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©  Electrostatic  spray  coating  apparatus  for  applying  two  component  mixture. 

(57)  A  spray  coating  apparatus  (10)  for  applying  a 
paint  composed  of  a  controlled  mixture  of  two  liquid 
components.  A  first  gear  pump  (32)  is  disposed  in  a 
spray  booth  (30)  and  pumps  the  first  component  to 
an  applicator  (14).  A  second  gear  pump  (36)  in  the 
spray  booth  (30)  pumps  the  second  component  to 
the  applicator  (14).  A  manifold  (44)  is  disposed  be- 
tween  the  two  gear  pumps  (32,  36)  and  the  applica- 
tor  (14)  for  mixing  the  two  paint  components.  A 
variable  speed  motor  (16,  20)  controls  the  rate  of 

fluid  pumped  by  eacn  or  tne  gear  pumps  oo;. 
Each  motor  (16,  20)  includes  an  encoder  (27,  29) 
sending  feedback  signals  to  an  adjustor  module  (24) 
which  compares  the  instantaneous  speed  of  each 
motor  (16,  20)  with  a  reference  speed,  then  adjusts 
the  instantaneous  speed  of  each  motor  (16,  20)  to 
conform  with  the  reference  speeds  thereby  adjusting 
the  ratio  between  the  volumetric  flow  rates  of  the 
first  and  second  components  with  respect  to  a  refer- 
ence  ratio. 
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ELECTROSTATIC  SPRAY  COATING  APPARATUS  FOR  APPLYING  TWO  COMPONENT  MIXTURE 

TECHNICAL  FIELD 

The  subject  invention  relates  to  electrostatic 
spray  coating  apparatuses,  and  more  particularly  to 
an  apparatus  for  applying  a  coating  material  com- 
posed  of  a  controlled  mixture  of  at  least  two  liquid 
components. 

BACKGROUND  ART 

Electrostatic  spray  coating  apparatuses  are 
typically  supplied  with  a  fluid  which  is  electrically 
charged  either  before  or  after  atomization,  then 
applied  to  an  electrically  grounded  workpart. 

in  non-electrostatic  coating  applications,  coat- 
ing  materials  composed  of  a  mixture  of  two  compo- 
nents  have  been  found  to  provide  superior  results. 
The  two  component  coating  materials,  typically, 
comprise  a  paint  component  and  a  hardener  com- 
ponent  which  are  thoroughly  mixed  together  at  a 
predetermined  optimum  ratio  to  provide  a  fast- 
drying,  hard  material. 

There  are  generally  two  reasons  why  two  com- 
ponent  coating  materials  are  considered  nonadap- 
table  to  the  electrostatic  spray  coating  art.  The  first 
is  that,  because  two  component  materials  harden 
very  fast  when  mixed  at  the  proper  proportions, 
they  cannot  be  mixed  together  until  just  prior  to 
application.  Therefore,  the  mixing  must  take  place 
within  the  spray  booth  at  a  location  proximately 
upstream  of  the  applicator.  This  requirement  leads 
to  the  second,  and  more  basic,  reason  why  two 
component  systems  are  rare  in  the  electrostatic 
spray  coating  art.  Namely,  the  two  components 
must  be  mixed  together  at  very  precise  proportions 
in  order  to  achieve  their  advantageous  results  over 
single  component  materials.  Even  minute  variations 
from  the  optimum  mixing  ratios  can  result  in  se- 
rious  coating  flaws,  e.g.,  inability  to  harden,  crack- 
ing,  peeling,  etc. 

The  prior  art  Behr  Industrieanlaegen  "Audi 
001  "  spray  coating  apparatus  mixes  two  paint  com- 
ponents  prior  to  application.  This  system  employs 
two  5-phase  60  volt  DC  stepper  motors  to  drive 
separate  gear  pumps  through  a  3:1  gearbox.  Prox- 
imity  sensors  are  used  to  sense  motor  speed. 

SUMMARY  OF  THE  INVENTION  AND  ADVAN- 
TAGES 

The  subject  invention  provides  a  spray  coating 
apparatus  of  the  type  for  applying  a  coating  ma- 
terial  composed  of  a  controlled  mixture  of  at  least 
two  liquid  components  onto  a  workpart.  The  ap- 

5  paratus  comprises  a  first  pump  means  for  pumping 
an  adjustable  volumetric  flow  rate  of  the  first  com- 
ponent  to  an  applicator.  The  first  pump  means 
includes  a  first  motor  having  an  adjustable  speed 
for  controlling  the  rate  of  fluid  pumped  by  the  first 

w  pump  means  and  providing  feedback  signals  in 
response  to  the  instantaneous  speed  thereof.  A 
second  pump  means  is  provided  for  pumping  an 
adjusting  volumetric  flow  rate  of  the  second  com- 
ponent  to  the  applicator.  The  second  pump  means 

75  includes  a  second  motor  having  an  adjustable 
speed  for  controlling  the  rate  of  fluid  pumped  by 
the  second  pump  means  and  providing  feedback 
signals  in  response  to  the  instantaneous  speed 
thereof.  A  motor  drive  means  is  responsive  to  input 

20  signals  including  reference  speed  signals  for  in- 
dividually  controlling  the  speeds  of  the  first  and 
second  motors.  The  subject  invention  is  character- 
ized  by  including  an  automatic  adjuster  means 
responsive  to  the  feedback  signals  from  the  first 

25  and  second  motors  for  comparing  the  instanta- 
neous  speeds  of  the  first  and  second  motors  with 
the  reference  speeds  and  individually  adjusting  the 
speeds  of  the  first  and  second  motors  in  confor- 
mity  with  the  reference  speeds  to  continually  adjust 

30  the  ratio  between  the  volumetric  flow  rates  of  the 
first  and  second  components  with  respect  to  a 
reference  ratio. 

The  subject  invention  also  contemplates  a 
method  for  spray  coating  workparts  with  a  coating 

35  material  composed  of  a  controlled  mixture  of  at 
least  two  liquid  components,  comprising  the  steps 
of  pumping  a  first  component  to  an  applicator, 
controlling  the  flow  rate  of  the  first  component  with 
an  adjustable  speed  first  motor,  sending  feedback 

40  signals  in  response  to  the  instantaneous  speed  of 
the  first  motor,  pumping  a  second  component  to 
the  applicator,  controlling  the  flow  rate  of  the  sec- 
ond  component  with  an  adjustable  speed  second 
motor,  sending  feedback  signals  in  response  to  the 

45  instantaneous  speed  of  the  second  motor,  and  in- 
dividually  controlling  the  speeds  of  the  first  and 
second  motors  in  response-  to  input  reference  sig- 
nals.  The  method  is  characterized  by  including  the 
steps  of  comparing  the  feedback  signals  of  the 

so  instantaneous  speeds  of  the  first  and  second  mo- 
tors  with  the  reference  speeds  and  individually 
adjusting  the  speeds  of  the  first  and  second  motors 
in  conformity  with  the  reference  speeds  to  continu- 
ously  adjust  the  ratio  between  the  flow  rates  of  the 
first  and  second  components  with  respect  to  a 
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sference  ratio. 
The  subject  invention  continuously  ensures  that 

ie  precise  predetermined  ratio  between  two  com- 
onents  is  maintained  throughout  the  coating  op- 
ration.  The  automatic  adjuster  means  constantly 
ompares  the  speeds  of  the  first  and  second  mo- 
)rs  and  makes  adjustments  in  response  to  the 
omparisons  made,  so  that  the  reference  ratio  of 
ie  two  components  mixed  is  continually  main- 
lined. 

IRIEF  DESCRIPTION  OF  THE  DRAWINlio 

Other  advantages  of  the  present  invention  win 
ie  readily  appreciated  as  the  same  becomes  better 
mderstood  by  reference  to  the  following  detailed 
lescription  when  considered  in  connection  with  the 
iccompanying  drawings  wherein:' 

Figure  1  is  a  diagramatic  view  of  an  electro- 
nic  spray  coating  apparatus  according  to  the 
subject  invention  including  an  automatically  op- 
irated  applicator; 

Figure  2  is  a  diagramatic  view  of  a  spray 
:oating  apparatus  according  to  the  subject  inven- 
ion  including  a  manually  operated  applicator;  and 

Figure  3  is  a  schematic  diagram  of  the  host 
:ontroiler  means,  the  control  panel,  and  the  valve 
ictuator  means  according  to  the  subject  invention. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENT 

Referring  to  the  Figures,  wherein  like  numerals 
ndicate  like  or  corresponding  parts  throughout  the 
several  views,  a  spray  coating  apparatus  of  the 
type  for  applying  a  coating  material  composed  of  a 
controlled  mixture  of  at  least  two  liquid  components 
is  generally  shown  at  10.  The  apparatus  10  is 
particularly  adapted  for  electrostatically  coating 
workparts,  and  more  specifically  to  coating  auto- 
motive  vehicle  bodies.  In  the  coating  of  motor 
vehicle  bodies,  it  has  been  found  desirable  to  apply 
a  coating  material  which  is  composed  of  a  pre- 
cisely  controlled  mixture,  or  ratio,  of  two  liquid 
components.  Typically,  these  components  com- 
prise  a  paint  and  a  hardener.  The  paint  and  har- 
dener  are  mixed  at  an  exact  ratio  and  then  imme- 
diately  sprayed  onto  the  workpart  to  provide  a  fast- 
drying  hard  coating.  If  the  ratio  between  the  paint 
and  the  hardener  varies  even  slightly  during  the 
coating  of  a  workpart,  undesirable  results  may  oc- 
cur.  For  example,  the  appearance  of  the  finished 
workpart  may  become  visibly  flawed,  the  coating 
may  never  fully  harden,  the  coating  may  bubble  or 

peel,  or  tne  resunani  coior  or  uie  tuauuy  may  uo 
impaired.  Therefore,  it  is  critical  that  the  ratio  be- 
tween  the  paint  and  hardener  be  continually  mon- 
itored  to  ensure  that  the  precise  mixture  ratio  is 

i  maintained  throughout  the  entire  coating  process. 
The  subject  apparatus  10  includes  a  first  pump 

means,  generally  indicated  at  12  in  Figures  1  and 
2,  for  pumping  an  adjustable  volumetric  flow  rate  of 
the  first  component,  i.e.,  paint.  An  applicator 

o  means,  generally  indicated  at  14,  is  provided  down- 
stream  of  the  first  pump  means  12.  The  first  pump 
means  12  includes  a  first  motor  16  having  an 
adjustable  speed  for  controlling  the  rate  of  fluid 
pumped  by  the  first  pump  means  12.  The  first 

5  motor  16  also  provides  feedback  signals  along  line 
16a  in  response  to  the  instantaneous  speed  there- 
of,  as  will  be  described  in  detail  subsequently. 

The  apparatus  1  0  also  includes  a  second  pump 
means,  generally  indicated  at  18,  for  pumping  an 

o  adjustable  volumetric  flow  rate  of  the  second  com- 
ponent,  i.e.,  hardener,  to  the  applicator  means  14. 
The  second  pump  means  18  includes  a  second 
motor  20  having  an  adjustable  speed  for  controlling 
the  rate  of  fluid  pumped  by  the  second  pump 

is  means  18.  Similar  to  the  first  motor  16,  the  second 
motor  20  also  provides  feedback  signals  along  line 
20a  in  response  to  the  instantaneous  speed  there- 
of. 

The  first  16  and  second  20  motors  are  brush- 
io  less  servomotors  operating  on  AC  current.  This 

gives  excellent  control  of  the  RPM  of  each  motor 
16,  20  so  that  the  first  12  and  second  18  pump 
means  can  be  accurately  controlled. 

A  motor  drive  means,  generally  indicated  at  22 
?5  in  Figure  3,  is  response  to  input  signals,  including 

reference  speed  signals,  for  individually  controlling 
the  speeds  of  the  first  16  and  second  20  motors. 
An  operator  of  the  spray  coating  apparatus  10  can 
program  the  precise  reference  speeds  into  a  host 

to  controller  means  23,  which  in  turn,  provides  an 
input  signal  to  the  motor  drive  means  22.  These 
reference  speeds  are  directly  proportional  to  the 
specific  ratios  at  which  the  paint  and  hardener 
components  are  mixed  to  yield  the  final  coating 

45  material.  As  best  shown  in  Figure  3,  an  interface  25 
is  provided  between  the  motor  drive  means  22  and 
the  host  controller  means  23.  Information  in  the 
form  of  computer  language  is  transferred  along  the 
line  23a  from  the  host  controller  means  23  to  the 

so  interface  25.  The  interface  25  converts  this  informa- 
tion  to  machine  language  and  sends  it  to  the  motor 
drive  means  22  via  line  25a.  Preferably,  the  line 
23a  is  a  data  bus  for  quickly  conveying  the  in- 
formation  to  the  motor  drive  means  22. 

55  The  first  16  and  second  20  motors  each  in- 
clude  a  tachometer  26,  28,  respectively,  which 
send  motor  speed  feedback  signals  directly  to  the 
motor  drive  means  22,  along  respective  lines  16a 
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and  20a,  so  that  the  motor  drive  means  22  can 
continuously  readjust  the  instantaneous  speed  of 
each  motor  to  the  preprogrammed  reference 
speeds.  The  tachometers  26,  28,  in  other  words, 
provide  feedback  to  the  motor  drive  means  22  to 
ensure  that  the  first  16  and  second  20  motors  are 
operating  at  the  speeds  commanded  by  the  motor 
drive  means  22.  The  first  16  and  second  20  motors 
are  also  provided  with  optical  encoders  27,  29, 
respectively,  for  sending  feedback  signals  16b, 
20b,  respectively,  as  will  be  described  presently. 

The  subject  invention  is  characterized  by  in- 
cluding  automatic  adjustor  means,  generally  indi- 
cated  at  24  in  Figure  3,  which  is  responsive  to 
feedback  signals  16b,  20b  from  the  encoders  27, 
29  of  on  the  first  1  6  and  second  20  motors,  respec- 
tively,  for  comparing  the  instantaneous  speeds  of 
the  first  16  and  second  20  motors  with  the  refer- 
ence  speeds  from  the  host  controller  means  23 
and  individually  adjusting  the  speeds  of  the  first  1  6 
and  the  second  20  motors  into  conformity  with  the 
reference  speeds  to  continually  adjust  the  ratio 
between  the  volumetric  flow  rates  of  the  first  and 
second  components  with  respect  to  a  reference 
ratio. 

The  reference  speeds  and  ratios  are  provided 
the  adjustor  means  24  from  the  host  controller 
means  23.  These  references  originally  travel 
through  the  line  23a  and  into  the  interface  25.  The 
interface  then  supplies  the  references  to  the  adjus- 
tor  means  24  via  a  line  25b.  The  adjustor  means 
24,  in  other  words,  receives  instantaneous  speed 
feedback  signals  16b,  20b  from  each  of  the  first  16 
and  second  20  motors.  The  adjustor  means  24 
then  compares  these  instantaneous  speeds  with 
the  reference  speeds,  corresponding  to  the  paint 
and  hardener  mixing  ratios,  to  ensure  that  the  mix- 
ture  of  the  first  and  second  components  conforms 
to  the  precise  predetermined  ratio.  If  discrepancies 
are  determined,  the  adjustor  means  24  will  then 
send  a  signal  via  line  24a  to  the  motor  drive  means 
22  instructing  the  motor  drive  means  22  to  adjust 
the  speed  of  one  or  both  of  the  first  1  6  and  second 
20  motors.  In  this  manner,  the  predetermined  ratio 
between  the  paint  and  hardener  can  be  precisely 
mixed  at  all  times  during  the  coating  operation. 

Preferably,  the  adjustor  means  24,  motor  drive 
means  22  and  interface  25  are  contained  within 
one  control  panel,  generally  indicated  at  31  in 
Figures  1,  2  and  3.  The  control  panel  31  is  con- 
structed  so  as  to  be  readily  replaceable  in  the 
event  a  malfunction  occurs.  A  service  technician 
need  not  trace  the  problem  to  a  specific  one  of  the 
elements  22,  24,  25  within  the  control  panel  31  ,  but 
instead  can  quickly  install  a  new  control  panel  31 
and  thereby  reduce  system  down  time.  Although 
the  control  panel  31  is  shown  in  the  Figures  as 
controlling  only  one  applicator  means  14,  the  con- 

trol  panel  31  is  capable  of  controlling  up  to  four 
applicator  means  14  simultaneously. 

A  spray  booth  30  is  provided  for  containing  the 
sprayed  flammable  coating  material  in  an  isolated 

5  zone.  In  Figures  1  and  2,  only  one  wall  of  the  spray 
booth  30  is  represented,  but  it  will  be  appreciated 
that  the  spray  booth  30  defines  a  complete  enclo- 
sure.  The  spray  booth  30  encloses  the  automobile 
bodies  while  they  are  painted  to  contain  the  over 

70  sprayed  coating  material.  The  atmosphere  inside 
the  spray  booth  30  is  considered  hazardous  due  to 
the  highly  ignitable  mixture  of  air  and  atomized 
paint  particles.  For  this  reason,  the  atmosphere 
inside  the  spray  booth  is  constantly  circulated  by 

75  using  large  fans.  The  emissions  exhausted  from 
the  spray  booth  1  4  are  directed  out  of  a  stack. 

The  first  pump  means  12  includes  a  first  gear 
pump  32  having  intermeshing  rotors  supported 
within  a  first  housing  34  and  operatively  connected 

20  to  the  first  motor  16.  Similarly,  the  second  pump 
means  1  8  includes  a  second  gear  pump  36  having 
intermeshing  rotors  supported  within  a  second 
housing  38  and  operatively  connected  to  the  -sec- 
ond  motor  20.  The  first  32  and  second  36  gear 

25  pumps  are  of  the  positive  displacement  volumetric 
type  wherein  the  volumetric  flow  rate  of  the  paint 
components  therethrough  is  proportional  to  the  an- 
gular  velocity  of  the  rotors,  as  controlled  by  the 
motors  16,  20. 

30  As  shown  in  Figures  1  and  2,  the  first  32  and 
second  36  gear  pumps  are  disposed  inside  of  the 
spray  booth  30  while  the  first  16  and  second  20 
motors  are  disposed  outside  of  the  spray  booth. 
The  first  16  and  second  20  motors  are  positioned 

35  outside  of  the  spray  booth  30  so  that  they  can 
operate  in  a  non-hazardous  environment.  There- 
fore,  a  first  coupler  means  37  is  disposed  between 
the  first  motor  16  and  first  gear  pump  32  for 
providing  an  electrically  insulated  mechanical  cou- 

40  pling  through  the  spray  booth  30.  Likewise,  a  sec- 
ond  coupler  means  39  is  disposed  between  the 
second  motor  20  and  the  second  gear  pump  36  for 
providing  an  electrically  insulated  mechanical  cou- 
pling  through  the  spray  booth  30. 

45  A  mixer  means,  generally  indicated  at  40  in 
Figures  1  and  2,  is  disposed  in  the  spray  booth  30 
for  mixing  the  first  and  second  components  of  the 
coating  material  and  discharging  the  mixture  from 
an  output  42  thereof.  Preferably,  the  mixer  means 

so  40  is  of  the  kinetics  type  to  effectively  and  effi- 
ciently  mix  the  two  components  as  they  travel  to 
the  applicator  means  14.  The  inlet  to  the  mixer 
means  40  comprises  a  five  medium  inlet  manifold 
block  44. 

55  A  first  conduit  46  is  associated  with  the  first 
gear  pump  32  and  extends  from  a  first  component 
supply  outside  of  the  spray  booth  30  to  the  mani- 
fold  44  of  the  mixer  means  40.  Likewise,  a  second 

4 
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:onduit  48  is  associated  with  a  second  gear  pump 
16  and  extends  from  a  second  component  supply 
>utside  of  the  spray  booth  32  to  the  manifold  44  of 
he  mixer  means  40.  The  applicator  means  14 
:ommunicates  with  the  output  42  from  the  mixer 
neans  40  for  applying  the  mixed  first  and  second 
:omponents  of  the  coating  material  onto  the  work- 
)art.  That  is,  the  applicator  means  14  is  down- 
stream  of  the  mixer  means  40  and  thereby  re- 
vives  the  mixed  coating  material  for  application 
jnto  a  workpart. 

The  first  34  and  second  38  housings  of  the 
jear  pumps  32,  36  each  include  an  upstream  inlet 
50  ,  52,  respectively,  and  a  downstream  outlet  54, 
56,  respectively.  The  first  conduit  46  includes  a 
ecirculation  line  58  disposed  between  the  first 
:omponent  supply  and  the  first  housing  inlet  50. 
Similarly,  the  second  conduit  48  includes  a  recir- 
;ulation  line  60  disposed  between  the  second  com- 
ponent  supply  and  the  second  housing  inlet  52. 
["he  recirculation  lines  58,  60  allow  each  of  the 
jnmixed  components  to  continue  flowing  even 
while  the  associated  gear  pump  34,  38  is  not 
jumping  so  that  the  component  of  the  coating 
naterial  will  not  harden  or  allow  particulate  sus- 
Dended  therein  to  precipitate  out. 

A  manually  operated  fluid  regulator  62,  64  is 
disposed  on  each  of  the  first  46  and  second  48 
:onduits  between  their  respective  supplies  in  the 
nlets  50,  52  to  their  respective  housings  54,  58. 
These  flow  regulators  62,  64  are  adjusted  to  an 
Dptimal  setting  and  remain  at  that  setting  through- 
Dut  the  coating  operation.  The  regulators  62,  64 
:an  be  completely  closed  when  servicing  the  gear 
pumps  34,  38  to  prevent  waste. 

The  first  12  and  second  18  pump  means  each 
nclude  an  upstream  pressure  sensing  means  66, 
88,  respectively,  disposed  adjacent  the  upstream 
inlets  50,  52  of  the  respective  first  34  and  second 
38  housings  for  sensing  when  the  static  pressure  in 
the  respective  first  46  and  second  48  conduits, 
upstream  of  the  inlets  50,  52  falls  below  a  predeter- 
mined  value.  Preferably,  the  upstream  pressure 
sensing  means  66,  68  comprise  pressure  trans- 
ducers  which  send  a  signal  to  a  fault  indicator  70 
when  the  pressure  falls  below  a  predetermined 
value. 

Similarly,  the  first  12  and  second  18  pump 
means  also  include  downstream  pressure  sensing 
means  72,  74,  respectively,  disposed  adjacent  the 
downstream  outlets  54,  56  of  the  respective  first  34 
and  second  38  housings  for  sensing  when  the 
static  pressure  in  the  respective  first  46  and  sec- 
ond  48  conduits,  downstream  of  the  outlets  54,  56, 
rises  above  a  predetermined  value.  Like  the  up- 
stream  pressure  sensing  means  66,  68,  the  down- 
stream  pressure  sensing  means  72,  74  comprise 
pressure  transducers  relaying  a  fault  signal  to  a 

fault  indicator  /u  wnen  tne  pressure  rises  aoove  a 
predetermined  value. 

A  plurality  of  pneumatically  actuated  valves  are 
disposed  in  the  spray  booth  30  for  opening  and 

;  closing  flow  passages  at  predetermined  times. 
More  specifically,  a  valve  actuator  means  76  is 
provided  for  individually  actuating  the  valves  at 
predetermined  times  in  the  workpiece  coating  pro- 
cess.  The  valve  actuator  means  76  preferably  com- 

o  prises  an  array  of  solenoid  valves  communicating 
with  the  main  air  supply  for  individually  supplying  a 
pneumatic  signal  to  an  associated  one  of  the 
valves  78,  80.  For  example,  a  pneumatically  ac- 
tuated  valve  78  is  associated  with  each  inlet  to  the 

5  manifold  44  for  allowing  the  associated  flow  to 
enter  the  mixer  means  40.  Similarly,  two  pneumati- 
cally  actuated  valves  80  are  associated  with  a  two- 
way  select  valve  82  between  the  mixer  means  40 
and  the  applicator  means  14  for  selecting  between 

io  the  coating  material  mixed  from  the  two  compo- 
nents  or  from  an  alternative  single  component  fluid 
control  system  (not  shown).  Further,  not  shown,  a 
pneumatically  actuated  valve  is  disposed  in  the 
applicator  means  14  for  shutting  off  the  flow  of 

»s  coating  material  to  be  discharged. 
A  flushing  means,  generally  indicated  at  88  in 

Figures  1  and  2,  is  associated  with  the  mixer 
means  40  for  flushing  residual  coating  material 
from  the  mixer  means  40  and  the  applicator  means 

?o  14.  One  of  the  valves  78  of  the  manifold  44,  when 
pneumatically  actuated,  allows  the  flow  of  solvent 
through  the  manifold  44  and  into  the  mixing  means 
40  to  clean  residual  paint  therefrom.  The  solvent 
travels  through  the  outlet  42  of  the  mixer  means 

35  40,  then  through  the  two-way  select  valve  82  and 
into  the  applicator  means  14.  A  recovery  line  90  is 
provided  from  both  the  applicator  means  14  and 
the  manifold  44  for  allowing  spent  solvent  to  be 
conducted  to  a  waste  collection  system. 

40  As  referred  to  previously,  a  host  controller 
means,  generally  indicated  at  90  in  Figures  1  and 
3,  is  provided  outside  of  the  spray  booth  30  for 
supplying  reference  values  to  the  motor  drive 
means  22  and  the  adjustor  means  24  and  for 

45  controlling  the  valve  actuator  means  76  in  response 
to  preprogrammed  commands.  An  operator  of  the 
subject  assembly  10  controls  and  monitors  the 
spray  coating  operation,  including  the  designation 
of  the  reference  valves  and  other  parameters, 

so  through  the  host  controller  means  90.  Although  in 
the  described  embodiment  only  one  control  panel 
31  is  shown,  the  host  controller  means  23  is  ca- 
pable  of  controlling  a  plurality  of  control  panels  31  , 
and  each  control  panel  31  is  capable  of  controlling 

55  up  to  four  applicator  means  14.  Numerous  fault 
indicators  70  provide  indicia  of  important  occur- 
rences.  Information  of  these  important  occurrences 
is  relayed  to  the  host  controller  means  90  via  line 
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24b  of  the  adjustor  means  24.  Preferably,  the  line 
24b  comprises  an  RS-232  transmission  line. 

As  shown  in  Figure  1  ,  the  applicator  means  1  4 
may  include  a  rotary  atomizer  92  fixedly  mounted 
in  the  spray  booth  30.  Electrostatic  charging  means 
94  is  associated  with  the  applicator  means  14  for 
applying  an  electrostatic  charge  to  the  spray  coat- 
ing  material.  As  shown,  the  electrostatic  charging 
means  14  may  comprise  an  annular  ring  disposed 
about  the  rotary  atomizer  92  including  a  plurality  of 
circumferentialiy  disposed  charging  electrodes 
which  impart  a  high  electrical  potential  to  the 
sprayed  coating  material  by  corona  discharge. 

Alternatively,  as  shown  in  Figure  2,  the  applica- 
tor  means  14  may  include  a  manually  controllable 
atomizer  which  is  hand  operated  inside  the  spray 
booth.  In  the  manually  controllable  embodiment, 
the  host  controller  means  90  can  be  eliminated  as 
all  coating  decisions  are  made  by  the  operator.  The 
ratios  between  the  two  components  need  only  be 
stored  as  a  reference  value  in  the  adjustor  means 
24.  The  downstream  pressure  sensing  means  72, 
74  becomes  extremely  important  in  this  embodi- 
ment  due  to  tendency  of  the  operator  to  only 
partially  pull  the  atomizer  trigger.  This  can  cause 
significant  pressure  build-up  in  the  conduits  46,  48 
downstream  of  the  gear  pumps  34,  38  and  result  in 
rupture  of  the  lines.  The  downstream  pressure  sen- 
sors  72,  74,  therefore,  provide  warning  "signals  or 
supply  a  signal  to  shut  down  the  first  16  and 
second  20  motors  when  the  static  pressure  in  the 
conduits  46,  48  exceeds  a  maximum  value. 

The  method  for  spray  coating  workparts  with  a 
coating  material  composed  of  a  controlled  mixture 
of  two  liquid  components  will  be  addressed  pres- 
ently.  The  steps  comprise  pumping  the  first  com- 
ponent  through  the  first  gear  pump  32  to  the  ap- 
plicator  means  14;  controlling  the  flow  rate  of  the 
first  component  pumped  by  the  first  gear  pump  32 
with  an  adjustable  speed  first  motor  16;  sending 
feedback  signals  to  the  adjustor  means  24  in  re- 
sponse  to  the  instantaneous  speed  of  the  first 
motor  16;  pumping  the  second  component  through 
the  second  gear  pump  36  to  the  applicator  means 
14;  controlling  the  flow  rate  of  the  second  compo- 
nent  pumped  by  the  second  gear  pump  36  with  an 
adjustable  speed  second  motor  20;  sending  feed- 
back  signals  to  the  adjustor  means  24  in  response 
to  the  instantaneous  speed  of  the  second  motor  20; 
and  then  individually  controlling  the  speeds  of  the 
first  1  6  and  second  20  motors  with  the  motor  drive 
means  22  in  response  to  an  input  reference  signal 
from  the  host  controller  means  23.  The  method  of 
the  subject  invention  is  characterized  by  including 
the  steps  of  comparing  the  feedback  signals  of  the 
instantaneous  speeds  of  the  first  1  6  and  second  20 
motors  with  the  reference  speeds  in  the  adjustor 
means  24  and  then  individually  adjusting  the 

speeds  of  the  first  16  and  second  20  motors  via 
the  motor  drive  means  22  into  conformity  with  the 
reference  speeds  so  that  the  ratio  between  the  flow 
rates  of  the  first  and  second  components  is  con- 

5  tinuously  adjusted  with  respect  to  a  reference  ratio 
also  supplied  from  the  host  controller  means  23. 

The  adjustor  means  24,  in  other  words,  acts  as 
a  liaison  between  the  host  controller  means  23,  the 
two  motors  16,  20  and  the  motor  drive  means  22 

w  by  monitoring  'the  performance  of  each  of  the  mo- 
tors  16,  20,  then  comparing  their  performance  to 
the  reference  commands  of  the  host  controller 
means  23  and  finally  instructing  the  motor  drive 
means  22  to  make  any  necessary  corrections.  By 

75  making  these  continuous  comparisons  between  the 
operating  speeds  of  the  first  16  and  second  20 
motors,  the  adjustor  means  24  ultimately  ensures 
that  the  mixing  ratio  of  the  two  components  of  the 
coating  material  remain  at  the  optimum  value 

20  throughout  the  entire  spray  coating  process. 
As  the  speeds  of  the  motors  16,  20  are  individ- 

ually  controlled  by  the  motor  drive  means  22  in 
response  to  the  input  reference  signals  from  the 
host  controller  means  23,  the  motor  drive  means 

25  22  performs  the  additional  function  of  continuously 
readjusting  the  instantaneous  speeds  of  each  of  the 
first  16  and  second  20  motors  to  the  reference 
speeds.  This  step  is  distinguished  from  the  com- 
parison  steps  performed  by  the  adjustor  means  24 

ao  in  that  the  motor  drive  means  22  considers  the 
instantaneous  speed  of  one  motor  without  refer- 
ence  to  the  speed  of  the  other  motor.  That  is,  the 
motor  drive  means  22  does  not  compare  the  op- 
erating  speeds  between  the  two  motors  16,  20,  but 

35  merely  receives  a  feedback  signal  from  respective 
tachometers  26,  28  to  ensure  that  the  motors  16, 
20  are  operating  at  the  speeds  commanded  by 
either  the  host  controller  means  23  or  the  adjustor 
means  24. 

40  As  the  first  and  second  components  are 
pumped  through  the  respective  gear  pumps  32,  36, 
the  upstream  pressure  sensing  means  66,  68  con- 
tinually  measure  the  static  pressure  of  the  compo- 
nents  at  positions  upstream  of  the  gear  pumps  32, 

45  36  to  signal  the  appropriate  fault  indicators  70  in 
the  event  the  static  pressure  of  either  of  the  first 
and  second  components  falls  below  a  predeter- 
mined  value.  This  will  provide  a  warning  in  the 
event  an  insufficient  supply  of  the  components  is 

so  available  from  the  associated  supply  and  thereby 
prevent  the  gear  pumps  32,  36  from  becoming 
damaged.  Similarly,  the  downstream  pressure 
sensing  means  72,  74  continually  measure  the 
static  pressure  of  the  components  at  positions 

55  downstream  of  the  gear  pumps  32,  36  to  signal  the 
appropriate  fault  indicators  70  in  the  event  the 
static  pressure  of  either  of  the  first  or  second 
components  rises  above  a  predetermined  value. 

6 
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his  will  provide  warning  or  will  shut  down  tne  tirst 
6  and  second  20  motors  in  the  event  excessive 
iressure  builds  up  in  the  first  46  and  second  48 
onduits  downstream  of  the  gear  pumps  32,  36 
uch  as  when  the  applicator  means  14  is  manually 
perated  and  the  operator  fails  to  fully  actuate  the 
•igger. 

After  traveling  through  the  gear  pumps  32,  36, 
ie  separate  components  are  fed  into  the  manifold 
4  where  the  mixing  takes  place.  The  mixer  means 
■0  is  disposed  a  sufficient  distance  upstream  of  the 
ipplicator  means  14  so  that  the  kinetics  type  mix- 
ig  of  the  components  may  be  fully  performed, 
"he  mixed  coating  material  is  then  conducted  di- 
ectly  to  the  applicator  means  1  4  where  it  is  imme- 
liately  applied  to  a  workpart.  As  the  coating  ma- 
erial  is  discharged,  the  corona  discharge  method 
s  used  to  electrostatically  charge  the  sprayed 
:oating  material. 

To  prevent  the  unmixed  first  and  second  com- 
jonents  from  becoming  unusable  due  to  prolonged 
itagnation  during  periods  when  the  gear  pumps  32, 
56  are  not  operating,  the  respective  recirculation 
ines  58,  60  are  provided  for  circulating  the  compo- 
lents  to  and  from  respective  supplies. 

The  invention  has  been  described  in  an  illustra- 
te  manner,  and  it  is  to  be  understood  that  the 
erminology  which  has  been  used  is  intended  to  be 
n  the  nature  of  words  of  description  rather  than  of 
imitation. 

Obviously,  many  modifications  and  variations 
Df  the  present  invention  are  possible  in  light  of  the 
above  teachings.  It  is,  therefore,  to  be  understood 
:hat  within  the  scope  of  the  appended  claims 
wherein  reference  numerals  are  merely  for  conve- 
lience  and  are  not  to  be  in  any  way  limiting,  the 
nvention  may  be  practiced  otherwise  than  as  spe- 
cifically  described. 

Claims 

1.  A  spray  coating  apparatus  (10)  of  the  type 
for  applying  a  coating  material  composed  of  a 
controlled  mixture  of  at  least  two  liquid  components 
onto  a  workpart,  comprising:  first  pump  means  (12) 
for  pumping  an  adjustable  volumetric  flow  rate  of 
the  first  component  to  an  applicator  (14),  said  first 
pump  means  (12)  including  a  first  motor  (16)  hav- 
ing  an  adjustable  speed  for  controlling  the  rate  of 
fluid  pumped  by  said  first  pump  means  (12)  and 
providing  feedback  signals  in  response  to  the  in- 
stantaneous  speed  thereof;*  second  pump  means 
(18)  for  pumping  an  adjustable  volumetric  flow  rate 
of  the  second  component  to  the  applicator,  said 
second  pump  means  (18)  including  a  second  motor 
(20)  having  an  adjustable  speed  for  controlling  the 
rate  of  fluid  pumped  by  said  second  pump  means 

(lb;  ana  proviamg  TeeaDacK  siynais  m  icai-iunao  i<-< 
the  instantaneous  speed  thereof;  motor  drive 
means  (22)  responsive  to  input  signals  including 
reference  speed  signals  for  individually  controlling 

;  the  speeds  of  said  first  (16)  and  second  (20)  mo- 
tors;  and  characterized  by  including  automatic  ad- 
justor  means  (24)  responsive  to  said  feedback  sig- 
nals  from  said  first  (16)  and  second  (20)  motors  for 
comparing  the  instantaneous  speeds  of  said  first 

o  (16)  and  second  (20)  motors  with  said  reference 
speeds  and  individually  adjusting  the  speeds  of 
said  first  (16)  and  second  (20)  motors  in  conformity 
with  the  reference  speeds  to  continually  adjust  the 
ratio  between  the  volumetric  flow  rates  of  the  first 

5  and  second  components  with  respect  to  a  refer- 
ence  ratio. 

2.  An  apparatus  (10)  as  set  forth  in  claim  1 
further  characterized  by  each  of  said  first  (16)  and 
second  (20)  motors  including  a  tachometer  (26,  28) 

<o  for  sending  motor  speed  feedback  signals  to  said 
motor  drive  means  (22)  to  continuously  readjust  the 
instantaneous  speed  of  each  of  said  first  (16)  and 
second  (20)  motors  to  the  reference  speeds. 

3.  An  apparatus  (10)  as  set  forth  in  claim  2 
is  further  characterized  by  said  first  pump  means  (12) 

including  a  first  gear  pump  (32)  having  intermesh- 
ing  rotors  supported  within  a  first  housing  (34)  and 
operatively  connected  to  said  first  motor  (16),  and 
said  second  pump  means  (18)  including  a  second 

?o  gear  pump  (36)  having  intermeshing  rotors  sup- 
ported  within  a  second  housing  (38)  and  oper- 
atively  connected  to  said  second  motor  (20). 

4.  An  apparatus  (10)  as  set  forth  in  claim  3 
further  characterized  by  including  a  spray  booth 

35  (30)  defining  an  isolated  internal  spray  zone. 
5.  An  apparatus  (10)  as  set  forth  in  claim  4 

further  characterized  by  said  first  (32)  and  second 
(36)  gear  pumps  disposed  inside  said  spray  booth 
(30)  and  said  first  (16)  and  second  (20)  motors 

40  disposed  outside  of  said  spray  booth  (30). 
6.  An  apparatus  (10)  as  set  forth  in  claim  5 

wherein  said  apparatus  (10)  includes  a  plurality  of 
pneumatically  actuated  valves  (78,  80)  disposed  in 
said  spray  booth  (30)  for  opening  and  closing  fluid 

45  flow  passages,  further  characterized  by  including 
valve  actuator  means  (76)  for  individually  actuating 
said  valves  (78,80)  at  predetermined  times  in  the 
workpiece  coating  process. 

7.  An  apparatus  (10)  as  set  forth  in  claim  6 
so  further  characterized  by  including  mixer  means  (40) 

disposed  in  said  spray  booth  (30)  for  mixing  the 
first  and  second  components  of  the  coating  ma- 
terial  and  discharging  the  mixture  from  an  output 
(42)  thereof. 

55  8.  An  apparatus  (10)  as  set  forth  in  claim  7 
further  characterized  by  including  a  first  conduit 
(46)  associated  with  said  first  gear  pump  (32)  and 
extending  from  a  first  component  supply  outside  of 

r 
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said  spray  booth  (30)  to  said  mixer  means  (40), 
and  a  second  conduit  (48)  associated  with  said 
second  gear  pump  (36)  and  extending  from  a  sec- 
ond  component  supply  outside  of  said  spray  booth 
(30)  to  said  mixer  means  (40). 

9.  An  apparatus  (10)  as  set  forth  in  claim  8 
further  characterized  by  including  applicator  means 
(14)  communicating  with  said  output  (42)  from  said 
mixer  means  (40)  for  applying  the  mixed  first  and 
second  components  of  the  coating  material  onto 
the  workpart. 

10.  An  apparatus  (10)  as  set  forth  in  claim  9 
wherein  said  first  (32)  and  second  (36)  gear  pump 
housings  each  include  an  upstream  inlet  (50,  52) 
and  a  downstream  outlet  (54,  56),  further  character- 
ized  by  said  first  conduit  (46)  including  a  recircula- 
tion  line  (58)  disposed  between  the  first  component 
supply  and  said  first  housing  inlet  (50),  and  said 
second  conduit  (48)  including  a  recirculation  line 
(60)  disposed  between  the  second  component  sup- 
ply  and  said  second  housing  inlet  (52). 

11.  An  apparatus  (10)  as  set  forth  in  claim  10 
further  characterized  by  each  of  said  first  (12)  and 
second  (18)  pump  means  including  upstream  pres- 
sure  sensing  means  (66,  68)  disposed  adjacent 
said  upstream  inlet  (50,  52)  of  respective  said  first 
(32)  and  second  (34)  housings  for  sensing  when 
the  static  pressure  in  respective  said  first  (46)  and 
second  (48)  conduits  upstream  of  said  inlets  (50, 
52)  falls  below  a  predetermined  value. 

12.  An  apparatus  (10)  as  set  forth  in  claim  11 
further  characterized  by  each  of  said  first  (12)  and 
second  (18)  pump  means  including  downstream 
pressure  sensing  (72,  74)  means  disposed  adjacent 
said  downstream  outlet  (54,  56)  of  respective  said 
first  (34)  and  second  (36)  housings  for  sensing 
when  the  static  pressure  in  respective  said  first  (46) 
and  second  (48)  conduits  downstream  of  said  out- 
lets  (54,  56)  rises  above  a  predetermined  value. 

13.  An  apparatus  (10)  as  set  forth  in  claim  12 
further  characterized  by  including  first  coupler 
means  (37)  for  providing  an  electrically  insulated 
mechanical  coupling  through  said  spray  booth  (30) 
between  said  first  motor  (16)  and  said  first  gear 
pump  (32). 

14.  An  apparatus  (10)  as  set  forth  in  claim  13 
further  characterized  by  including  second  coupler 
means  (39)  for  providing  an  electrically  insulated 
mechanical  coupling  through  said  spray  booth  (30) 
between  said  second  motor  (20)  and  said  second 
gear  pump  (36). 

15.  An  apparatus  (10)  as  set  forth  in  either  of 
claims  7  or  14  further  characterized  by  including  a 
host  controller  means  (23)  disposed  outside  of  said 
spray  booth  (30)  for  supplying  reference  values  to 
said  motor  drive  means  (22)  and  said  adjustor 
means  (24)  and  controlling  said  valve  actuator 
means  (76)  in  response  to  preprogrammed  com- 

mands. 
16.  An  apparatus  (10)  as  set  forth  in  claim  15 

further  characterized  by  including  flushing  means 
(88)  associated  with  said  mixer  means  (40)  for 

5  flushing  residual  coating  material  from  said  mixer 
means  (40)  and  said  applicator  means  (1  4). 

17.  An  apparatus  (10)  as  set  forth  in  claim  16 
further  characterized  by  said  applicator  means  (14) 
including  a  rotary  atomizer  (92)  fixedly  mounted  in 

?o  said  spray  booth  (30). 
18.  An  apparatus  (10)  as  set  forth  in  claim  17 

further  characterized  by  including  electrostatic 
charging  means  (94)  associated  with  said  applica- 
tor  means  (14)  for  applying  an  electrostatic  charge 

75  to  the  sprayed  coating  material. 
19.  An  apparatus  (10)  as  set  forth  in  claim  18 

further  characterized  by  said  applicator  means  (14) 
including  a  manually  controllable  atomizer. 

20.  An  apparatus  (10)  as  set  forth  in  claim  19 
20  further  characterized  by  said  host  controller  means 

(23)  including  a  fault  indicator  (70)  associated  with 
each  of  said  first  (66)  and  second  (68)  upstream 
sensing  means  and  said  first  (72)  and  second  (74) 
downstream  sensing  means. 

25  21.  A  method  for  spray  coating  workparts  with 
a  coating  material  composed  of  a  controlled  mix- 
ture  of  at  least  two  liquid  components,  comprising 
the  steps  of:  pumping  a  first  component  to  an 
applicator  (14);  controlling  the  flow  rate  of  the  first 

30  component  with  an  adjustable  speed  first  motor 
(16);  sending  feedback  signals  in  response  to  the 
instantaneous  speed  of  the  first  motor  (16);  pump- 
ing  a  second  component  to  the  applicator  (14); 
controlling  the  flow  rate  of  the  second  component 

35  with  an  adjustable  speed  second  motor  (20);  send- 
ing  feedback  signals  in  response  to  the  instanta- 
neous  speed  of  the  second  motor  (20);  individually 
controlling  the  speeds  of  the  first  (16)  and  second 
(20)  motors  in  response  to  an  input  reference  sig- 

40  nal;  and  characterized  by  comparing  the  feedback 
signals  of  the  instantaneous  speeds  of  the  first  (16) 
and  second  (20)  motors  with  the  reference  speeds 
and  individually  adjusting  the  speeds  of  the  first 
(16)  and  second  (20)  motors  in  conformity  with  the 

45  reference  speeds  to  continuously  adjust  the  ratio 
between  the  flow  rates  of  the  first  and  second 
components  with  respect  to  a  reference  ratio. 

22.  A  method  as  set  forth  in  claim  21  further 
characterized  by  including  the  step  of  electrostati- 

50  caily  charging  the  sprayed  coating  material. 
23.  A  method  as  set  forth  in  claim  22  further 

characterized  by  the  step  of  individually  controlling 
the  speeds  of  the  first  (1  6)  and  second  (20)  motors 
in  response  to  the  input  reference  signal  including 

55  the  step  of  continuously  readjusting  the  instanta- 
neous  speed  of  each  of  the  first  (16)  and  second 
(20)  motors  to  the  reference  speeds. 

24.  A  method  as  set  forth  in  claim  23  wherein  a 

8 
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irst  gear  pump  (32)  pumps  the  first  component 
ind  a  second  gear  pump  (36)  pumps  the  second 
:omponent,  further  characterized  by  measuring  the 
static  pressure  of  the  first  and  second  components 
it  positions  upstream  and  downstream  of  the  re-  5 
ipective  first  (32)  and  second  (36)  gear  pumps. 

25.  A  method  as  set  forth  in  claim  24  further 
:haracterized  by  signaling  a  fault  indicator  (70)  in 
he  event  the  static  pressure  of  at  least  one  of  the 
irst  and  second  components  upstream  of  the  re-  w 
;pective  first  (32)  and  second  (36)  gear  pumps  falls 
selow  a  predetermined  value. 

26.  A  method  as  set  forth  in  claim  25  further 
characterized  by  signaling  a  fault  indicator  (70)  in 
he  event  the  static  pressure  of  at  least  one  of  the  75 
irst  and  second  components  downstream  of  the 
espective  first  (32)  and  second  (36)  gear  pumps 
ises  above  a  predetermined  value. 

27.  A  method  as  set  forth  in  claim  26  further 
:haracterized  by  mixing  the  first  and  second  com-  20 
conents  at  a  position  upstream  of  the  applicator 
:14). 

28.  A  method  as  set  forth  in  claim  27  further 
characterized  by  circulating  the  first  and  second 
coating  materials  to  and  from  respective  supplies  25 
juring  periods  when  the  first  (32)  and  second  (36) 
gear  pumps  are  not  operating. 
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