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(54)  Power  supply  for  an  electrostatic  spray  gun. 

(57)  An  improved  power  supply  (5)  for  an  electro- 
static  spray  gun  having  a  voltage  multiplier 
circuit  (12).  The  power  supply  (5)  also  com- 
prises  a  voltage  limiting  circuit  (60)  coupled  to 
the  output  of  the  multiplier  circuit  (12)  which 
regulates  the  output  voltage  level  of  the  multip- 
lier  circuit  (12)  so  that  when  the  output  load 
current  increases  above  a  predetermined 
maximum  level  the  output  voltage  is  reduced  to 
reduce  the  high  voltage  stress  on  the  multiplier 
circuit  (12)  and  high  voltage  circuitry  and  re- 
duce  the  amount  of  insulation  that  must  sur- 
round  the  multiplier  circuit  (12)  and  high 
voltage  circuitry  of  the  power  supply  (5)  in  order 
to  insulate  it  from  ground  potential. 
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This  invention  relates  generally  to  high  voltage 
power  supplies  used  in  electrostatic  spray  guns.  This 
application  is  related  to  our  co-pending  European  Pa- 
tent  Application,  No.  94302207.9. 

Electrostatic  spray  guns  are  used  for  various  ap- 
plications  to  spray  liquid  and  powder  coatings  onto 
various  moving  or  stationary  objects  and  parts.  Gen- 
erally,  the  coating  is  atomized  and  emitted  as  a  mist 
from  the  end  of  the  gun  having  a  high  voltage  elec- 
trode.  The  electrode  creates  an  electric  field  and  an 
ion  flux  through  which  the  sprayed  particles  pass,  and 
the  ion  bombardment  electrostatically  charges  the 
atomized  coating  particles  passing  through  the  ion- 
rich  electric  field.  The  electrostatically  charged  coat- 
ing  particles  are  then  directed  towards  the  object  be- 
ing  sprayed,  which  is  typically  electrically  grounded, 
so  that  the  charged  particles  emitted  from  the  end  of 
the  gun  are  attracted  to  the  object  to  provide  better 
adherence  and  coverage  of  the  object  with  coating 
material.  "Spray  gun"  as  used  herein  includes  any 
electrostatic  spray  device,  whether  or  not  hand-held, 
and  whether  or  not  configured  in  the  shape  of  a  pistol. 

Many  hand-held  electrostatic  spray  guns  utilize 
an  internal  high  voltage  power  supply  to  charge  the 
electrode.  These  spray  guns  have  a  low  level  voltage 
input,  for  example  from  12  to  30  volts  DC,  which  is 
boosted  by  the  internal  power  supply  of  the  gun  to  a 
level  that  is  desirable  for  the  charging  electrode,  usu- 
ally  50  kilovolt  (KV)  or  more.  A  low  voltage  level  input 
allows  the  input  power  line  to  the  gun  to  be  smaller 
and  more  flexible,  and  hence  more  maneuverable, 
because  it  is  not  necessary  to  insulate  the  line  to  han- 
dle  high  voltage  levels.  The  internal  power  supply  has 
a  voltage  multiplier  section  or  circuit  that  increases 
the  low  level  supply  voltage  to  a  voltage  level  that  is 
sufficiently  high  to  electrostatically  charge  the  spray 
particles.  The  multiplier  circuit  generally  operates  ac- 
cording  to  a  characteristic  power  loadline  which  re- 
lates  a)  the  output  or  load  current  delivered  to  the 
electrode,  i.e.,  the  amount  of  current,  in  microam- 
peres  (nA),  drawn  to  charge  the  spray  particles,  to  b) 
the  output  voltage  at  the  charging  electrode. 

The  characteristic  power  loadline  of  a  spray  gun 
multiplier  circuit  determines  the  quantity  and  distrib- 
ution  of  charge  delivered  to  the  spray  particles,  and 
thus  controls  the  quality  of  the  coating  on  the  object 
being  sprayed.  Typically,  the  characteristic  power 
loadline  of  the  gun  multiplier  circuit  is  such  that  the 
output  electrode  voltage  decreases  as  the  load  cur- 
rent  delivered  to  the  spray  particles  increases,  and 
the  external  impedance  between  the  charging  elec- 
trode  and  ground  reference  decreases.  The  loadline 
determines  the  rate  at  which  the  output  voltage  drops 
with  an  increase  in  load  current.  The  load  current  will 
tend  to  increase  and  the  voltage  on  the  electrode  will 
consequently  decrease  as  the  grounded  article  being 
sprayed  moves  closer  to  the  tip  of  the  spray  gun  elec- 
trode,  such  as  when  objects  moving  along  a  produc- 

tion  line  pass  closer  to  the  gun  electrode  or  when  the 
gun  (and  electrode)  is  actually  manipulated  closer  to 
the  object  to  spray  recesses  or  cavities  located  in  it. 
Regardless  of  how  the  load  conditions  change,  the 

5  load  current  and  the  output  voltage  generally  will  fluc- 
tuate  during  the  spray  application,  affecting  the  quan- 
tity  of  charge  on  the  particles  and  the  quality  of  the 
spray  coating.  Therefore,  while  the  gun  may  operate 
in  the  optimal  range  along  the  power  loadline  for  a 

w  period  of  time  during  a  spray  application,  at  other 
times  during  the  same  spray  application,  it  operates 
non-optimally  because  of  fluctuating  load  conditions. 
For  example,  at  a  given  load  current  the  correspond- 
ing  output  voltage  may  be  adequate  for  a  particular 

15  spray  application  condition;  however,  should  the  gun 
move  closer  to  the  object  being  sprayed,  increasing 
the  load  current,  the  reduced  output  voltage  may  no 
longer  be  adequate  to  charge  the  spray  particles 
properly. 

20  Generally,  the  input  voltage  level  to  the  gun  and 
multiplier  circuit  determines  the  operating  power  load- 
line  of  the  spray  gun.  A  problem  with  currently  avail- 
able  spray  guns  is  that  they  utilize  power  supplies 
with  essentially  fixed  input  levels  and  fixed  operating 

25  loadlines.  That  is,  they  have  loadlines  which  are  de- 
sirable  for  certain  load  conditions  during  the  spray  ap- 
plication,  but  are  inadequate  for  other  load  conditions 
during  the  application  where  the  load  conditions  have 
changed.  Therefore,  for  a  particularspray  application, 

30  a  spray  gun  user  is  forced  to  choose  a  power  supply 
multiplier  circuit  having  a  loadline  which  hopefully  is 
suitable  for  the  majority  of  load  conditions  likely  to  be 
encountered  during  the  application,  and  to  settle  for 
non-optimal  operation  should  the  conditions  change 

35  and  cause  the  load  to  vary  significantly  from  that  se- 
lected. 

One  solution  that  has  been  proposed  to  rectify 
the  problem  of  having  a  varying  output  voltage  for  dif- 
ferent  load  current  conditions,  is  to  maintain  the  out- 

40  put  voltage  constant  despite  the  changing  load  cur- 
rent  levels.  However,  this  is  not  a  satisfactory  solution 
for  at  lest  two  reasons.  First,  the  constant  output  vol- 
tage  may  not  be  the  optimal  operating  voltage  for  a 
particular  spray  application  once  the  load  has 

45  changed.  Secondly,  when  using  high  voltage  electro- 
des  and  circuitry  in  an  electrostatic  spray  gun,  there 
is  an  inherent  danger  of  electrical  arcing  at  the  gun 
nozzle.  If  arcing  occurs  in  the  presence  of  flammable 
spray  material,  ignition  may  result.  The  point  at  which 

50  arcing  occurs  is  influenced  by  the  energy  delivered  to 
the  electrode,  which,  in  turn,  is  dictated,  by  the  output 
capacitance  E=1/2CV2.  Power  supplies  are  usually  de- 
signed  to  have  a  loadline  that  is  safely  below  the  ig- 
nition  point,  so  that  when  the  current  increases,  the 

55  voltage  decreases  by  a  predetermined  amount  and 
the  resulting  energy  level  is  maintained  at  a  safe 
point.  However,  by  maintaining  the  output  voltage 
constant,  the  available  discharge  energy  may  in- 
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crease  to  a  level  that  is  dangerous  when  used  with  a 
flammable  spray  material. 

An  additional  drawback  of  currently  existing 
spray  guns  having  power  supplies  and  multiplier  cir- 
cuits  with  constant  loadlines  is  that  multiple  spray  gun  5 
power  supplies  are  often  necessary  to  handle  differ- 
ent  spray  applications.  For  example,  a  power  supply 
having  a  particular  operating  loadline  may  be  suffi- 
cient  for  one  spray  application,  but  not  for  another  ap- 
plication,  such  as,  where  the  gun  nozzle  has  to  be  w 
moved  closer  to  the  part  being  sprayed  to  coat  a  re- 
cess  therein.  Because  of  this,  a  user  with  a  variety  of 
spray  applications  is  forced  to  purchase  multiple  gun 
power  supplies.  With  guns  having  self-contained,  or 
internal  power  supplies,  this  can  be  a  severe  financial  15 
burden. 

These  problems  are  addressed  in  our  corre- 
sponding  European  Patent  Application,  No. 
94302207. 

While  varying  load  conditions  present  the  prob-  20 
lems  of  low  coating  quality  and  adherence,  and  quite 
possibly  the  hazards  of  arcing  and  ignition  of  the  spay 
material,  additional  problems  can  also  arise.  For  ex- 
ample,  a  very  low  load  current  and  the  resulting  high 
electrode  output  voltage  stress  the  electrical  compo-  25 
nents  of  the  spray  gun  power  supply,  and  specifically, 
the  components  of  the  voltage  multiplier  stage  and  its 
associated  circuitry.  The  voltage  multiplier  circuit  and 
the  associated  circuitry  which  supplies  high  voltage 
to  the  charging  electrode  are  typically  surrounded  30 
with  an  insulating  dielectric  material  of  predetermined 
thickness  designed  to  isolate  the  high  voltage  circui- 
try  from  ground  potential.  The  insulative  material,  if 
it  is  not  thickenough,  may  electrically  breakdown  and 
begin  to  conduct  electricity  when  subject  to  the  very  35 
high  voltages  that  exist  in  the  multiplier  circuit.  This  in- 
sulation,  therefore,  must  have  a  particular  minimum 
thickness  to  withstand  the  high  voltage  levels  in  the 
power  supply  and  prevent  electrical  breakdown  of  the 
insulation.  This  minimum  thickness  of  insulation  is  re-  40 
ferred  to  as  the  "isolation  distance".  The  isolation  dis- 
tance  is  determined  by  the  maximum  voltage  level 
that  may  exist  in  the  multiplier  circuit. 

The  maximum  multiplier  output  voltage  and  the 
associated  electrode  voltage  is  achieved  when  the  45 
load  current  is  at  O  (̂ A)  microamperes  or  what  is  con- 
sidered  the  "no  load"  condition.  For  a  particular  mul- 
tiplier  the  "no  load"  condition  may  correspond  to  an 
output  voltage  above  120  KV,  and  quite  possibly 
above  150  KV.  Therefore,  the  insulation  surrounding  50 
the  high  voltage  sections  of  the  power  supply  must 
have  a  minimum  thickness  dimension  or  isolation  dis- 
tance  that  can  withstand  the  maximum  voltage  at  the 
"no  load"  point,  and  so,  the  isolation  distance  is  deter- 
mined  by  the  "no  load"  voltage  level.  A  typically  reli-  55 
able  isolation  distance  requires  approximately  one 
mil  (or  one  thousandth  of  an  inch  -  about  0.025mm) 
of  insulating  material  per  every  400  volts  that  the  in- 

sulation  must  withstand.  For  a  "no  load"  output  vol- 
tage  level  of  a  150  KV,  this  would  correspond  to  an 
isolation  distance  of  approximately  .375  inches 
(about  9.5mm).  Such  a  large  amount  of  insulation  ma- 
terial  around  the  multiplier  circuit  and  other  high  vol- 
tage  circuitry  in  the  power  supply  makes  the  spray 
gun  heavy  and  bulky.  However,  reliable  performance 
of  the  power  supply  dictates  that  a  minimum  isolation 
distance  must  be  maintained  or  the  insulation  may 
breakdown  during  the  spray  operation  and  render  the 
power  supply  inoperable. 

In  accordance  with  the  present  invention,  a  pow- 
er  supply  for  an  electrostatic  spray  device  comprises 
means  connected  to  a  power  supply  and  adapted  to 
supply  an  input  voltage  to  a  voltage  multiplication 
means  of  the  spray  device,  the  voltage  multiplication 
means  being  adapted  to  produce  an  output  voltage  in 
response  to  the  input  voltage,  the  output  voltage  be- 
ing  supplied  to  the  electrode  of  the  spray  device  to 
produce  an  output  load  current  through  the  electrode, 
and  voltage  limiting  means  connected  between  the 
multiplication  means  and  the  voltage  input  means 
adapted  to  monitor  the  output  voltage  and  to  manip- 
ulate  the  voltage  input  means  so  as  to  vary  the  input 
voltage  in  response  to  the  output  voltage  to  limit  the 
maximum  value  of  the  output  voltage.  Such  an  ar- 
rangement  reduces  the  insulation  required  for  the 
high  voltage  circuit  components  to  insure  safe  oper- 
ation  under  "no  load"  conditions,  and,  by  reducing  the 
"no  load"  voltage  so  as  to  reduce  the  required  isola- 
tion  distance  of  the  insulation,  thereby  provides  a 
lighter,  less  bulky  and  more  reliable  spray  gun. 

Such  a  spray  gun  power  supply  also  eliminates 
the  necessity  of  purchasing  several  guns  and/or  high 
voltage  supplies  to  handle  different  spray  applica- 
tions. 

In  accordance  with  the  invention,  the  improved 
spay  gun  power  supply  comprises  a  voltage  limiting 
circuit  which  regulates  the  output  voltage  on  the 
charging  electrode  when-the  load  current  decreases 
below  a  predetermined  level.  As  stated  earlier,  for  a 
typical  multiplier  circuit,  the  loadline  dictates  how  the 
output  voltage  increases  as  the  load  current  decreas- 
es.  As  a  consequence,  for  low  current  Ivels  or  a  "no 
load"  condition,  the  multiplier  may  produce  a  voltage 
level  approximately  twice  that  which  is  required  for 
normal  operation  of  the  spray  gun.  At  these  high  vol- 
tage  levels,  the  electrical  components  of  the  multipli- 
er  circuit  and  associated  high  voltage  circuitry  are 
stressed  and  the  insulation  surrounding  the  multiplier 
circuitry  must  have  a  larger  than  necessary  thickness 
to  prevent  electrical  breakdown  and  shorting  of  the 
power  supply. 

The  voltage  limiting  circuit  of  the  present  inven- 
tion  maintains  the  output  voltage  at  or  below  a  prede- 
termined  maximum  level  when  the  load  voltage  seeks 
to  exceed  the  predetermined  maximum  level  such  as 
in  the  "no  load"  output  condition.  The  voltage  limiting 
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circuit  monitors  the  voltage  across  a  voltage  divider 
network  coupled  to  the  output  of  the  multiplier  circuit, 
and  the  voltage  is  proportional  to  the  output  voltage 
of  the  multiplier.  When  this  output  voltage  arises 
above  the  predetermined  level,  the  voltage  limiting  5 
circuit  provides  an  input  to  the  manipulator  circuit  to 
vary  the  input  voltage  level  to  the  multiplier  circuit 
such  that  the  output  voltage  is  maintained  below  the 
pre-determined  maximum  level. 

In  this  way,  the  isolation  distance,  or  minimum  w 
thickness  of  the  insulation  around  the  high  voltage  cir- 
cuitry,  may  be  reduced,  thus  reducing  the  bulkiness 
and  weight  of  the  spray  gun.  Moreover,  the  reduced 
amount  of  high  voltage  stress  on  the  insulation  and 
the  high  voltage  circuitry  improves  the  overall  reliabil-  15 
ity  of  the  power  supply. 

Additionally,  since  the  power  supply  does  not 
achieve  its  normal  "no  load"  peak  voltage,  the  spray 
gun  is  ultimately  safer  because  the  lower  maximum 
voltage  can  bleed  down  to  a  safe  level  faster  so  as  to  20 
prevent  arcing  and  possible  ignition  of  the  spray  ma- 
terial.  The  predetermined  limit  pointforthe  output  vol- 
tage  level  is  set  above  the  maximum  voltage  neces- 
sary  for  normal  operation  of  the  spray  gun  for  a  given 
application,  and  therefore,  despite  the  voltage  limiting  25 
effect  of  the  invention,  the  power  supply  is  capable  of 
producing  electrostatic  charges  similar  to  those  pro- 
duced  by  power  supplies  having  higher  "no  load"  vol- 
tages. 

The  invention  will  now  be  described  by  way  of  ex-  30 
ample  and  with  reference  to  the  accompanying  draw- 
ings  in  which: 

Fig.  1  is  a  block  circuit  diagram  of  an  electrostatic 
spray  coating  system  incorporating  apparatus  for 
controlling  the  electrical  output  thereof  in  accor-  35 
dance  with  the  invention; 
Fig.  2  is  a  graph  of  operational  loadlines  for  an 
electrostatic  spray  gun  multiplier  circuit  for  vary- 
ing  multiplier  input  voltages; 
Fig.  3  is  a  graph  of  an  operational  loadline  pro-  40 
duced  using  a  power  supply  incorporating  means 
for  maintaining  the  output  voltage  and/or  output 
load  current  within  preselecting  operating  rang- 
es; 
Fig.  4A  is  a  graph  of  an  operational  loadline  pro-  45 
duced  using  a  conventional  electrostatic  spray 
gun  power  supply; 
Fig.  4B  is  the  graph  of  the  voltage  limited  opera- 
tional  loadline  produced  using  apparatus  in  ac- 
cordance  with  the  present  invention,  and  50 
Figure  5  is  a  schematic  diagram  of  an  electrostat- 
ic  spray  coating  system  incorporating  electrical 
output  control  apparatus  in  accordance  with  the 
present  invention. 
The  circuit  diagram  of  Fig.  1  shows  a  dynamic  55 

loadline  manipulation  power  supply  5  as  described  in 
our  co-pending  European  Patent  Application,  No. 
94302207.9,  and  incorporating  apparatus  in  accor- 

dance  with  the  present  invention.  As  described  in  Eu- 
ropean  Patent  Application  No.  943302207.9,  a  vol- 
tage  input  circuit  10  supplies  an  input  voltage  VIN  to 
an  input  oscillator  11  which  is  coupled  to  a  voltage 
multiplier  circuit  1  2  through  a  transformer  1  3.  The  vol- 
tage  multiplier  12  produces  an  output  voltage  VOut 
and  output  load  current  IOut-  A  feed  back  line  14  is  cou- 
pled  to  the  "common"  side  of  the  secondary  coil  13a 
of  transformer  13,  which  is  connected  to  ground  po- 
tential  through  a  resistor  14a.  The  feedback  current  IF 
is  proportional  to  the  load  current  IOut  at  the  output  of 
the  voltage  multiplier  12.  Therefore,  the  voltage  of 
feedback  signal  VF  across  resistor  14a  is  proportional 
to  load  current  IOut-  Line  14  conveys  the  feedbacksig- 
nal  VF,  proportional  to  the  output  current,  to  manipu- 
lation  circuit  1  6.  The  manipulation  circuit  16  varies  the 
level  of  input  voltage  V!N  via  line  17  in  response  to  VF, 
and  thus,  modifies  the  operational  loadline  of  the  mul- 
tiplier  circuit  12  according  to  the  fluctuating  output 
load  conditions. 

A  typical  input  voltage  V!N  from  input  circuit  10 
may  range  from  12  to  30  volts  DC,  and  is  input  to  the 
oscillator  11  and  step  transformer  13  which  act  as  an 
input  stage  to  the  multiplier  circuit  12  and  raises  the 
input  voltages  to  a  level  acceptable  to  the  multiplier 
circuit  input.  The  voltage  multiplier  multiplies  the  input 
voltage  to  a  high  voltage  output  VOut  generally  in  the 
60-100  kilovolt  (KV)  range.  The  output  voltage  V0UT 
of  multiplier  circuit  12  is  supplied  on  line  20  to  a  charg- 
ing  electrode  22.  The  voltage  multiplier  circuit  12  may 
take  one  of  several  forms,  but  a  preferred  embodi- 
ment  of  the  present  invention  utilizes  a  Cockcroft- 
Walton  type  multiplier  circuit  having  a  series  of  capac- 
itor  and  diode  stages  (not  shown)  to  produce  a  high 
output  voltage  VOut  for  a  particular  spray  application. 
The  high  voltage  charging  electrode  22  is  located 
proximate  the  tip  21  of  the  electrostatic  spray  gun 
where  it  creates  an  electric  field  and  corona  24.  As 
atomized  particles  of  the  spray  material  26,  which 
may  be  liquid  or  powder,  pass  through  the  field  24, 
they  acquire  an  electrostatic  charge  thereon.  The 
charged  particles  26  are  sprayed  or  otherwise  con- 
veyed  towards  the  electrically  grounded  object  28, 
and  when  the  charge  particles  pass  in  proximity  to  the 
object  28,  they  are  attracted  thereto.  The  charging  of 
the  spray  particles  26  promotes  uniform  material 
coating  on  the  grounded  object  28.  Atomization  of  the 
particles  can  be  achieved  in  any  of  the  well  known 
manners,  which  forms  no  part  of  this  invention  and 
therefore  is  not  further  described. 

The  voltage  multiplier  circuit  12  of  power  supply 
5,  operates  according  to  what  is  generally  referred  to 
as  a  power  loadline  which  defines  the  relationship  be- 
tween  the  output  or  load  current  level  IOut  and  the  out- 
put  voltage  level  VOut  of  the  multiplier  circuit  12.  Typ- 
ically,  there  is  a  decreasing  relationship  between  the 
output  voltage  VOut  and  the  load  current  IOut-  That  is, 
as  the  load  current  IOut  increases,  the  output  voltage 
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Vqut  decreases  (See  Fig.  2).  The  operational  loadline 
of  the  multiplier  circuit  12,  therefore,  determines  the 
rate  at  which  the  output  voltage  VOut  drops  in  re- 
sponse  to  increasing  load  current  flow.  During  oper- 
ation  of  power  supply  5,  an  increase  in  load  current  5 
Iout  will  normally  occur  when  the  tip  21  of  the  spray 
gun  and  the  charging  electrode  22  are  moved  in  close 
proximity  to  the  grounded  object  28  that  is  being 
sprayed,  such  as  when  it  is  necessary  to  spray  a  re- 
cess  or  indentation  within  the  object  28.  w 

The  input  voltage  V!N  to  the  input  oscillator  1  1  and 
step-up  transformer  1  3  and  multiplier-circuit  12  deter- 
mines  the  loadline  at  which  the  multiplier  circuit  12  op- 
erates.  Currently  available  spray  gun  power  supplies 
have  a  constant  input  voltage  V!N  which  is  chosen  to  15 
yield  an  operating  loadline  that  is  optimal  for  the  par- 
ticular  spray  application  for  which  the  electrostatic 
spray  gun  is  being  used.  The  loadline,  and  hence  the 
relationship  between  the  output  voltage  VOut  and 
load  current  IOut  are  chosen,  for  currently  available  20 
power  supplies,  by  using  such  parameters  as  the  type 
of  material  being  sprayed,  such  as  whether  it  is  pow- 
der  or  liquid,  the  shape  of  the  object  28  being  sprayed, 
and  the  necessary  proximity  of  the  gun  nozzle  21  and 
charging  electrode  22  to  the  object  28.  Using  these  25 
parameters,  the  input  voltage  V!N  of  commercially 
available  spray  guns  is  preset  so  that  multiplier  circuit 
12  yields  a  constant  loadline  that  hopefully  achieves 
the  desired  quality  of  coating  for  the  particular  spray 
application.  30 

It  may  be  appreciated  that  a  constant  loadline 
may  be  desirable  at  certain  spray  application  condi- 
tions  but  undesirable  during  other  conditions,  such  as 
when  the  load  conditions  fluctuate.  Moreover,  for  va- 
rious  different  spray  applications,  it  is  often  neces-  35 
sary  to  purchase  different  electrostatic  spray  guns 
and/or  power  supplies,  because  the  characteristic 
loadline  and  operation  of  the  power  supply  in  one  gun 
is  set  for  a  particular  spray  application  and  is  not  ap- 
propriate  for  a  distinctly  different  spray  application.  40 
These  problems  of  existing  electrostatic  spray  guns 
may  be  solved  by  manipulating  the  operational  load- 
line  of  the  multiplier  circuit  12  of  high  voltage  spray 
gun  power  supply  5  in  response  to  the  changing  out- 
put  conditions  encountered  in  a  single  application.  In  45 
this  way,  operation  of  power  supply  5  is  optimized  for 
a  particular  spray  application.  Furthermore,  this  al- 
lows  a  single  gun  containing  power  supply  5  to  be 
used  for  a  large  variety  of  diferent  spray  applications, 
because  the  loadlilne  of  the  present  invention  is  au-  50 
tomatically  optimized  for  different  applications  en- 
countered  in  use.  Thus,  the  need  to  purchase  a  plur- 
ality  of  guns  and/or  power  supplies  to  handle  a  wide 
variety  of  spray  applications  is  eliminated. 

Referring  now  to  Fig.  2,  a  number  of  typical  mul-  55 
tiplier  operational  loadlines  are  shown  for  various  in- 
put  voltages  to  a  multiplier  circuit  12.  As  discussed 
above,  the  operational  loadline  of  the  power  supply  5, 

and  more  specifically  the  loadline  of  the  multiplier  cir- 
cuit  12,  determines  the  relationship  between  the  out- 
put  voltage  VOut  at  electrode  22  and  the  load  current 
Iout  that  is  delivered  to  electrostatically  charge  the 
particles  26  of  the  spray  stream.  As  mentioned 
above,  the  loadline  of  a  typical  multiplier  circuit  12  is 
determined  by  the  input  voltage  level  V!N  to  the  mul- 
tiplier  circuit  12.  In  Fig.  2,  several  typical  multiplier 
loadlines  are  shown,  and  the  lower  loadline  40  corre- 
sponds  to  an  input  voltage  of  21  volts  DC  while  the  up- 
per  loadline  48  corresponds  to  an  input  voltage  of  30 
volts  DC.  The  loadlines  between  these  upper  and 
lower  limits,  i.e.,  loadlines  42,  44  and  46,  correspond 
to  input  voltages  of  23,  25  and  28  volts  DC,  respec- 
tively.  As  may  be  appreciated,  the  loadlines  40,  42, 
44,  46  and  48  illustrated  in  Fig.  2  are  not  exhaustive, 
and  there  will  generally  be  a  unique  loadline  associ- 
ated  with  each  value  of  the  input  voltage  V!N.  The 
loadlines  of  Fig.  2  illustrate  that  as  the  input  voltage 
V|N  to  multiplier  circuit  12  increases,  the  operational 
loadlines  move  generally  upward  on  the  graph. 

The  apparatus  described  above  the  loadline  of 
the  multiplier  circuit  12  in  response  to  varying  load 
conditions  at  the  gun  nozzle  21  ,  and  hence,  modifies 
the  loadline  of  the  spray  gun  power  supply  5  sine  the 
multiplier  circuit  12  loadline  typically  dictates  the  op- 
eration  of  the  power  supply  5.  The  loadline  is  modified 
in  order  to  optimize  the  output  volgage  Vout  at  the 
charging  electrode  for  a  particular  load  condition  and 
load  current  IOut  draw.  The  modification  of  the  load- 
line  is  accomplished  by  varying  the  input  voltage  V!N 
which  is  supplied  by  the  voltage  input  circuit  10.  The 
voltage  input  circuit  10  for  a  spray  gun  having  an  in- 
ternal  voltage  power  supply  and  multiplier  circuit  12 
may  typically  comprise  simply  a  power  line  connected 
to  an  external  DC  power  source  to  supply  the  low  DC 
voltage  V|N  on  line  18.  However,  in  addition  to  the  vol- 
tage  input  circuit  1  0,  a  spray  gun  power  supply  usually 
includes  an  oscillator  1  1  and  a  step-up  transformer  1  3 
to  boost  the  voltage  level  V!N  from  the  voltage  input 
circuit  10  to  an  input  level  that  is  at  an  appropriate  lev- 
el  for  input  to  the  multiplier  circuit  12. 

Referring  again  to  Fig.  2,  various  straight  lines 
emanating  from  the  origin  intersect  the  loadlines  to 
show  the  operating  points  of  the  multiplier  circuit  12 
for  various  load  conditions.  The  loadlines  40,  42,  44, 
46  and  48  each  intersect  the  vertical  axis  at  their  spe- 
cific  "no  load"  point  (IOut  =  OnA)  where  the  output  vol- 
tage  Vout  at  the  electrode  22  attains  its  maximum  lev- 
el  for  that  particular  loadline.  Conversely,  where  each 
of  the  loadlines  40,  42,  44,  46,  and  48  intersects  the 
horizontal  axis  corresponds  to  a  short  circuit  condition 
(Vout  =  OKV)  where  the  operating  load  current  IOut 
attains  its  maximum  level.  Each  set  of  marked  points 
(as  indicated  by  straight  lines)  along  the  loadlines  be- 
tween  the  "no  load"  and  "short  circuit"  points  corre- 
spond  to  various  load  conditions  ranging  from  a  4  Gi- 
gohm  load  down  to  a  200  Megohm  load.  It  may  be 
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seen  in  Fig.  2,  that,  as  the  load  impedance  conditions 
decrease,  the  load  current  IOut  increases,  and  conse- 
quently,  the  output  voltage  Vout  at  the  charging  elec- 
trode  22  decreases. 

Referring  to  Fig.2,  for  a  particular  spray  applica-  5 
tion  and  spray  powder,  if  the  load  current  lout  is  50  mi- 
croamps  (̂ A),  the  optimal  electrode  charging  voltage 
Vqut  for  operation  of  the  gun  may  be,  based  upon  em- 
pirical  factors,  approximately  70  kilovolts  (KV)  as  in- 
dicated  by  point  A.  To  achieve  that  optimal  operating  w 
point  A,  it  is  desirable  to  have  the  power  supply  5  of 
the  spray  gun  operate  along  loadline  44,which  corre- 
sponds  to  an  input  voltage  V!N  to  the  multiplier  circuit 
12  of  25  volts  DC.  However,  if  the  load  current  in- 
creases  to  125  microamps  during  the  spray  applica-  15 
tion,  such  as  when  the  grounded  part  28  moves  closer 
to  gun  nozzle  21  and  electrode  22  and  the  load  resis- 
tance  drops,  the  empirically  determined  desirable  out- 
put  voltage  may  be  approximately  62  KV  as  designat- 
ed  by  point  B  in  Fig.  2.  Point  B,  corresponds  to  load-  20 
line  48  which  requires  an  input  voltage  V!N  of  30  volts 
DC.  In  accordance  with  the  operation  of  the  present 
invention,  V!N  is  gradually  increased  from  25  volts  DC 
to  30  volts  DC  by  manipulation  circuit  1  6  to  modify  the 
operation  of  multiplier  circuit  12  so  that  it  smoothly  25 
shifts  from  point  Ato  point  B  when  feedback  signal  VF 
indicates  that  the  load  current  has  increased  from  50 
nA  to  125  nA.  In  the  absence  of  the  loadline  modifi- 
cation,  an  increase  of  current  IOut  to  125  ^Aon  load- 
line  44  would  result  in  the  output  voltage  VOut  drop-  30 
ping  from  70  KV  to  approximately  40  KV  which  may 
be  unacceptable  to  sufficiently  charge  the  spray  par- 
ticles  26  for  the  particular  spray  application. 

The  power  supply  5  is  versatile  in  that  it  adapts 
to  changes  in  the  load  conditions  which  may  occur  in  35 
a  single  spray  application  having  varying  load  condi- 
tions.  Moreover,  it  may  be  used  to  configure  the  same 
spray  gun  for  several  different  applications  which 
have  distinctly  different  load  conditions.  In  the  past, 
since  the  power  supplies  of  commercially  available  40 
spray  guns  have  operated  essentially  along  a  single, 
fixed  loadline,  different  spray  applications  might  re- 
quire  several  different  spray  guns  and/or  power  sup- 
plies.  Modifying  the  operational  loadline  of  the  spray 
gun  for  varying  load  conditions  eliminates  the  multi-  45 
plicity  of  guns  and/or  power  supplies  that  are  neces- 
sary  in  the  past  for  various  applications,  because  a 
gun  containing  power  supply  5  of  the  type  described 
can  handle  a  wide  spectrum  of  spray  applications  that 
normally  might  require  several  different  guns  and/or  50 
power  supplies  with  fixed  power  loadlines. 

Referring  again  to  Fig.  1,  the  voltage  input  10  ini- 
tially  provides  a  V!N  on  line  18  to  voltage  multiplier  cir- 
cuit  12,  and  the  multiplier  circuit  12  outputs  a  current 
Iout  and  high  output  voltage  VOut>  and  the  spray  gun  55 
begins  operation  along  a  loadline  that  corresponds  to 
the  chosen  magnitude  of  V!N.  The  output  voltage  VOut 
is  supplied  to  the  charging  electrode  21  through  safe- 

ty  resistor  31  on  line  20  to  charge  electrode  21  and 
create  an  electric  field  and  an  associated  corona  24. 
The  particles  26  of  spray  material  are  directed 
through  the  electric  field  and  its  corona  24  or  ion  flux, 
and  the  spray  particles  26  acquire  an  electrostatic 
charge  through  an  ion  bombardment  with  the  ionized 
particles  of  the  corona.  The  stream  of  particles  then 
moves  towards  grounded  object  28  where  they  are  at- 
tracted  by  the  opposite  electrical  polarity  and  deposit 
on  object  28  to  form  the  desired  associated  coating. 
Power  supply  5  will  continue  to  operate  along  the  ini- 
tial  loadline  as  long  as  the  output  load  conditions,  as 
indicated  byVOuTand  IOut>  are  desirable  for  the  chos- 
en  spray  application  and  spray  material.  For  a  range 
of  varying  spray  conditions  of  a  chosen  spray  appli- 
cation,  there  typically  is  a  range  of  output  voltage  and 
load  current  combinations  which  have  been  empiri- 
cally  determined  to  be  desirable  for  those  varying 
spray  conditions.  When  the  load  conditions  deviate 
outside  of  this  desirable  output  range,  such  as  when 
the  load  current  IOut  draw  increases,  the  loadline  is 
modified  so  that  the  spray  gun  again  operates  in  a  de- 
sirable  output  range. 

The  loadline  modification  is  initiated  by  a  feed- 
back  line  14  which  provides  a  feedback  signal  VF  to 
manipulation  circuit  1  6  which  is  coupled  to  the  voltage 
input  circuit  10  by  line  17.  The  feedback  signal  VF  on 
line  14  is  proportional  to  the  amount  of  load  current 
Iout  that  is  being  drawn  through  charging  electrode 
22  in  order  to  electrostatically  charge  spray  particles 
26.  The  manipulation  circuit  16,  based  on  the  level  of 
feedback  signal  VF,  varies  the  input  voltage  V!N  to 
smoothly  modify  the  loadline  of  multiplier  circuit  1  2  so 
that  the  gun  operates  at  an  optimal  electrode  voltage 
Vout  for  the  particular  spray  application  and  the  load 
current  IOut-  Manipulation  circuit  16  is  coupled, 
through  line  17,  to  voltage  input  circuit  10,  which  may 
be  a  variable  voltage  power  supply.  Manipulation  cir- 
cuit  16  commands  input  circuit  10  to  produce  an  input 
voltage  V!N  level  on  line  18  which  produces  the  de- 
sired  loadline  in  response  to  the  changing  load  con- 
ditions.  In  this  way,  the  present  invention  continually 
monitors  the  spray  gun  output  to  ensure  optimal  op- 
eration  for  varying  load  conditions. 

The  feedback  VF  on  line  14  may  be  accomplished 
in  various  ways  as  long  as  it  conveys  the  necessary 
load  condition  information  needed  by  the  manipula- 
tion  circuit  16  to  shift  loadlines.  For  example,  in  the 
embodiment  shown  in  Fig.  1.  a  resistor  14a  is  con- 
nected  to  ground  from  the  common  line  13a  of  the 
secondary  coil  of  step-up  transformer  1  3.  The  current 
IF  traveling  through  resistor  14a  is  proportional  to  the 
output  load  current  IOut-  Consequently,  the  feedback 
voltage  signal  VF  is  also  proportional  to  the  current 
'out-  Therefore,  any  increase  of  IOut  on  line  20  is  re- 
flected  as  a  change  in  the  feedback  signal  voltage  VF 
across  resistor  14a.  Feedback  line  14  is  connected  to 
resistor  14a  at  point  1  9,  and  thus,  the  feedback  signal 

6 
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input  to  manipulation  circuit  16  is  proportional  to  the 
load  current  IOut-  Other  feedback  schemes  may  be 
utilized  with  the  feedback  signal  proportional  to  the 
changing  load  conditions,  such  as  changing  load  cur- 
rent  Iqut  or  load  voltage  VOut-  The  feedback  voltage  5 
VF  on  line  14  is  input  to  manipulation  circuit  16  which, 
as  stated  above,  adjusts  the  output  level  of  voltage  in- 
put  circuit  10  to  supply  a  V!N  level  that  will  modify  the 
operational  loadline  of  the  voltage  multiplier  circuit  12. 
By  dynamically  modifying  the  operational  loadline  of  w 
the  multiplier  circuit  12,  the  spray  gun  maintains  the 
desired  performance  and  the  spray  particles  have  a 
proper  adhesion  charge. 

In  normal  operation  of  an  electrostatic  spray  gun 
assembly,  certain  physical  conditions  exist  which  15 
vary  the  load  conditions.  For  example,  as  gun-to-  ob- 
ject  distance  decreases,  load  current  IOut  increases. 
To  insure  optimal  charging  of  the  particles  undervary- 
ing  load  current  conditions,  it  has  been  empirically  de- 
termined  that  the  output  voltage  VOut  should  have  a  20 
particular  value  for  a  particular  output  load  current 
'out  value.  It  has  been  discovered  that  the  desired 
change  in  output  voltage  VOut  for  a  given  change  in 
output  load  current  IOut  cannot  be  achieved  if  the  vol- 
tage  multiplier  operates  along  a  single,  fixed  loadline.  25 
Therefore,  the  power  supply  5  dynamically  modifies 
the  loadline  in  response  to  varying  output  conditions. 

To  this  end,  various  embodiments  of  manipula- 
tion  circuit  16  may  be  used  so  as  to  achieve  the  de- 
sired  loadline  modifying.  Generally,  the  output  vol-  30 
tage  and  load  current  combinations,  and  their  corre- 
sponding  loadlines,  for  the  various  spray  applications 
and  load  conditions  are  empirically  or  otherwise  pre- 
determined  so  that  the  input  voltage  V!N  may  be  chos- 
en  to  produce  the  desired  operation  of  the  spray  gun  35 
for  particular  load  conditions. 

The  manipulation  circuit  16  may,  for  example,  be 
a  microprocessor  having  internal  or  external  memory 
29.  The  microprocessor  16  is  responsive  to  all  inputs 
indicating  the  load  conditions,  i.e.,  the  feedback  sig-  40 
nal  VF,  and  also  to  inputs  from  an  external  device 
which  indicate  the  desirable  load  condition  boost 
points  at  which  loadline  modification  will  occur.  In  re- 
sponse  to  these  inputs,  the  manipulation  circuit  16 
then  outputs  a  signal  on  line  17  to  control  voltage  in-  45 
put  circuit  10  to  vary  the  input  level  V!N.  Referring 
again  to  Fig.  1,  microprocessor  16  is  connected  to  a 
user  interface  25  by  line  27.  The  user  interface  could 
be  a  keyboard  (not  shown)  or  some  other  input  de- 
vice.  Auser  begins  by  inputting  various  load  condition  50 
boost  points  for  a  particular  spray  application,  input- 
ting  associated  input  voltage  level  boost  values  for 
each  load  condition  boost  point.  The  boost  value  in- 
dicates  to  the  microprocessor  16  the  maximum 
amount  of  voltage  level  increase  that  it  must  affect  on  55 
the  input  voltage  V!N  to  achieve  a  desired  loadline  for 
the  particular  load  boost  point.  The  number  of  boost 
points  and  the  frequency  of  loadline  modification  that 

is  necessary  for  a  particular  application  will  depend 
upon  the  actual  spray  application  and  the  various 
load  conditions  that  are  encountered  during  that  ap- 
plication. 

Referring  to  Fig.  3,  an  example  using  several  dif- 
ferent  load  condition  boost  points  is  presented.  Fig.  3 
shows  four  typical  loadlines  50,  52,  54,  and  56,  for  a 
multiplier  circuit.  The  sequence  begins  with  the  user 
entering  a  series  of  load  condition  boost  points  along 
with  the  input  voltage  boost  values  associated  with 
the  boost  points  via  interface  25.  For  example,  boost 
points  X,  Y,  and  Z  and  their  associated  input  voltage 
boost  values  are  entered.  In  this  example,  the  load 
condition  boost  points  would  have  units  in  Â  be- 
cause  the  feedback  signal  VF  which  indicates  when 
the  boost  point  has  been  reached  by  the  output  levels, 
is  proportional  to  the  load  current  IOut- 
However,  other  units  may  be  used  so  as  to  be  com- 
patible  with  the  type  of  feedback  scheme  used. 

The  load  condition  boost  points  X,  Yand  Z  are  en- 
tered  through  user  interface  25  into  microprocessor 
16  and  are  stored  in  memory  29  for  subsequent  use 
Also  entered  and  stored  along  with  the  load  condition 
boost  points,  are  the  maximum  amounts  or  boost  val- 
ues  that  the  input  voltage  V|N  must  be  increased  or  de- 
creased  for  each  of  these  points  to  modify  the  load- 
line  to  achieve  the  desired  operation  of  the  spray  gun. 
That  is,  associated  with  each  boost  point  is  a  partic- 
ular  input  voltage  boost  value  which  controls  how  the 
input  voltage  is  varied  to  modify  the  loadline.  The  in- 
put  voltage  boost  value  may  be  expressed  as  a  per- 
centage  change,  such  as  a  50%  increase  of  the  input 
voltage  V!N  associated  with  a  boost  point.  Similarly, 
the  boost  value  may  be  a  negative  value  to  affect  an 
input  voltage  decrease  for  a  boost  point  if  that  is  de- 
sirable  to  achieve  optimum  gun  operation. 

To  further  illustrate  the  relationship  between 
boost  points  and  boost  values,  the  user  may  input  a 
boost  value  of  50%  for  a  chosen  boost  point.  When 
the  feedback  signal  indicates  that  the  load  current 
Iout  has  reached  that  boost  point,  the  input  voltage 
will  begin  to  gradually  increase  and  will  continue  to  in- 
crease  until  the  output  current  level  reaches  the  next 
boost  point  or  until  a  maximum  value  for  V!N  has  been 
reached.  When  the  output  current  IOut  reaches  the 
next  boost  point  or  when  V!N  has  reached  a  maximum 
level,  the  input  voltage  level  V!N  will  be  at  a  50%  higher 
level  than  it  was  prior  to  the  boost  point  increase. 
Therefore,  the  boost  value  is  the  maximum  level  in- 
crease  of  V|N  that  will  occur  for  a  particular  boost 
point.  The  rate  of  increase  that  V!N  attains  as  it  grad- 
ually  increases  between  two  boost  points  is  deter- 
mined  by  the  boost  value.  For  example,  when  a  first 
boost  point  has  been  reached,  the  input  voltage  V!N 
will  increase  gradually  as  the  output  current  IOut 
moves  to  the  next  boost  point.  At  the  next  boost  point, 
the  V|N  value  will  have  increased  to  its  maximum  level 
or  its  boost  value  for  the  first  boost  point.  This  maxi- 
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mum  level  is  determined  by  the  percentage  boost. 
Therefore,  if  the  boost  value  was  50%,  the  V!N  level 
at  the  second  boost  point  will  be  50%  higher  than  it 
was  at  the  first  boost  point.  This  increase  (or  possibly 
a  decrease  if  the  boost  value  is  negative)  continues  5 
from  boost  point  to  boost  point  and,  depending  upon 
the  associated  boost  values,  the  modified  loadlines, 
51,  53,  and  55  will  have  different  slopes.  When  each 
successive  boost  point  is  reached,  the  V!N  value  will 
continue  to  increase  according  to  the  boost  value  as-  w 
sociated  with  that  boost  point,  or  it  may  decrease  if 
the  boost  value  is  a  percentage  decrease.  If  the  boost 
value  is  0%,  then  the  input  voltage  level  V!N  will  re- 
main  constant  and  will  then  continue  operation  along 
the  typical  characteristic  loadline  associated  with  that  15 
input  voltage  level  as  the  load  current  increases.  In 
this  way,  the  microprocessor  16  uses  the  boost  points 
and  boost  values  to  control  voltage  input  circuit  10 
and  direct  it  vary  the  level  of  V!N  and  modify  the  op- 
eration  of  the  multiplier  circuit  12.  20 

Referring  to  Fig.  3  for  a  more  specific  illustration, 
the  operation  of  the  gun  power  supply  5  may  start  off 
along  loadline  50  and  when  the  load  current  IOut 
reaches  the  boost  point  signified  by  point  X,  the  proc- 
essor  16  gradually  increases  the  input  voltage  V!N  ac-  25 
cording  to  the  predetermined  and  pre-entered  boost 
value  associated  with  boost  point  X.  In  this  way,  as 
the  output  current  IOut  increases  past  boost  point  X, 
the  input  voltage  V!N  gradually  increases  and  the 
spray  gun  operates  along  modified  loadline  51  which  30 
extends  between  multiplier  loadlines  50  and  52.  As 
stated  above,  the  increase  in  IOut  is  indicated  by  a 
varying  feedback  signal  VF.  If  the  load  current  IOut 
continues  to  increase  to  the  point  corresponding  to 
boost  point  Y,  then  the  V!N  value  will  reach  the  maxi-  35 
mum  boost  percentage  that  is  associated  with  boost 
point  X.  At  boost  point  Y,  there  is  a  boost  percentage 
associated  with  that  boost  point.  If  that  boost  percen- 
tage  for  point  Y  is  0%,  then  the  multiplier  circuit  12  will 
operate  along  line  52  because  that  is  the  typical  char-  40 
acteristic  loadline  corresponding  to  that  input  voltage 
V|N  level.  However,  if  there  is  a  particular  positive 
boost  value  assigned  with  boost  point  Y,  the  multiplier 
circuit  12  operates  along  loadline  53  due  to  an  addi- 
tional  gradual  increase  of  V!N  as  IOut  increases  past  45 
boost  point  Y.  The  increase  will  continue  until  IOut 
reaches  boost  point  Z  where  the  V!N  value  will  have 
reached  the  maximum  level  corresponding  to  the 
boost  percentage  associated  with  point  Y.  If  the  load 
current  continues  to  further  increase  during  the  spray  50 
application,  such  as  when  the  grounded  object  28 
moves  closerto  gun  nozzle  21  ,  then  the  IOut  level  may 
reach  and  exceed  boost  point  Z.  Again,  if  the  boost 
value  associated  with  boost  point  Z  is  0%,  then  the 
multiplier  circuit  will  operate  along  characteristic  load-  55 
line  54  for  IOut  levels  beyond  point  Z.  However,  a 
boost  value  for  point  Z  may  yield  operation  of  the  mul- 
tiplier  along  line  55.  As  may  be  seen  in  Fig.  3,  when 

the  Iqut  value  increases  beyond  point  Z,  the  multiplier 
operates  along  modified  loadline  55  and  then  oper- 
ates  along  the  typical  loadline  56.  This  is  because  the 
boost  value  associated  with  pointZwill  raise  the  value 
of  V|N  to  a  maximum  level  which  cannot  be  exceeded 
by  input  circuit  10.  At  this  predetermined  maximum 
level,  the  increase  of  V!N  will  stop,  regardless  of 
whether  that  V!N  value  achieves  the  boost  value  as- 
sociated  with  point  Z,  and  the  multiplier  12  will  oper- 
ate  along  loadline  56.  In  this  way,  for  a  particular 
spray  application,  the  spray  gun  power  supply  5  may 
operate  along  dashed  line  57.  The  resulting  opera- 
tional  loadline  57  of  the  multiplier  circuit  12  has  a 
smaller  slope  than  the  standard  operational  loadlines 
50,  52,  54,  and  56  of  a  typical  power  supply  multiplier 
circuit.  When  the  operational  loadline  is  somewhat 
flattened,  i.e.,  when  the  voltage  at  the  gun  tip  is 
changes  only  a  small  amount  in  spite  of  increasing 
output  current  flow,  the  power  supply  is  said  to  have 
a  stiff  loadline.  Such  a  stiff  loadline,  is  a  desirable 
characteristic  during  operation  of  the  spray  gun. 

The  load  current  values  between  each  load  con- 
dition  point  X,  Y  and  Z  may  also  be  thought  of  as  load 
current  zones,  \h  l2,  l3,  and  l4  (See  Fig.  3).  Whenever 
the  load  current  IOut  has  a  value  that  falls  within  a  par- 
ticular  current  zone,  the  multiplier  circuit  12  operates 
along  the  modified  loadline  associated  with  that  zone. 
For  example,  if  the  IOut  value  is  in  zone  h,  the  multi- 
plier  circuit  16  operates  along  typical  loadline  50. 
However,  if  the  IOut  value  increases  past  boost  point 
X  and  into  current  zone  l2,  the  microprocessor  16  op- 
erates  along  the  modified  loadline  51  .  Similarly,  if  the 
load  current  is  in  l3  or  l4,  modified  loadlines  53  and  55, 
respectively,  will  result.  It  is  not  always  the  case  that 
the  loadline  will  continually  shift,  and,  in  fact,  it  is  nor- 
mally  desirable  that  it  not  shift  at  all.  That  is,  if  possi- 
ble,  it  would  be  desirable  to  keep  the  operation  of  the 
power  supply  5  within  a  single  current  zone,  say  l2  and 
on  a  single  modified  loadline,  say  51  or  on  a  typical, 
unmodified  loadline  52.  However,  this  is  not  always 
the  case,  and  therefore,  the  power  supply  5  adapts  to 
varying  load  current  yield  a  modified  loadline. 

By  shifting  the  loadline  in  this  way,  optimal  oper- 
ation  of  the  spray  gun  is  achieved  for  a  spray  appli- 
cation  having  varying  output  load  conditions.  Alterna- 
tively,  through  user  interface  25  a  preset  V!N  can  be 
chosen  which  will  produce  a  single  loadline  that  is  de- 
sirable  for  the  entire  spray  operation  if  it  has  been  de- 
termined  that,  for  that  application,  the  output  load 
conditions  do  not  fluctuate  very  signifcantly.  There- 
fore,  such  an  arrangement  can  be  used  for  various 
spray  applications  whether  it  is  desirable  to  have  a  dy- 
namically  shifting  loadline  or  whether  it  is  simply  suf- 
ficient  to  choose  a  single  loadline  that  is  used 
throughout  the  spray  application.  Consequently,  the 
need  to  purchase  various  different  guns  and/or  pow- 
der  supplies  to  accommodate  various  spray  applica- 
tions  is  eliminated. 

8 
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Where  the  example  discussed  above  utilized  one 
set  of  boost  points  for  a  single  spray  application,  an 
alternative  example,  using  memory  section  29  of  mi- 
croprocessor  16,  stores  a  plurality  of  predetermined 
sets  of  boost  points  and  their  associated  sets  of  boost  5 
values,  which  will  produce  the  desired  modified  load- 
lines  when  the  output  load  conditions  reach  the  vari- 
ous  stored  boost  points.  Each  set  of  boost  points  may 
correspond  to  a  unique  spray  application  or  even  to  a 
particular  object  shape  to  be  sprayed.  In  this  way,  the  w 
user  enters  the  desired  spray  application  through  in- 
terface  25  and  the  microprocessor  circuit  16  automat- 
ically  chooses,  for  the  spray  application,  the  appropri- 
ate  set  of  boost  points  and  the  associated  boost  val- 
ues  for  these  points  to  modify  the  loadline  depending  15 
upon  the  load  current  IOut  level. 

Similarly,  the  memory  29  may  contain  various 
sets  of  current  zones  in  which  the  microprocessor  cir- 
cuit  12  is  to  operate.  For  example,  referring  again  to 
Fig.  3,  the  microprocessor  circuit  16  may  have,  stored  20 
in  memory,  various  sets  of  current  zones,  such  as  set 
\h  l2,  l3,  and  l4,  which  control  the  modification  of  the 
multiplier  circuit  loadline  through  the  associated  sets 
of  boost  values  with  the  sets  of  current  zones.  When- 
ever  the  load  current  IOut  passes  from  one  current  25 
zone,  to  an  adjacent  current  zone,  the  new  boost  val- 
ue  will  control  the  microprocessor  circuit  16  to  vary 
the  input  voltage  V!N  through  input  circuit  10  so  as  to 
produce  a  new  loadline.  Therefore,  instead  of  boost 
points,  current  zones  may  be  entered  by  a  user  30 
through  interface  25  or  will  be  stored  in  microproces- 
sor  memory  29  to  control  the  loadline  shifting  of  the 
multiplier  circuit  12.  Other  types  of  microprocessor 
operating  schemes  may  be  devised.  Similarly,  other 
control  circuitry  might  be  utilized,  other  than  micro-  35 
processor  16,  to  control  the  loadline  modification. 

When  the  resistance  or  impedance  of  the  load  at 
the  gun  nozzle  21  decreases  closer  to  the  "short  cir- 
cuit"  condition,  such  as  when  the  object  28  to  be 
sprayed  moves  closer  to  the  gun  nozzle  21  ,  it  can  be  40 
seen  from  Fig.  2  that  the  output  IOut  increases  some- 
what  rapidly.  In  such  a  high  current  or  reduced  load 
impedance  condition,  there  is  a  possibility  that  an 
electrical  arc  may  occur  from  the  electrode  22  to  the 
grounded  object  28  as  the  object  28  is  moved  close  45 
to  the  gun  nozzle  21  ,  or  the  gun  nozzle  moves  closer 
to  the  object  28.  Not  only  is  there  a  danger  of  shock 
to  anyone  close  to  the  gun  nozzle  21  ,  but  if  the  powder 
or  material  26  being  sprayed  is  combustible,  then  ig- 
nition  and  a  subsequent  flash  of  flame  may  occur.  50 
While  the  dynamic  shifting  of  the  loadline  achieved  by 
the  present  invention  may  be  used  to  keep  the  power 
supply  5  operating  at  a  safe  output  current  range, 
such  as  by  designating  a  negative  boost  value  if  the 
'out  level  exceeds  a  particular  limit  boost  point,  other  55 
precautions  may  be  taken  to  prevent  arcing.  To  this 
end,  as  shown  in  Fig.  1,  the  present  invention  utilizes 
a  safety  resistor  31  to  keep  the  loadline  below  a  cer- 

tain  critical  operating  range. 
In  accordance  with  the  present  invention,  the  out- 

put  of  multiplier  circuit  12  is  coupled  to  a  voltage  lim- 
iting  circuit  60  by  line  61  to  maintain  the  output  voltage 
Vqut  below  a  predetermined  level  when  the  load  cur- 
rent  Iqut  decreases  close  to  the  "no  load"  or  IOut  =  0 
nA  point.  It  may  be  seen  from  Fig.  2  that  when  the  load 
current  IOut  decreases  to  0  ^A,  the  output  voltage 
Vqut  begins  to  climb  rapidly.  Typically,  multiplier  cir- 
cuit  1  2,  conduction  path  20  and  any  other  high  voltage 
circuitry  which  supplies  power  to  charging  electrode 
22  are  covered  by  an  insulative  dielectric  material  (not 
shown).  The  dielectric  insulation  electrically  isolates 
the  high  voltage  areas  of  the  power  supply  from  the 
grounded  chassis  of  the  spray  gun  or  other  nearby 
sources  of  ground  potential  that,  if  contacted,  may 
render  the  power  supply  inoperable. 

Referring  to  Fig.  4A,  an  electrostatic  spray  gun 
power  supply  5  generally  has  a  loadline  62  which  ex- 
tends  from  a  "no  load"  or  open  circuit  point  to  the  max- 
imum  load  or  "short  circuit"  point,  and  at  the  "no  load" 
point,  the  maximum  amount  of  output  voltage  VOut  is 
delivered.  However,  the  typical  operating  range  of 
output  voltage  VOut  and  load  current  IOut  that  is  nec- 
essary  for  the  spray  gun  to  properly  deliver  its 
charged  spray  coating  is  somewhere  in  the  middle  of 
the  loadline,  where  the  output  voltage  is  significantly 
lower  than  the  maximum  output  voltage  at  the  "no 
load"  point.  If  the  insulation  surrounding  the  multiplier 
circuit  12  and  other  high  voltage  sections  of  power 
supply  5  is  not  thick  enough  when  the  load  current 
Iout  drops  to  low  levels  and  the  output  voltage  begins 
to  climb  towards  its  maximum  "no  load"  level,  then  the 
insulation  material  may  experience  electrical  break- 
down.  That  is,  its  insulative  and  current  resistive  prop- 
erties  may  be  reduced  and  it  may  begin  to  conduct 
electrical  current.  Should  this  occur,  the  output  of  the 
power  supply  5  may  contact  or  arc  to  a  nearby  ground 
potential  and  the  power  supply,  specifically  multiplier 
circuit  12,  may  be  rendered  inoperative. 

The  minimum  thickness  of  insulation  that  is  nec- 
essary  to  handle  these  high  voltage  levels  and  not 
electrically  breakdown  and  conduct  current  is  refer- 
red  to  as  the  "isolation  distance".  Since  the  insulation 
material  must  be  able  to  handle  the  maximum  output 
voltage  in  the  power  supply,  the  "isolation  distance" 
is  designed  around  the  "no  load"  point,  where  the  mul- 
tiplier  circuit  12  has  its  highest  VOut  level.  Therefore, 
since  the  normal  operating  range  of  the  multiplier  cir- 
cuit  12  is  sometimes  substantially  below  the  "no  load" 
point,  there  is  generally  considerably  more  insulation 
material  around  the  high  voltage  circuitry  12,  20  than 
is  necessary  for  the  normal  operating  range  of  the 
gun  power  supply  5.  Consequently,  available  spray 
guns  with  internal  power  supplies  have  always  been 
overly  heavy  and  bulky  due  the  excess  insulation  ma- 
terial  that  is  needed  to  withstand  the  high  output  vol- 
tage  at  the  "no  load"  point. 
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The  present  invention  utilizes  voltage  limiting  cir- 
cuit  60  to  monitor  the  output  voltage  VOut  when  load 
current  IOut  levels  decrease  toward  a  "no  load"  or  0|iA 
point.  The  voltage  limiting  circuit  60  is  connected  to 
the  output  of  the  multiplier  circuit  12  through  a  voltage  5 
divider  comprising  resistors  63  and  64.  It  has  been  de- 
termined  that  the  voltage  signal  available  at  point  65 
of  the  voltage  divider  is  indicative  of  the  output  voltage 
VouTOf  the  multiplier  circuit  12.  When  the  load  voltage 
level  Vqut  increases  above  a  predetermined  maxi-  w 
mum  value,  as  indicated  by  point  65  in  the  voltage  div- 
ider  network,  voltage  limiting  circuit  60  sends  a  signal 
to  microprocessor  16  on  line  66.  The  manipulation  cir- 
cuit  varies  the  input  voltage  level  V!N  to  keep  the  out- 
put  voltage  VOut  at  a  level  substantially  below  its  nor-  15 
mal  "no  load"  voltage  which  occurs  when  the  output 
current  level  IOut  is  low.  Referring  to  Fig.  4B,  when  the 
load  current  level  IOut  drops  to  the  point  indicated  by 
point  L  and  the  output  voltage  VOut  reaches  80KV,  for 
example,  the  voltage  limiting  circuit  60  begins  to  limit  20 
the  output  voltage  VOut  by  varying  the  input  voltage 
V|N  through  manipulation  circuit  1  6  to  maintain  the  vol- 
tage  output  of  the  multiplier  circuit  12  substantially  be- 
low  its  typical  "no  load"  high  voltage  point.  Preferably, 
this  limiting  point  L  is  at  a  load  current  level  that  is  be-  25 
low  the  lower  current  limit  of  the  standard  operating 
range  of  the  gun.  In  this  way,  while  the  gun  is  operat- 
ing  in  its  standard  output  range  the  normal  operating 
loadline  of  multiplier  circuit  12  is  maintained  and  the 
necessary  amount  of  power  is  delivered  to  the  30 
charged  particles  26.  Using  the  voltage  limiting  circuit 
of  the  present  invention,  the  isolation  distance  that  is 
necessary  to  insulate  the  high  voltage  circuitry  is  re- 
duced  because  the  output  voltage  VOut  is  limited  to 
stay  well  belowthe  "no  load"  point  of  the  powersupply  35 
and  the  maximum  VOut  is  now  at  a  level  signified  by 
point  L,  which  may  be  80  KV,  for  example,  and  not  100 
KV. 

A  typically  reliable  isolation  distance  requires  ap- 
proximately  one-thousandth  of  an  inch  (1  mil  -  about  40 
0.025mm)  of  solid  insulation  material  per  400  volts 
that  must  be  withstood.  From  Fig.  4B,  the  voltage  lim- 
iting  circuit  60  of  the  present  invention  limits  the  out- 
put  voltage  VOut  from  exceeding  approximately  80 
KV.  Normally,  at  the  "no  load"  point  in  Fig.  4A,  the  out-  45 
put  voltage  VOut  might  be  approximately  100  KV.  As- 
suming  an  isolation  distance  requirement  of  400  volts 
per  mil  (about  400  volts  per  0.025mm)  of  solid  mate- 
rial,  voltage  limiting  circuit  60  allows  the  powersupply 
5  to  operate  reliably  and  safely  with  approximate-  50 
ly  .050  inches  (about  1  .3mm)  less  isolation  distance, 
and  hence,  less  insulation  material  around  the  high 
voltage  circuits.  The  reduced  amount  of  insulation 
material,  in  turn,  results  in  a  lighter,  smaller  and  more 
reliable  power  supply  5  than  may  normally  be  ach-  55 
ieved  if  the  power  supply  is  allowed  to  deliver  the 
characteristic  high  output  voltages  for  low  level  cur- 
rent  loads.  Additionally,  when  the  power  supply  5  is 

voltage  limited  by  limiting  circuit  60  to  a  voltage  VOut 
that  is  substantially  lower  than  the  "no  load"  voltage, 
the  electrode  22,  is  less  likely  to  arc  because  the  vol- 
tage  on  electrode  22  can  be  reduced  down  to  a  safe 
level  much  more  quickly,  given  that  the  maximum  vol- 
tage  does  not  exceed  the  level  at  point  L  during  the 
operation  of  power  supply  5. 

As  may  be  appreciated,  the  power  supply  of  the 
present  invention  may  be  used  in  a  typical  electro- 
static  spray  coating  system  as  shown  in  Figure  5.  An 
electrostatic  spray  devices  such  as  electrostatic 
spray  gun  70  is  utilized  to  spray  a  part  72  with  coating 
material  74.  The  electrode  76  of  spray  gun  70  may  be 
powered  by  an  internal  power  supply  78  (shown  in 
phantom)  like  the  power  supply  5  of  the  present  in- 
vention.  Alternatively,  gun  70  may  be  powered  from 
an  external  power  supply  80  which  is  connected  to 
gun  70  by  a  high  voltage  cable  82.  Preferably  the  ex- 
ternal  power  supply  80  utilizes  the  improved  power 
supply  5  of  the  present  invention.  Also  included  in  the 
coating  system  of  Figure  5  is  a  material  supply  84 
which  is  connected  to  the  gun  such  as  through  hose 
86  to  supply  spray  material  which  is  applied  to  object 
72.  Spray  material  may  be  either  powder  or  liquid  or 
any  other  appropriate  material  for  spraying  through 
gun  70.  Additionally,  the  coating  system  may  utilize 
an  air  supply  88  in  appropriate  hoses  90  if  the  system 
utilizes  air  to  apply  material  74  to  object  72.  In  order 
to  enhance  adherence  of  the  spray  material  74  to  the 
chosen  object,  the  coating  system  often  utilizes  a 
means  92  to  ground  the  object  72. 

Claims 

1.  Apparatus  for  controlling  the  electrical  output  of 
an  electrostatic  spray  comprising  means  con- 
nected  to  a  power  supply  and  adapted  to  supply 
an  input  voltage  to  a  voltage  multiplication  means 
of  the  spray  device,  the  voltage  multiplication 
means  being  adapted  to  produce  an  output  vol- 
tage  in  response  to  the  input  voltage,  the  output 
voltage  being  supplied  to  the  electrode  of  the 
spray  device  to  produce  an  output  load  current 
through  the  electrode,  and  voltage  limiting 
means  connected  between  the  multiplication 
means  and  the  voltage  input  means  adapted  to 
monitor  the  output  voltage  and  to  manipulate  the 
voltage  input  means  so  as  to  vary  the  input  vol- 
tage  in  response  to  the  output  voltage  to  limit  the 
maximum  value  of  the  output  voltage. 

2.  Apparatus  according  to  Claim  1  comprising  mu- 
nipulation  means  connected  between  the  volage 
input  means  and  the  voltage  limiting  means 
wherein  the  voltage  limiting  means  is  adapted  to 
produce  a  limit  signal  corresponding  to  the  output 
voltage,  the  manipulation  means  being  adapted 
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to  manipulate  the  voltage  input  means  in  re-  voltage  at  which  the  layer  of  electrically-insula- 
sponse  to  the  limit  signal  so  as  to  vary  the  input  tive  material  begins  to  conduct  electrical  current, 
voltage  in  order  to  limit  the  maximum  value  of  the 
output  voltage. 

5 
3.  Apparatus  according  to  Claim  1  and  2  wherein 

the  voltage  limiting  means  is  coupled  to  a  voltage 
divider  which  is  connected  to  the  output  of  the  vol- 
tage  multiplication  means,  the  voltage  divider  be- 
ing  adapted  to  produce  a  voltage  signal  which  is  w 
proportional  to  the  output  voltage  and  the  voltage 
limiting  means  being  responsive  to  the  voltage 
signal. 

4.  Apparatus  for  applying  a  coating  material  to  an  15 
object  comprising  an  electrostatic  spray  device 
with  an  electrode  for  spraying  coating  material 
onto  an  object,  means  for  supplying  coating  ma- 
terial  to  the  spray  device  so  that  it  may  be  sprayed 
therefrom,  and  apparatus  according  to  any  of  20 
Claims  1  ,  2  or  3  which  is  located  within  the  spray 
device  and  connected  to  the  electrode  so  that  it 
electrostatically  charges  the  coating  material  as 
it  is  sprayed  from  the  spray  device. 

25 
5.  Apparatus  according  to  Claim  4  comprising  a  lay- 

er  of  electrically  insulative  material  surrounding 
the  voltage  multiplication  means. 

6.  Apparatus  according  to  Claim  4  and  5  comprising  30 
means  for  supplying  pressurised  air  to  the  elec- 
trostatic  spray  device. 

7.  Apparatus  according  to  Claim  4,  5  or  6  compris- 
ing  means  for  grounding  electrically  the  object  to  35 
be  sprayed. 

8.  Amethod  of  controlling  the  electrical  output  of  an 
electrostatic  spray  device  comprising  voltage 
multiplication  means  adapted  to  produce  an  out-  40 
put  voltage  in  response  to  an  input  voltage  sup- 
plied  thereto  and  to  supply  the  output  voltage  to 
the  electrode  of  the  spray  device  to  produce  an 
output  load  current  through  the  electrode,  the 
method  comprising  monitoring  the  output  voltage  45 
and,  as  the  output  voltage  increases,  manipulat- 
ing  the  input  voltage  in  response  to  the  monitored 
output  voltage  so  as  to  limit  the  maximum  output 
voltage. 

50 
9.  Amethod  according  to  Claim  8  wherein  the  output 

voltage  is  maintained  below  a  predetermined 
maximum. 

10.  A  method  according  to  Claim  9  wherein  the  vol-  55 
tage  manipulation  means  is  surrounded  by  a  lay- 
er  of  electrically-insulative  material,  the  predeter- 
mined  maximum  voltage  being  calculated  as  the 

11 
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