  test  results 
according  to  a  first  embodiment  of  the  present  inven- 
tion;  FIGS.  4  and  5  illustrate  an  apparatus  according  to  s 
a  second  embodiment  of  the  present  invention;  and 
FIGS.  6  and  7  illustrate  an  apparatus  according  to  third 
embodiment  of  the  present  invention.  Portions  common 
or  similar  to  all  of  the  embodiments  of  the  present  inven- 
tion  are  denoted  with  the  same  reference  numerals  to 
throughout  all  of  the  embodiments  of  the  present  inven- 
tion. 

First,  portions  common  or  similar  to  all  of  the 
embodiments  of  the  present  invention  will  be  explained 
with  reference  to,  for  example,  FIG.  1  .  ts 

As  illustrated  in  FIG.1,  a  rotary  atomizing  electro- 
static  coating  apparatus  includes  an  atomizing  head  1 
for  atomizing  paint  which  has  an  axis  of  rotation  and  is 
rotatable  about  the  axis  of  rotation,  an  air  motor  2  for 
driving  or  rotating  the  atomizing  head  1  ,  a  cover  (hous-  20 
ing)  3  for  housing  the  air  motor  2  therein  and  made  from 
synthetic  resin,  a  paint  feed  tube  4  for  supplying  paint  to 
the  atomizing  head  1  ,  and  an  air  cap  5,  disposed  on  a 
front  side  of  the  housing  3.  The  apparatus  further 
includes  a  plurality  of  shaping  air  nozzles  6  formed  in  25 
the  air  cap  5,  for  expelling  shaping  air  and  accelerating 
paint  particles  dispersed  from  the  atomizing  head  1 
toward  a  workpiece  to  be  coated,  and  a  plurality  of  pat- 
tern  control  air  nozzles  7,  disposed  radially  outside  the 
shaping  air  nozzles,  for  expelling  pattern  control  air  to  30 
thereby  control  the  flow  pattern  of  the  shaping  air  within 
a  variable  range  of  the  shaping  air  flow  pattern. 

The  shaping  air  nozzles  6  are  arranged  on  a  first 
circle  having  its  circle  center  on  the  axis  of  rotation  of 
the  atomizing  head  1  .  The  pattern  control  air  nozzles  7  35 
are  arranged  on  a  second  circle  located  outside  the  first 
circle  and  having  the  same  circle  center  as  the  first  cir- 
cle. 

Each  shaping  air  nozzle  6  has  an  axis  inclined  (or 
twisted)  by  a  predetermined  angle  (more  particularly,  to 
30-40  degrees)  from  a  line  parallel  to  the  axis  of  rotation 
of  the  atomizing  head  1  and  passing  through  a  center  of 
the  nozzle  6  in  a  direction  perpendicular  to  a  radial 
direction  of  the  atomizing  head  so  that  a  shaping  airflow 
pattern  is  spread  in  a  direction  away  from  the  shaping  45 
air  nozzle. 

Each  of  pattern  control  air  nozzles  7  is  disposed  so 
as  to  intersect  the  shaping  air  flow  pattern  when 
extended  in  a  frontward  direction  of  each  pattern  control 
air  nozzle  7  whereby  a  configuration  of  the  shaping  air  so 
flow  pattern  is  controllable. 

Control  of  the  shaping  air  and  the  control  air  is  con- 
ducted  as  follows: 

Paint  particles  atomized  and  dispersed  radially  out- 
wardly  from  the  atomizing  head  1  are  accelerated  by  the  55 
shaping  air  toward  a  workpiece  to  be  coated  located  in 
front  of  the  coating  apparatus.  Since  the  direction  of  the 
shaping  air  expelled  from  the  shaping  air  nozzle  is 
inclined  from  the  line  parallel  to  the  axis  of  rotation  of  the 

atomizing  head  1  ,  the  shaping  airflow  pattern  is  spread. 
In  the  case  where  an  area  of  the  object  to  be  coated  is 
wide  such  as  a  general  surface  of  an  automobile  body, 
the  coating  is  conducted  using  the  shaping  air  only  with- 
out  using  the  pattern  control  air.  In  the  case  where  an 
area  of  the  object  to  be  coated  is  narrow  and  small,  the 
coating  is  conducted  using  both  the  shaping  air  and  the 
pattern  control  air.  In  this  way,  overspraying  of  paint  will 
be  prevented  so  that  consumption  of  paint  is  minimized. 
The  size  of  the  paint  flow  pattern  is  controlled  by  con- 
trolling  a  pressure  of  the  shaping  air  and  a  pressure  of 
the  pattern  control  air  so  as  to  match  a  size  of  the  object 
to  be  coated. 

Portions  unique  to  each  embodiment  of  the  present 
invention  will  now  be  explained. 

With  a  first  embodiment  of  the  present  invention,  as 
illustrated  in  FIG.  1-3,  the  pattern  control  air  nozzles 
(outer  nozzles)  7  are  located  on  a  rear  side  of  the  shap- 
ing  air  nozzles  (inner  nozzles)  6  in  the  range  of  3  mm  to 
100  mm  from  the  shaping  air  nozzles  in  the  axial  direc- 
tion  of  the  atomizing  head.  Further,  the  pattern  control 
air  nozzles  7  are  located  inside  a  circle  having  a  diame- 
ter  three  times  a  diameter  d  of  the  atomizing  head  in  the 
radial  direction  of  the  atomizing  head. 

The  reasons  for  the  above-described  locational 
conditions  are  as  follows: 

FIG.  2  illustrates  a  relationship,  obtained  in  tests, 
between  a  paint  adhesion  state  and  an  axial  distance  L 
between  the  shaping  air  nozzles  6  and  the  pattern  con- 
trol  air  nozzles  7  when  coating  was  conducted  using 
both  the  shaping  air  and  the  pattern  control  air.  In  FIG. 
2,  positive  L  means  that  the  pattern  control  air  nozzles  7 
are  located  on  the  rear  side  of  the  shaping  air  nozzles  6, 
and  negative  L  means  that  the  pattern  control  air  noz- 
zles  7  are  located  on  the  front  side  of  the  shaping  air 
nozzles  6.  The  magnitude  of  the  paint  adhesion  to  the 
cap  and  the  atomizing  head  is  classified  into  three  levels 
©,  ©  and  ®  .  In  this  instance,  level  ®  means  the  state 
where  paint  adhered  to  the  surface  of  the  cap  and  the 
atomizing  head  thinly  and  entirely  or  locally  so  that  the 
adhering  paint  did  not  separate  from  the  surfaces  to  fall 
onto  the  workpiece  to  be  coated;  level  ©  means  the 
state  where  paint  adhered  to  the  surfaces  of  the  cap 
and  the  atomizing  head  rather  thickly  so  that  when 
touched  or  vibrated  the  adhering  paint  separated  from 
the  surfaces  to  fall  onto  the  workpiece;  and  level  ®  
means  the  state  where  paint  adhered  to  the  surface  of 
the  cap  and  the  atomizing  head  very  thickly  so  that  even 
during  normal  coating  the  adhering  paint  separated 
from  the  surfaces  to  fall  onto  the  workpiece. 

As  can  be  seen  from  FIG.  2,  in  the  case  where  the 
pattern  control  air  nozzles  7  were  located  on  the  front 
side  of  the  shaping  air  nozzles  6,  the  magnitude  of  paint 
adhesion  was  great  so  that  coating  troubles  would  eas- 
ily  occur.  In  the  case  where  the  pattern  control  air  noz- 
zles  were  located  too  far  (further  than  1  00  mm)  from  the 
shaping  air  nozzles  6  on  the  rear  side  of  the  shaping  air 
nozzles  6,  the  pattern  varying  ability  of  the  pattern  con- 
trol  air  decreased  too  much  so  that  there  was  no  mean- 
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ing  in  provision  of  the  pattern  control  air  nozzles. 
Therefore,  the  pattern  control  air  nozzles  7  should  be 
located  within  the  range  of  3  mm  to  100  mm  from  the 
shaping  air  nozzles  6  on  the  rear  side  of  the  shaping  air 
nozzles. 

FIG.  3  illustrates  a  relationship,  obtained  in  tests, 
between  a  paint  adhesion  state  and  a  diameter  D  of  a 
circle  on  which  the  pattern  control  air  nozzles  7  were 
located  when  coating  was  conducted  using  both  the 
shaping  air  and  the  pattern  control  air.  The  magnitude  of 
the  paint  adhesion  is  classified  into  three  levels  ®,  @ 
and  ®  discussed  above.  As  can  be  seen  from  FIG.  3, 
when  the  diameter  D  was  selected  to  be  greater  than 
three  times  the  diameter  of  the  circle  on  which  the  shap- 
ing  air  nozzles  were  arranged  (d  was  nearly  equal  to  the 
circle  on  which  the  shaping  air  nozzles  were  arranged), 
the  paint  adhesion  was  at  level  ®  where  a  coating 
problem  easily  happened.  Therefore,  the  diameter  on 
which  the  pattern  control  air  nozzles  7  are  arranged 
should  be  equal  to  or  smaller  than  a  diameter  three 
times  the  diameter  of  the  outermost  portion  of  the  atom- 
izing  head  1  .  However,  d  is  greater  than  D,  because  the 
circle  on  which  the  pattern  control  air  nozzles  7  are 
arranged  is  located  radially  outside  the  circle  on  which 
the  shaping  air  nozzles  6  are  arranged. 

The  pattern  control  air  nozzles  7  are  formed  in  the 
air  cap  5.  To  prevent  the  air  flow  around  the  air  cap  from 
generating  vortices,  as  illustrated  in  FIG,  1  ,  corner  por- 
tions  of  the  air  cap  5  should  be  rounded,  and  a  connect- 
ing  surface  connecting  a  surface  where  the  shaping  air 
nozzles  6  are  open  and  a  surface  where  the  pattern 
control  air  nozzles  7  are  open  should  be  inclined  from  a 
line  parallel  to  the  axis  of  rotation  of  the  atomizing  head 
by  angle  6  (more  than  10  degrees).  The  connecting  sur- 
face  is  inclined  radially  inwardly  in  the  frontward  direc- 
tion. 

In  the  first  embodiment  of  the  present  invention, 
vortices  are  prevented  from  being  generated  around  the 
cap  and  the  atomizing  head.  More  particularly,  when  the 
pattern  control  air  is  not  being  expelled,  since  the  sur- 
face  where  the  pattern  control  air  nozzles  7  are  open  is 
located  on  the  rear  side  of  the  surface  where  the  shap- 
ing  air  nozzles  6  are  open,  air  can  easily  flow  to  the 
shaping  air  from  the  obliquely  rear  side  of  the  shaping 
air.  When  the  pattern  control  air  is  being  expelled,  the 
pattern  control  air  flows  easily  to  the  shaping  air  from 
the  obliquely  rear  side  of  the  shaping  air.  As  a  result, 
whether  or  not  pattern  control  air  is  being  expelled,  vor- 
tices  around  the  shaping  air  is  prevented  from  being 
generated  so  that  paint  adhesion  to  the  air  cap  and  the 
atomizing  head  due  to  vortices  generated  around  the 
shaping  air  and  coating  troubles  due  to  dropping  of  the 
adhering  paint  onto  the  workpiece  are  effectively  pre- 
vented. 

With  a  second  embodiment  of  the  present  inven- 
tion,  as  illustrated  in  FIGS.  4  and  5,  at  least  one  air 
passable  opening  8  (hereinafter,  opening)  for  permitting 
air  to  pass  therethrough  is  formed  radially  between  the 
shaping  air  nozzles  6  formed  in  the  air  cap  5  and  the 

pattern  control  air  nozzles  7  formed  in  the  air  cap  5. 
An  air  passage  is  formed  so  as  to  connect  a  front 

surface  of  the  air  cap  5  and  a  side  surface  (cylindrical 
outside  surface)  of  the  resin  cover  (or  housing)  3,  and 

5  one  end  of  the  air  passage  open  to  the  front  surface  of 
the  air  cap  constitutes  the  opening  8.  As  illustrated  in 
FIG.  5,  a  plurality  of  (four  in  FIG.  5)  openings  8  are 
formed. 

The  above-described  structure  according  to  the 
w  second  embodiment  of  the  present  invention  may  be 

added  to  the  structure  according  to  the  first  embodiment 
of  the  present  invention  above  discussed  or  may  be 
applied  to  a  structure  which  does  not  have  the  arrange- 
ment  of  the  pattern  control  air  nozzles  on  the  side  of  the 

15  shaping  air  nozzles  by  3-1  00  mm  and  the  location  of  the 
pattern  control  air  nozzles  inside  the  circle  having  the 
diameter  three  times  of  the  diameter  of  the  atomizing 
head  but  has  the  same  structure  with  respect  to  the 
remaining  portions  as  those  of  the  structure  of  the  first 

20  embodiment  of  the  present  invention. 
Whether  or  not  the  pattern  control  air  is  being 

expelled,  air  is  easily  suctioned  through  the  opening  8  to 
a  negative  pressure  generating  portion  (particularly,  a 
portion  between  the  shaping  air  flow  and  the  pattern 

25  control  air  flow).  As  a  result,  an  air  flow  accompanying 
the  shaping  air  flow  is  easily  formed  so  that  vortices  are 
unlikely  to  be  generated  around  the  shaping  air  and 
coating  troubles  are  suppressed. 

With  a  third  embodiment  of  the  present  invention, 
30  as  illustrated  in  FIGS.  6  and  7,  opening  8  for  permitting 

air  to  pass  therethrough  is  formed  radially  between  the 
shaping  air  nozzles  6  formed  in  the  air  cap  5  and  the 
pattern  control  air  nozzles  7. 

The  pattern  control  air  nozzles  7  are  formed  in  a 
35  pattern  control  air  nozzle  ring  9  which  is  a  hollow  ring. 

The  ring  9  is  radially  spaced  from  the  air  cap  5  and  is 
supported  from  the  air  cap  5  by  a  support  member  10. 
A  gap  between  the  ring  9  and  the  air  cap  5  constitutes 
the  opening  8. 

40  Whether  or  not  the  pattern  control  air  is  being 
expelled,  air  is  easily  suctioned  through  the  opening  8  to 
a  negative  pressure  generating  portion  (particularly,  a 
portion  between  the  shaping  air  flow  and  the  pattern 
control  air  flow).  As  a  result,  an  air  flow  accompanying 

45  the  shaping  air  flow  is  easily  formed  so  that  vortices  are 
unlikely  to  be  generated  around  the  shaping  air  and 
coating  troubles  are  suppressed. 

According  to  the  present  invention,  the  following 
technical  advantages  are  obtained: 

so  First,  since  the  pattern  control  air  nozzles  are 
spaced  from  the  shaping  air  nozzles  by  3  to  100  mm  in 
a  rear  direction  of  the  shaping  air  nozzles  and  are 
located  inside  a  circle  having  a  diameter  three  times  the 
diameter  of  the  atomizing  head,  and  air  flow  accompa- 

55  nying  the  shaping  air  flow  is  easily  formed  around  the 
shaping  air  flow,  so  that  vortices  or  turbulence  are  pre- 
vented  from  being  generated  around  the  shaping  air 
flow  and  paint  adhesion  to  the  air  cap  and  the  atomizing 
head  due  to  the  vortices  or  turbulence  is  effectively  pre- 

4 
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vented. 
Second,  in  the  case  where  the  connecting  surface 

connecting  the  surface  where  the  shaping  air  nozzles 
are  open  and  the  surface  where  the  pattern  control  air 
nozzles  are  open  is  inclined  from  a  line  parallel  to  the  s 
axis  of  rotation  of  the  atomizing  head,  generation  of  vor- 
tices  around  the  air  cap  is  more  effectively  suppressed. 

Third,  since  the  opening  is  provided  radially 
between  the  shaping  air  nozzles  and  the  pattern  control 
air  nozzles,  air  introduction  to  a  negative  pressure  gen-  w 
erating  portion  through  the  opening  is  permitted  so  that 
an  air  flow  accompanying  the  shaping  air  flow  is  easily 
formed  and  adhesion  of  paint  to  the  air  cap  and  the 
atomizing  head  is  effectively  prevented. 

A  rotary  atomizing  electrostatic  coating  apparatus  15 
includes  a  plurality  of  shaping  air  nozzles  (6)  disposed 
on  a  first  circle  having  its  circle  center  on  an  axis  of  rota- 
tion  of  an  atomizing  head  (1),  a  plurality  of  pattern  con- 
trol  air  nozzles  (7)  disposed  on  a  second  circle  having  a 
larger  diameter  than  the  first  circle.  The  pattern  control  20 
air  nozzles  are  located  at  3-  1  00  mm  on  a  rear  side  of  the 
shaping  air  nozzles  (6)  and  inside  a  circle  having  a 
diameter  three  times  a  diameter  of  the  atomizing  head 
(1).  An  air  passable  opening  may  be  formed  radially 
between  the  shaping  air  nozzles  (6)  and  the  pattern  25 
control  air  nozzles  (7). 

Claims 

1.  A  rotary  atomizing  electrostatic  coating  apparatus  30 
comprising: 

head  (1)  in  a  radial  direction  of  said  atomizing 
head  (1). 

2.  An  apparatus  according  to  claim  1,  wherein  said 
plurality  of  pattern  control  air  nozzles  (7)  are  formed 
in  said  air  cap. 

3.  An  apparatus  according  to  claim  1  ,  wherein  each  of 
said  plurality  of  shaping  air  nozzles  (6)  is  inclined 
from  a  line  parallel  to  said  axis  of  rotation  of  said 
atomizing  head  (1),  whereby  a  shaping  air  flow  pat- 
tern  formed  by  shaping  air  expelled  from  said  plu- 
rality  of  shaping  air  nozzles  (6)  is  spread  in  a 
direction  away  from  said  plurality  of  shaping  air  noz- 
zles  (6). 

4.  An  apparatus  according  to  claim  3,  wherein  each  of 
said  pattern  control  air  nozzles  (7)  is  directed  to 
intersect  said  shaping  air  flow  pattern  when 
extended  in  a  frontward  direction  of  said  pattern 
control  air  nozzles  (7). 

5.  An  apparatus  according  to  claim  2,  wherein  said  air 
cap  (5)  includes  a  first  front  surface  portion  where 
said  plurality  of  shaping  air  nozzles  are  open,  a  sec- 
ond  front  surface  portion  where  said  plurality  of  pat- 
tern  control  air  nozzles  (7)  are  open,  and  a 
connecting  surface  connecting  said  first  front  sur- 
face  portion  and  said  second  front  surface  portion, 
said  connecting  surface  being  inclined  from  a  line 
parallel  to  said  axis  of  rotation  of  said  atomizing 
head  (1). 

6.  An  apparatus  according  to  claim  1  ,  further  compris- 
ing: 

at  least  one  opening  (8)  for  permitting  air  to 
pass  therethrough,  said  at  least  one  opening 
(8)  being  formed  radially  between  said  plurality 
of  shaping  air  nozzles  (6)  and  said  plurality  of 
pattern  control  air  nozzles  (7). 

7.  An  apparatus  according  to  claim  6,  wherein  said  air 
cap  (5)  has  a  front  surface  and  said  housing  (3)  has 
an  outside  side  surface,  said  housing  (3)  defining  at 
least  one  air  passage  therein  extending  between 
said  front  surface  of  said  air  cap  (5)  and  said  out- 
side  side  surface  of  said  housing  (3),  said  air  pas- 
sage  having  an  end  opening  at  said  front  surface  of 
said  air  cap  (5)  constructed  and  arranged  to  provide 
said  at  least  one  opening  (8). 

8.  An  apparatus  according  to  claim  6,  further  compris- 
ing  a  pattern  control  air  nozzle  ring  (9)  spaced  away 
from  and  located  radially  outside  said  air  cap  (5) 
with  a  gap  between  said  ring  (9)  and  said  air  cap 
(5),  said  plurality  of  pattern  control  air  nozzles  (7) 
being  formed  in  said  ring  (9),  said  gap  between  said 
ring  (9)  and  said  air  cap  (5)  constructed  and 

a  housing  (3); 
an  atomizing  head  (1)  disposed  on  a  front  side 
of  said  housing  (3),  said  atomizing  head  (1)  35 
having  an  axis  of  rotation  and  being  rotatable 
about  said  axis  of  rotation; 
an  air  motor  (2),  disposed  within  said  housing 
(3),  for  constructed  and  arranged  to  drive  said 
atomizing  head  (1);  40 
an  air  cap  (5)  disposed  on  said  front  side  of 
said  housing  (3),  said  air  cap  (5)  having  a  plu- 
rality  of  shaping  air  nozzles  (6)  formed  therein, 
said  plurality  of  shaping  air  nozzles  (6)  being 
arranged  on  a  first  circle  having  a  circle  center  45 
thereof  on  said  axis  of  rotation  of  said  atomiz- 
ing  head  (1);  and 
a  plurality  of  pattern  control  air  nozzles  (7) 
arranged  on  a  second  circle  having  a  circle 
center  thereof  on  said  axis  of  rotation  of  said  so 
atomizing  head  (1)  and  having  a  larger  diame- 
ter  than  said  first  circle,  wherein  said  plurality  of 
pattern  control  air  nozzles  (7)  are  disposed  so 
as  to  be  spaced  away  from  said  plurality  of 
shaping  air  nozzles  (6)  by  3-100  mm  on  a  rear  55 
side  of  said  plurality  of  shaping  air  nozzles  (6) 
in  an  axial  direction  of  said  atomizing  head  (1) 
and  to  be  located  inside  a  circle  having  a  diam- 
eter  three  times  a  diameter  of  said  atomizing 

5 
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arranged  to  provide  said  at  least  one  opening. 

9.  A  rotary  atomizing  head  electrostatic  coating  appa- 
ratus  comprising: 

5 
a  housing  (3); 
an  atomizing  head  (1)  disposed  on  a  front  side 
of  said  housing,  said  atomizing  head  having  an 
axis  of  rotation  and  being  rotatable  about  said 
axis  of  rotation;  w 
an  air  motor  (2),  disposed  within  said  housing 
(3),  constructed  and  arranged  to  drive  said 
atomizing  head  (1); 
an  air  cap  (5)  disposed  on  said  front  side  of 
said  housing  (3),  said  air  cap  (5)  having  a  plu-  is 
rality  of  shaping  air  nozzles  (6)  formed  therein, 
said  plurality  of  shaping  air  nozzles  (6)  being 
arranged  on  a  first  circle  having  a  circle  center 
thereof  on  said  axis  of  rotation  of  said  atomiz- 
ing  head  (1);  and  20 
a  plurality  of  pattern  control  air  nozzles  (7) 
arranged  on  a  second  circle  having  a  circle 
center  thereof  on  said  axis  of  rotation  of  said 
atomizing  head  (1)  and  having  a  larger  diame- 
ter  than  said  first  circle,  wherein  at  least  one  25 
opening  (8)  for  permitting  air  to  pass  there- 
through  is  formed  radially  between  said  plural- 
ity  of  shaping  air  nozzles  (6)  and  said  plurality 
of  pattern  control  air  nozzles  (7). 

30 
10.  An  apparatus  according  to  claim  9,  wherein  said  air 

cap  (5)  has  a  front  surface  and  said  housing  (3)  has 
an  outside  side  surface,  said  housing  (3)  defining  at 
least  one  air  passage  therein  extending  between 
said  front  surface  of  said  air  cap  (5)  and  said  out-  35 
side  side  surface  of  said  housing  (3),  said  air  pas- 
sage  having  an  end  opening  at  said  front  surface  of 
said  air  cap  (5)  constructed  and  arranged  to  provide 
said  at  least  one  opening  (8). 

40 
1  1  .  An  apparatus  according  to  claim  9,  further  compris- 

ing  a  pattern  control  air  nozzle  ring  (9)  spaced  away 
from  and  located  radially  outside  said  air  cap  (5) 
with  a  gap  between  said  ring  (9)  and  said  air  cap 
(5),  said  plurality  of  pattern  control  air  nozzles  (7)  45 
being  formed  in  said  ring  (9),  said  gap  between  said 
ring  (9)  and  said  air  cap  (5)  constructed  and 
arranged  to  provide  said  at  least  one  opening  (8). 

55 
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