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@  Electrostatic  spray  nozzle. 

  An  electrostatic  spray  nozzle  including:  a  paint  nozzle 
having  a  labial  paint  spout  hole  for  spurting  a  paint  under  pre- 
determined  liquid  pressure;  an  air  nozzle  having  an  air  blow  hole 
forwardly  of  the  paint  spout  hole  for  blowing  air  streams  to- 
ward  the  spurted  paint  to  accelerate  atomization  of  the  paint; 
and  a  needle  electrode  located  forward  of  the  air  spout  hole  and 
applied  with  a  high  voltage  to  charge  the  atomized  particles  of 
the  paint to  a  predetermined  potential.  Atomization  of  the  paint 
which  is  spurted  from  the  paint  spout  hole  is  accelerated  by 
pressurized  air  streams  from  the  air  spout  hole,  while  prevent- 
ing  the  tailing  phenomenom.  The  atomized  paint  particles  are 
charged  by  passage  through  an  ionizing  zone  which  is  formed 
around  the  needle  electrode,  thereby  promoting  the  efficiency 
of  paint  deposition  and  at the  same  time  the  efficiency  of  paint 
atomization  by  the  electrostatic  atomizing  action. 



T h i s   i n v e n t i o n   r e l a t e s   to   an  e l e c t r o s t a t i c  

s p r a y   n o z z l e   f o r   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  work   w i t h   a  

p a i n t   by  a p p l y i n g   a  h i g h   v o l t a g e   to   t h e   p a i n t   a l o n g   w i t h  

j e t s   of  p r e s s u r i z e d   a i r .  

T h e r e   h a s   t h u s   f a r   b e e n   known  in  t h e   a r t   t h e   \ 

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

s p u r t   a  p a i n t   u n d e r   a  p r e d e t e r m i n e d   p r e s s u r e   t o w a r d   a  

work   f rom  a  l a b i a l   p a i n t   s p o u t   h o l e   p r o v i d e d   in   a  p a i n t  

n o z z l e .   H o w e v e r ,   t h e   a i r l e s s   t y p e   s p r a y   n o z z l e   of  t h i s  

s o r t   u s u a l l y   r e q u i r e s   to  p r e s s u r i z e   a  p a i n t   up  to   a  

h i g h   l i q u i d   p r e s s u r e   l e v e l   of  a b o u t   1 0 0  -   300  k g / c m 2 ,   s o  

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

and  a  h o s e   w h i c h   can   e n d u r e   a  h i g h   l i q u i d   p r e s s u r e ,  

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

c o n s i d e r a b l y   worn   o u t   by  t he   l i q u i d   f l o w s   of  h i g h  

v e l o c i t y .   In  a d d i t i o n ,   t he   c o n v e n t i o n a l   a i r l e s s   t y p e  

s p r a y   n o z z l e   has   a  p r o b l e m   t h a t   t h e   s o - c a l l e d   " t a i l i n g  

p h e n o m e n o n "   a p p e a r s   at  t he   o p p o s i t e   e n d s   of  a  p a i n t  

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

In  an  a t t e m p t   to  s o l v e   t h e s e   p r o b l e m s ,   t h e r e  

h a v e   been   p r o p o s e d   a  v a r i e t y   of  s p r a y   n o z z l e s   in  w h i c h  

p r e s s u r i z e d   a i r   of  a b o u t   0 . 5  -   5  k g / c m 2   is   b l o w n   f r o m  

b e h i n d   a  p a i n t   s p o u t   h o l e   t o w a r d   p a i n t   j e t s   s p u r t e d  f r o m  

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

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



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

r e l a t i v e l y   low  l e v e l   of  a b o u t   3 0  -   100  k g / c m 2 .  

H o w e v e r ,   in  t h e   a b o v e - m e n t i o n e d   p r i o r   a r t  

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

s i d e w a r d   of  a  p a i n t   s p o u t   h o l e   in   o r d e r   n o t   to   d i s t u r b  

t h e   p a i n t   j e t s   f rom  t he   p a i n t   s p o u t   h o l e ,   so  t h a t   t h e r e  

i s   s t i l l   a  p r o b l e m   t h a t   i t   i s   d i f f i c u l t   to   c o l l i d e   t h e  

a i r   s t r e a m s   a g a i n s t   t h e   p a i n t   j e t s   in   a  s u f f i c i e n t  

d e g r e e ,   r e s u l t i n g   in  a  low  a t o m i z a t i o n   e f f i c i e n c y .  

F u r t h e r ,   in  c a s e   w h e r e   an  a i r   b low  h o l e   i s   p r o v i d e d  

f o r w a r d   of  t h e   p a i n t   s p o u t   h o l e ,   t h e r e   i s   a l s o   a  p r o b l e m  

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

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

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

The  p r e s e n t   i n v e n t i o n   a ims   a t   e l i m i n a t i o n   o f  

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

a r t ,   and  has   as  i t s   o b j e c t   t h e   p r o v i s i o n   of  a n  

e l e c t r o s t a t i c   s p r a y   n o z z l e   w h i c h   can   fo rm  a  c o a t i n g   o f  

h i g h   q u a l i t y   w i t h   a  h i g h   e f f i c i e n c y .  

I t   i s   a n o t h e r   o b j e c t   of  t h e   p r e s e n t   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   n o z z l e   w h i c h   c a n  

e n h a n c e   t h e   e f f i c i e n c y   of   p a i n t   a t o m i z a t i o n   and  p r e v e n t  
t h e   t a i l i n g   p h e n o m e n o n   in  a  r e l i a b l e   m a n n e r .  

I t   i s   s t i l l   a n o t h e r   o b j e c t   of  t h e   p r e s e n t  

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   n o z z l e   w h i c h  

can   i m p r o v e   t h e   e f f i c i e n c y   of  p a i n t   d e p o s i t i o n   on  a  

w o r k p i e c e   by  e f f e c t i v e l y   c h a r g i n g   p a i n t   p a r t i c l e s .  

A c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n ,   in  o r d e r  

to   a c h i e v e   t h e   a b o v e - m e n t i o n e d   o b j e c t s ,   t h e r e   i s  

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

c h a r a c t e r i z e d   by  t he   p r o v i s i o n   o f :   a  p a i n t   n o z z l e  

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

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

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

s p o u t   h o l e   f o r   b l o w i n g   a i r   s t r e a m s   t o w a r d   t he   p a i n t  



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

a t o m i z a t i o n   of  t h e   p a i n t ;   and  a  n e e d l e   e l e c t r o d e   l o c a t e d  

f o r w a r d   of  t h e  a i r   s p o u t   h o l e   and  a p p l i e d   w i t h   a  h i g h  

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

of  t he   p a i n t   s p r a y e d   by  t h e   a i r   j e t s .  

The  a b o v e   and  o t h e r   o b j e c t s ,   f e a t u r e s   a n d  

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

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

c l a i m s ,   t a k e n   in  c o n j u n c t i o n   w i t h   t h e   a c c o m p a n y i n g  

d r a w i n g s   w h i c h   show  by  way  of  e x a m p l e   some  p r e f e r r e d  

e m b o d i m e n t s   of  t h e   i n v e n t i o n .  

In  t h e   a c c o m p a n y i n g   d r a w i n g s :  

F i g u r e   1  i s   a  s c h e m a t i c   s i d e   v i e w   of  a  h a n d  

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

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

i n v e n t i o n ;  

F i g u r e   2  i s   an  e n l a r g e d   v e r t i c a l   s e c t i o n a l  

v i e w   of  t h e   e l e c t r o s t a t i c   s p r a y   n o z z l e   of  F i g u r e   l ;  

F i g u r e   3  i s   a  f r o n t   v i ew   of  t h e   e l e c t r o s t a t i c  

s p r a y   n o z z l e ,   s e e n   f rom  t h e   l e f t   s i d e   of  F i g u r e   2 ;  

F i g u r e   4  is   a  s c h e m a t i c   s i d e   v i e w   of  an  a u t o  

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

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

i n v e n t i o n ;  

F i g u r e   5  i s   a  v i e w   s i m i l a r   to   F i g u r e   2  b u t  

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

t h e   s e c o n d   e m b o d i m e n t   of  F i g u r e   4 ;  

F i g u r e   6  is  a  f r o n t   v i ew   of  t h e   e l e c t r o s t a t i c  

s p r a y   n o z z l e ,   s e e n   f rom  t h e   l e f t   s i d e   of  F i g u r e   5 ;  

F i g u r e   7  is   a  v i ew  s i m i l a r   to   F i g u r e   2  b u t  

s h o w i n g   a  t h i r d   e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n ;   a n d  

F i g u r e   8  is   a  f r o n t   v i ew   of  t h e   e l e c t r o s t a t i c  

s p r a y   n o z z l e   of  F i g u r e   7 .  

R e f e r r i n g   to   F i g u r e   1,  t h e r e   i s   shown  by  w a y  
of  e x a m p l e   a  h a n d   gun  t y p e   e l e c t r o s t a t i c   s p r a y e r  



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

i n v e n t i o n ,   w h e r e i n   i n d i c a t e d   a t   1  i s   t h e   hand   gun  t y p e  

e l e c t r o s t a t i c   s p r a y e r   i n c l u d i n g   a  n o z z l e   body   2 

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

p a s s a g e   as  d e s c r i b e d   l a t e r ,   a  h a n d l e   3  p r o v i d e d   a t   o n e  

end  of  t h e   n o z z l e   body   2,  an  e l e c t r o s t a t i c   s p r a y   n o z z l e  

4  p r o v i d e d   a t   t h e   o t h e r   end  of  t h e   n o z z l e   body   2  in   t h e  

m a n n e r   as  e x p l a i n e d   l a t e r   w i t h   r e f e r e n c e   to   F i g u r e s   2 

and  3,  a  t r i g g e r   5  f o r   m a n u a l   o p e r a t i o n   l o c a t e d   b e t w e e n  

t h e   n o z z l e   body   2  and  h a n d l e   3  f o r   m a n u a l l y   o p e n i n g   a n d  

c l o s i n g   t h e   p a i n t   and  a i r   p a s s a g e s ,   a  p a i n t   h o s e   6  a n d  

an  a i r   h o s e   7  c o n n e c t e d   to   t h e   n o z z l e   body   2,  and  a  h i g h  

v o l t a g e   c a b l e   8  f o r   r e c e i v i n g   a  s u p p l y   of   h i g h   v o l t a g e  

f rom  a  h i g h   v o l t a g e   g e n e r a t o r   ( no t   s h o w n ) .  

As  s e e n   in   F i g u r e s   2  and  3  w h i c h   show  d e t a i l s  

of   t h e   e l e c t r o s t a t i c   s p r a y   n o z z l e   4  of  F i g u r e   1  in   a n  

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

r e s p e c t i v e l y ,   t h e   n o z z l e   body   2  i s   i n t e r n a l l y   p r o v i d e d  

w i t h   a  p a i n t   p a s s a g e   11  w h i c h   c o m m u n i c a t e s   w i t h   t h e   p a i n t  

h o s e   6  and  an  a i r   p a s s a g e   12  w h i c h   c o m m u n i c a t e s   w i t h   t h e  

a i r   h o s e   7  and  an  a n n u l a r   g r o o v e   13  i s   f o r m e d   on  an  e n d  

f a c e   2A  of  t h e   n o z z l e   body  2.  On  t h e   o t h e r   h a n d ,  

p r o v i d e d   in  and  a l o n g   t he   p a i n t   p a s s a g e   11  i s   a  v a l v e  

rod   14  w h i c h   h a s   one  end  t h e r e o f   c o n n e c t e d   to  t h e  

t r i g g e r   5  and  has   a  v a l v e   member  15  m o u n t e d   a t   t h e   o t h e r  

e n d ,   so  t h a t   t h e   v a l v e   member  15  i s   moved  t o w a r d   a n d  

away  f rom  a  v a l v e   s e a t   16  by  m a n i p u l a t i o n   of  t h e   t r i g g e r  

5  t o   open   and  c l o s e   t he   p a i n t   p a s s a g e   11,  in  s y n c h r o n i s m  

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

t h e   t r i g g e r   5  to   open   and  c l o s e   t he   a i r   p a s s a g e   1 2 .  

D e s i g n a t e d   at   17  i s   a  n o z z l e   h o l d e r   w h i c h   i s  

p r o v i d e d   on  t h e   end  f a c e   2A  of  t h e   n o z z l e   body  2,  t h e  

n o z z l e   h o l d e r   17  b e i n g   f o r m e d   in  a  s e m i - s p h e r i c a l   s h a p e  
and  p r o v i d e d   w i t h   a  p l u r a l   number   of  a x i a l   a i r   p a s s a g e s  

18  in  c o m m u n i c a t i o n   w i t h   t he   a n n u l a r   p a s s a g e   13.  An 



i n t e r m e d i a t e   s e a t   member   19  of   a  r e s i l i e n t   m a t e r i a l   s u c h  

as  T e f l o n   and  t h e   l i k e   w h i c h   is   f i t t e d   in  t h e   n o z z l e  

h o l d e r   17  i s   c e n t r a l l y   p r o v i d e d   w i t h   an  a x i a l   p a i n t  

p a s s a g e   20  in  c o m m u n i c a t i o n   w i t h   t h e   p a i n t  p a s s a g e   1 1 .  

The  r e f e r e n c e   n u m e r a l   21  d e n o t e s   a  p a i n t  

n o z z l e   w h i c h   is   f i t t e d   in  t h e   n o z z l e   h o l d e r   17  w i t h   i t s  

d i s t a l   s p h e r i c a l   p o r t i o n   21A  p r o j e c t e d   f o r w a r d l y   o u t   o f  

t h e   n o z z l e   h o l d e r   17.  The  p a i n t   n o z z l e   21  i s   r e t a i n e d  

in  p o s i t i o n   by  t h e   i n t e r m e d i a t e   s e a t   member   19,  g r i p p e d  

b e t w e e n   t h e   i n t e r m e d i a t e   s e a t   member   19  and  t h e   n o z z l e .  

h o l d e r   17.  The  p a i n t   n o z z l e   21  i s   p r o v i d e d   w i t h   a  

l a b i a l   p a i n t   s p o u t   h o l e   22  w h i c h   is   f o r m e d   by  c u t t i n g  

t h e   s p h e r i c a l   p o r t i o n   21A  in  V - s h a p e   in  s e c t i o n .   A 

p a i n t   w h i c h   i s   s u p p l i e d   t h r o u g h   t h e   p a i n t   p a s s a g e s   1 4  

and  20  i s   s p u r t e d   f rom  t h e   p a i n t   s p o u t   h o l e   22  in  t h e  

fo rm  of  a  j e t   s t r e a m   of  s e c t o r a l   s h a p e .  

D e s i g n a t e d   a t   23  i s   an  a i r   n o z z l e   w h i c h   i s  

f o r m e d   w i t h   a  c o n c a v e   s u r f a c e   24  on  one  s i d e   t h e r e o f ,  

and  l o c a t e d   in  s u c h   a  m a n n e r   as  to   c i r c u m v e n t   t h e   p a i n t  

n o z z l e   21  as  w e l l   as  t he   n o z z l e   h o l d e r   17.  U p o n  

t i g h t e n i n g   a  n u t   25  r e l a t i v e   to   t he   n o z z l e   body   2,  t h e  

a i r   n o z z l e   23  i s   g r i p p e d   b e t w e e n   t h e   end  f a c e   2A  of  t h e  

n o z z l e   body   2  and  t h e   nu t   25,  w h i l e   s h o u l d e r s   17A  of  t h e  

n o z z l e   h o l d e r   17  a r e   a b u t t e d   on  t h e   c o n c a v e   s u r f a c e   2 4 ,  

g r i p p i n g   t h e   n o z z l e   h o l d e r   17  b e t w e e n   t h e   c o n c a v e  

s u r f a c e   24  and  t h e   end  f a c e   2A  and  t h u s   a s  a - w h o l e  

s e c u r i n g   t h e   n o z z l e   h o l d e r   17  and  a i r   n o z z l e   23  to   t h e  

n o z z l e   h o l d e r   2 .  

The  a i r   n o z z l e   23  i s   f o r m e d   w i t h   a  l a b i a l   a i r  

b low  h o l e   26  a t   a  p o s i t i o n   f o r w a r d   of  t h e   d i s t a l  

s p h e r i c a l   p o r t i o n   21A  of  t h e   p a i n t   n o z z l e   21.  The  a i r  

b low  h o l e   26  is   f o r m e d   by  c u t t i n g   a  g r o o v e   of  V - s h a p e   27  

a c r o s s   a  c e n t e r   p l a t e a u   23A  ( s e e   F i g u r e   3)  to   d e f i n e   a  
l a b i a l   o p e n i n g   b e t w e e n   t he   V - s h a p e d   g r o o v e   27  and  t h e  

c o n c a v e   s u r f a c e   24.  The  a n g l e   8  of  t h e   v - g r o o v e   27  i s  



s e t   a t   t h e   same  v a l u e   as  t h e   V - s h a p e d   l a b i a l   p a i n t   s p o u t  

h o l e   2 2 .  

On  t h e   o t h e r   h a n d ,   an  a n n u l a r   g r o o v e   28  w h i c h  

c o m m u n i c a t e s   w i t h   t h e   a i r   p a s s a g e   18  i s   f o r m e d   b e t w e e n  

t h e   o u t e r   p e r i p h e r a l   s u r f a c e   of  t h e   n o z z l e   h o l d e r   17  a n d  

t h e   s p h e r i c a l   c o n c a v e   s u r f a c e   24  of   t h e   a i r   n o z z l e   2 3 ,  

and  t h e   n o z z l e   h o l d e r   17  i s   p r o v i d e d   w i t h   a  h e a d   p o r t i o n  

17B  of   a  d i a m e t e r   w h i c h   i s   r e d u c e d   t o w a r d   t h e   a i r   b l o w  

h o l e   26  and  s m a l l e r   t h a n   t h e   a b u t t i n g   s h o u l d e r   p o r t i o n  

17A,  d e f i n i n g   an  a i r   p a s s a g e   29  b e t w e e n   t h e   h e a d   p o r t i o n  

17B  and  t h e   s p h e r i c a l   c o n c a v e   s u r f a c e   24  a r o u n d   t h e  

e n t i r e   c i r c u m f e r e n c e   of  t h e   h e a d   p o r t i o n   17B.  U p o n  

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

p a s s a g e   12,  a n n u l a r   g r o o v e   13,  a i r   p a s s a g e   18  a n d  

a n n u l a r   g r o o v e   28  and  f rom  t h e   a i r   p a s s a g e   29  to   t h e   a i r  

b low  h o l e   26,  t h e   j e t   s t r e a m   of  t h e   p a i n t   w h i c h   i s  

s p u r t e d   f rom  t h e   p a i n t   s p o u t   h o l e   22  i s   w r a p p e d   in   a i r  

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

and  p r e v e n t i n g   t h e   t a i l i n g   p h e n o m e n o n .  

F u r t h e r ,   i n d i c a t e d   a t   30  i s   a  h i g h   r e s i s t a n c e  

w h i c h   i s   p r o v i d e d   in  t h e   n o z z l e   body  2  f o r   s a f e t y  

p u r p o s e s ,   one  end  of  t h e   h i g h   r e s i s t a n c e   30  b e i n g  

c o n n e c t e d   to   t he   h i g h   v o l t a g e   c a b l e   8  and  t h e   o t h e r   e n d  

to   a  c o n d u c t o r   31  w h i c h   i s   e x t e n d e d   to   t h e   end  f a c e   2A 

of  t h e   n o z z l e   body   2.  D e n o t e d   a t   32  i s   a  c o n d u c t o r  

w h i c h   i s   e m b e d d e d   in  t he   a i r   n o z z l e   23  and  has   one  e n d  

t h e r e o f   c o n n e c t e d   to  the   c o n d u c t o r   31  t h r o u g h   a  

c o n n e c t i n g   s p r i n g   33,  f o r m i n g   a  n e e d l e   e l e c t r o d e   34  a t  

t h e   o t h e r   end  w h i c h   is  p r o j e c t e d   f rom  a  h o r n   p o r t i o n   23B 

of  t h e   a i r   n o z z l e   23  a t   a  p o s i t i o n   f o r w a r d   of  t h e   a i r  

b low  h o l e   26.  Upon  a p p l y i n g   a  h i g h   v o l t a g e   to  t h e  

n e e d l e   e l e c t r o d e   34  t h r o u g h   t h e   h i g h   v o l t a g e   c a b l e   8 ,  

h i g h   r e s i s t a n c e   30,  c o n d u c t o r   31,  s p r i n g   33  a n d  

c o n d u c t o r   32,  a i r   a r o u n d   t h e   n e e d l e   e l e c t r o d e   34  i s  

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



a t o m i z e d   p a r t i c l e s   s p r a y e d   f rom  t h e   a i r   b low  h o l e   26  t o  

a  p o t e n t i a l   of  t h e   same  p o l a r i t y   as  t h e   a p p l i e d   v o l t a g e ,  

a n d ,   in  c a s e   w h e r e   t h e   n e e d l e   e l e c t r o d e   34  or  t h e   h o r n  

p o r t i o n   23B  is   of  a  m e t a l ,   f l y i n g   t h e   a t o m i z e d   p a i n t  

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

t h e   d i s t a l   end  of  t he   e l e c t r o d e   or  h o r n   and  a  w o r k p i e c e  

to   d e p o s i t   t h e   p a i n t   t h e r e o n .  

A c c o r d i n g   to   t he   n o z z l e   c o n s t r u c t i o n   of  t h e  

i n v e n t i o n   as  d e s c r i b e d   a b o v e ,   t h e   v a l v e   15  i s   o p e n e d   b y  

m a n i p u l a t i o n   of  t h e   t r i g g e r   5  to   s u p p l y   a  p a i n t   f r om  t h e  

h o s e   6  to   t h e   p a i n t   n o z z l e   21  u n d e r   a  p r e s s u r e   o f ,   f o r  

e x a m p l e ,   50  k g / c m 2   t h r o u g h   t h e   p a i n t   p a s s a g e s   11  and  2 0 ,  

s h o o t i n g   t h e   p a i n t   t o w a r d   t h e   a i r   b low  h o l e   26  f r o m   t h e  

p a i n t   s p o u t   h o l e   22  in  t h e   fo rm  of  a  j e t   s t r e a m   o f  

s e c t o r a l   s h a p e   of  t h e   a n g l e   9.  By  m a n i p u l a t i o n   of  t h e  

t r i g g e r   5,  t h e   a i r   p a s s a g e   12  i s   a l s o   o p e n e d ,   a n d  

p r e s s u r i z e d   a i r   f rom  t he   a i r   h o s e   7  i s   s u p p l i e d   to   t h e  

a i r   n o z z l e   23  u n d e r   a  p r e s s u r e   o f ,   f o r   e x a m p l e ,   2 

k g / c m 2   t h r o u g h   t h e   a i r   p a s s a g e   12,  a n n u l a r   g r o o v e   1 3 ,  

a i r   p a s s a g e   18,  a n n u l a r   g r o o v e   28  and  a i r   p a s s a g e   2 9 ,  

s p u r t i n g   f rom  t h e   a i r   b low  h o l e   26  an  a i r   s t r e a m   o f  

s e c t o r a l   s h a p e   of  t h e   a n g l e   8 .  

In  t h i s   i n s t a n c e ,   as  t h e   j e t   s t r e a m   of  t h e  

p a i n t   w h i c h   i s   s p u r t e d   u n d e r   a  h i g h   p r e s s u r e   f rom  t h e  

p a i n t   s p o u t   h o l e   22  b r e a k s   t h r o u g h   t h e   a i r   s t r e a m   of  l o w  

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

22,  i t s   a t o m i z a t i o n   is  a c c e l e r a t e d   by  c o n t a c t   w i t h   a i r .  

B e s i d e s ,   t h e   a i r   s t r e a m   w r a p s   in  t h e   j e t   s t r e a m   of  t h e  

p a i n t   as  a  w h o l e   a f t e r   l e a v i n g   t h e   p a i n t   n o z z l e ,  

p r e v e n t i n g   d i s t u r b a n c e s   of  t h e   s h a p e   of  s p r a y   p a t t e r n   a s  

w e l l   as  t h e   o c c u r r e n c e   of  t h e   t a i l i n g   p h e n o m e n o n   in   a  

r e l i a b l e   m a n n e r .   In  t h i s   c o n n e c t i o n ,   i t   i s   to   be  n o t e d  

t h a t   t h e   p a i n t   s p o u t   h o l e   22  and  a i r   b low  h o l e   26  a r e  

f o r m e d   by  V - s h a p e d   g r o o v e s   of  t he   same  a n g l e ,   so  t h a t  

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



22  i s   s e c u r e l y   g u i d e d   t o w a r d   t h e   a i r   b low  h o l e   2 6 ,  

w i t h o u t   s p o i l i n g   t h e   a i r   n o z z l e   by  d e p o s i t i n g   on  t h e  

s p h e r i c a l   c o n c a v e   s u r f a c e   24  on  t h e   i n n e r   s i d e   of  t h e  

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

a i r   b low  h o l e   2 6 .  

F u r t h e r ,   t h e   n e e d l e   e l e c t r o d e   34  w h i c h   i s  

l o c a t e d   f o r w a r d   of  t h e   a i r   b low  h o l e   26  i s   a p p l i e d   w i t h  

a  h i g h   v o l t a g e ,   f o r   e x a m p l e ,   a  v o l t a g e   of  m i n u s   90  KV 

t h r o u g h   t h e   h i g h   v o l t a g e   c a b l e   8,  h i g h   r e s i s t a n c e   3 0 ,  

c o n d u c t o r   31,  s p r i n g   33  and  c o n d u c t o r   32.  T h e r e f o r e ,  

a i r   a r o u n d   t h e   n e e d l e   e l e c t r o d e   34  i s   n e g a t i v e l y  

i o n i z e d ,   f o r m i n g   an  i o n i z e d   zone   t h e r e a r o u n d ,   so  t h a t  

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

t h r o u g h   t h e   i o n i z e d   zone   and  u r g e d   to   f l y   t o w a r d   a  

w o r k p i e c e   a l o n g   l i n e s   of  e l e c t r i c   f o r c e .   C o n s e q u e n t l y ,  

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

to   t h e   b a c k   s i d e   of  t h e   w o r k p i e c e ,   e n h a n c i n g   t h e  

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

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

p r e s e n t   i n v e n t i o n   i s   n o t   l i m i t e d   to   a  hand   gun  t y p e  

s p r a y e r   and  may  be  a p p l i e d   to   an  a u t o   gun  t y p e  

e l e c t r o s t a t i c   s p r a y e r   41  as  shown  in  F i g u r e   4.  In  t h i s  

c a s e ,   t h e   e l e c t r o s t a t i c   s p r a y e r   41  e m p l o y s   a  n o z z l e   b o d y  

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

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

In   a  m a n n e r   s i m i l a r   to  t h e   f o r e g o i n g   e m b o d i m e n t ,   t h e  

n o z z l e   body   42  i s   p r o v i d e d   w i t h   an  e l e c t r o s t a t i c   s p r a y  
n o z z l e   4,  a  p a i n t   h o s e   6  and  an  a i r   h o s e   7.  F u r t h e r ,  

t h e   n o z z l e   body   42  is   p r o v i d e d   w i t h   an  arm  43  to   b e  

a t t a c h e d   to   a  r e c i p r o c a t o r   or  t he   l i k e ,   m o u n t i n g   on  t h e  

arm  43  an  a t t a c h i n g   b r a c k e t   44  and  a  h i g h   v o l t a g e   c a b l e  

8.  In  t h e   c a s e   of  t h e   a u t o   gun  t y p e   e l e c t r o s t a t i c  

s p r a y e r   41,  t h e   n o z z l e   body  42,  t h e   p a i n t   s p r a y   n o z z l e   6 

and  t h e   l i k e   may  be  f o r m e d   of  a  c o n d u c t i v e   m e t a l   i f  

d e s i r e d .  



R e f e r r i n g   now  to  F i g u r e s   5  and  6,  t h e r e   i s  

shown  a  s e c o n d   e m b o d i m e n t   of  t he   i n v e n t i o n ,   w h i c h   i s  

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

p l a t e a u   123A  of  t h e   a i r   n o z z l e   123 ,   n a m e l y ,   on  t h e  

s u r f a c e   123B  w h i c h   f a c e s   a  w o r k p i e c e .  

More  p a r t i c u l a r l y ,   i f   p r e s s u r i z e d   a i r   i s   b l o w n  

o f f   f rom  t h e   a i r   b low  h o l e   126  a l o n g   w i t h   p a i n t  

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

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

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

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

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

s u r f a c e   123B  w h i c h   f a c e s   t h e   w o r k p i e c e .   In  o r d e r   t o  

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

n o z z l e   123  i s   p r o v i d e d   w i t h   a  p l u r a l   n u m b e r   of  a i r   h o l e s  

135  in   t h e   c e n t e r   p l a t e a u   123A  f o r   b l o w i n g   o f f   p a i n t  

p u r g e   a i r   t h e r e f r o m .   Each  a i r   h o l e   135  i s   o p e n e d   a t   o n e  

end  i n t o   an  a i r   p a s s a g e   129  and  a t   t h e   o t h e r   end  i n t o  

t h e   p l a t e a u   f a c e   123B  w h i c h   f a c e s   t h e   w o r k p i e c e .   A s  

shown  p a r t i c u l a r l y   in  F i g u r e   6,  a  p l u r a l   n u m b e r   of  a i r  

h o l e s   135  a r e   a r r a n g e d   in  p a r a l l e l   rows  w h i c h   a r e  

l o c a t e d   on  o p p o s i t e   s i d e s   of  t he   V - s h a p e d   g r o o v e   1 2 7 .  

In  t h i s   i n s t a n c e ,   s i n c e   t h e   a i r   h o l e s   135  a r e  

c o m m u n i c a t e d   w i t h   t he   a i r   p a s s a g e   129 ,   p r e s s u r i z e d   a i r  

i s   b lown   o f f   no t   o n l y   f rom  t he   a i r   b low  h o l e   126  b u t  

a l s o   f rom  t he   a i r   h o l e s   135  d u r i n g   a  c o a t i n g   o p e r a t i o n  

to   s e n d   f o r t h   p a i n t   p u r g e   a i r   t h e r e f r o m .  

C o n s e q u e n t l y ,   t he   p a i n t   p u r g e   a i r   s u i t a b l y  

p r e v e n t s   p a i n t   d e p o s i t i o n   on  t h e   end  f a c e   123B  as  w e l l  

as  s p i t t i n g ,   c o n t r i b u t i n g   to   t h e   i m p r o v e m e n t   in  q u a l i t y  

of  c o a t e d   p r o d u c t s   and  to  t h e   r e d u c t i o n   of  t he   w a s h i n g  

t i m e   of  t h e   p a i n t   s p r a y   n o z z l e .  

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

a r e   no t   m e n t i o n e d   in  p a r t i c u l a r   in  t h e   f o r e g o i n g  

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



t h e   p a i n t ,   a r e   same  as  in  t h e   f i r s t   e m b o d i m e n t ,   a n d  

t h e r e f o r e   t h e   d e s c r i p t i o n   in   t h i s   r e g a r d   i s   o m i t t e d   t o  

a v o i d   u n n e c e s s a r y   r e p e t i t i o n .  

I f   d e s i r e d ,   p a i n t   p u r g e   a i r   may  be  s u p p l i e d   i n  

t h e   m a n n e r   as  shown  in  F i g u r e s   7  and  8.  N a m e l y ,   a  

s e m i - c i r c u l a r   p r o j e c t i o n   223D  may  be  p r o v i d e d   on  t h e  

p l a t e a u   s u r f a c e   223B  of   t h e   a i r   n o z z l e   w h i c h   f a c e s   a  

w o r k p i e c e ,   on  one  s i d e   of  t h e   o p p o s i n g   h o r n   p o r t i o n s  

223C  and  223C'   (on  t h e   l e f t   s i d e   in   t h e   c a s e   of  F i g u r e  

8)  and  a c r o s s   t h e   V - s h a p e d   g r o o v e   227 ,   t h e   s e m i - c i r c u l a r  

p r o j e c t i o n   223D  h a v i n g   a  h e i g h t   g r e a t e r   t h a n   t h e   h e i g h t  

in   t h e   a x i a l   d i r e c t i o n - o f   t h e   p l a t e a u   s u r f a c e   223B  b u t  

s m a l l e r   t h a n   t h e   h e i g h t   of  t h e   h o r n   p o r t i o n s   223C  a n d  

223C'   and  b e i n g   p r o v i d e d   w i t h   a  s t r a i g h t   or  u p r i g h t   w a l l  

223E  on  t h e   s i d e   of  t h e   h o r n   p o r t i o n s   223C  and  2 2 3 C ' .  

The  a i r   n o z z l e   223  i s   l i k e w i s e   p r o v i d e d   w i t h   a  p a i r   o f  

p a i n t   p u r g e   a i r   h o l e s   235  on  t h e   o p p o s i t e   s i d e s   of  t h e  

V - g r o o v e   227.   Each   p a i n t   p u r g e   a i r   h o l e   235  i s   o p e n e d  

a t   one   end  t h e r e o f   i n t o   t h e   a i r   p a s s a g e   229  and  h a s   t h e  

o t h e r   end  c u r v e d   in   t h e   s e m i - c i r c u l a r   p r o j e c t i o n   223  a n d  

o p e n e d   on  t h e   u p r i g h t   w a l l   223E  ( s e e   F i g u r e   7 ) .  

W i t h   t h i s   a r r a n g e m e n t ,   t he   p a i n t   p u r g e   a i r   c a n  

be  b l o w n   o f f   f rom  t he   a i r   h o l e s   235  s u b s t a n t i a l l y   in  a  

d i r e c t i o n   p a r a l l e l   w i t h   t h e   p l a t e a u   s u r f a c e   223B,   s o  

t h a t   t h e   p l a t e a u   s u r f a c e   223B  can   be  c o n s t a n t l y   c o v e r e d  

w i t h   p a i n t   p u r g e   a i r   d u r i n g   o p e r a t i o n ,   p r e v e n t i n g   t h e  

d e p o s i t i o n   of  p a i n t   p a r t i c l e s   on  t h e   p l a t e a u   s u r f a c e   2 2 3 B  

w h i c h   w o u l d   o t h e r w i s e   be  c a u s e d   by  v a c u u m   p r e s s u r e  

d e v e l o p i n g   a r o u n d   t h e   a i r   s t r e a m   f rom  t he   a i r   b low  h o l e  

2 2 6 .  

A l t h o u g h   t h e   l a b i a l   p a i n t   s p o u t   h o l e   and  t h e  

l a b i a l   a i r   b low  h o l e   have   been   d e s c r i b e d   in  t h e  

f o r e g o i n g   e m b o d i m e n t s   as  b e i n g   f o r m e d   by  c u t t i n g   a  

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

p a i n t   n o z z l e   and  t h e   c e n t e r   p l a t e a u   of  t h e   a i r   n o z z l e ,  



r e s p e c t i v e l y ,   t h e y   may  be  f o r m e d   by  a  g r o o v e   of  U - s h a p e  

in  s e c t i o n   i f   d e s i r e d .   F u r t h e r ,   i n s t e a d   of  p r o v i d i n g   a  

n e e d l e   e l e c t r o d e   on  one  h o r n   p o r t i o n ,   a  p a i r   of  n e e d l e  

e l e c t r o d e s   may  be  p r o v i d e d   on  t he   r a d i a l l y   o p p o s i n g   t w o  

h o r n   p o r t i o n s .   When  t h e   p a i n t   s p r a y   n o z z l e   of  t h e  

i n v e n t i o n   is   a p p l i e d   to   a  hand   gun  t y p e   e l e c t r o s t a t i c  

s p r a y e r ,   i t   is   p r e f e r r e d   f rom  t he   s t a n d p o i n t   of  s a f e t y  

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

t h e   n o z z l e   b o d y ,   n o z z l e   h o l d e r ,   a i r   n o z z l e ,   c ap   and  t h e  

l i k e .  

A l t h o u g h   t he   i n v e n t i o n   has   b e e n   d e s c r i b e d   i n  

t e r m s   of  s p e c i f i c   e m b o d i m e n t s ,   i t   i s   to   be  u n d e r s t o o d  

t h a t   o t h e r   f o r m s   of  t he   i n v e n t i o n   may  r e a d i l y   a d a p t e d  

w i t h   t h e   s c o p e   of  t he   i n v e n t i o n .  



1.  An  e l e c t r o s t a t i c   s p r a y   n o z z l e ,   c o m p r i s i n g   i n  

c o m b i n a t i o n :  

a  p a i n t   n o z z l e   p r o v i d e d   w i t h   a  l a b i a l   p a i n t  

s p o u t   h o l e ;  

an  a i r   n o z z l e   p r o v i d e d   w i t h   a  l a b i a l   a i r   b l o w  

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

b l o w i n g   o f f   a i r   s t r e a m   t o w a r d   j e t   s t r e a m   of  p a i n t  

s p u r t e d   f rom  s a i d   p a i n t   s p o u t   h o l e ;   a n d  

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

b low  h o l e   and  a p p l i e d   w i t h   a  h i g h   v o l t a g e   f o r   c h a r g i n g  

a t o m i z e d   p a i n t   p a r t i c l e s   s p r a y e d   f rom  s a i d   a i r   b l o w  

h o l e .  

2.  An  e l e c t r o s t a t i c   s p r a y   n o z z l e   as  s e t   f o r t h   i n  

c l a i m   1,  w h e r e i n   s a i d   a i r   n o z z l e   i s   p r o v i d e d   w i t h   a  

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

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

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

n o z z l e   a r o u n d   t h e   e n t i r e   c i r c u m f e r e n c e   t h e r e o f .  

3.  An  e l e c t r o s t a t i c   s p r a y   n o z z l e   as  s e t   f o r t h   i n  

c l a i m   1,  w h e r e i n   s a i d   p a i n t   s p o u t   h o l e   and  a i r   b low  h o l e  

a r e   f o r m e d   by  g r o o v e s   of  V-  or  U - s h a p e   in  s e c t i o n ,   s a i d  

V-  or  U - s h a p e d   g r o o v e s   b e i n g   f o r m e d   in  an  i d e n t i c a l  

f o r m .  

4.  An  e l e c t r o s t a t i c   s p r a y   n o z z l e   as  s e t   f o r t h   i n  

c l a i m   1,  w h e r e i n   s a i d   a i r   n o z z l e   i s   p r o v i d e d   w i t h   p a i n t  

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

n o z z l e   s u r f a c e   f a c i n g   a  work   to   be  c o a t e d .  

5.  An  e l e c t r o s t a t i c   s p r a y   n o z z l e   as  s e t   f o r t h   i n  



c l a i m   4,  w h e r e i n   s a i d   a i r   h o l e s   a r e   p r o v i d e d   i n  

p o s i t i o n s   a r o u n d   s a i d   l a b i a l   a i r   b low  h o l e .  

6.  An  e l e c t r o s t a t i c   s p r a y   n o z z l e   as  s e t   f o r t h   i n  

c l a i m   4,  w h e r e i n   s a i d   a i r   h o l e s   a r e   o p e n e d   in   a  

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

s a i d   w o r k .  
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