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(§5  A  spray  coating  system  including  a  gun  from  which  electros- 
tatically  charged  liquid  coating  material,  atomized  with  the  aid  of  a 
first  air  stream  and  shaped  in  a  desired  fan  pattern  with  a  second 
air  stream,  is  emitted  to  coat  an  object  spaced  therefrom. 
Separate  signal-controlled  valves  are  provided  to  independently 
control  the  liquid  coating  flow  rate,  atomization  air  stream  flow 
rate,  and  fan-shaping  air  stream  flow  rate.  Signalcontrolled 
electrostatic  voltage  regulating  means  are  provided  to  control  the 
magnitude  of  the  electrostatic  voltage  used  to  electrostatically 
charge  the  liquid  coating  particles.  An  electronic  controller  having 
means  for  entering  the  identity  of  a  particular  article  to  be  coated 
and  a  «look-up»  table  memory  correlating  part  identity  with  the 
requisite  voltage  level  and  flow  rates  for  the  coating  material, 
atomizing  air  stream,  and  fan-shaping  air  stream  for  various 
articles  automatically  controls  the  electrostratic  voltage  source 
and  the  various  valves  to  provide  the  necessary  voltage  and  flow 
rates  previously  empirically  determined  and  stored  in  the  control- 
ler  memory. 
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T h i s   i n v e n t i o n   r e l a t e s   to   s p r a y   c o a t i n g  

s y s t e m s   and  more   p a r t i c u l a r l y   to   e l e c t r o s t a t i c   s p r a y  

c o a t i n g   s y s t e m s   of   t h e   t y p e   u t i l i z i n g   a i r   to   b o t h  

a t o m i z e   t h e   e l e c t r o s t a t i c a l l y   c h a r g e d   l i q u i d   c o a t i n g  

m a t e r i a l   and  s h a p e   t h e   f an   s p r a y   p a t t e r n   t h e r e o f .  

In  c e r t a i n   e l e c t r o s t a t i c   s p r a y   c o a t i n g  

a p p l i c a t i o n s   i t   h a s   b e e n   c u s t o m a r y   to   u t i l i z e  

s e p a r a t e   a i r   s t r e a m s   to   a t o m i z e   t h e   e l e c t r o s t a t i c a l l y  

c o a t e d   p a r t i c l e s   e m i t t e d   f rom  t h e   s p r a y   gun  a n d  

s h a p e   t h e   f a n   s p r a y   p a t t e r n   of  t h e   e m i t t e d   p a r t i c l e s .  

In  a  t y p i c a l   s p r a y   gun  of   t h i s   t y p e ,   a  s i n g l e  

c e n t r a l l y   d i s p o s e d ,   g e n e r a l l y   c i r c u l a r   o r i f i c e  

l o c a t e d   in   t h e   n o z z l e   i s   p r o v i d e d   f rom  w h i c h   p r e s s u r -  

i z e d   l i q u i d   c o a t i n g   m a t e r i a l   i s   e m i t t e d   in   a  g e n e r a l -  

ly   c i r c u l a r   f a n   p a t t e r n .   An  e l e c t r o d e   m a i n t a i n e d   a t  

a  p r e s e t   e l e c t r o s t a t i c   c h a r g i n g   v o l t a g e   p r o j e c t s  

o u t w a r d l y   f r o m   t h e   c e n t e r   of   t h e   c o a t i n g   o r i f i c e   t o  

e l e c t r o s t a t i c a l l y   c h a r g e   t h e   l i q u i d   c o a t i n g   as  i t  

l e a v e s   t h e   o r i f i c e .   The  n o z z l e   of  t h e   gun  i s   a l s o  

p r o v i d e d   w i t h   a  c i r c u l a r   a r r a y   of   a t o m i z i n g   a i r  



o r i f i c e s   l o c a t e d   c o n c e n t r i c   w i t h   t h e   l i q u i d   c o a t i n g  

o r i f i c e ,   w h i c h   i m p i n g e   t h e   l i q u i d   s t r e a m   i s s u i n g  

f rom  t h e   l i q u i d   o r i f i c e   w i t h   a i r   f o r   t h e   p u r p o s e   o f  

a t o m i z i n g   i t .   A l s o   l o c a t e d   in  t h e   n o z z l e   b u t  

m o u n t e d   s l i g h t l y   d o w n s t r e a m   of  t h e   c o n c e n t r i c a l l y  

a r r a n g e d   a t o m i z i n g   a i r   and  l i q u i d   o r i f i c e s   a r e   t w o  

fan   s p r a y   p a t t e r n   s h a p i n g   o r i f i c e s ,   w h i c h   i m p i n g e  

t h e   e l e c t r o s t a t i c a l l y   c h a r g e d   and  a t o m i z e d   c o a t i n g  

p a r t i c l e   s t r e a m   f rom  o p p o s i t e   s i d e s   t h e r e o f   w i t h  

s e p a r a t e   a i r   s t r e a m s   f o r   s h a p i n g   t h e   c i r c u l a r   f a n  

s p r a y   p a t t e r n   i n t o   a  n o n c i r c u l a r   s h a p e .  

In  t h e   p a s t ,   t h e   a t o m i z i n g   and  f a n - s h a p i n g  

a i r   s t r e a m s   h a v e   b e e n   c o n n e c t e d   to   a  s o u r c e   o f  

p r e s s u r i z e d   a i r   t h r o u g h   a  common  a i r   h o s e   in  w h i c h   a  

s i n g l e ,   m a n u a l l y - c o n t r o l l e d   v a l v e   was  p r o v i d e d   f o r  

c o n t r o l l i n g   t h e   a i r   f l o w   r a t e .   By  m a n i p u l a t i n g   t h e  

s i n g l e   a i r   v a l v e   t h e   f l o w   of   a t o m i z a t i o n   a i r   a n d  

f a n - s h a p i n g   a i r   c o u l d   be  j o i n t l y   i n c r e a s e d   o r  

d e c r e a s e d .   C o n t r o l   of   t h e   c o a t i n g   f l o w   r a t e   in   s u c h  

known  s y s t e m s   was  p r o v i d e d   w i t h   a  m a n u a l l y - o p e r a t e d  

v a l v e   i n t e r c o n n e c t e d   b e t w e e n   t h e   gun  and  a  p r e s s u r -  

i z e d   s o u r c e   o f   p a i n t .   A d j u s t a b l e   c o n t r o l   o f  t h e  

l e v e l   of  e l e c t r o s t a t i c   c h a r g i n g   v o l t a g e   a p p l i e d   t o  

t h e   e l e c t r o d e   in   t h e   gun  n o z z l e   was  p r o v i d e d   b y  

s u i t a b l e   m a n u a l l y - o p e r a t e d   d i a l   means   or  t h e   l i k e  

i n c o r p o r a t e d   in   t h e   h i g h   v o l t a g e   e l e c t r o s t a t i c   p o w e r  

s u p p l y .  



W h i l e   t h e   p r i o r   a r t   s y s t e m   has   b e e n   f o u n d  

to  be  s a t i s f a c t o r y   in  many  a p p l i c a t i o n s ,   i t   h a s  

f o u n d   to   be  u n s a t i s f a c t o r y   in  s p r a y i n g ,   a t   low  f l o w  

r a t e s ,   l i q u i d   c o a t i n g   m a t e r i a l   h a v i n g   low  s o l i d s  

c o n t e n t .   As  u s e d   h e r e i n   t h e   t e r m   " low  f l o w   r a t e "  

c o n t e m p l a t e s   f l o w   r a t e s   in  t h e   r a n g e   of  4 0 c c - 1 2 0 c c  

and  t h e   t e r m   " l o w   s o l i d s   c o n t e n t "   m e a n s   s o l i d s  

c o n t e n t   of  25%  or   l e s s .   In  s u c h   s p r a y i n g   a p p l i c a -  

t i o n s   r e q u i r i n g   low  f l o w   r a t e s   of   low  s o l i d s   c o n t e n t  

c o a t i n g   m a t e r i a l ,   t h e   p r i o r   a r t   s p r a y   s y s t e m s  

u t i l i z i n g   a  s i n g l e   a i r   v a l v e   to   j o i n t l y   c o n t r o l   b o t h  

t h e   a t o m i z a t i o n   a i r   and  t h e   f a n - s h a p i n g   a i r ,   w e r e  

u n a b l e   to   a d j u s t   t h e   f l o w   r a t e   t h r o u g h   t h e   v a l v e  

s u c h   t h a t   i t   w o u l d   b o t h   s a t i s f a c t o r i l y   a t o m i z e   t h e  

c o a t i n g   m a t e r i a l   and  s h a p e   t h e   f a n   p a t t e r n .   W h e n  

t h e   s i n g l e   a i r   v a l v e   was  a d j u s t e d   to   p r o v i d e   an  a i r  

f l o w   s u f f i c i e n t   t o   f u l l y   a t o m i z e   t h e   l i q u i d   c o a t i n g ,  

t h e   a i r   f l o w   to   t h e   f a n - s h a p i n g   o r i f i c e s   was  s u c h  

t h a t   i n s t e a d   of   c o n v e r t i n g   t h e   c i r c u l a r   c o a t i n g  

p a t t e r n   i s s u i n g   f r o m   t h e   c o a t i n g   o r i f i c e   to   an  o v a l  

p a t t e r n ,   i t   b i s e c t e d   t h e   o v a l   p a t t e r n   i n t o   t w o  

s p a c e d ,   r o u g h l y   c i r c u l a r   p a t t e r n s   w i t h   no  c o a t i n g   i n  

t h e   m i d d l e   r e g i o n   b e t w e e n   t h e m .   I f   t h e   a i r   f l o w   w a s  

r e d u c e d   s u f f i c i e n t l y   w i t h   t h e   s i n g l e   v a l v e   to   a v o i d  

b i s e c t i n g   t h e   o v a l   p a t t e r n   i n t o   two  s e p a r a t e ,  

r o u g h l y   c i r c u l a r   p a t t e r n s ,   t h e   a i r   f l o w   to   t h e  

a t o m i z i n g   o r i f i c e   a r r a y   was  i n s u f f i c i e n t   to   p r o p e r l y  

a t o m i z e   t h e   c o a t i n g .  



A c c o r d i n g l y ,   i t   has   b e e n   an  o b j e c t i v e   o f  

t h i s   i n v e n t i o n   to   p r o v i d e   an  e l e c t r o s t a t i c   s p r a y   g u n  

w h i c h   u t i l i z e s   a i r   to   b o t h   a t o m i z e   t h e   c o a t i n g  

m a t e r i a l   and  s h a p e   t h e   f an   p a t t e r n   w h i c h   can   be  u s e d  

to   s a t i s f a c t o r i l y   s p r a y   low  s o l i d s   c o n t e n t   c o a t i n g s  

a t   low  f l o w   r a t e s .   T h i s   o b j e c t i v e   has   b e e n   a c c o m -  

p l i s h e d   in  a c c o r d a n c e   w i t h   c e r t a i n   p r i n c i p l e s   o f  

t h i s   i n v e n t i o n   by  p r o v i d i n g   s e p a r a t e   and  i n d e p e n d e n t -  

ly  c o n t r o l l e d   f l o w   v a l v e s   b e t w e e n   t h e   p r e s s u r i z e d  

a i r   s u p p l y   and  t h e   r e s p e c t i v e   a t o m i z i n g   o r i f i c e  

a r r a y   and  f a n - s h a p i n g   o r i f i c e   a r r a y .   In  t h i s   w a y  

t h e   a t o m i z i n g   a i r   and  t h e   f a n - s h a p i n g   a i r   can   b e  

s e p a r a t e l y   and  i n d e p e n d e n t l y   c o n t r o l l e d   to   i n s u r e  

a i r   f l o w   r a t e s   to   t h e   a t o m i z i n g   and  f a n - s h a p i n g  

o r i f i c e s   a d e q u a t e   to   f u l l y   a t o m i z e ,   as  w e l l   a s  

p r o p e r l y   s h a p e ,   t h e   f an   p a t t e r n .  

In  a c c o r d a n c e   w i t h   a  p r e f e r r e d   e m b o d i m e n t  

of  t h i s   i n v e n t i o n ,   t h e   a t o m i z i n g   and  f a n - s h a p i n g  

f l o w   c o n t r o l   v a l v e s ,   t h e   c o a t i n g   m a t e r i a l   f l o w  

c o n t r o l   v a l v e ,   and  t h e   h i g h   v o l t a g e   e l e c t r o s t a t i c  

s u p p l y   a r e   s i g n a l - c o n t r o l l e d   f rom  an  e l e c t r o n i c  

c o n t r o l l e r   p r o v i d e d   w i t h   a  l o o k - u p   t a b l e   m e m o r y  

w h i c h   c o r r e l a t e s   f o r   d i f f e r e n t   a r t i c l e s   to   be  c o a t e d  

t h e   r e q u i s i t e   c o m b i n a t i o n   of   c h a r g i n g   v o l t a g e ,  

c o a t i n g   f l o w   r a t e ,   a t o m i z a t i o n   a i r   f l o w   r a t e ,   a n d  

f a n - s h a p i n g   a i r   f l o w   r a t e   n e c e s s a r y   to   p r o p e r l y   c o a t  

e a c h   s u c h   d i f f e r e n t   a r t i c l e .   Upon  e n t r y   of  t h e  

i d e n t i f i c a t i o n   of  t h e   a r t i c l e   to   be  c o a t e d   i n t o   t h e  



e l e c t r o n i c   c o n t r o l l e r ,   s u c h   as  by  a  s u i t a b l e   k e y b o a r d  

or   t h e   l i k e ,   t h e   l o o k - u p   t a b l e   memory  is   a c c e s s e d  

and  t h e   s p e c i f i c   c o m b i n a t i o n   of   c h a r g i n g   v o l t a g e ,  

c o a t i n g   f l o w   r a t e ,   a t o m i z a t i o n   a i r   f l o w   r a t e ,   a n d  

f a n - s h a p i n g   a i r   f l o w   r a t e   i s   r e t r i e v e d .   The  u n i q u e  

c o m b i n a t i o n   of   r e t r i e v e d   c o n t r o l   p a r a m e t e r s   f o r   t h e  

s p e c i f i c   a r t i c l e   b e i n g   c o a t e d   a r e   a p p l i e d   v i a   a  

s u i t a b l e   c o n t r o l l e r   o u t p u t   i n t e r f a c e ,   to   t h e   h i g h  

v o l t a g e   s u p p l y ,   c o a t i n g   v a l v e ,   a t o m i z a t i o n   a i r  

v a l v e ,   and  f a n - s h a p i n g   a i r   v a l v e   to   a c h i e v e   t h e  

r e q u i s i t e   c h a r g i n g   v o l t a g e ,   c o a t i n g   f l o w ,   a n d  

a t o m i z a t i o n   and  f a n - s h a p i n g   a i r   f l o w   r a t e s   n e c e s s a r y  

to   o p t i m a l l y   c o a t   t h e   s p e c i f i c   a r t i c l e   b e i n g   s p r a y e d .  

T h e s e   and  o t h e r   a d v a n t a g e s ,   o b j e c t i v e s ,  

and  f e a t u r e s   of  t h e   i n v e n t i o n   w i l l   be  more   r e a d i l y  

a p p a r e n t   f rom  a  d e t a i l e d   d e s c r i p t i o n   of   t h e   p r e f e r r e d  

e m b o d i m e n t   t h e r e o f   t a k e n   in  c o n j u n c t i o n   w i t h   t h e  

s i n g l e   f i g u r e   w h i c h   i s   a  s c h e m a t i c   d i a g r a m   of   a n  

e l e c t r o s t a t i c   s p r a y   c o a t i n g   s y s t e m   h a v i n g   s e p a r a t e  

c o n t r o l   m e a n s   f o r   t h e   c h a r g i n g   v o l t a g e ,   c o a t i n g  

m a t e r i a l ,   a t o m i z a t i o n   a i r ,   and  f a n - s h a p i n g   a i r ,  

w h i c h   a r e   s e p a r a t e l y   c o n t r o l l e d   f r o m   an  e l e c t r o n i c  

c o n t r o l l e r   w h i c h ,   in   r e s p o n s e   to   e n t r y   o f  t h e  

i d e n t i t y   of   an  a r t i c l e   to   be  c o a t e d ,   i n d e p e n d e n t l y  

s e t s   t h e   c h a r g i n g   v o l t a g e ,   c o a t i n g   f l o w ,   and  a t o m i z -  

ing   and  f a n - s h a p i n g   a i r   f l o w s   to   t h e   o p t i m u m   v a l u e s .  

W i t h   r e f e r e n c e   to   t h e   s o l e   f i g u r e ,   t h e  

p r e f e r r e d   e m b o d i m e n t   i s  s e e n   to   i n c l u d e   an  e l e c t r o -  



s t a t i c   s p r a y   gun  10  h a v i n g   a  b a r r e l   12  w h i c h   t e r m i n -  

a t e s   a t   i t s   f o r w a r d   end  in  a  n o z z l e   f rom  w h i c h  

e l e c t r o s t a t i c a l l y   c h a r g e d   c o a t i n g   p a r t i c l e s   a r e  

e m i t t e d   in  a  p r e d e t e r m i n e d   p a t t e r n   t o w a r d   an  a r t i c l e  

to   be  c o a t e d   16.  The  a r t i c l e   16,  w h i c h   may  b e  

s t a t i o n a r y   or   c o n t i n u o u s l y   t r a n s p o r t e d   p a s t   t h e  

s p r a y   gun  by  a  c o n v e y o r   hook   or  t h e   l i k e   18,  i s  

s p a c e d   f rom  t h e   s p r a y   gun  n o z z l e   some  p r e d e t e r m i n e d  

d i s t a n c e   w h i c h   v a r i e s   d e p e n d i n g   upon   t h e   i n s t a l l a t i o n .  

The  s p r a y   gun  10  may  be  p r o v i d e d   w i t h   a  h a n d l e   20  i f  

t h e   gun  i s   d e s i g n e d   to   be  m a n u a l l y   m a n i p u l a t e d   by  a n  

o p e r a t o r   d u r i n g   t h e   s p r a y   c o a t i n g   o p e r a t i o n   in   w h i c h  

e v e n t   t h e   gun  i s   p r o v i d e d   w i t h   a  f i n g e r - o p e r a t e d  

m o v a b l e   t r i g g e r   22  f o r   c o n t r o l l i n g   t h e   ON/OFF 

c o n d i t i o n   of   t h e   s p r a y   g u n .   I f   t h e   s p r a y   gun  i s  

d e s i g n e d   f o r   u s e   in   an  a u t o m a t i c   i n s t a l l a t i o n ,   t h e  

h a n d l e   and  t r i g g e r   may  be  o m i t t e d   and  t h e   b a r r e l   12  

f a s t e n e d   to  a  s u i t a b l e   s u p p o r t ,   m o v a b l e   or   s t a t i o n a r y ,  

in   w h i c h   e v e n t   an  ON/OFF  d e v i c e   f o r   t h e   gun  i s  

p r o v i d e d   w h i c h   i s   u n d e r   a p p r o p r i a t e   s o l e n o i d   c o n t r o l  

f rom  a  p r o g r a m   c o n t r o l l e r   or   t h e   l i k e .  

The  n o z z l e   of  t h e   gun  i s   p r o v i d e d   w i t h   a  

c e n t r a l   l i q u i d   c o a t i n g   o r i f i c e   24  s u p p l i e d   v i a   a  

s u i t a b l e   p a s s a g e   2 4 ' .   A s s u m i n g   t h e   o r i f i c e   24  i s  

c i r c u l a r ,   l i q u i d   c o a t i n g   m a t e r i a l   when  i s s u e d   f r o m  

t h e   o r i f i c e   24  w i l l   be  in  a  g e n e r a l l y   c i r c u l a r  

p a t t e r n .   A x i a l l y   e x t e n d i n g   f rom  t h e   l i q u i d   c o a t i n g  

o r i f i c e   24  i s   an  e l e c t r o s t a t i c   c o a t i n g - c h a r g i n g  



e l e c t r o d e   26  s u p p l i e d   f rom  a  s u i t a b l e   h i g h   v o l t a g e  

c a b l e   28.  S u r r o u n d i n g   t h e   l i q u i d   c o a t i n g   o r i f i c e   24  

i s   a  c o n c e n t r i c   c i r c u l a r   a r r a y   of   a t o m i z a t i o n   a i r  

o r i f i c e s   30  w h i c h   a r e   s u p p l i e d   f rom  an  a t o m i z a t i o n  

a i r   p a s s a g e   3 0 ' .   The  a t o m i z a t i o n   a i r   o r i f i c e s   30  

i m p i n g e   w i t h   a i r   t h e   l i q u i d   c o a t i n g   s t r e a m   e m i n a t i n g  

f rom  t h e   o r i f i c e   24  f o r   t h e   p u r p o s e   of  a t o m i z i n g   i t .  

L o c a t e d   s l i g h t l y   d o w n s t r e a m   of   t h e   c o n c e n t r i c a l l y  

a r r a n g e d   a t o m i z a t i o n   a i r   o r i f i c e   a r r a y   30  a n d  

c e n t r a l   l i q u i d   c o a t i n g   o r i f i c e   24  a r e   a  p a i r   o f  

f a n - s h a p i n g   o r i f i c e s   32a  and  32b  w h i c h   a r e   s u p p l i e d  

f rom  a  p a s s a g e   3 2 ' .   The  f a n - s h a p i n g   o r i f i c e s   3 2 a  

and  32b  s u b j e c t   t h e   g e n e r a l l y   c i r c u l a r   p a t t e r n   o f  

e l e c t r o s t a t i c a l l y   c h a r g e d   a t o m i z e d   p a r t i c l e s   in   t h e  

r e g i o n   36  to   o p p o s e d   f a n - s h a p i n g   a i r   j e t s   to   t r a n s -  

f o r m   t h e   g e n e r a l l y   c i r c u l a r   a t o m i z e d   c o a t i n g   p a t t e r n  

to   an  o v a l   p a t t e r n .  

To  s u p p l y   c o n t r o l l e d   f l o w   r a t e s   of   l o w  

s o l i d s   c o n t e n t   c o a t i n g   m a t e r i a l   to   t h e   p a s s a g e   2 4 ' ,  

a  p r e s s u r i z e d   s o u r c e   of   l i q u i d   c o a t i n g   m a t e r i a l   40  

i s   p r o v i d e d   w h i c h   i s   c o n n e c t e d   to   t h e   p a s s a g e   2 4 '  

v i a   a  h o s e   42  in   w h i c h   a  s i g n a l - c o n t r o l l e d   l i q u i d  

f l o w   c o n t r o l   v a l v e   44  i s   c o n n e c t e d   c a p a b l e   o f  

o p e r a t i n g   a t   f l o w   r a t e s   of  4 0 - 1 2 0 c c / m i n u t e .   T h e  

v a l v e   44,  may  be  of   any  s u i t a b l e   t y p e ,   s u c h   as  i s  

c o m m e r c i a l l y   a v a i l a b l e   f rom  F a i r c h i l d   I n d u s t r i a l  

P r o d u c t s   D i v i s i o n ,   1501  F a i r c h i l d   D r i v e ,   W i n s t o n -  

S a l e m ,   N o r t h   C a r o l i n a   2 7 1 0 5 ,   d e s i g n a t e d   M o d e l s  



T - 5 4 0 0   or  T - 5 1 0 0 ,   c o u p l e d   w i t h   a  f l u i d   r e g u l a t o r  

c o m m e r c i a l l y   a v a i l a b l e   f rom  N o r d s o n   C o r p o r a t i o n ,  

d e s i g n a t e d   Model   2 4 6 9 2 4   or   2 4 6 7 9 4 .   To  s u p p l y  

p r e s s u r i z e d   a i r   a t   i n d e p e n d e n t l y   and  s e p a r a t e l y  

c o n t r o l l e d   f l o w   r a t e s   to   p a s s a g e s   30'   and  32'   a  

s o u r c e   of  p r e s s u r i z e d   a i r   46  i s   p r o v i d e d .   I n t e r -  

c o n n e c t i n g   t h e   p r e s s u r i z e d   a i r   s o u r c e   46  and  a i r  

p a s s a g e s   30'   and  32'   a r e   a i r   l i n e s   48  and  50  i n  

w h i c h   a r e   r e s p e c t i v e l y   c o n n e c t e d   s e p a r a t e   s i g n a l -  

c o n t r o l l e d   a i r   f l o w   v a l v e s   52  and  54,  r e s p e c t i v e l y .  

The  v a l v e s   52  and  54  may  be  of  any  s u i t a b l e   t y p e ,  

s u c h   as  c o m m e r c i a l l y   a v a i l a b l e   f rom  F a i r c h i l d  

I n d u s t r i a l   P r o d u c t s   D i v i s i o n ,   1501  F a i r c h i l d   D r i v e ,  

W i n s t o n - S a l e m ,   N o r t h   C a r o l i n a   2 7 1 0 5 ,   d e s i g n a t e d  

M o d e l s   T - 5 4 0 0   or   T - 5 1 0 0 ,   w h i c h   a r e   c a p a b l e   o f  

c o n t r o l l i n g   a i r   f l o w   in  t h e   r a n g e   of   1 . 2 5 - 2 . 0   c f m  

and  4 . 0 - 5 . 0   cfm  f o r   a t o m i z a t i o n   and  f a n - s h a p i n g ,  

r e s p e c t i v e l y .  

The  v a l v e s   44,   52,   and  54,  w h i c h   h a v e  

i n p u t   c o n t r o l   t e r m i n a l s   4 4 ' ,  5 2 ' ,   and  5 4 ' ,   r e s p e c -  

t i v e l y ,   a r e   c h a r a c t e r i z e d   s u c h   t h a t   as  t h e   i n p u t  

s i g n a l   t h e r e t o   v a r i e s   t h e   f l o w   r a t e   t h e r e t h r o u g h  

v a r i e s .   The  v a l v e s   may  be  r e s p o n s i v e   to   d i g i t a l  

c o n t r o l   s i g n a l s   or   a n a l o g   c o n t r o l   s i g n a l s ,   a s  

d e s i r e d .  

The  p a r t i c l e - c h a r g i n g   e l e c t r o d e   24  i s  

s u p p l i e d   v i a   t h e   h i g h   v o l t a g e   c a b l e   28  f rom  a  

v a r i a b l e   h i g h   v o l t a g e   s o u r c e   60.  The  o u t p u t   v o l t a g e  



of  t h e   s o u r c e   60  i s   v a r i a b l e   in   r e s p o n s e   to   a  

c o n t r o l   s i g n a l   i n p u t   t h e r e t o   a t   c o n t r o l   t e r m i n a l  

6 0 ' ,   p r e f e r a b l y   o v e r   t h e   a p p r o x i m a t e   r a n g e   o f  

1 6 0 K v - 1 1 5   K v .  

To  p r o v i d e   t h e   d e s i r e d   c o m b i n a t i o n   o f  

c o n t r o l   s i g n a l s   to   t h e   i n p u t   t e r m i n a l s   4 4 ' ,   5 2 ' ,   a n d  

54'   of  t h e   v a l v e s   44,  52 ,   and  54  and  to   t h e   i n p u t  

t e r m i n a l   60'   of   t h e   h i g h   v o l t a g e   s o u r c e   60,  a n  

e l e c t r o n i c   c o n t r o l l e r   62  i s   p r o v i d e d .   E l e c t r o n i c  

c o n t r o l l e r   62,  w h i c h   p r e f e r a b l y   i s   m i c r o p r o c e s s o r  

b a s e d ,   i n c l u d e s   an  a r t i c l e   i d e n t i f i c a t i o n   e n t r y  

d e v i c e   64,  s u c h   as  an  a l p h a n u m e r i c   k e y b o a r d ,   and   a  

l o o k - u p   t a b l e   memory   66,   as  w e l l   as  t h e   n e c e s s a r y  

a r i t h m e t i c   u n i t ,   i n p u t   i n t e r f a c e   67,   o u t p u t   i n t e r f a c e  

68,   and  t h e   l i k e   t y p i c a l l y   f o u n d   in  a  m i c r o c o m p u t e r .  

For   e a c h   d i f f e r e n t   a r t i c l e   to   be  s p r a y e d   w i t h   t h e  

gun  10,   a  d i f f e r e n t   e m p i r i c a l l y   d e t e r m i n e d  u n i q u e  

c o m b i n a t i o n   of  c h a r g i n g   v o l t a g e   l e v e l ,   c o a t i n g   f l o w  

r a t e ,   a t o m i z a t i o n   a i r   f l o w   r a t e ,   and  f a n - s h a p i n g   a i r  

f l o w   r a t e   e x i s t   to   p r o v i d e   o p t i m a l   c o a t i n g   of   t h e  

a r t i c l e .   The  p a r t i c u l a r   c h a r g i n g   v o l t a g e   a n d  

c o a t i n g   and  a t o m i z a t i o n   and  f a n - s h a p i n g   f l o w   r a t e s  

f o r   v a r i o u s   a r t i c l e s   i s   s u b j e c t   to   c o n s i d e r a b l e  

v a r i a t i o n   d e p e n d i n g   upon   s h a p e   of   t h e   a r t i c l e ,  

c o m p o s i t i o n   of  t h e   c o a t i n g   m a t e r i a l ,   d i s t a n c e  

b e t w e e n   t h e   a r t i c l e   and  t h e   gun  n o z z l e ,   l i n e   s p e e d .  

of   t h e   c o n v e y o r   on  w h i c h   t h e   a r t i c l e   i s   m o v i n g   p a s t  

t h e   s p r a y   g u n ,   t e m p e r a t u r e   of   t h e   c o a t i n g   m a t e r i a l ,  



p e r c e n t a g e   s o l i d s   of  t h e   c o a t i n g   m a t e r i a l ,   h u m i d i t y ,  

and  t h e   l i k e .  

Once  t h e   p a r t i c u l a r   c o m b i n a t i o n   o f  

c h a r g i n g   v o l t a g e   l e v e l ,   c o a t i n g   f l o w   r a t e ,   a t o m i z a -  

t i o n   a i r   f l o w   r a t e ,   and  f a n - s h a p i n g   a i r   f l o w   r a t e   i s  

d e t e r m i n e d   f o r   a  p a r t i c u l a r   a r t i c l e   to   be  c o a t e d ,  

t h e   i d e n t i t y   of  t h e   a r t i c l e   i s   e n t e r e d   i n t o   t h e  

c o n t r o l l e r   62  a l o n g   w i t h   t h e   s p e c i f i c   c h a r g i n g  

v o l t a g e ,   and  c o a t i n g   and  a i r   f l o w   r a t e s .   T h e  

c h a r g i n g   v o l t a g e ,   c o a t i n g   f l o w   r a t e ,   and  a t o m i z a t i o n  

and  f a n - s h a p i n g   a i r   f l o w   r a t e s   f o r   e a c h   p a r t i c u l a r  

a r t i c l e   a r e   s t o r e d   in   t h e   c o n t r o l l e r   memory  in  a  

" l o o k - u p "   t a b l e   c o n f i g u r a t i o n ,   s u c h   t h a t   upon   e n t r y  

i n t o   t h e   k e y b o a r d   64  of   t h e   i d e n t i f i c a t i o n   of  t h e  

a r t i c l e   to   be  c o a t e d ,   t h e   l o o k - u p   t a b l e   memory  i s  

a c c e s s e d   and  t h e   c h a r g i n g   v o l t a g e ,   c o a t i n g   f l o w  

r a t e ,   and  a t o m i z a t i o n   and  f a n - s h a p i n g   a i r  f l o w  r a t e s  

f o r   t h a t   p a r t i c u l a r   a r t i c l e   a r e   r e t r i e v e d   and  o u t p u t  

f rom  t h e   m i c r o c o m p u t e r   v i a   o u t p u t   i n n e r f a c e   68  t o  

t h e   i n p u t   t e r m i n a l s   6 0 ' ,   4 4 ' ,   5 2 ' ,   and  54'   of  t h e  

h i g h   v o l t a g e   s o u r c e   60,   t h e   p a i n t   c o n t r o l   v a l v e   4 4 ,  

t h e   a t o m i z a t i o n   a i r   c o n t r o l   v a l v e   52,  and  t h e   f a n -  

s h a p i n g   a i r   c o n t r o l   v a l v e   54,  r e s p e c t i v e l y ,   f o r  

a d j u s t i n g   t h e   c h a r g i n g   v o l t a g e ,   c o a t i n g   f l o w   r a t e ,  

a t o m i z a t i o n   a i r   f l o w   r a t e ,   and  f a n - s h a p i n g   a i r   f l o w  

r a t e ,   r e s p e c t i v e l y ,   n e c e s s a r y   to   o p t i m a l l y   c o a t   t h e  

p a r t i c u l a r   a r t i c l e .  



I f   d e s i r e d ,   an  a r t i c l e   i d e n t i f i c a t i o n   u n i t  

70  can  be  l o c a t e d   a l o n g   t h e   a r t i c l e   c o n v e y o r   l i n e  

u p s t r e a m   of  t h e   s p r a y   gun  10.  As  a r t i c l e s   move  p a s t  

t h e   a r t i c l e   i d e n t i f i c a t i o n   u n i t   t h e   i d e n t i t y   of  t h e  

a r t i c l e s   i s   a u t o m a t i c a l l y   d e t e r m i n e d ,   u s i n g   c o n v e n -  

t i o n a l   a r t i c l e - i d e n t i f i c a t i o n   t e c h n i q u e s ,   and  t h e  

a r t i c l e   i d e n t i f i c a t i o n   e n t e r e d   d i r e c t l y   i n t o   t h e  

p a r t   i d e n t i f i c a t i o n   e n t r y   u n i t   64  of  t h e   c o n t r o l l e r  

62  v i a   an  i n p u t   i n t e r f a c e   67.  In  r e s p o n s e   to  e n t r y  

of   t h e   i d e n t i f i c a t i o n   of   t h e   a r t i c l e ,   t h e   l o o k - u p  

t a b l e   memory  i s   a c c e s s e d   and  s u i t a b l e   c o n t r o l  

s i g n a l s   o u t p u t   to   t h e   h i g h   v o l t a g e   s o u r c e   60  a n d  

v a l v e s   44,  52,  and  54.   When  t h e   a r t i c l e   w h o s e  

i d e n t i t y   has   b e e n   p r e v i o u s l y   s e n s e d   r e a c h e s   t h e  

s p r a y   g u n ,   t h e   c h a r g i n g   v o l t a g e   and  c o a t i n g   f l o w   a n d  

a i r   f l o w   r a t e s   a r e   a u t o m a t i c a l l y   s e t   f o r   o p t i m a l  

c o a t i n g   of  t h e   p a r t i c u l a r   a r t i c l e   w h o s e   i d e n t i t y   w a s  

p r e v i o u s l y   s e n s e d   by  s e n s o r   70.  As  d i f f e r e n t  

a r t i c l e s   a r e   t r a n s p o r t e d   p a s t   t h e   a r t i c l e   i d e n t i f i c a -  

t i o n   u n i t   70  u p s t r e a m   of   t h e   gun  10,  d i f f e r e n t  

a r t i c l e   i d e n t i f i c a t i o n s   a r e   e n t e r e d   i n t o   t h e   a r t i c l e  

i d e n t i f i c a t i o n   e n t r y   u n i t   64  r e s u l t i n g   in   s u c c e s s i v e  

a c c e s s i n g   of  t h e   l o o k - u p   t a b l e   memory   66  and  t h e  

a p p r o p r i a t e   c o m b i n a t i o n   of  c o n t r o l   s i g n a l s   s u c c e s -  

s i v e l y   r e t r i e v e d   and  o u t p u t   to   t h e   h i g h   v o l t a g e  

s o u r c e   60  and  t h e   c o a t i n g   and  a i r   f l o w   v a l v e s   4 4 ,  

52,  and  5 4 .  



An  I m p o r t a n t   a d v a n t a g e   of  t h i s   i n v e n t i o n  

a t t r i b u t a b l e   to  s e p a r a t e   and  i n d e p e n d e n t   c o n t r o l   o f  

t h e   a t o m i z i n g   a i r   and  f a n - s h a p i n g   a i r   f l o w   r a t e s   i s  

t h a t   when  c o a t i n g   a t   low  f l o w   r a t e s   w i t h   low  s o l i d s  

c o n t e n t   c o a t i n g   m a t e r i a l   s u f f i c i e n t l y   h i g h   a t o m i z i n g  

a i r   f l o w   r a t e s   can  be  u t i l i z e d   to   a s s u r e   p r o p e r  

a t o m i z a t i o n   of  t h e   c o a t i n g   m a t e r i a l   w i t h o u t   b i s e c t i n g  

t h e   o v a l   f a n   p a t t e r n   w h i c h   h e r e t o f o r e   r e s u l t e d   w h e n  

t h e   a t o m i z a t i o n   and  f a n - s h a p i n g   f l o w   r a t e s   w e r e  

j o i n t l y   c o n t r o l l e d   w i t h   a  s i n g l e   a i r   f l o w   v a l v e .   A 

f u r t h e r   and  e q u a l l y   i m p o r t a n t   a d v a n t a g e   of  t h i s  

i n v e n t i o n ,   a t t r i b u t a b l e   to   t h e   use   of  a  c o n t r o l l e r  

h a v i n g   a  l o o k - u p   t a b l e   memory  to   p r o v i d e   t h e   u n i q u e  

c o m b i n a t i o n   of  c o n t r o l   s i g n a l s   f o r   t h e   h i g h   v o l t a g e  

s o u r c e   and  t h e   c o a t i n g   and  a i r   f l o w   c o n t r o l   v a l v e s  

i s   t h a t   t h e   c h a r g i n g   v o l t a g e   and  t h e   c o a t i n g   and  a i r  

f l o w   r a t e s   can  be  a u t o m a t i c a l l y   a d j u s t e d   f o r   o p t i m u m  

c o a t i n g   r e s u l t s   f o r   a  l a r g e   a s s o r t m e n t   of   d i f f e r e n t  

a r t i c l e s .  

W h i l e   t h e   p r e f e r r e d   e m b o d i m e n t   has   b e e n   d i s -  

c u s s e d   in   c o n n e c t i o n   w i t h   a  c o a t i n g   s y s t e m   w h i c h  

e l e c t r o s t a t i c a l l y   c h a r g e s   t h e   c o a t i n g   m a t e r i a l   t o  

e n h a n c e   c o a t i n g   e f f i c i e n c y   and  w r a p ,   t h e   i n v e n t i o n  

i s   a l s o   u s e f u l   in   n o n - e l e c t r o s t a t i c   c o a t i n g   s y s t e m s .  

An  i l l u s t r a t i v e   a p p l i c a t i o n   w h e r e   t h e   i n v e n t i o n   can   b e  

u s e d   w i t h o u t   e l e c t r o s t a t i c a l l y   c h a r g i n g   t h e   c o a t i n g  



p a r t i c l e s   i s   when  c o a t i n g   i n t e r i o r   c o r n e r s   of  a n  

e n c l o s u r e .   In  s u c h   a p p l i c a t i o n s   t he   e l e c t r o s t a t i c  

s u p p l y   i s   no t   u s e d .  



1.  E l e c t r o s t a t i c   s p r a y   c o a t i n g   a p p a r a t u s  

c o m p r i s i n g   a  s p r a y   gun  h a v i n g   a  n o z z l e   p r o v i d e d   w i t h  

an  o r i f i c e   from  wh ich   l i q u i d   c o a t i n g   m a t e r i a l   may  b e  

e m i t t e d ,   means  fo r   s u p p l y i n g   p r e s s u r i z e d   l i q u i d  

c o a t i n g   m a t e r i a l   to  s a i d   o r i f i c e ,   means  fo r   i m p i n g i n g  

l i q u i d   c o a t i n g   m a t e r i a l   e m i t t e d   f rom  s a i d   o r i f i c e   w i t h  

p r e s s u r i z e d   a i r   to  a t o m i z e   the  l i q u i d   c o a t i n g   m a t e r i a l  

and  f a n - s h a p i n g   means   fo r   i m p i n g i n g   a t o m i z e d   l i q u i d  

c o a t i n g   m a t e r i a l   e m i t t e d   f rom  the  n o z z l e   o r i f i c e   w i t h  

p r e s s u r i z e d   a i r   to  v a r y   the   fan  s p r a y   p a t t e r n   of  t h e  

a t o m i z e d   l i q u i d   c o a t i n g   m a t e r i a l ,   c h a r a c t e r i s e d   i n  

t h a t   b o t h   a  v a l v e   to  v a r y   the  f l ow  r a t e   of  a t o m i z i n g  

a i r ,   and  a  v a l v e   to  v a r y   the   f low  r a t e   of  t h e  

f a n - s h a p i n g   a i r   a re   p r o v i d e d ,   s a i d   f a n - s h a p i n g   a i r  

v a l v e   b e i n g   c o n t r o l l a b l e   i n d e p e n d e n t l y   of  t h e  

a t o m i z i n g   a i r   v a l v e .  

2.  A p p a r a t u s   as  c l a i m e d   in  C l a i m   1  h a v i n g   m e a n s  

to  e l e c t r o s t a t i c a l l y   c h a n g e   l i q u i d   c o a t i n g   m a t e r i a l  

e m i t t e d   from  the  n o z z l e   o r i f i c e .  

3.  A p p a r a t u s   as  c l a i m e d   in  C l a i m   1  or  2  w h e r e i n  

the   l i q u i d   c o a t i n g   m a t e r i a l   s u p p l y   means  is  such   as  t o  

s u p p l y   low  s o l i d s   c o n t e n t   l i q u i d   c o a t i n g   m a t e r i a l   t o  

the  n o z z l e   o r i f i c e   at  low  f low  r a t e s   fo r   e m i s s i o n  

t h e r e f r o m ,   the   s a i d   o r i f i c e   is  s h a p e d   to  e m i t   l i q u i d  

c o a t i n g   m a t e r i a l   t h e r e f r o m   in  a  g e n e r a l l y   c i r c u l a r  

p a t t e r n ,   and  the  a t o m i z i n g   a i r   f l ow  r a t e   v a l v e   i s  

c o n t r o l l e d   to  f a c i l i t a t e   a t o m i z i n g   low  s o l i d s   c o n t e n t  

l i q u i d   e m i t t e d   f rom  the   o r i f i c e   at  low  f low  r a t e s ,   a n d  

the  f a n - s h a p i n g   a i r   c o n t r o l   v a l v e   is  c o n t r o l l e d   t o  



f a c i l i t a t e   s h a p i n g   the  s a i d   g e n e r a l l y   c i r c u l a r   p a t t e r n  

i n t o   a  s i n g l e   g e n e r a l l y   o v a l   p a t t e r n .  

4.  A p p a r a t u s   as  c l a i m e d   in  C l a i m   2  or  3  w h e r e i n  

the   l i q u i d   s u p p l y   means  i n c l u d e s   a  s i g n a l - r e s p o n s i v e  

f low  c o n t r o l   v a l v e   to  p e r m i t   s e l e c t i v e   a d j u s t m e n t   o f  

the   l i q u i d   f low  r a t e   t h e r e t h r o u g h ,   the   s a i d   a t o m i z i n g  

a i r   c o n t r o l   v a l v e   and  s a i d   f a n - s h a p i n g   a i r   c o n t r o l  

v a l v e   a re   each   s i g n a l - r e s p o n s i v e   to  p e r m i t   i n d e p e n d e n t  

s e l e c t i v e   a d j u s t m e n t   of  the   r e s p e c t i v e   a t o m i z i n g   a n d  

f a n - s h a p i n g   a i r   f low  r a t e s   t h e r e t h r o u g h ,   and  t h e  

e l e c t r o s t a t i c   c h a r g i n g   means  is  s i g n a l - r e s p o n s i v e   t o  

p e r m i t   s e l e c t i v e   a d j u s t m e n t   of  the   e l e c t r o s t a t i c  

c h a r g i n g   v o l t a g e ,   a  c o n t r o l l e r   b e i n g   p r o v i d e d   h a v i n g :  

(a)  memory  means  for   s t o r i n g   the   i d e n t i t y   o f  

d i f f e r e n t   a r t i c l e s   to  be  c o a t e d   and ,   fo r   each   a r t i c l e ,  

i n f o r m a t i o n   c o r r e l a t e d   to  i t s   r e s p e c t i v e l y   a s s o c i a t e d  

u n i q u e   c o m b i n a t i o n   of  e l e c t r o s t a t i c   c h a r g i n g  

p o t e n t i a l ,   l i q u i d   f low  r a t e ,   a t o m i z i n g   a i r   f low  r a t e  

and  f a n - s h a p i n g   a i r   f low  r a t e   n e c e s s a r y   to  o p t i m a l l y  

c o a t   the   a r t i c l e ,  

(b)  means  for   e n t e r i n g   the   i d e n t i t y   of  a 

s p e c i f i c   a r t i c l e   to  be  c o a t e d   to  a c c e s s   the   m e m o r y  

means   and  r e t r i e v e   i n f o r m a t i o n   t h e r e f r o m   c o r r e l a t e d   t o  

the   u n i q u e   c o m b i n a t i o n   of  e l e c t r o s t a t i c   c h a r g i n g  

p o t e n t i a l   l i q u i d   f low  r a t e ,   a t o m i z i n g   a i r   f low  r a t e  

and  f a n - s h a p i n g   a i r   f low  r a t e   c o r r e l a t e d   to  t h e  

s p e c i f i c   a r t i c l e ,   a n d  

(c)  means  to  a p p l y   s i g n a l s   to  t h e  

e l e c t r o s t a t i c   c h a r g i n g   m e a n s ,   l i q u i d   v a l v e ,   a t o m i z i n g  

a i r   v a l v e   and  f a n - s h a p i n g   a i r   v a l v e   c o r r e l a t e d   to  t h e  

r e t r i e v e d   i n f o r m a t i o n   for   the  s p e c i f i c   a r t i c l e   t o  



a d j u s t   the   e l e c t r o s t a t i c   c h a r g i n g   p o t e n t i a l ,   l i q u i d  

f low  r a t e ,   a t o m i z i n g   a i r   f low  r a t e   and  f a n - s h a p i n g   a i r  

f low  r a t e   in  a c c o r d a n c e   w i th   the  r e t r i e v e d   u n i q u e  

c o m b i n a t i o n   n e c e s s a r y   to  o p t i m a l l y   c o a t   the  s p e c i f i c  

a r t i c l e   whose  i d e n t i t y   was  e n t e r e d   i n t o   the   c o n t r o l l e r .  

5.  A p p a r a t u s   as  c l a i m e d   in  C l a i m   4  i n c l u d i n g ,  

a r t i c l e   t r a n s p o r t   means  fo r   c o n v e y i n g   d i f f e r e n t  

a r t i c l e s   in  o p e r a t i v e   r e l a t i o n   to  the   s p r a y   g u n ,  

a r t i c l e   s e n s i n g   means  for   s e n s i n g   the   i d e n t i t y   of  t h e  

c o n v e y e d   a r t i c l e s ,   and  w h e r e i n   the  i d e n t i t y - e n t e r i n g  

means   is  r e s p o n s i v e   to  the  a r t i c l e   s e n s i n g   means   t o  

f a c i l i t a t e   a u t o m a t i c   e n t r y   i n t o   the   c o n t r o l l e r   of  t h e  

i d e n t i t y   of  a r t i c l e s   c o n v e y e d   p a s t   the   s p r a y   g u n .  

6.  A  m e t h o d   of  e l e c t r o s t a t i c a l l y   c o a t i n g   a n  

a r t i c l e   w i t h   l i q u i d ,   c o m p r i s i n g   the   s t e p s   o f ,  

s u p p l y i n g   p r e s s u r i z e d   l i q u i d   to  a  s p r a y   gun  h a v i n g   a 

l i q u i d   o r i f i c e   f rom  wh ich   l i q u i d   is  e m i t t e d ,  

e l e c t r o s t a t i c a l l y   c h a r g i n g   the  e m i t t e d   l i q u i d ,  

s i m u l t a n e o u s l y   i m p i n g i n g   the   e m i t t e d   l i q u i d   w i t h  

s e p a r a t e   p r e s s u r i z e d   a t o m i z i n g   and  f a n - s h a p i n g   a i r  

s t r e a m s   to  s i m u l t a n e o u s l y   a t o m i z e   and  s h a p e   the   f a n  

p a t t e r n   of  the   e m i t t e d   l i q u i d ,   and  i n d e p e n d e n t l y  

a d j u s t i n g   the  a i r   f low  r a t e s   of  the   a t o m i z i n g   a n d  

f a n - s h a p i n g   a i r   s t r e a m s   to  o p t i m i z e   s p r a y   c o a t i n g   o f  

an  a r t i c l e   b e i n g   c o a t e d .  

7.  A  m e t h o d   of  e l e c t r o s t a t i c a l l y   c o a t i n g   a n  

a r t i c l e   w i t h   low  s o l i d s   c o n t e n t   l i q u i d   at  low  f l o w  

r a t e ,   c o m p r i s i n g   the  s t e p s   o f ,   s u p p l y i n g ,   at  low  f l o w  

r a t e ,   low  s o l i d s   c o n t e n t   l i q u i d   to  a  s p r a y   gun  h a v i n g  

a  l i q u i d   o r i f i c e   from  which   l i q u i d   is  e m i t t e d   in  a 



g e n e r a l l y   c i r c u l a r   p a t t e r n ,   e l e c t r o s t a t i c a l l y   c h a r g i n g  

s a i d   e m i t t e d   l i q u i d ,   i m p i n g i n g   a  f i r s t   p r e s s u r i z e d   a i r  

s t r e a m   a g a i n s t   s a i d   e m i t t e d   l i q u i d   to  p r o d u c e  

a t o m i z a t i o n   t h e r e o f ,   i m p i n g i n g   a  s e c o n d   p r e s s u r i z e d  

a i r   s t r e a m   a g a i n s t   s a i d   a t o m i z e d   l i q u i d   to  s h a p e   t h e  

fan  s p r a y   p a t t e r n ,   and  i n d e p e n d e n t l y   a d j u s t i n g  t h e  

a t o m i z i n g   and  fan  s p r a y   p a t t e r n   s h a p i n g   a i r   f low  r a t e s  

to  o p t i m a l l y   a t o m i z e   s a i d   l i q u i d   and  s h a p e   s a i d   s p r a y  

p a t t e r n   i n t o   a  s i n g l e   o v a l - s h a p e d   p a t t e r n .  

8.  A  m e t h o d   of  e l e c t r o s t a t i c a l l y   c o a t i n g   a n  

a r t i c l e   w i t h   l i q u i d ,   c o m p r i s i n g   the   s t e p s   o f ,  

s u p p l y i n g   p r e s s u r i z e d   l i q u i d   to  a  s p r a y   gun  o r i f i c e  

from  which   l i q u i d   is  e m i t t e d   v ia   a  s i g n a l - r e s p o n s i v e  

l i q u i d   f low  c o n t r o l   v a l v e ,   e l e c t r o s t a t i c a l l y   c h a r g i n g  

s a i d   e m i t t e d   l i q u i d   from  an  e l e c t r o s t a t i c   s u p p l y  

h a v i n g   s i g n a l - r e s p o n s i v e   means  for   c o n t r o l l i n g   t h e  

e l e c t r o s t a t i c   c h a r g i n g   v o l t a g e ,   s u p p l y i n g   a 

p r e s s u r i z e d   a t o m i z i n g   a i r   s t r e a m   to  a  gun  a t o m i z i n g  

o r i f i c e   v ia   a  f i r s t   s i g n a l - r e s p o n s i v e   a i r   f low  c o n t r o l  

v a l v e ,   s u p p l y i n g   a  p r e s s u r i z e d   f a n - s h a p i n g   a i r   s t r e a m  

to  a  gun  f a n - s h a p i n g   o r i f i c e   v ia   a  s e c o n d  

s i g n a l - r e s p o n s i v e   a i r   f low  c o n t r o l   v a l v e ,   s t o r i n g   i n  

the  memory  of  a  c o n t r o l l e r   in  c o r r e l a t i o n   w i t h   t h e  

i d e n t i t y   of  d i f f e r e n t   a r t i c l e s   to  be  c o a t e d  

i n f o r m a t i o n   r e l a t e d   to  d i f f e r e n t   u n i q u e   c o m b i n a t i o n s  

of  e l e c t r o s t a t i c   c h a r g i n g   v o l t a g e ,   l i q u i d   f low  r a t e ,  

a t o m i z i n g   a i r   f low  r a t e   and  f a n - s h a p i n g   a i r   f low  r a t e  

n e c e s s a r y   to  o p t i m a l l y   c o a t   s a i d   d i f f e r e n t   a r t i c l e s ,  

e n t e r i n g   i n t o   the   c o n t r o l l e r   the  i d e n t i t y   of  a 

s p e c i f i c   a r t i c l e   to  be  c o a t e d   and  in  r e s p o n s e   t h e r e t o  



a c c e s s i n g   a  memory  to  r e t r i e v e   i n f o r m a t i o n   t h e r e f r o m  

c o r r e l a t e d   to  the  u n i q u e   c o m b i n a t i o n   of  l i q u i d   f l o w  

r a t e ,   a t o m i z i n g   a i r   f l ow  r a t e ,   f a n - s h a p i n g   a i r   f l o w  

r a t e ,   and  e l e c t r o s t a t i c   c h a r g i n g   v o l t a g e   n e c e s s a r y   t o  

o p t i m a l l y   c o a t   s a i d   s p e c i f i c   a r t i c l e ,   and  a p p l y i n g   t o  

s a i d   s i g n a l - r e s p o n s i v e   means  of  s a i d   e l e c t r o s t a t i c  

s u p p l y ,   l i q u i d   v a l v e ,   a t o m i z i n g   a i r   v a l v e ,   a n d  

f a n - s h a p i n g   a i r   v a l v e   s i g n a l s   c o r r e l a t e d   to  the  u n i q u e  

c o m b i n a t i o n   of  e l e c t r o s t a t i c   c h a r g i n g   v o l t a g e ,   l i q u i d  

f l o w   r a t e ,   a t o m i z i n g   a i r   f low  r a t e   and  f a n - s h a p i n g   a i r  

f l ow  r a t e   i n f o r m a t i o n   r e t r i e v e d   f rom  s a i d   memory  i n  

r e s p o n s e   to  the  e n t r y   i n t o   the  c o n t r o l l e r   of  t h e  

i d e n t i t y   of  s a i d   s p e c i f i c   a r t i c l e .  

9.  The  me thod   of  C la im   8  f u r t h e r   i n c l u d i n g   t h e  

s t e p s   o f ,   c o n v e y i n g   d i f f e r e n t   a r t i c l e s   in  o p e r a t i v e  

r e l a t i o n   to  s a i d   s p r a y   gun ,   s e n s i n g   the   i d e n t i t y   o f  

c o n v e y e d   a r t i c l e s   p r i o r   to  r e a c h i n g   the   s p r a y   gun,   a n d  

i n p u t t i n g   the  s e n s e d   i d e n t i t y   of  c o n v e y e d   a r t i c l e s  

i n t o   the   c o n t r o l l e r   to  f a c i l i t a t e   a u t o m a t i c   e n t r y   i n t o  

the   c o n t r o l l e r   of  the   i d e n t i t y   of  a r t i c l e s   c o n v e y e n  

p a s t   the   s p r a y   g u n .  

10.  A  me thod   of  e l e c t r o s t a t i c a l l y   c o a t i n g   a n  

a r t i c l e   w i t h   low  s o l i d s   c o n t e n t   l i q u i d   at  low  f l o w  

r a t e ,   c o m p r i s i n g   the  s t e p s   o f ,   s u p p l y i n g ,   at  low  f l o w  

r a t e ,   low  s o l i d s   c o n t e n t   l i q u i d   to  a  s p r a y   gun  h a v i n g  

a  l i q u i d   o r i f i c e   from  wh ich   l i q u i d   is  e m i t t e d   in  a 

g e n e r a l l y   c i r c u l a r   p a t t e r n ,   i m p i n g i n g   a  f i r s t  

p r e s s u r i z e d   a i r   s t r e a m   a g a i n s t   s a i d   e m i t t e d   l i q u i d   t o  

p r o d u c e   a t o m i z a t i o n   t h e r e o f ,   i m p i n g i n g   a  s e c o n d  

p r e s s u r i z e d   a i r   s t r e a m   a g a i n s t   s a i d   a t o m i z e d   l i q u i d  



to  s h a p e   the  fan  s p r a y   p a t t e r n ,   and  i n d e p e n d e n t l y  

a d j u s t i n g   the  a t o m i z i n g   and  fan  s p r a y   p a t t e r n   s h a p i n g  

a i r   f l ow  r a t e s   to  o p t i m a l l y   a t o m i z e   s a i d   l i q u i d   a n d  

s h a p e   s a i d   s p r a y   p a t t e r n   i n t o   a  s i n g l e   o v a l - s h a p e d  

p a t t e r n .  
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