
J )  

Europaisches  Patentamt 

European  Patent  Office  @  Publication  number:  0   0 9 2   3 9 2  

Office  europeen  des  brevets A 2  A 2  

12  EUROPEAN  PATENT  APPLICATION 

£r  Application  number:  83302126.4  @  Int.  CI.3:  B  05  B  5/02,  B  05  B  7 / 0 8  

<§@@  Date  of  filing  :  14.04.83 

@i  Priority:  16.04.82  US369003  @  Applicant:  NORDSON  CORPORATION,  555  Jackson 
Street  P.  O.  Box  151,  Amherst  Ohio  44001  (US) 

@  Date  of  publication  of  application:  26.10.83  ®  Inventor:  Hastings,  Donald  R.,  42873  Woodhill  Drive, 
Bulletin  83/43  E|yria  ohio  (us) 

@  Representative  :  Allen,  Oliver  John  Richard  et  al,  Lloyd 
_  Wise,  Tregear  &  Co.  Norman  House  1  05-1  09  Strand, '@M>  Designated  Contracting  States:  DE  FR  GB  SE  London,  WC2R  0AE  (GB) 

£4.  Air  atomising  nozzle  assembly. 

An  air  atomising  nozzle  assembly  for  electrostatic  spray 
guns  is  disclosed.  The  nozzle  assembly  is  made  of  polyamide- 
imide  («Torlon»)  plastic  parts  and  includes  an  air  cap  having  a 
central  bore  which  surrounds  a  fluid  nozzle  tip.  The  fluid  nozzle 
tip  has  a  nut  formed  on  its  forward  end  to  facilitate  threading 
of  the  rearward  end  of  the  nozzle  tip  into  a  threaded  bore  of  the 
gun  body.  Formed  on  the  front  part  of  the  nozzle,  either  as  a 
part  of  the  nut  or  a  cylindrical  surface  adjacent  the  nut,  is  an 
accurately  machined  surface  engageable  in  press  fit  relation- 
ship  with  a  mating  accurately  machined  bore  of  the  air  cap. 
These  mating  press  fit  surfaces  centre  the  bore  of  the  air  cap 
relative  to  the  nozzle  tip  so  as  to  leave  an  annular,  evenly 
dimensioned  air  flow  passage  surrounding  the  nozzle  tip  and 
defined  between  the  nozzle  tip  and  the  bore  of  the  air  cap.  The 
air  cap  is  retained  in  a  one-piece  resilient  retaining  ring  by 
snapping  the  air  cap  into  an  annular  lip  of  the  retaining  ring.  The 
retaining  ring  is  then  threaded  onto  the  gun  body  to  secure  the 
nozzle  assembly  onto  the  gun  body. 



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

s y s t e m s   and  p a r t i c u l a r l y   to  an  i m p r o v e d   n o z z l e   a s s e m b y  

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

i n v e n t i o n   r e l a t e s   to  an  e x t e r n a l   a i r   a t o m i z i n g   n o z z l e  

a s s e m b l y   fo r   e l e c t r o s t a t i c   s p r a y   guns   such   as  t h a t  

d i s c l o s e d   in  U n i t e d   S t a t e s   P a t e n t   No.  3 , 7 4 7 , 8 5 0   o r  

U n i t e d   S t a t e s   P a t e n t   No.  4 , 2 7 3 , 2 9 3 .  

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

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

and  t he   l i k e   is  p a s s e d   t h r o u g h   the   b a r r e l   of  a  s p r a y  

gun ,   i n t o   a  f l u i d   n o z z l e   wh ich   is  t h r e a d e d   at  i t s   r e a r  

i n t o   a  c o u n t e r b o r e   in  the   f o r w a r d   end  of  the   b a r r e l ,  

and  t h r o u g h   and  ou t   of  a  s m a l l   d i a m e t e r   b o r e   in  t h e  

n o z z l e   t i p   at  the   f o r w a r d   end  of  the   n o z z l e .   An  a i r  

cap  s u r r o u n d s   the  f o r w a r d   end  of  the   n o z z l e   a n d  

i n c l u d e s   a  c e n t r a l   bo re   s u r r o u n d i n g   the   t i p   of  t h e  

n o z z l e   so  as  to  d e f i n e   an  a n n u l a r   a i r   p a s s a g e   a r o u n d  

the   n o z z l e   t i p .   Air   i s s u i n g   from  t h i s   a n n u l a r   p a s s a g e  

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

m a t e r i a l   o r i f i c e   of  the   n o z z l e   to  at  l e a s t   c o a r s e l y  

a t o m i s e   the   m a t e r i a l   s t r e a m .   T h e r e   may  be  a d d i t i o n a l  

o p e n i n g s   or  p o r t s   in  the   a i r   cap  to  f u r t h e r   a t o m i s e   o r  

c o n t r o l   the   m a t e r i a l   s t r e a m   as  w e l l   as  a  p a i r   o f  

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

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

f l ow  of  a i r   t h r o u g h   the   a t o m i s i n g   a i r   p a s s a g e ,   and  a 

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

i s s u i n g   f rom  the  horn   of  the   n o z z l e   and  t h u s   the   d e g r e e  

of  " f a n "   f o r m e d   by  the  a t o m i s e d   s p r a y .  



In  such   s y s t e m s ,   i t   is  of  u t m o s t   i m p o r t a n c e  

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

c e n t r a l   b o r e   in  the   a i r   cap  and  the  o u t s i d e   d i a m e t e r   o f  

the   f l u i d   n o z z l e   t i p   be  a c c u r a t e l y   c o n c e n t r i c   w i t h   t h e  

m a t e r i a l   o r i f i c e   of  the  n o z z l e .   If  t h i s   c o n c e n t r i c i t y  

d e v i a t e s   by  as  l i t t l e   as  one  or  two  o n e - t h o u s a n d t h s   o f  

an  i n c h ,   a t o m i s a t i o n   of  the   m a t e r i a l   b e c o m e s  

n o n - u n i f o r m   and  the   s h a p e   of  the   s p r a y   e m i t t e d   f rom  t h e  

gun  b e c o m e s   d i s t o r t e d .   B e c a u s e   the   f l u i d   t i p   has   i n  

the   p a s t   u s u a l l y   been   s u p p o r t e d   at  i t s   r e a r w a r d   e n d  

r e m o v e d   f rom  the   n o z z l e ,   i t   has  been   e x t r e m e l y  

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

n o z z l e   t i p   in  t he   c e n t r a l   b o r e .   T h i s   is  p a r t i c u l a r l y  

t r u e   when  the   n o z z l e   a s s e m b l y   is  f o r m e d   of  a 

n o n - c o n d u c t i v e   m a t e r i a l   such  as  p l a s t i c   s i n c e   i t   i s  

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

the   t o l e r a n c e s   r e q u i r e d   to  a c h i e v e   c o n c e n t r i c i t y .  

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

the   f l u i d   m a t e r i a l   and  the  s h a p e   of  the   s p r a y   e m i t t e d  

from  the   gun  i n c r e a s e s   as  the  f low  r a t e   of  m a t e r i a l  

t h r o u g h   the   gun  d e c r e a s e s .   In  sum,  v e r y   s m a l l  

v a r i a t i o n s   in  the   a n n u l a r   a i r   p a s s a g e   s u r r o u n d i n g   t h e  

f l u i d   n o z z l e   t i p   have   been  f o u n d   to  have  v e r y   d r a s t i c  

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

the  g u n .  

In  our  U n i t e d   S t a t e s   P a t e n t   No.  4 , 2 7 3 , 2 9 3  

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

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

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

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



c e n t r a l   bo re   of  the   a i r   cap  a r o u n d   the   n o z z l e   t i p   b y  

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

s p a c e d   a b o u t   the   c i r c u m f e r e n c e   of  the   b o r e   and  h a v i n g  

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

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

s p a c e d   r i b s   b e t w e e n   the   h o l e s .   T h e s e   r i b s   a r e  

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

t i p   to  a l i g n   the   c e n t r e   a x i s   of  the   n o z z l e   c o n c e n t r i c  

w i t h   the   c e n t r e   a x i s   of  the   a i r   cap  b o r e .   T h e  

d i f f i c u l t y   w i t h   t h i s   s o l u t i o n   to  the   p r o b l e m   is  t h a t   i t  

is  v e r y   d i f f i c u l t   and  e x p e n s i v e   to  a c c u r a t e l y   m a c h i n e  

the   p l u r a l i t y   of  h o l e s   and  r i b s   in  the   a i r   cap  so  as  t o  

e s t a b l i s h   t h i s   c o n c e n t r i c i t y .   F u r t h e r m o r e ,   the   r i b s  

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

a i r   f l o w   p a s s a g e   such   t h a t   i t   is  d i f f i c u l t   to  o b t a i n  

s u f f i c i e n t   a i r   f l o w   f o r   many  a p p l i c a t i o n s .  

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

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

were  e a s i l y   m a c h i n e a b l e   to  c l o s e   t o l e r a n c e s   and  w h i c h  

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

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

n o z z l e   a s s e m b l i e s   be  made  f rom  a  e l e c t r i c a l l y  

n o n - c o n d u c t i v e   m a t e r i a l .   One  of  the   e a r l i e r   k n o w n  

m a t e r i a l s   c h o s e n   and  u sed   c o m m e r c i a l l y   was  a  " B a k e l i t e "  

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

b e c a u s e   of  i t s   b r i t t l e n e s s   and  the   c a s e   w i t h   w h i c h   i t  

was  b r o k e n   u n d e r   p r o d u c t i o n   use  c o n d i t i o n s .  

S u b s e q u e n t l y ,   and  u n t i l   t h i s   i n v e n t i o n ,   the   b e s t  

m a t e r i a l   for   t h i s   use  has  been   " D e l r i n " ,   an  a c e t a l  

r e s i n   made  by  E . I .   D u P o n t   DeNemours   &  Co.  I n c .   o f  



W i l m i n g t o n ,   D e l a w a r e ,   U n i t e d   S t a t e s   of  A m e r i c a .   B u t ,  

" D e l r i n "   is  d i f f i c u l t   to  m a c h i n e   and  h o l d   to  c l o s e  

d i m e n s i o n a l   t o l e r a n c e s   u n d e r   p r o d u c t i o n   c o n d i t i o n s .  

A d d i t o n a l l y ,   " D e l r i n "   is  s u b j e c t   to  d i m e n s i o n a l   c h a n g e  

or  c h e m i c a l   a t t a c k   in  s o l v e n t   c o n t a i n i n g   e n v i r o n m e n t s  

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

n o z z l e s   c h a n g e .   C o n s e q u e n t l y ,   n o z z l e s   made  f r o m  

" D e l r i n "   have  v a r y i n g   s p r a y   p a t t e r n s ,   i r r e s p e c t i v e   o f  

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

one  n o z z l e   to  the  n e x t .  

I t   has  t h e r e f o r e   been   a  p r i m a r y   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  c r e a t 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  

a s s e m b l y   which   is  c a p a b l e   of  s p r a y i n g   i d e n t i c a l   s p r a y  

p a t t e r n s   from  one  p r o d u c t i o n   made  n o z z l e   a s s e m b l y   t o  

the   n e x t .  

S t i l l   a n o t h e r   o b j e c t i v e   of  t h i s   i n v e n t i o n   h a s  

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

a s s e m b l y   which   is  not   s u b j e c t   to  t he   p r o b l e m s   d e s c r i b e d  

h e r e i n a b o v e   and  s p e c i f i c a l l y ,   w h i c h   is  not   b r i t t l e   a n d  

t h u s   s u b j e c t   to  b r e a k a g e ,   is  no t   s u b j e c t   t o  

d e t e r i o r a t i o n   by  s o l v e n t s ,   is  not   s u b j e c t   to  p l a s t i c  

f l o w   d u r i n g   p r o d u c t i o n ,   and  wh ich   may  be  r e p r o d u c e d  

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

These   o b j e c t i v e s   have   been   met  by  a n  

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

w i t h   t he   i n v e n t i o n   which   is  made  f rom  p o l y a m i d e - i m i d e  

r e s i n   ( commonly   i d e n t i f i e d   as  " T o r l o n " ) .   Such  a i r  

s p r a y   n o z z l e s   are   not   b r i t t l e   and  s u b j e c t   to  b e c o m i n g  

e a s i l y   b r o k e n ,   a re   not   s u b j e c t   to  p l a s t i c   f l ow  d u r i n g  



m a c h i n i n g ,   and  a re   r e s i s t a n t   to  s o l v e n t   a t t a c k .  

C o n s e q u e n t l y ,   such   " T o r l o n "   a i r   s p r a y   p l a s t i c   n o z z l e s  

may  be  made  to  c l o s e   t o l e r a n c e s   and  s p e c i f i c a t i o n s  

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

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

to  t he   n e x t .  

The  i n v e n t i o n   w i l l   now  be  f u r t h e r   d e s c r i b e d   b y  

way  of  e x a m p l e   w i t h   r e f e r e n c e   to  the   a c c o m p a n y i n g  

d r a w i n g s   in  w h i c h :  

F i g u r e   1  is  a  s i d e   e l e v a t i o n a l   v iew  s h o w i n g   i n  

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

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

( shown  in  s o l i d ) ,  

F i g u r e   2  is  an  e x p l o d e d   p e r s p e c t i v e   v iew  w i t h  

p a r t   b r o k e n   away  of  one  e m b o d i m e n t   of  n o z z l e   a s s e m b l y  

of  t h i s   i n v e n t i o n  

F i g u r e   3A  is  a  p a r t i a l   e x p l o d e d   p e r s p e c t i v e  

v iew  of  a  p r i o r   a r t   n o z z l e ,  

F i g u r e   3B  is  an  end  view  of  the   p r i o r   a r t  

n o z z l e   shown  in  F i g u r e   3A,  

F i g u r e   4A  is  a  c r o s s   s e c t i o n a l   v iew  of  a 

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

F i g u r e   4B  is  an  end  e l e v a t i o n a l   v iew  of  t h e  

p r i o r   a r t   n o z z l e   shown  in  F i g u r e   4A,  

F i g u r e   5  is  an  a x i a l   c r o s s   s e c t i o n a l   v iew  o f  

the   e m b o d i m e n t   n o z z l e   a s s e m b l y   of  t h i s   i n v e n t i o n ,  

F i g u r e   6  is  an  end  e l e v a t i o n a l   v iew  t a k e n   o n  

l i n e   6-6  of  F i g u r e   5 ,  

F i g u r e   7  is  a  c r o s s   s e c t i o n a l   v iew  t a k e n   o n  

l i n e   7-7  of  F i g u r e   5 .  



The  gun  10  i l l u s t r a t e d   in  F i g u r e   1  of  t h e  

d r a w i n g s   is  an  a i r   o p e r a t e d   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   r e l i e s   upon  the   i m p a c t   of  an  a i r   s t r e a m   w i t h  

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

s t r e a m .   Whi l e   the   i n v e n t i o n   is  d e s c r i b e d   as  a p p l i e d   t o  

an  a i r   gun ,   i t   s h o u l d   be  u n d e r s t o o d ,   t h o u g h ,   t h a t   t h e  

i n v e n t i o n   is  e q u a l l y   a p p l i c a b l e   to  a l l   e l e c t r o s t a t i c  

s p r a y   guns   or  to  s p r a y   s y s t e m s   in  g e n e r a l .  

The  gun  10  shown  in  p h a n t o n   in  F i g u r e   1  i s  

d e s c r i b e d   in  d e t a i l   in  our  U n i t e d   S t a t e s   P a t e n t  

No.  3 , 7 4 7 , 8 5 0 .   The  gun  is  g e n e r a l l y   d e s c r i b e d   h e r e   o n l y  

fo r   p u r p o s e s   of  i l l u s t r a t i n g   the   a p p l i c a t i o n   of  t h e  

p r e s e n t   i n v e n t i o n .  

The  gun  10  c o m p r i s e s   an  e l e c t r i c a l l y  

c o n d u c t i v e   m e t a l   h a n d l e   a s s e m b l y   11,  an  e l e c t r i c a l l y  

i n s u l a t i v e   b a r r e l   a s s e m b l y   12,  and  an  i n s u l a t i v e   n o z z l e  

a s s e m b l y   13.  P a i n t   or  o t h e r   s p r a y   m a t e r i a l   w h i c h   may 

be  in  t he   n a t u r e   of  a  c o a t i n g ,   v a r n i s h ,   or  l a c q u e r  

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

p a i n t )   is  s u p p l i e d   to  the  gun  f rom  an  e x t e r n a l  

r e s e r v o i r   or  t ank   (no t   shown)  t h r o u g h   a  m a t e r i a l  

p a s s a g e   14.  A  h i g h   v o l t a g e   s o u r c e   of  e l e c t r i c a l   e n e r g y  

is  s u p p l i e d   to  the   gun  by  a  c a b l e   15  f rom  an  e x t e r n a l  

e l e c t r i c a l   power   pack  (no t   s h o w n ) .  

The  h a n d l e   a s s e m b l y   11  is  g e n e r a l l y   made  f r o m  

a  m e t a l   c a s t i n g   and  i n c u d e s   an  a i r   i n l e t   16,  a  t r i g g e r  

a c t u a t e d   i n t e r n a l   a i r   f low  c o n t r o l   v a l v e   17  and  a 

t r i g g e r   18  fo r   c o n t r o l l i n g   the  f low  of  a i r   t h r o u g h   t h e  

v a l v e   17.  T h e r e   is  a l s o   an  a d j u s t a b l e   a i r   v a l v e   20  i n  

the   gun  h a n d l e   for   c o n t r o l l i n g   the   s h a p e   or  " f a n "   of  t h e  



s p r a y   e m i t t e d   f rom  the  g u n .  

The  a i r   i n l e t   16  o p e n s   i n t o   a  g e n e r a l l y  

v e r t i c a l   a i r   p a s s a g e   in  the   h a n d l e   11  w h i c h  

c o m m u n i c a t e s   t h r o u g h   the  a i r   f l ow  c o n t r o l   v a l v e   17  w i t h  

a  p a i r   of  i n t e r n a l   p a s s a g e s   22,  24  p a s s i n g   t h r o u g h   t h e  

b a r r e l   12  of  the   gun  and  t e r m i n a t i n g   at  the   f o r w a r d   e n d  

of  the   b a r r e l   12  ( F i g u r e   2 ) .   The  p a s s a g e   22  p r o v i d e s  

a t o m i s i n g   a i r   w h i l e   p a s s a g e   24  p r o v i d e s   the   f a n - s h a p i n g  

a i r .   The  f l ow  of  a i r   t h r o u g h   p a s s a g e s   22,  24  i s  

c o n t r o l l e d   by  the   t r i g g e r   o p e r a t e d   a i r   c o n t r o l   v a l v e   17 

w h i l e   t he   f l ow  of  fan  a i r   t h r o u g h   the   p a s s a g e   24  i s  

f u r t h e r   c o n t r o l l e d   by  the   fan  c o n t r o l   v a l v e   2 0 .  

R e f e r r i n g   now  to  F i g u r e s   2  and  5,  the   n o z z l e  

a s s e m b l y   13  is  made  f rom  an  e l e c t r i c a l l y   n o n - c o n d u c t i v e  

m a t e r i a l .   I t   c o m p r i s e s   a  n o z z l e   26  w h i c h   is  t h r e a d e d   a t  

i t s   r e a r   28  i n t o   a  c o u n t e r b o r e   30  in  the   f o r w a r d   end  o f  

the   b a r r e l   12.  N o z z l e   26  has  s i x   c i r c u m f e r e n t i a l l y  

s p a c e d   a x i a l   p a s s a g e s   32  wh ich   open  i n t o   the   r e a r   o f  

the   c o u n t e r b o r e   30  w h i c h   in  t u r n   c o m m u n i c a t e   w i t h   t h e  

a i r   p a s s a g e   22  such   t h a t   a t o m i s i n g   a i r   p a s s i n g   t h r o u g h  

the  p a s s a g e   22  may  e n t e r   and  p a s s   t h r o u g h  t h e   a x i a l  

p a s s a g e s   32  in  the   n o z z l e   and  i n t o   an  i n t e r n a l   c h a m b e r  

33  s u r r o u n d i n g   the   f o r w a r d   end  34  of  the   n o z z l e   26.  T h e  

n o z z l e   26  a l s o   has  a  c e n t r a l   a x i a l   p a s s a g e   35 

c o m m u n i c a t i n g   w i t h   a  m a t e r i a l   f low  p a s s a g e   36  in  t h e  

b a r r e l   12  fo r   s u p p l y   of  l i q u i d   or  f l u i d   v i a   the   p a s s a g e  

14  ( F i g u r e   1)  f rom  the   t a n k   or  r e s e r v o i r .  

The  f o r w a r d   end  34  of  the   n o z z l e   is  g e n e r a l l y  

t a p e r e d   and  t e r m i n a t e s   in  a  n o z z l e   t i p   38  h a v i n g   a 

s m a l l   d i a m e t e r   o r i f i c e   40  t h r o u g h   w h i c h   the   c o a t i n g  



m a t e r i a l   is  e m i t t e d .   I m m e d i a t e l y   r e a r w a r d   of  t h e  

t a p e r e d   s e c t i o n   34  of  the   n o z z l e ,   a  h e x a g o n a l   nu t   60  i s  

f o r m e d   on  the  p e r i p h e r y   of  the   n o z z l e .   Th i s   n u t  

f a c i l i t a t e s   t h r e a d i n g   of  the   t h r e a d e d   r e a r   28  of  t h e  

n o z z l e   i n t o   the   t h r e a d e d   c o u n t e r b o r e   30  of  the   g u n  
b a r r e l   12.  With  r e f e r e n c e   to  F i g u r e s   2  and  7,  i t   w i l l  

be  s e e n   t h a t   t he   f l a t s   61  of  t h i s   nu t   60  have  t h e i r  

i n t e r s e c t i n g   c o r n e r s   r o u n d e d   or  r a d i u s e d   as  i n d i c a t e d  

at  62.  As  e x p l a i n e d   more  f u l l y   h e r e i n a f t e r ,   t h e s e  

r a d i u s e d   s u r f a c e s   62  may  f u n c t i o n   as  a  p r e s s   f i t  

s u r f a c e   on  the   f r o n t   of  the   n o z z l e   26  e n g a g e a b l e   w i t h   a 

p r e s s   f i t   i n t e r n a l   d i a m e t e r   s u r f a c e   of  the  a i r   c a p .   As 

an  a l t e r n a t i v e   to  the   r o u n d e d   c o r n e r s   62  of  the   n u t  

f u n c t i o n i n g   as  a  p r e s s   f i t   s u r f a c e   on  the  f r o n t   of  t h e  

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

s u r f a c e   of  the   a i r   cap  50,  a  c y l i n d r i c a l   s e c t i o n   63  o f  

the   n o z z l e   of  t he   same  r a d i u s   R  as  the   r o u n d e d   c o r n e r s  

67  may  s e r v e   the   same  f u n c t i o n   or  a c t   to  s u p p l e m e n t   t h e  

same  p r e s s   f i t   f u n c t i o n .  

A  m a t e r i a l   i o n i s i n g   e l e c t r o d e   or  a n t e n n a   42  i s  

m o u n t e d   on  the   c e n t r e   a x i s   of  the   n o z z l e   and  is  h e l d   i n  

p l a c e   in  the  p a s s a g e   35  by  means  of  a  n o n - c o n d u c t i v e  

h o l d e r   44  ( F i g u r e   7 ) .   E l e c t r i c a l   power   is  s u p p l i e d   t o  

the   e l e c t r o d e   42  w h i c h   p r o t r u d e s   from  the  o r i f i c e   40  o f  

the   n o z z l e   t i p   38.  T h i s   power   is  s u p p l i e d   g e n e r a l l y  

from  the   e l e c t r i c a l   power   pack  wh ich   is  c o n n e c t e d   t o  

the   gun  v i a   a  c a b l e   15  wh ich   is  c o n n e c t e d   to  t h e  

e l e c t r o d e   42  v i a   an  i n s u l a t e d   c a b l e   46  and  s p r i n g   4 8 .  

The  a i r   cap  50  s u r r o u n d s   the   f o r w a r d   end  34  o f  

the   n o z z l e   26.  I t   i n c l u d e s   a  c e n t r a l   bore   52  t h r o u g h  



which   the   n o z z l e   t i p   38  e x t e n d s ,   a  p a i r   of  fan  c o n t r o l  

p o r t s   54,  one  l o c a t e d   on  e i t h e r   s i d e   of  the   b o r e   5 2 ,  

two  p a i r s   of  r e c e s s e d   f i n e   a t o m i s i n g   p o r t s   56,  and  a 

p a i r   of  p o r t s   58  in  e a c h   a i r   h o r n   59.  R e f e r r i n g   now  i n  

a d d i t i o n   to  F i g u r e s   5  and  6  i t   w i l l   be  s een   t h a t   t h e  

s u r f a c e   of  the   c e n t r a l   b o r e   52  is  s p a c e d   f rom  t h e  

i n t e r n a l   s u r f a c e   of  the   n o z z l e   t i p   38  such   t h a t   a n  

a n n u l a r   a i r   f low  p a s s a g e   64  is  d e f i n e d   t h e r e b e t w e e n .  

T h i s   a n n u l a r   a i r   p a s s a g e   64  o p e n s   i n t o   the  i n t e r n a l   a i r  

c h a m b e r   33  such   t h a t   a i r   f low  i n t o   the   c h a m b e r   33  e x i t s  

t h r o u g h   the   a n n u l a r   p a s s a g e   6 4 .  

E x t e n d i n g   i n w a r d l y   i n t o   the  a i r   c h a m b e r   33  o f  

the   a i r   cap  50,  t h e r e   is  a  f l a n g e   65.  T h i s   f l a n g e   h a s  

an  i n t e r n a l   d i a m e t e r   D  t he   same  as  or  s l i g h t l y   s m a l l e r  

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

63  of  the   n o z z l e   and  b e t w e e n   the   r o u n d e d   c o r n e r s   62  o f  

the   nu t   s e c t i o n   60  of  t he   n o z z l e   such   t h a t   w h e n  

a s s e m b l e d ,   the   f l a n g e   65  is  p r e s s   f i t   o n t o   the   n u t  

s e c t i o n   60  a n d / o r   the   c y l i n d r i c a l   s e c t i o n   63  of  t h e  

n o z z l e   26.  T h i s   p r e s s   f i t   e n a b l e s   t h i s   a i r   cap  50  to  b e  

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

the   a i r   cap  b o r e   52  n e a r l y   p e r f e c t l y   c o n c e n t r i c   w i t h  

the   a x i s   of  the   n o z z l e   26  and  n o z z l e   o r i f i c e   46.  T h e  

p r e s s   f i t   s u r f a c e s   t h u s   a l i g n   the   n o z z l e   such   t h a t   t h e  

c e n t r e   a x i s   of  the   m a t e r i a l   o r i f i c e   40  is  on  the   c e n t r e  

a x i s   of  the   c e n t r a l   b o r e   52.  The  c o - a c t i o n   of  t he   f l u i d  

t i p   n o z z l e   w i t h   the   a i r   cap  t h u s   p r o v i d e s   an  a n n u l a r  

a i r   f l o w   p a s s a g e   64  u n i f o r m l y   s p a c e d   a r o u n d   the   f l u i d  

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

f low  p a t t e r n .  



T h i s   c o - a c t i o n   may  be  f u r t h e r   u n d e r s t o o d   a n d  

a p p r e c i a t e d   by  r e f e r r i n g   to  F i g u r e s   3A  and  3B  w h e r e i n   a 

p r i o r   a r t   n o z z l e   a s s e m b l y   is  i l l u s t r a t e d .   R e f e r r i n g  

f i r s t   to  F i g u r e   3A,  in  the   p r i o r   a r t ,   the   n o z z l e   end  70 

of  the  f l u i d   t i p   72  e x t e n d s   t h r o u g h   a  c e n t r a l   b o r e   74 

in  the   a i r   cap  76  wh ich   has  a  d i a m e t e r   g r e a t e r   t h a n   t h e  

o u t s i d e   d i a m e t e r   of  the   n o z z l e   70  to  form  an  a n n u l a r  

a i r   p a s s a g e   a r o u n d   the  n o z z l e .   H o w e v e r ,   in  the   p r i o r  

a r t ,   the   f l u i d   t i p   72  is  s u p p o r t e d   at  p o i n t s   r e m o v e d  

from  the   n o z z l e   end  70  and  b e c a u s e   of  i n a c c u r a c i e s   i n  

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

not   a l i g n e d   in  the  c e n t r a l   b o r e   to  p r o v i d e   a  u n i f o r m  

a n n u l a r   a i r   p a s s a g e .   R a t h e r ,   the   m i s a l i g n m e n t   of  t h e  

n o z z l e   in  the  c e n t r a l   b o r e ,   as  i l l u s t r a t e d   in  F i g u r e   3B 

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

74  a b o u t   the   n o z z l e   and  t h e r e f o r e   n o n - u n i f o r m  

a t o m i s a t i o n   of  the   m a t e r i a l   e x i t i n g   the   n o z z l e .   As  may 

be  b e s t   s e e n   in  F i g u r e   6,  the   n o z z l e   a s s e m b l y   of  t n e  

p r e s e n t   i n v e n t i o n   by  v i r t u e   of  the   c o o p e r a t i o n   of  t h e  

a i r   cap  50  w i t h   t he   f l u i d   t i p   n o z z l e   38  p r o v i d e s  

u n i f o r m l y   d i m e n s i o n e d   a i r   f l o w   of  p a s s a g e   64  a r o u n d   t h e  

n o z z l e .  

S t i l l   a n o t h e r   p r i o r   a r t   a s s e m b l y   i s  

i l l u s t r a t e d   in  F i g u r e s   4A  and  4B.  In  t h i s   a s s e m b l y   a 

p l u r a l i t y   of  c i r c u m f e r e n t i a l l y   s p a c e d   h o l e s   80  w h o s e  

axes   a re   a l i g n e d   w i t h   the   a x i s   of  the   c e n t r a l   b o r e   52 

a re   m a c h i n e d   in  the   a i r   cap  50.  T h e s e   h o l e s   80 

i n t e r s e c t   the   c i r c u m f e r e n c e   of  the   c e n t r a l   b o r e   52  s o  

as  to  d e f i n e   a  s e r i e s   of  c i r c u m f e r e n t i a l l y   s p a c e d   g a s  

f low  p a s s a g e s   w i t h   s p a c e d   r a d i a l l y   e x t e n d i n g   r i b s   84 



t h e r e b e t w e e n .   The  n o z z l e   p o r t i o n   of  the   f l u i d   t i p   26 

e x t e n d s   t h r o u g h   the  c e n t r a l   b o r e   52  and  the   r i b s   84 

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

s t r u c t u r e ,   the   r i b s   84  a l i g n   the   n o z z l e   such   t h a t   t h e  

c e n t r e   a x i s   of  the   f l u i d   o r i f i c e   40  is  on  the   c e n t r e  

a x i s   of  the   c e n t r a l   bo re   52.  The  d i f f i c u l t y   of  t h i s  

p r i o r   a r t   s t r u c t u r e   is  t h a t   the   h o l e s   80  a re   e x t r e m e l y  

d i f f i c u l t   an  e x p e n s i v e   to  m a c h i n e   and  the   r i b s   84 

p a r t i a l l y   o b s t r u c t   the   f l ow  of  a i r   f rom  the   c h a m b e r   33 

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

the   o r i f i c e   4 0 .  

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

i t s   p r e s s   f i t   s u r f a c e s   on  the   o u t s i d e   d i a m e t e r   of  t h e  

f r o n t   of  the   n o z z l e   26  and  i n s i d e   d i a m e t e r   on  the   a i r  

cap  50  fo r   e f f e c t i n g   c o n c e n t r i c i t y   of  t he   n o z z l e   t i p  

and  a i r   cap  50  and  t h u s   a  u n i f o r m   c o n c e n t r i c   a i r   f l o w  

p a s s a g e   64  a b o u t   the   n o z z l e   t i p   38,  is  l e s s   e x p e n s i v e  

to  m a n u f a c t u r e ,   m a i n t a i n s   b e t t e r   c o n c e n t r i c i t y   of  t h e  

a s s e m b l e d   p a r t s   when  p r o d u c e d   on  a  p r o d u c t i o n   b a s i s ,  

and  d o e s   no t   p a r t i a l l y   o b s t r u c t   t he   a i r   f l o w   p a s s a g e  
s u r r o u n d i n g   the   n o z z l e   t i p .  

The  a i r   cap  50  is  m o u n t e d   to  t he   gun  10  by 

means   of  an  a n n u l a r   r e t a i n i n g   r i n g   66.  The  r e t a i n i n g  

r i n g   66  is  a l s o   made  f rom  an  e l e c t r i c a l l y  

n o n - c o n d u c t i v e   p l a s t i c   m a t e r i a l .   I t   is  t h r e a d e d   o v e r   a 

t h r e a d e d   s e c t i o n   of  the   b a r r e l   12  at   one  end  and  at  i t s  

o t h e r   end  has  an  a n n u l a r   l i p   67.  The  r e t a i n i n g   r i n g   66 

a l t h o u g h   r i g i d   is  s u f f i c i e n t l y   f l e x i b l e   at  the   l i p   69 

to  p e r m i t   the   a i r   cap  50  to  be  s n a p p e d   i n t o   p o s i t i o n  

w i t h   the   l i p   67  e n g a g i n g   a  r i n g   68  on  the   o u t s i d e  



s u r f a c e   of  the   a i r   cap  50  such  t h a t   the  a i r   cap  i s  

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

the  a t m o s p h e r e .  

The  n o z z l e   26  and  a i r   cap  50  c o m p o n e n t s   o f  

t h i s   n o z z l e   a s s e m b l y   13  are   made  from  a  p o l y a m i d e - i m i d e  

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

u n d e r   t he   name  " T o r l o n "   from  Amoco  C h e m i c a l  

C o r p o r a t i o n ,   200  E a s t   R a n d o l p h   D r i v e ,   C h i c a g o ,   I l l i n o i s  

6 0 6 0 1 .   The  c h e m i s t r y   and  p r o p e r t i e s   of  p o l y a m i d e - i m i d e  

a re   d i s c u s s e d   at  page  42  of  the   "Modern   P l a s t i c s  

E n c y c l o p a e d i a   1 9 8 1 - 8 2 "   p u b l i s h e d   by  M c G r a w - H i l l ,   I n c . ,  

1221  Avenue   of  A m e r i c a s ,   New  York  1 0 0 2 0 .   The  d i s c l o s u r e  

of  t h i s   p o r t i o n   of  the   Modern  P l a s t i c s   E n c y c l o p a e d i a   i s  

h e r e b y   i n c o r p o r a t e d   h e r e i n   by  r e f e r e n c e .   F u r t h e r  

v a r i o u s   g r a d e s   of  the   m a t e r i a l   " T o r l o n "   a re   d i s c u s s e d  

in  the  p u b l i c a t i o n   e n t i t l e d   " T o r l o n ®  T e c h n i c a l   Da ta   & 

A p p l i c a t i o n s   I n f o r m a t i o n "   ( P u b l i c a t i o n   No .  

1 1 1 7 - 7 . 5 M - 4 8 0 )   p u b l i s h e d   by  Amoco  C h e m i c a l s  

C o r p o r a t i o n ,   T o r l o n   S a l e s   G r o u p ,   200  E a s t   R a n d o l p h  

D r i v e ,   C h i c a g o ,   I l l i n o i s   6 0 6 0 1 .   The  d i s c l o s u r e   of  t h e  

Amoco  P u b l i c a t i o n   No  1 1 1 7 - 7 . 5 M - 4 8 0   is  h e r e b y  

i n c o r p o r a t e d   h e r e i n   by  r e f e r e n c e .   F i n a l l y ,  

p o l y a m i d e - i m i d   r e s i n   is  d i s c u s s e d   in  an  a r t i c l e  

e n t i t l e d   " P r o c e s s i n g   E x o t i c   T h e r m o p l a s t i c s "   at  page   57 

in  the   May,  1980  i s s u e   of  " P l a s t i c s   T e c h n o l o g y " .   T h e  

a r t i c l e   e n t i t l e d   " P r o c e s s i n g   E x o t i c   T h e r m o p l a s t i c s "   i s  

h e r e b y   i n c o r p o r a t e d   h e r e i n   by  r e f e r e n c e .  T h e   r e t a i n e r  

r i n g   66  may  a l s o   be  made  from  t h i s   m a t e r i a l ,   a l t h o u g h  

the  d i m e n s i o n s   of  the   r e t a i n e r   r i n g   are   not   c r i t i c a l   s o  

t h a t   a n o t h e r   p l a s t i c   m a t e r i a l   may  be  used  fo r   t h i s   p a r t .  



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

p o l y a m i d e - i m i d e   r e s i n   is  t h a t   the   m a t e r i a l   i s  

d i m e n s i o n a l l y   s t a b l e   and  not   as  s u s c e p t i b l e   to  a l l   t h e  

p r o b l e m s   of  m a t e r i a l s   p r e v i o u s l y   used   for   t h i s   p u r p o s e .  

I t   has   i m p i r i c a l l y   been   n o t e d   t h a t   " T o r l o n "   is  n o t  

s u b j e c t   to  c h e m i c a l   a t t a c k   from  s o l v e n t  a n d   m e e t s   a l l  

m e c h a n i c a l   s t a n d a r d s   i n c l u d i n g   not   b e i n g   s u b j e c t   t o  

p l a s t i c   f low  d u r i n g   m a c h i n i n g .   C o n s e q u e n t l y ,   t h e s e  

c o m p o n e n t s   may  be  m a n u f a c t u r e d   to  c l o s e   t o l e r a n c e s   a n d  

s p e c i f i c a t i o n s   so  t h a t   the   l i q u i d   and  a i r   f low  from  t h e  

n o z z l e   a s s e m b l y   may  be  c l o s e l y   c o n t r o l l e d   as  to  f l o w  

r a t e ,   d i r e c t i o n ,   p a t t e r n ,   and  d e g r e e   of  a t o m i s a t i o n .  

P r i o r   to  t h i s   i n v e n t i o n ,   such   c o n t r o l   was  n o t  

r e p r o d u c i b l e   on  p r o d u c t i o n   made  n o z z l e   a s s e m b l i e s .  

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

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

in  the  a r t   w i l l   r e c o g n i s e   t h a t   o t h e r   f o rms   may  b e  

a d o p t e d   w i t h i n   the   s c o p e   of  the  i n v e n t i o n .   M o r e o v e r ,  

t h o s e   s k i l l e d   in  the   a r t   w i l l   a p p r e c i a t e   t h a t   a l t h o u g h  

the   i n v e n t i o n   has  been   d e s c r i b e d   in  t e r m s   o f  

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

s p r a y   a p p a r a t u s   in  g e n e r a l .  

The  i n v e n t i o n   has  been   d e s c r i b e d   as  b e i n g  

m a n u f a c t u r e d   from  p u r e   or  s u b s t a n t i a l l y   p u r e  

p o l y a m i d e - i m i d e   r e s i n .   I t   is  w i t h i n   the  s c o p e   of  t h i s  

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

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

c o n t a i n i n g   a  f i l l e r   m a t e r i a l .  



1.  A  n o z z l e   a s s e m b l y   fo r   use  in  a  s y s t e m   fo r   t h e  

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

c o a t i n g   m a t e r i a l   is  e m i t t e d   f rom  a  c o a t i n g   m a t e r i a l  

s p r a y   d e v i c e   in  the  form  of  an  a t o m i s e d   s p r a y ,   t h e  

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

b e i n g   c o n s t r u c t e d   of  an  e l e c t r i c a l l y   n o n - c o n d u c t i v e  

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

a d a p t e d   to  be  c o n n e c t e d   at  i t s   r e a r   end  to  a  s p a y  
d e v i c e   so  as  to  c o n n e c t   a  f l ow  p a s s a g e   of  s a i d   n o z z l e  

w i t h   a  l i q u i d   c o n d u i t   of  the   s p r a y   d e v i c e ,   s a i d   n o z z l e  

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

c o a t i n g   m a t e r i a l   is  e m i t t e d   in  a  c e n t r a l   s t r e a m .  

2.  A  n o z z l e   a s s e m b l y   fo r   use  in  a  s y s t e m   fo r   t h e  

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

s a i d   l i q u i d   c o a t i n g   m a t e r i a l   is  e m i t t e d   from  a  c o a t i n g  

m a t e r i a l   s p r a y   d e v i c e   in  the   form  of  an  a t o m i s e d   s p r a y  

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

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

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

w h e r e i n   the   a r t i c l e s   to  be  c o a t e d   a re   s p a c e d   from  s a i d  

s p r a y   d e v i c e ,   the   n o z z l e   a s s e m b l y   c o m p r i s i n g :   a  s p r a y  

c o a t i n g   n o z z l e   and  an  a i r   c a p , t h e   n o z z l e   a n d / o r   a i r   c a p  

b e i n g   c o n s t r u c t e d   of  an  e l e c t r i c a l l y   n o n - c o n d u c t i v e  

p o l y a m i d e - i m i d e   p l a s t i c   m a t e r i a l ,   the   n o z z l e   b e i n g  

a d a p t e d   to  be  c o n n e c t e d   at  i t s   r e a r   end  to  a  s p r a y  
d e v i c e   so  as  to  c o n n e c t   a  f low  p a s s a g e   of  the   n o z z l e  

w i t h   a  l i q u i d   c o n d u i t   of  the   s p r a y   d e v i c e ,   t he   n o z z l e  



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

c o a t i n g   m a t e r i a l   may  be  e m i t t e d   in  a  c e n t r a l   s t r e a m ,  

the   a i r   cap  h a v i n g   an  i n t e r i o r   b o r e   a d a p t e d   to  b e  

c o n n e c t e d   to  a  s o u r c e   of  a t o m i s i n g   g a s ,   and  at   l e a s t  

one  a p e r t u r e   p r o x i m a t e   the   n o z z l e   t i p   and  l o c a t e d   a t  

l e a s t   in  p a r t   in  the   a i r   cap  t h r o u g h   w h i c h   a t o m i s i n g  

gas  is  e m i t t e d   for   i m p i n g i n g   and  a t o m i s i n g   the   c e n t r a l  

s t r e a m   of  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  t h e  

n o z z l e   t i p   p o r t i o n   of  the   n o z z l e .  

3.  A  n o z z l e   a s s e m b l y   as  c l a i m e d   in  C l a i m   1  or  2 

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

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

m a t e r i a l .  

4.  A  n o z z l e   a s s e m b l y   as  c l a i m e d   in  any  p r e c e d i n g  

c l a i m   in  wh ich   the  a i r   cap  is  p o s i t i o n a b l y   l o c a t e d  

r e l a t i v e   to  the  n o z z l e   by  a  p r e s s   f i t   e n g a g e m e n t   of  a n  

i n t e r n a l   d i a m e t e r   p o r t i o n   of  the   a i r   cap  w i t h   a n  

o u t s i d e   d i a m e t e r   p o r t i o n   of  the   n o z z l e   so  as  t o  

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

the   a x i s   of  the   a i r   cap  bo re   s u r f a c e   to  p r o v i d e   u n i f o r m  

a t o m i s i n g   gas  f low  a r o u n d   the   n o z z l e   t i p   f o r   p r o d u c i n g  

a  f i n e l y   a t o m i s e d   u n i f o r m   s p r a y   p a t t e r n   of  t he   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   t i p .  

5.  A  n o z z l e   a s s e m b l y   as  c l a i m e d   in  C l a i m   4  i n  

w h i c h   the   n o z z l e   has  a  nut   f o r m e d   on  i t s   f o r w a r d   e n d ,  

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

b e i n g   at   l e a s t   p a r t i a l l y   l o c a t e d   on  the   n u t .  

6.  A  n o z z l e   a s s e m b l y   as  c l a i m e d   in  C l a i m   4  i n  

w h i c h   the   n o z z l e   has  a  c y l i n d r i c a l   p o r t i o n   f o r m e d   o n  

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



of  s a i d   n o z z l e ,   b e i n g   at  l e a s t   p a r t i a l l y   f o r m e d   on  t h e  

c y l i n d r i c a l   p o r t i o n   of  the   n o z z l e .  

7.  A  n o z z l e   a s s e m b l y   as  c l a i m e d   in  C l a i m   4 

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

f o r w a r d l y   of  the   o u t e r   s u r f a c e   of  the   a i r   c a p .  

8.  A  n o z z l e   a s s e m b l y   as  c l a i m e d   in  any  of  C l a i m s  

2  to  7  w h e r e i n   the   a i r   cap  i n c l u d e s   f a n - s h a p i n g   p o r t s  

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

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

the   a t o m i s i n g   gas  a n n u l a r   o r i f i c e   by  m a t i n g   s u r f a c e s   o f  

the   a i r   cap  and  the   n o z z l e ,   means  b e i n g   p r o v i d e d ,  

p r o t r u d i n g   f rom  the   n o z z l e   t i p   for   c h a r g i n g   s a i d  

m a t e r i a l .  

9.  A  n o z z l e   a s s e m b l y   as  c l a i m e d   in  any  of  t h e  

p r e c e d i n g   c l a i m s   in  wh ich   the   n o z z l e   is  a d a p t e d   to  b e  

t h r e a d e d   at  i t s   r e a r   end  i n t o   a  t h r e a d e d   s e c t i o n   of  t h e  

s p r a y   d e v i c e .  

10.  A  n o z z l e   a s s e m b l y   as  c l a i m e d   in  any  of  t h e  

p r e c e d i n g   c l a i m s   in  wh ich   the   a i r   cap  is  a d a p t e d   to  b e  

s u p p o r t e d   upon  the   s p r a y   d e v i c e   by  a  r e t a i n i n g   r i n g ,  

s a i d   r e t a i n i n g   r i n g   b e i n g   a d a p t e d   to  be  t h r e a d e d   o n t o  

the   f o r w a r d   end  of  the   s p r a y   d e v i c e ,   s a i d   r e t a i n i n g  

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

an  o u t w a r d l y   e x t e n d i n g   f l a n g e   of  s a i d   a i r   c a p .  
11.  A  n o z z l e   a s s e m b l y   as  c l a i m e d   in  any  of  C l a i m s  

2  to  10  w h e r e i n   the   o r i f i c e   or  a p e r t u r e   fo r   a t o m i s i n g  

a i r   s u r r o u n d s   the   n o z z l e   t i p   and  is  l o c a t e d   at  l e a s t   i n  

p a r t   in  the   a i r   cap  t h r o u g h   which   a t o m i s i n g   gas  i s  

e m i t t e d .  



12.  A  n o z z l e   a s s e m b l y   as  c l a i m e d   in  C l a i m   11  i n  

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

o r i f i c e   s u r r o u n d i n g   the   n o z z l e   t i p   and  d e f i n e d   by  t h e  

e x t e r i o r   s u r f a c e   of  the   n o z z l e   t i p   and  an  i n t e r i o r   b o r e  

s u r f a c e   of  the  a i r   c a p .  
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