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©  Electrostatic  spraying. 
  Portable  electrostatic  spraying  apparatus  having  a  low 
stored  energy  wherein  the  capacitor  of the  high  voltage  circuit 
is  formed  by  the  capacitance  between  a  lead  connecting  the 
high  voltage  generator  output  to  the  spray  nozzle  and  a  lead 
connected  to  the  other  side  of  the  generator  output. 



This  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 i n g .  

One  form  of  e l e c t r o s t a t i c   sp ray ing   a p p a r a t u s ,   for  example  f o r  

a g r i c u l t u r a l   or  h o r t i c u l t u r a l   use,   comprises   a  p o r t a b l e   s p r a y  

gun  i n c l u d i n g   a  spray  nozz le ,   means  for   apply ing   a  h i g h  

p o t e n t i a l   to  sa id   nozz le ,   and  means  for   supply ing   to  s a i d  

nozzle   the  l i q u i d   to  be  sprayed  from  a  c o n t a i n e r   of  the  l i q u i d  

mounted  on  the  spray  gun.  Examples  of  such  e l e c t r o s t a t i c   s p r a y -  

ing  appa ra tu s   are  de sc r i bed   in,  i n t e r   a l i a ,   US-A-4356528. 

I t   has  been  proposed  in  USP-A-3212211  to  produce  t h e  

n e c e s s a r y   high  v o l t a g e   for  a  p o r t a b l e   e l e c t r o s t a t i c   s p r a y i n g  

device  from  a  low  v o l t a g e   power  supply ,   e .g.   b a t t e r i e s ,   by  means 

of  a  high  v o l t a g e   g e n e r a t o r   p roduc ing   r e c t i f i e d   high  v o l t a g e  

pu lses   which  charge  a  c a p a c i t o r   connec ted   across  the  g e n e r a t o r  

output .   The  charge  on  the  c a p a c i t o r   is  used  to  main ta in   t h e  

r e q u i s i t e   p o t e n t i a l   at  the  sp ray ing   n o z z l e .  

C l e a r l y ,   to  obta in   e l e c t r o s t a t i c   a t o m i s a t i o n ,   t h e  

p o t e n t i a l   at  the  nozz le   has  to  be  ma in t a ined   at  above  a  c e r t a i n  

minimum  v o l t a g e ,   but  should  not  be  so  high  that   corona  d i s c h a r g e  

takes   p l ace .   Gene ra l ly ,   to  e f f e c t   e l e c t r o s t a t i c   a t o m i s a t i o n ,  

the  p o t e n t i a l   at  the  nozzle   wi l l   need  to  be  in  an  excess  of  5  k 7 ,  

and  o f ten   above  10  kV,  a l though  the  p r e c i s e   minimum  value  r e -  

quired  w i l l   depend,  i n t e r   a l i a ,   on  the  nozzle   design.   The  m a x i -  

mum  vo l t age   r e q u i r e d   is  g e n e r a l l y   not  more  than  25  kV. 

In  low  cost  gene ra to r s   i t   is  g e n e r a l l y   necessa ry   t o  

employ  a  s w i t c h i n g   system  in  the  g e n e r a t o r   which  produces  r a p i d  



changes  of  c u r r e n t   in  the  pr imary   of  a  s t ep-up   t r a n s f o r m e r .   The 

m a n i t u d e   and  rap id i ty   of  the  c u r r e n t   changes  in  the  p r i m a r y  

de t e rmine   the  magnitude  and  shape  of  the  high  v o l t a g e   p u l s e s :   t h e  

magni tude   is  r e s t r i c t e d   by  the  need  to  avoid  exces s ive   v o l t a g e s  

at  the  nozz le   which  would  give  r i s e   to  corona  d i s c h a r g e .   The 

r a p i d   change  of  c u r r e n t   in  the  t r a n s f o r m e r   pr imary  is  c o n v e n i e n t l y  

ach i eved   by  p e r i o d i c a l l y   e f f e c t i n g   the  r ap id   d i s c h a r g e   of  a  

c a p a c i t o r   in  the  pr imary  c i r c u i t   th rough  the  t r a n s f o r m e r   p r i m a r y .  

Such  r ap id   d i s c h a r g e   may  be  e f f e c t e d   by  means  of  a  t r i g g e r i n g   u n i t  

connec t ed ,   in  s e r i e s   with  the  t r a n s f o r m e r   p r imary ,   ac ross   t h e  

p r imary   c i r c u i t   c a p a c i t o r .   The  t r i g g e r i n g   uni t   is  a r r anged   t o  

d i s c h a r g e   the  pr imary  c i r c u i t   c a p a c i t o r ,   v ia   the  t r a n s f o r m e r  

p r i m a r y ,   t y p i c a l l y   through  a  t h y r i s t o r   or  a  gas  gap  d i s c h a r g e  

tube ,   when  the  v o l t a g e   across   the  p r imary   c i r c u i t   c a p a c i t o r ,   a n d  

hence  ac ross   the  t r i g g e r i n g   u n i t ,   r eaches   a  p r e d e t e r m i n e d   v a l u e .  

The  f requency   of  o p e r a t i o n   of  the  t r i g g e r i n g   u n i t ,   a n d  

hence  the  f r equency   with  which  the  high  v o l t a g e   pu l s e s   are  g e n e r -  

a t ed ,   thus  depends  on  the  r a t e   of  cha rg ing   of  the  p r imary   c i r c u i t  

c a p a c i t o r .  

This  r a t e   of  cha rg ing   w i l l   of  course  depend  on  t h e  

c a p a c i t a n c e   of  the  pr imary  c i r c u i t   c a p a c i t o r   and  the  c u r r e n t  

s u p p l i e d   t h e r e t o .   In  order   to  ob ta in   high  v o l t a g e   p u l s e s   o f  

adequa te   magnitude  to  achieve   the  d e s i r e d   nozz le   p o t e n t i a l   u n d e r  

load ,   the  pr imary   c i r c u i t   c a p a c i t o r   w i l l   g e n e r a l l y   need  to  h a v e  

a  f a i r l y   l a rge   c a p a c i t a n c e .   Consequent ly   to  keep  the  c u r r e n t  

d r a i n   on  the  low  vo l t age   power  source  small ,   the  c h a r g i n g   r a t e  

of  the  pr imary  c i r c u i t   c a p a c i t o r   and  hence  the  r a t e   of  a c t u a t i o n  

of  the  t r i g g e r i n g   device ,   and  thus  the  f requency  of  the  h i g h  

v o l t a g e   pu l ses   must  be  r e l a t i v e l y   low.  

As  mentioned  h e r e i n b e f o r e ,   the  high  v o l t a g e   p u l s e s  

are  r e c t i f i e d   and  used  to  charge  a  c a p a c i t o r   in  the  high  v o l t a g e  

c i r c u i t   to  ma in t a in   the  r e q u i r e d   p o t e n t i a l   at  the  spray  n o z z l e .  

I f   the  c a p a c i t a n c e   of  t h i s   c a p a c i t o r   in  the  high  v o l t a g e   c i r c u i :  

is   s u f f i c i e n t ,   t he re   wi l l   be  l i t t l e   v a r i a t i o n   of  the  p o t e n t i a l   a t  

the  nozz le   between  pu lses   s ince  the  load  r e p r e s e n t e d   by  t h e  



t r a n s f e r   of  charge  at  the  nozzle   to  the  l i q u i d   to  e f f e c t   e l e c t r o -  

s t a t i c   a t o m i s a t i o n ,   t o g e t h e r   with  leakage  c u r r e n t s ,   wi l l   r e p r e s e n t  

d i s s i p a t i o n   of  only  a  small  p r o p o r t i o n   of  the  charge  on  t h e  

c a p a c i t o r .  

However,  i f   the  c a p a c i t o r   has  a  high  c a p a c i t a n c e ,   t h e  

high  v o l t a g e   c i r c u i t   wi l l   have  a  high  s t o r e d   energy.   A  h i g h  

s to red   energy  is  u n d e s i r a b l e   as  i t   may  p r e s e n t   s a f e t y   h a z a r d s ,  

for   example  e l e c t r i c   shocks  to  the  o p e r a t o r   from  a c c i d e n t a l   c o n -  

t a c t   with  the  n o z z l e .   Des i rab ly   the  s t o r e d   energy  is  below  10  mJ. 

The  s to red   energy  is  given  by  C V2 2  where  V  is  the  v o l t a g e   and  C 

is  the  c a p a c i t a n c e .   Hence  to  achieve  a  s to red   energy  below  10  mJ 

the  c a p a c i t a n c e   must  be  below 2 X 104 V2  pF  where  7  is  the  v o l t a g e  

expressed   in  k i l o v o l t s ,   i . e .   below  50  pF  when  the  v o l t a g e   is  20  kV. 

The  load  c u r r e n t ,   r e p r e s e n t e d   by  the  t r a n s f e r   of  c h a r g e  

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

r e l a t i v e l y   small   and,  p rovided   tha t   the  leakage  c u r r e n t s   a r e  

small ,   i t   would  be  p o s s i b l e   to  use  a  high  v o l t a g e   c i r c u i t   h a v i n g  

a  s to red   energy  below  10  mJ. 

However,  not  only  are  c a p a c i t o r s   capable   of  o p e r a t i o n  

at  high  v o l t a g e s   expens ive ,   but ,   even  those  c a p a c i t o r s   of  t h e  

r e l a t i v e l y   low  c a p a c i t a n c e   r e q u i r e d ,   exhibit  c o n s i d e r a b l e   l e a k a g e  

c u r r e n t s   at  such  high  v o l t a g e s .  

At  t h e s e   r e l a t i v e l y   low  va lues   of  c a p a c i t a n c e   the  c h a r g e  

d i s s i p a t e d   as  a  r e s u l t   of  the  leakage  c u r r e n t s   r e p r e s e n t s   a  s i g n i f i -  

cant  p r o p o r t i o n   of  the  charge  on  the  c a p a c i t o r   with  the  r e s u l t   t h a t ,  

between  t h e  p u l s e s   app l i ed   to  the  c a p a c i t o r ,   the  v o l t a g e   at  t h e  

nozz le   is  l i a b l e   to  drop  to  below  tha t   r e q u i r e d   for   s p r a y i n g .  

While  t h i s   could  be  c o u n t e r a c t e d   by  i n c r e a s i n g   t h e  

f requency   of  the  high  vo l t age   pulses   app l i ed   to  the  c a p a c i t o r   i n  

the  high  v o l t a g e   c i r c u i t ,   as  expla ined   h e r e i n b e f o r e ,   i n c r e a s i n g  

the  f requency   r e s u l t s   in  an  i n c r e a s e   in  the  cu r r en t   dra in   on  t h e  

power  supply.   Consequent ly   to  main ta in   the  cu r r en t   d ra in   at  a n  

a c c e p t a b l e   l e v e l ,   e .g.   to  give  an  adequate   l i f e   where  dry  b a t t e r i e s  

are  employed  as  the  low  vo l tage   power  source ,   the  f requency   w i t h  

which  the  pu l ses   can  be  appl ied   to  the  high  v o l t a g e   c a p a c i t o r   i s  



l i m i t e d ,   g e n e r a l l y   to  below  about  50  Hz .  

We  have  now  devised  an  a r r a n g e m e n t ,   having  a  low  s t o r e d  

energy  high  v o l t a g e   c i r c u i t ,   tha t   can  be  o p e r a t e d   at  a  f r e q u e n c y  

tha t   gives  an  a c c e p t a b l e   cu r r en t   d ra in   on  the  power  s o u r c e .  

Aacord ing   to  the  p r e s e n t   i n v e n t i o n   we  provide  a  p o r t a b l e  

e l e c t r o s t a t i c   s p r a y i n g   appara tus   i n c l u d i n g  

(a)  a  spray  n o z z l e ,  

(b)  means  to  supply  l i q u i d   to  be  sprayed   to  s a i d  

spray  n o z z l e ,  

(c)  a  low  v o l t a g e   power  s o u r c e ,  

(d)  a  high  v o l t a g e   g e n e r a t o r   powered  by  said  low  v o l t a g e  

power  source ,   whereby  r e c t i f i e d   high  vo l t age   p u l s e s  

may  be  produced  across   i t s   o u t p u t ,  

(e)  a  c a p a c i t o r   connected  to  s a id   n o z z l e   and  to  one  s i d e  

of  sa id   g e n e r a t o r   o u t p u t ,   whereby  sa id   c a p a c i t o r   may 
be  charged  by  said  r e c t i f i e d   h igh  v o l t a g e   pu lses   so  

tha t   sa id   nozzle   may  be  m a i n t a i n e d   at  a  s u f f i c i e n t l y  

high  p o t e n t i a l ,   with  r e s p e c t   to  the  o ther   side  o f  

sa id   g e n e r a t o r   ou tpu t ,   to  cause  e l e c t r o s t a t i c   a t o m i s -  

a t i on   of  sa id   l i q u i d   at  sa id   n o z z l e ,  

c h a r a c t e r i s e d   in  t h a t   c a p a c i t o r   has  a  va lue   below 2 X 104 V2  pF ,  

where  V  is  the  average   vo l t age ,   e x p r e s s e d   in  k i l o v o l t s ,   tha t   s a i d  

g e n e r a t o r   is  capable   of  m a i n t a i n i n g   at  sa id   nozz l e ,   and  in  t h a t  

sa id   c a p a c i t o r   is  formed  by  the  c a p a c i t a n c e   between  a  lead  c o n -  

n e c t i n g   sa id   one  s ide   of  the  g e n e r a t o r   ou tput   to  said  nozzle   a n d  

a  lead  connec ted   to  said  o ther   side  of  the  g e n e r a t o r   o u t p u t ,  

sa id   g e n e r a t o r   being  capable   of  p roduc ing   said  h i g h  

v o l t a g e   pu l s e s   of  such  magnitude  and  f r equency   tha t   the  p o t e n t i a l  

at  said  nozz le   may  be  main ta ined   at  a  s u f f i c i e n t   value  to  c a u s e  

e l e c t r o s t a t i c   a t o m i s a t i o n   of  the  l i q u i d   but  wi thout   corona  d i s -  

c h a r g e .  

By  the  use  of  the  lead  from  one  s ide  of  the  g e n e r a t o r  

output   to  the  n o z z l e ,   in  c o n j u n c t i o n   with  a  second  lead  c o n n e c t e d  

to  the  o ther   s ide  of  the  g e n e r a t o r   output   as  the  c a p a c i t o r ,   s u f -  

f i c i e n t   c a p a c i t a n c e   can  be  ob ta ined   with  n e g l i g i b l e   l e a k a g e  



c u r r e n t .   The  two  l eads   should  be  in  s u f f i c i e n t l y   c lose   p r o x i m i t y  

to  give  the  r e q u i s i t e   c a p a c i t a n c e   which  is  g e n e r a l l y   wi th in   t h e  

range  
2×103 V2 to   2×104 V2  pF  (where V  is  in  kV).  

The  c apac i t ance   is  p r e f e r a b l y   wi th in   the  range  10  to  50pF. 

For  example  two  s e p a r a t e   i n s u l a t e d   wires   each  having  a  

l eng th   of  about  0.5  m  may  be  tw i s t ed   t o g e t h e r   as  n e c e s s a r y   t o  

give  the  r e q u i s i t e   c a p a c i t a n c e .   The  leads   may  of  course  be  l o n g e r  

but  spaced  s u f f i c i e n t l y   f a r   apar t   over  some  or  a l l   of  t h e i r   l e n g t h  

tha t   the  c a p a c i t a n c e   is  at  the  r e q u i s i t e   l e v e l .   A l t e r n a t i v e l y   a  

s u i t a b l e   length   of  a  twin  core  or  coax i a l   cable   may  be  employed.  

Since  a  c a p a c i t o r  f o r m e d   by  two  such  leads   wi l l   g i v e  

n e g l i g i b l e   leakage  c u r r e n t ,   the  leakage  c u r r e n t   between  p u l s e s  

w i l l   be  markedly  r educed ,   enab l ing   s u f f i c i e n t   p o t e n t i a l   to  b e  

ma in t a ined   at  the  n o z z l e .  

As  ment ioned  h e r e i n b e f o r e   the  average   p o t e n t i a l   at  t h e  

nozz le   wi l l   depend  on  the  f requency  and  magni tude  of  the  h i g h  

v o l t a g e   pu lses   app l i ed   to  the  c a p a c i t o r :   the  magnitude  is  r e -  

s t r i c t e d   by  the  need  to  avoid  vo l t ages   tha t   would  give  r i s e   t o  

corona  d i s cha rge .   The  f r equency   of  the  pu l se s   is  t y p i c a l l y   i n  

the  r a n g e  1 0 -   40  Bz,  and  p r e f e r a b l y   is  in  the  range  15 -   30  Hz. 

The  r e q u i s i t e   f r equency   wi l l   depend  on  the  load  app l ied   by  t h e  

l i q u i d   being  sprayed  which  in  turn  wi l l   depend  on  the  p r o p e r t i e s ,  

e .g .   r e s i s t i v i t y ,   of  the  l i q u i d   and  on  the  v o l u m e t r i c   flow  r a t e .  

The  l a t t e r   is  p r e f e r a b l y   below  0.25,  p a r t i c u l a r l y   be low 0 .1   m l / s .  

A  r a t e   of  0.05  ml/s  t y p i c a l l y   r e p r e s e n t s   a  load  of  l e s s   t h a n  

100  nA.  

If   d e s i r e d   the  g e n e r a t o r   may  be  p rov ided   with  means 

for   va ry ing   the  f r equency   and/or   magni tude,   i . e .   peak  v o l t a g e ,  

of  the  high  v o l t a g e   p u l s e s   as  the  vo lume t r i c   flow  r a t e   i s  

v a r i e d .  

Although,  as  a  r e s u l t   of  us ing  the  leads  from  t h e  

high  vo l tage   g e n e r a t o r   to  form  the  c a p a c i t o r ,   the  leakage  c u r -  
ren t   through  the  c a p a c i t o r   is  v i r t u a l l y   e l i m i n a t e d ,   leakage  o f  

charge  from  the  c a p a c i t o r   wi l l   occur  between  p u l s e s ,   i n t e r   a l i a ,  



as  a  r e s u l t   of  the  r e v e r s e   leakage  c u r r e n t   of  the  r e c t i f i e r .  

The  r e c t i f i e r   r e v e r s e   cu r r en t   may  be  s i g n i f i c a n t   in  r e l a t i o n  

to  the  load  p r e s e n t e d   by  t r a n s f e r   of  charge  to  the  l i q u i d  

be ing   sprayed  and  w i l l   a f f e c t   the  minimum  f requency  r e q u i r e d  

of  the  g e n e r a t o r .   We  p r e f e r   to  employ  as  the  r e c t i f i e r   a  h i g h  

v o l t a g e   diode  r a t e d   at  a  leakage  c u r r e n t   of  l e s s   than  1  µA  a t  

37  kV  at  20°C.  Such  a  diode  wi l l   have  a  r e v e r s e   leakage   c u r r e n t  

of  l e s s   than  about  100  nA  at  20  kV  at  20°C.  

The  s p r a y i n g   appara tus   p r e f e r a b l y   comprises   an  e l o n g a t e d  

member  i n t e n d e d   to  be  held  in  the  hand  with  the  low  v o l t a g e   power  

supply,   e .g .   b a t t e r i e s ,   and  high  v o l t a g e   g e n e r a t o r   in  one  end  

t h e r e o f   with  the  spray  nozzle   at  the  o the r   end.  The  leads   f o r m i n g  

the  high  v o l t a g e   c i r c u i t   c a p a c i t o r   thus  can  extend  a long  t h e  

e longa ted   member  to  connect   the  nozz le   to  the  g e n e r a t o r .  

In  a  p r e f e r r e d   arrangement   one  lead  is  connected   to  t h e  

nozz le   while   the  o the r   is  connected  to,   or  provides ,   an  e l e c t r i c a l l y  

conduc t ive   member  a d j a c e n t   to  but  spaced  from  the  n o z z l e .   I n  

a s s e s s i n g   the  l ead   c a p a c i t a n c e ,   the  c a p a c i t a n c e   between  the  n o z z l e  

and  such  an  e l e c t r i c a l l y   conduc t ive   member  should  be  taken  i n t o  

account .   The  e l e c t r i c a l l y   conduct ive   member  is  p r e f e r a b l y   m a i n -  

t a i n e d   s u b s t a n t i a l l y   at  ea r th   p o t e n t i a l ,   for   example  by  p r a c i d i n g  

a  connec t ion   to  e a r t h   from  that   lead  v ia   the  o p e r a t o r .   Such  a n  

ea r thed   e l e c t r i c a l l y   conduct ive   member  can  then  act  as  a  f i o l d  

a d j u s t i n g   e l e c t r o d e   as  desc r ibed   in  a f o r e m e n t i o r e d  U S - A - 4 3 5 6 5 2 8 .  

In  one  form  of  the  appara tus   an  e longa ted   ho lde r   h a v i n g  

the  high  v o l t a g e   g e n e r a t o r   and  a  r e c e p t a c l e   for   r e c e i p t   of  the  low 

v o l t a g e   power  sou rce ,   e .g .   b a t t e r i e s ,   at  one  end  is  p rovided ,   a t  

the  o the r   end,  wi th   a  r e c e p t a c l e   for   r e c e i p t   of  a  c a n i s t e r   of  t h e  

l i q u i d   to  be  sp rayed .   The  nozzle   may  form  pa r t   of  the  bolder   o r  

may  be  a t t a c h e d   to  the  c a n i s t e r .   In  the  l a t t e r   case  meams  a r e  

provided   in  the  h o l d e r   for   making  e l e c t r i c a l   connection.  b e t w e e n  

the  lead  from  the  one  side  of  the  high  v o l t a g e   g e n e r a t o r   and  t h e  

n o z z l e .  

The  a p p a r a t u s   is  of  p a r t i c u l a r   u t i l i t y   for   the  s p r a y -  

ing  of  l i q u i d s ,   such  as  p e s t i c i d e s ,   p o l i s h e s ,   and  the  l ike   at  low 



v o l u m e t r i c   flow  r a t e s .   The  l i q u i d   p r e f e r a b l y   has  a  r e s i s t i v i t y  

of  107  to  10 11  ohm.  cm. 

The  l i q u i d   may  be  supp l i ed   to  the  spray  nozzle   by  

simple  g r a v i t y   feed .   However  t h i s   is  d i s advan t ageous   in  many 

cases  s ince  i t   r e s t r i c t s   the  s p a t i a l   o r i e n t a t i o n s   of  the  n o z z l e  

tha t   can  be  used.   This  problem  can  be  overcome  by  supp ly ing   t h e  

l i q u i d   to  the  nozz le   from  a  p r e s s u r i s e d   c o n t a i n e r ;   in  p a r t i c u l a r  

the  l i q u i d   can  be  s u p p l i e d   from  a  c o n t a i n e r   c o n t a i n i n g   the  l i q u i d  

and  a  compressed  p r e s s u r i s i n g   a g e n t .  

I t   is  p r e f e r r e d   tha t   the  c o n t a i n e r   is  a r ranged  so  t h a t  

the  p r e s s u r i s i n g   agent  is  not  d i spensed   through  the  nozz le   w i t h  

the  l i q u i d   to  be  sp rayed .   In  t h i s   way  the  a t o m i s a t i o n   of  t h e  

l i q u i d   by  the  e l e c t r o s t a t i c   f o r ce s   is  not  a f f e c t e d   by  t h e  

emergence  of  the  p r e s s u r i s i n g   agent .   In  one  p r e f e r r e d   a r r a n g e m e n t  

the  c o n t a i n e r   compr ises   a  b a r r i e r   pack  with  the  l i q u i d   to  b e  

sprayed  con t a ined   w i t h i n   a  c o l l a p s i b l e   i nne r   c o n t a i n e r   l o c a t e d  

wi th in   the  ou te r   c o n t a i n e r   with  the  p r e s s u r i s i n g   agent  f l u i d   i n  

the  space  between  the  i nne r   and  ou te r   c o n t a i n e r s .  

The  r a t e   of  d e l i v e r y   of  the  l i q u i d   to  the  spray  n o z z l e  

wi l l   depend  on  the  p r e s s u r e   exer ted   by  the  p r e s s u r i s i u g   a g e n t  

(which  is  of ten   a  gas  at  ambient  t empe ra tu r e s   and  a t m o s p h e r i c  

p r e s s u r e ,   but  is  l i q u i d   at  the  p r e s s u r e   p r e v a i l i n g   wi th in   t h e  

c o n t a i n e r ) .   We  have  found  tha t   the  p r e s s u r e   exe r t ed   by  the  p r e s -  

s u r i s i n g   agent  is  l i a b l e   to  c o n s i d e r a b l e   f l u c t u a t i o n   as  t h e  

ambient  t e m p e r a t u r e   v a r i e s ,   with  the  r e s u l t   t ha t   the  l i q u i d  

supply  r a t e   to  the  nozz le   is  a lso  l i a b l e   to  c o n s i d e r a b l e  

f l u c t u a t i o n :   indeed  over  the  range  of  ambient  t e m p e r a t u r e s  

l i a b l e   to  be  encoun te red   in  use  of  the  spray  gun,  p a r t i c u l a r l y  

where  such  use  is  ou tdoor ,   the  p r e s s u r e   exer ted   by  the  p r e s -  

s u r i s i n g   agent ,   and  c o n s e q u e n t l y   the  flow  r a t e ,   may  vary,   i n  

some  cases ,   by  a  f a c t o r   of  four   or  more .  

V a r i a t i o n s   in  flow  r a t e   wi l l   a f f e c t   the  s i ze ,   and 

s ize   d i s t r i b u t i o n ,   of  the  l i q u i d   d r o p l e t s   formed  by  e l e c t o -  

s t a t i c   a t o m i s a t i o n .   Such  v a r i a t i o n   in  d rop le t   s ize  is  u n d e s i r -  

able  since  for   any  given  l i q u i d   the re   is  an  optimum  d rop le t   s i z e ,  



or  s ize   range,   fo r   the  i n t e n d e d   use  of  the  l i q u i d .  

For  example,  when  sp ray ing   p l a n t s   with  a  p e s t i c i d e  

f o m u l a t i o n ,   i f   the  d r o p l e t s   are  too  l a r g e ,   the  amount  o f  

"wrap-round",   g i v i n g   c o a t i n g   on  the  u n d e r s i d e   of  p l an t   l e a v e s ,  

is  reduced;  whereas  i f   the  d r o p l e t s   are  too  small ,   they  a r e  

l i a b l e   to  be  unduly   a f f e c t e d   by  f a c t o r s   such  as  wind  s t r e n g t h  

and  so  may  d r i f t   onto  p l a n t s   o the r   than  those   i n t e n d e d   a n d / o r  

on  to   the  o p e r a t o r .  

As  a  f u r t h e r   f e a t u r e   of  the  i n v e n t i o n   we  have  d e v i s e d  

a  way  of  overcoming  t hese   d i f f i c u l t i e s   by  v a r y i n g   the  n o z z l e  

p o t e n t i a l   to  c o n t r o l   the  d r o p l e t   s i z e .  

Acco rd ing ly   the  p r e s e n t   i n v e n t i o n   f u r t h e r   p r o v i d e s ,  

in  e l e c t r o s t a t i c   s p r a y i n g   appa ra tu s   of  the  type  h e r e i n b e f o r e  

desc r ibed   for   s p r a y i n g   a  l i q u i d   as  d r o p l e t s   from  a  nozz le   s u p -  

p l i e d   with  sa id   l i q u i d   from  a  p r e s s u r i s e d   c o n t a i n e r   by  a p p l y i n g  

a  high  vo l t age   to  sa id   n o z z l e ,   the  improvement  compr i s ing   means 

to  monitor   the  ambient   t e m p e r a t u r e   and  to  vary  the  average  v o l t -  

age  appl ied   to  s a id   n o z z l e   in  response   to  sa id   moni tored   t e m p e r -  

a tu re   to  ma in t a in   the  average  d rop l e t   s ize   w i th in   a  p r e d e t e r m i n e d  

r a n g e .  
The  average   v o l t a g e   at  the  s p r a y i n g   nozz le   can  b e  

va r i ed   by  v a r i a t i o n   of  the  ampl i tude ,   f r equency   and /or   shape  

of  the  high  v o l t a g e   p u l s e s .   Such  v a r i a t i o n s   can be   b r o u g h t  

about  by  a p p r o p r i a t e   v a r i a t i o n   in  the  low  v o l t a g e   c i r c u i t ,   e . g .  
of  the  magnitude  a n d / o r   f r equency   of  the  c u r r e n t   chaages  in  t h e  

t r a n s f o r m e r   p r imary   winding   and /or   the  r a t e   of  change  t h e r e o f .  

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

component,  e .g .   a  t h e r m i s t o r ,   in to   the  spray  appa ra tu s   and  u s i n g  

the  v a r i a t i o n   in  the  e l e c t r i c a l   p r o p e r t i e s   of  t h i s   component 

with  t empera tu re   to  modify  the  t r a n s f o r m e r   pr imary   c u r r e n t  

changes,   the  average  high  v o l t a g e   app l i ed   to  the  nozz le   can  b e  

v a r i e d .  

The  average   nozz le   v o l t a g e s   r e q u i r e d   to  give  a  s p e c i f i e d  

d rop l e t   s ize   or  s i ze   d i s t r i b u t i o n   at  v a r i o u s   flow  r a t e s   of  a  g i v e n  

l i q u i d   can  r e a d i l y   be  de te rmined   by  exper iment .   Typ i ca l l y   for   a  



given  l i q u i d   at  a  given  flow  r a t e ,   an  average  v o l t a g e   of  15  kV 

may  be  r equ i r ed   at  the  n o z z l e .   If  the  flow  r a t e   is  i n c r e a s e d  

by  a  f a c t o r   of  two,  the  average  v o l t a g e   r e q u i r e d   to  ob ta in   t h e  

same,  or  a  s i m i l a r ,   d r o p l e t   s ize   is  t y p i c a l l y   i n c r e a s e d   to  20  ky .  

Likewise  v a r i a t i o n   in  p r e s s u r i s i n g   agent  p r e s s u r e ,   and 

hence  l i q u i d   flow  r a t e ,   with  t e m p e r a t u r e   can  a lso   be  r e a d i l y  

d e t e r m i n e d .  

From  th i s   da ta ,   and  from  the  t e m p e r a t u r e   c h a r a c t e r i s t i c s  

of  the  t empera ture   s e n s i t i v e   component,  the  a p p r o p r i a t e   c i r c u i t r y  

can  be  devised  to  p rov ide   the  n e c e s s a r y   v a r i a t i o n   in  nozzle   v o l t -  

age  to  main ta in   the  d r o p l e t   s ize   wi th in   the  d e s i r e d   r a n g e .  

The  i n v e n t i o n   is  i l l u s t r a t e d   by  r e f e r e n c e   to  t h e  

accompanying  drawings  w h e r e i n :  

Figure  1  is  an  e l e v a t i o n   of  one  form  of  t h e  

a p p a r a t u s ,  

Figure   2  is  a  l o n g i t u d i n a l   s e c t i o n   of  t h e  

sprayhead  pa r t   of  the  a p p a r a t u s ,  

Figure  3  is  a  l o n g i t u d i n a l   s ec t i on   of  t h e  

handle  par t   of  the  a p p a r a t u s ,  

Figure  4  is  a  c i r s u i t   d i a g r a m ,  

Figure  5  shows  a  m o d i f i c a t i o n   of  pa r t   o f  

the  c i r c u i t   d e p i c t e d   in  Figure  4 .  

R e f e r r i n g   f i r s t   to  F igure   1,  the  appa ra tus   c o m p r i s e s  

an  e longa ted   member  1  having   a  handle   p o r t i o n   2  i n c o r p o r a t i n g   a  

t r i g g e r   3  and  a  sprayhead  assembly  4  compr is ing   a  s leeve   5  i n  

which  a  c a r t r i d g e   c o n t a i n i n g   the  l i q u i d   to  be  sprayed  is  i n s e r t e d .  

The  c a r t r i d g e   has  a  m e c h a n i c a l l y   a c t u a t e d   valve  and  a  nozzle   t o  

which  a  h igh   vo l t age   can  be  a p p l i e d .   When  the  c a r t r i d g e   valve  i s  

open  and  a  high  vo l t age   is  app l i ed   to  the  nozz l e ,   the  l i q u i d   i s  

e l e c t r o s t a t i c a l l y   a tomised  as  a  spray  through  an  o r i f i c e   at  t h e  

l e v e r   end  of  the  sprayhead  assembly  4.  To  enhance  the  s p r a y  
t h e r e   is  disposed  around  the  s leeve  5,  but  i n s u l a t e d   from  t h e  

n o z z l e ,   an  annular   conduc tor   6  c o n s t i t u t i n g   a  f i e l d   i n t e n s i f y i n g  

e l e c t r o d e   e.g.  as  d e s c r i b e d   in  a fo rement ioned   USP  4356528.  

The  shaft   of  the  e longa ted   member  1  comprises  a  c a s i n g  



formed  by  two  s h e l l   mouldings  of  an  e l e c t r i c a l l y   i n s u l a t i n g  

m a t e r i a l .  

R e f e r r i n g   now  to  Figure  2  one  of  the  s h e l l   mou ld ings  

is  i n d i c a t e d   by  r e f e r e n c e   numeral  7.  The  s l eeve   5  is  moulded 

from  an  e l e c t r i c a l l y   i n s u l a t i n g   m a t e r i a l   and  is  of  g e n e r a l l y  

c y l i n d r i c a l   c o n f i g u r a t i o n .   Sleeve  5  is  l o c a t e d   on  the  s h e l l  

mouldings  by  means  of  an  i n t e g r a l l y   moulded,  o p e n - s i d e d ,   box 

s t r u c t u r e   8  which  engages  with  a  hollow  p r o j e c t i o n   9  on  mould-  

ing  7  and  a  c o r r e s p o n d i n g   p r o j e c t i o n   on  the  o t h e r   s h e l l   mould-  

ing .   Sleeve  5  is  p rov ided   with  i n t e g r a l l y   moulded  p r o j e c t i o n s  

10  in  which  one  end  11  of  a  v a l v e - a c t u a t i n g   member  12  is  p i v o t -  

a l l y   mounted .  

Sleeve  5  is  also  provided  with  an  opening   13  t h r o u g h  

i t s   wal l ,   th rough  which  the  o ther   end  14  of  the  v a l v e - a c t u a t i n g  

member  12  p a s s e s ,   and  i n t e g r a l   f l anges   15,  16  which  act   as  a  

guide  for   the  end  14  of  the  v a l v e - a c t u a t i n g   member  1 2 .  

Screw  mounted  on  the  end  of  the  s l eeve   5  is  a  n o s e  

cone  17  having  an  opening   18  through  which  the  end  of  the  c a r t -  

r i dge   nozz le   can  p r o j e c t .  

The  c a r t r i d g e   19,  which  is  shown  p a r t l y   in  s e c t i o n  

in  F igure   2,  is  a  meta l   can  20  provided  with  a  c l o s u r e   21  i n -  

c o r p o r a t i n g   a  va lve   assembly,   t y p i c a l l y   of  the  type  commonly 

employed  in  a e r o s o l   c a n i s t e r s . .   Ins ide   can  20  a  f l e x i b l e   b a g  
22  is  mounted  on  the  i n l e t   23  to  the  valve  assembly .   The  l i q u i d  
to  be  sprayed  is  c o n t a i n e d   wi th in   bag  22  whi le   the  space  b e t w e e n  

bag  22  and  the  wa l l s   of  the  can  20  is  charged  wi th   a  v o l a t i l e  

l i q u i d   p r e s s u r i s i n g   agen t ,   e.g.   a  f l u o r o c a r b o n   such  as  d i c h l o r o -  

d i f l u o r o m e t h a n e .   The  c a r t r i d g e   19  also  has  a  nozz le   24  having  a  
f i n e   bore  (not  shown)  ex tend ing   l o n g i t u d i n a l l y   t h e r e t h r o u g h .  
The  nozz le   24  is  formed  i n t e g r a l l y   with  a  f l ange   25  forming  p a r t  
of  the  valve  assembly.   Movement  of  f l ange   25  a x i a l l y   t o w a r d s  

the  base  26  of  c a r t r i d g e   19  e f f e c t s   opening  of  the  va lve   t o  

permi t   l i q u i d   to  flow  from  the  r e s e r v o i r   out  of  the  c a r t r i d g e  
v i a   the  f ine   bore  e x t e n d i n g   through  nozzle   24.  The  bore  i s  

t y p i c a l l y   of  1  mm  d i ame te r   while  the  t ip   of  the  nozz le   24  i s  



t y p i c a l l y   of  h e m i s p h e r i c a l   c o n f i g u r a t i o n   of  3 -   5  mm  d i a m e t e r .  

C a r t r i d g e   19  is  held  in  p lace   by  a  r ib   27  on  a  cap  28 

engaging  with  the  base  26  of  the  c a r t r i d g e   and  h o l d i n g   t h e  

f l ange   25  a g a i n s t   the  valve  a c t u a t i n g   member  12.  The  cap  28  i s  

moulded  from  an  e l e c t r i c a l l y   i n s u l a t i n g   p l a s t i c s   m a t e r i a l   and 

is  p i v o t a l l y   mounted  in  a  boss  29  in  she l l   mould  7  and  a  c o r r e s -  

ponding  boss  in  the  o ther   she l l   mould.  Cap  28  has  an  i n t e g r a l  

l a t c h   30  engaging  with  a  p r o j e c t i o n   31  moulded  i n t e g r a l l y   w i t h  

s l eeve   5 .  

Ex tend ing   through  an  opening  32  in  s l eeve   5  is  a  

s p r i n g   metal  con tac t   s t r i p   33  which  is  held  in  p l ace   be tween  

the  s h e l l   mouldings  and  the  wall  of  s leeve  5.  E l e c t r i c a l l y   con-  

nec t ed ,   e .g .   s o lde r ed ,   to  s t r i p   33  is  a  high  v o l t a g e   lead  34  f rom 

a  g e n e r a t o r   l o c a t e d   in  the  handle   p o r t i o n   of  the  a p p a r a t u s .   On 

a p p l i c a t i o n   of  a  high  vo l t age   to  lead  34,  the  high  v o l t a g e   i s  

a p p l i e d ,   v ia   con tac t   s t r i p   32,  to  the  metal  can  c a r t r i d g e   19 

and  hence,  v ia   conduct ion   through  the  c a r t r i d g e   and  i t s   c o n t e n t s ,  

to  the  nozz le   24 .  

The  v a l v e - a c t u a t i n g   member  12  is  a  moulding  of  an  

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

tha t   the  p o r t i o n   in  the  v i c i n i t y   of  nozzle   24,  f l ange   25,  and 

mounting  10  is  r e l a t i v e l y   r i g i d   but  the  f ree   end  14  is  r e l a t i v e l y  

f l e x i b l e .   The  v a l v e - a c t u a t i n g   member  12  is  p rov ided   with  an  

opening  35  through  which  nozzle   24  p r o j e c t s ,   and  p r o j e c t i o n s   36 

which  engage  with  f l ange   25  on  e i t h e r   side  of  nozz le   24.  It  i s  

then  seen  t h a t   l o n g i t u d i n a l   movement  of  the  f r ee   end  14  of  t h e  

v a l v e - a c t u a t i n g   member  12  away  from  mounting  10  causes  f l ange   25 

to  be  depressed   thus  opening  the  va lve .   The  f r e e   end  14  of  t h e  

v a l v e - a c t u a t i n g   member  12  is  p rov ided   with  a  s l o t   37  which  engages  
with  a  hook  38  of  a  metal  wire  39  which  extends  a long  the  s h a f t  

of  the  e longa ted   member  to  the  t r i g g e r   3 .  

As  mentioned  h e r e i n b e f o r e ,   ex tending   round  s leeve  5  i s  

a  metal  wire  6  a c t i ng   as  a  f i e l d   a d j u s t i n g   e l e c t r o d e .   A  f l e x i b l e  

ex t ens ion   40  of  wire  6  passes   through  a  groove  (shown  do t ted   i n  

Figure   2)  in  she l l   moulding  7  and  is  e l e c t r i c a l l y   connected,   e . g .  



s o l d e r e d ,   to  wire  39.  

Wires  39  and  40  thus  p rov ide   an  e l e c t r i c a l   c o n n e c t i o n  

from  the  t r i g g e r   3  to  the  f i e l d   a d j u s t i n g   e l e c t r o d e   6  and  w i r e  

39  also  provides   a  mechanica l   connec t ion   from  t r i g g e r   3  to  t h e  

va lve   a c t u a t i n g   member  12 .  

The  handle  p o r t i o n   2  of  the  appara tus   is  shown  i n  

F igure   3.  

Provided  w i th in   the  handle   p o r t i o n   2  of  the  c a s i n g  

is  a  compartment  41  for   r e c e i p t   of  a  s e r i e s   t r a i n   of  two  d r y  

c e l l   b a t t e r i e s   42;  a  high  v o l t a g e   g e n e r a t o r   assembly  43;  and  

a  t r i g g e r   assembly  4 4 .  

The  g e n e r a t o r   assembly  comprises  a  p r i n t e d   c i r c u i t  

board  45  on  which  are  mounted  the  va r ious   components  shown  i n  

F igure   4  as  enclosed  w i t h i n   the   do t t ed   box.  For  s i i m p l i c i t y  

t he se   components  are  not  shown  in  Figure   3.  Board  45  is  mounted 

in  a  moulding  46  of  e l e c t r i c a l l y   i n s u l a t i n g   p l a s t i c s   m a t e r i a l .  

Also  mounted  in  moulding  46  is   an  output   s tep-up   t r a n s f o r m e r   47 

which  is  connected  to  board  45  by  leads   48,  49.  The  high  v o l t -  

age  output   from  t r a n s f o r m e r   47  is  fed,   v ia   a  high  v o l t a g e   d i o d e  

50,  (not  shown  in  F igure   3),  to  the  high  v o l t a g e   lead  34  v ia   a  

c o n t a c t   wi th in   s leeve  51  a t t a c h e d   to  t r a n s f o r m e r   47.  The 

g e n e r a t o r   assembly  43  is  l o c a t e d   by  p r o j e c t i o n s   52,  53,  54  and  55 

i n t e g r a l   with  she l l   moulding  7  and  by  c o r r e s p o n d i n g   p r o j e c t i o n s  

(not   shown)  in  the  o the r   s h e l l   m o u l d i n g .  

Board  45  is  p r o v i d e d   with  two  e l e c t r i c a l   c o n t a c t s   56 ,  

57.  Contact   56  is  a  s p r i n g   meta l   s t r i p   which  extends  r o u n d  

moulding  46  to  the  t r i g g e r   assembly  44  while  con t ac t   57  p r o j e c t s  

i n to   the  b a t t e r y   compartment  41  wherein  i t   c o n t a c t s   the  p o s i t i v e  

t e r m i n a l   of  the  t r a i n   of  b a t t e r i e s   42.  Extending   the  l eng th   o f  

compartment  41  is  a  wire  58.  At  the  r ea r   end  of  compartment  4 1 ,  

wire   58  is  formed  as  a  co i l   s p r i n g   con tac t   59  which  urges  t h e  

t r a i n s   of  b a t t e r i e s   42  in to   engagement  with  contax t   57.  Wire  58 

a lso   serves   to  connect  the  n e g a t i v e   con tac t   of  the  b a t t e r y   t r a i n  

to  the  t r i g g e r   assembly  4 4 .  

The  t r i g g e r   assembly  44  comprises  a  t r i g g e r   l eve r   3 



made  of  an  e l e c t r i c a l l y   conduc t ive   p l a s t i c s   m a t e r i a l   p i v o t -  

ably  mounted  on  bosses   60  in  the  she l l   mouldings.   The  f r e e  

end  of  wire  58  from  the  b a t t e r y   compartment  extends  t h r o u g h  

a  hole  in  l e v e r   3  to  form  a  con tac t   pin  61.  Also  mounted  i n  

l e v e r   3  is  a  pin  62  formed  from  an  e l e c t r i c a l l y   i n s u l a t i n g  

m a t e r i a l .   Pin  62  engages  with  the  sp r ing   contac t   s t r i p   56 

from  board  45  to  hold  the  s t r i p   56  out  of  engagement  w i t h  

pin  61  when  the  t r i g g e r   l e v e r   3  is  in  the  "off"   p o s i t i o n .  

S t r i p   con tac t   56  is  l a t e r a l l y   spaced  from  l eve r   3,  and  h e n c e  

i n s u l a t e d   t he r e f rom  when  the  t r i g g e r   is  in  the  "off"   p o s i t i o n .  

R o t a t i o n   of  l e v e r   3  from  the  "off"   p o s i t i o n   causes  the  c o n t a c t  

pin  61  to  engage  with  s t r i p   con tac t   36  thus  comple t ing   t h e  

c i r c u i t   to  supply  power  from  the  b a t t e r i e s   42  to  the  g e n e r a t o r .  

Hooked  round  an  i n t e g r a l   ex tens ion   63  to  t r i g g e r  

l e v e r   3  is  the  c o n n e c t i n g   wire  39.  A  r e t u r n   sp r i ng   (not  shown) 

is  p rov ided   to  bias   l e v e r   3  to  the  "off"  p o s i t i o n .  

In  use  the  o p e r a t o r ' s   f i n g e r   c o n t a c t i n g   t r i g g e r   l e v e r  

3  p r o v i d e s   a  connect ion,   through  the  o p e r a t o r ,   to  ea r th   t h u s  

e a r t h i n g   the  f i e l d   i n t e n s i f y i n g   e l e c t r o d e   6  and  the  n e g a t i v e  

s ide   of  the  b a t t e r y   t r a i n .  

R e f e r r i n g   now  to  Figure   4,  the  low  vo l t age   pa r t   of  t h e  

high  v o l t a g e   g e n e r a t o r   c i r c u i t   c o n s i s t s   of  a  conven t iona l   t r a n -  

s i s t o r i s e d   s a t u r a t i o n   o s c i l l a t o r   formed  by  the  pr imary   64  of  a  

f i r s t   s t ep -up   t r a n s f o r m e r   65,  r e s i s t o r   66  and  a  t r a n s i s t o r   67 .  

T y p i c a l l y   t h i s   o s c i l l a t o r   has  a  f requency   of  the  o rder   of  10 

to  100  kHz.  The  secondary  of  t r a n s f o r m e r   65  is  connec ted ,   v i a  

a  diode  68,  to  a  c a p a c i t o r   69.  Connected  in  p a r a l l e l   w i t h  

c a p a c i t o r   69  is  a  gas-gap  d i s cha rge   tube  70  connected  in  s e r i e s  

with  the  pr imary  of  the  output   s tep-up  t r a n s f o r m e r   47.  Shown 

d o t t e d   in  the  high  v o l t a g e   output   c i r c u i t   of  Figure  4  is  a  

c a p a c i t o r   71.  This  c a p a c i t o r   is  not  a  d i s c r e t e   component  b u t  

r e p r e s e n t s   the  c a p a c i t a n c e   between  the  high  vo l t age   lead  34,  

the  c a r t r i d g e   19,  and  the  nozzle   24  and  the  ad jacen t   " e a r t h e d "  

components,   e .g.   wires  39  and  40,  and  the  f i e l d   i n t e n s i f y i n g  

e l e c t r o d e   6 .  



To  ensure  t h a t   the  c a p a c i t o r   71  has  the  d e s i r e d  

va lue ,   t y p i c a l l y   2 0  -  4 0   pF,  guides  (not  shown)  may  be  p r o v i d e d  

in  the  she l l   mouldings  to  hold  w i re  39   in  the  d e s i r e d   s p a t i a l  

r e l a t i o n s h i p   to  the  high  v o l t a g e  l e a d   34.  

In  o p e r a t i o n   the  s a t u r a t i o n   o s c i l l a t o r   gives  r i s e  

to  cu r ren t   pu l se s   in  the  secondary   of  t r a n s f o r m e r   65  wh ich  

charge  c a p a c i t o r   69  v ia   diode  68.  When  the  v o l t a g e   a c r o s s  

c a p a c i t o r   69  reaches   the  s t r i k i n g   v o l t a g e   of  gas-gap  d i s c h a r g e  

tube  70,  the  l a t t e r   conduc t s ,   d i s c h a r g i n g   c a p a c i t o r   69  t h r o u g h  

the  primary  of  output   t r a n s f o r m e r   47,  u n t i l   the  v o l t a g e   a c r o s s  

the  gas-gap  d i s c h a r g e   tube  f a l l s   to  the  e x t i n g u i s h i n g   v o l t a g e .  

T y p i c a l l y   the  s t r i k i n g   v o l t a g e   is  150 -   250  V  and  the  e x t i n g u i s h -  

ing  vo l t age   is  l e s s   than  10  V. 

The  d i s c h a r g e   of  c a p a c i t o r   69  through  the  pr imary   o f  

t r a n s f o r m e r   47  produces   high  v o l t a g e   pu lses   in  the  s e c o n d a r y  

t h e r e o f :   these   h i g h  v o l t a g e   pu l se s   charge  c a p a c i t o r   71  v i a  

diode  50  and  thus  m a i n t a i n   a  s u f f i c i e n t l y   high  p o t e n t i a l   b e -  

tween  nozzle   24  and  the  f i e l d   i n t e n s i f y i n g   e l e c t r o d e   6  f o r  

e l e c t r o s t a t i c   a t o m i s a t i o n   of  the  l i q u i d   from  nozzle   24 .  

The  f r equency   with  which  the  high  v o l t a g e   pu l se s   a r e  

produced  is  de te rmined   by  the  va lue   of  c a p a c i t o r   69,  the  imped-  

ance  of  the  secondary   of  t r a n s f o r m e r   65  and  the  magnitude  and 

f requency  of  the  p u l s e s   produced  by  the  s a t u r a t i o n   o s c i l l a t o r .  

In  an  example  a  p e s t i c i d e   composi t ion   of  r e s i s t i v i t y  

8  x  107  ohm.  cm  was  sprayed   from  appa ra tu s   of  the  type  shown  i n  

Figures   1  to  4.  The  v o l t a g e   at  nozz le   24  was  about  18  kV,  t h e  

l i q u i d   flow  r a t e   1  ml/min,   the  f r equency   of  the  high  v o l t a g e  

pulses   about  25  Ez.  The  c a p a c i t a n c e   of  c a p a c i t o r   71  was  a b o u t  

20  pF  and  p r i m a r i l y   formed  by  the  c a p a c i t a n c e   between  wires  34 

and  39  which  were  each  about  0.9  m  long  and  spaced  apar t   by  an  

average  of  about  2  cm.  The  s e r i e s   t r a i n   of  b a t t e r i e s   42  gave  a  

vo l t age   of  3.1  V  and  the  c u r r e n t   d ra in   thereon   was  about  150  mA. 

In  the  mod i f i ed   c i r c u i t   of  Figure  5  the  arrangement   o f  

the  g e n e r a t o r   is  mod i f i ed   by  the  rep lacement   of  the  gas-gap  d i s -  

charge  tube  70  by  a  t h y r i s t o r   72  and  by  the  i n c o r p o r a t i o n   of  a  



t empera tu re   dependent   t r i g g e r i n g   c i r c u i t   73,  the  output  o f  

which  is  app l i ed   to  the  gate  of  t h y r i s t o r   7 2 .  

This  t e m p e r a t u r e   dependent  t r i g g e r i n g   c i r c u i t   i n c o r p -  

o r a t e s   a  t e m p e r a t u r e   s e n s i t i v e   component,  e .g .   a  t h e r m i s t o r ,  

and  is  a r ranged   such  tha t   as  the  t e m p e r a t u r e   i n c r e a s e s ,   t h y r i s t o r  

72  is  t r i g g e r e d   to  conduct ,   thus  d i s c h a r g i n g   c a p a c i t o r   69  t h r o u g h  

the  primary  of  output   t r a n s f o r m e r   47,  at  i n c r e a s i n g   v o l t a g e s  

across   c a p a c i t o r   69.  Although  t h i s   r e s u l t s   in  a  r e d u c t i o n   o f  

the  f requency  of  d i s c h a r g e   of  c a p a c i t o r   69,  the  r a te   of  t r a n s -  

f e r   of  energy  to  the  high  vo l t age   c i r c u i t   is  i n c r e a s e d   t h u s  

g iv ing   an  i n c r e a s e d   v o l t a g e   at  the  nozz le   24 .  

As  the  t e m p e r a t u r e   i n c r e a s e s   the  p r e s s u r e   exer ted   by  

the  v o l a t i l e   l i q u i d   in  can  20  i n c r e a s e s ,   thus  i n c r e a s i n g   t h e  

l i q u i d   flow  r a t e   th rough  nozz le   24.  The  c h a r a c t e r i s t i c   of  t h e  

t empera tu re   dependent  t r i g g e r i n g   c i r c u i t   73  is  a r ranged   so  t h a t  

the  vo l t age   at  the  nozz le   24  is  i n c r e a s e d ,   as  the  flow  r a t e  

through  nozzle   24  i n c r e a s e s ,   so  as  to  give  the  d e s i r e d   d r o p l e t  

s ize   s p e c t r u m .  



1.  P o r t a b l e   e l e c t r o s t a t i c   sp ray ing   a p p a r a t u s  i n c l u d i n g  

(a)  a  spray  n o z z l e ,  

(b)  means  to  supply  l i q u i d   to  be  sprayed  t o  s a i d   s p r a y  

n o z z l e ,  

(c)  a  low  v o l t a g e   power  s o u r c e ,  

(d)  a  high  v o l t a g e   g e n e r a t o r   powered  by  sa id   low  v o l t a g e  

power  source ,   whereby  r e c t i f i e d   high  v o l t a g e   p u l s e s  

may  be  produced  across   i t s   o u t p u t ,  

(e)  a  c a p a c i t o r   connec ted   to  said  nozz le   and  to  one  s i d e  

of  said  g e n e r a t o r   ou tput ,   whereby  sa id   c a p a c i t o r  

may  be  charged  by  said  r e c t i f i e d   high  v o l t a g e   p u l s e s  

so  tha t   sa id   nozz le   may  be  ma in t a ined   at  a  s u f f i c i e n t l y  

high  p o t e n t i a l ,   with  r e s p e c t   to  the  o the r   s ide  of  s a i d  

g e n e r a t o r   ou tpu t ,   to  cause  e l e c t r o s t a t i c   a t o m i s a t i o n  

of  said  l i q u i d   at  said  n o z z l e ,  

c h a r a c t e r i s e d   in  t ha t   c a p a c i t o r   has  a  value  below 2×104 V2  pF ,  

where  V  is  the  average  v o l t a g e ,   expressed  in  k i l o v o l t s ,   t ha t   s a i d  

g e n e r a t o r   is  capable   of  m a i n t a i n i n g   at  said  n o z z l e ,   and  in  t h a t  

s a id   c a p a c i t o r   is  formed  by  the  c apac i t ance   between  a  l ead   con-  

n e c t i n g   sa id   one  s ide  of  the  g e n e r a t o r   output  to  sa id   nozz le   and  

a  lead  connected   to  sa id   o ther   side  of  the  g e n e r a t o r   o u t p u t ,  

sa id   g e n e r a t o r   being  capable  of  p roduc ing   said  h i g h  

v o l t a g e   pu l ses   of  such  magnitude  and  f requency  t h a t   the  p o t e n t i a l  
at  sa id   nozz le   may  be  m a i n t a i n e d   at  a  s u f f i c i e n t   va lue   to  c a u s e  

e l e c t r o s t a t i c   a t o m i s a t i o n   of  the  l i q u i d   but  w i thou t   corona  d i s -  

c h a r g e .  

2.  Apparatus  a c c o r d i n g   to  claim  1  wherein  sa id   c a p a c i t o r  

has  a  va lue   above 2×103 V2  pF .  

3.  Apparatus  a c c o r d i n g   to  claim  1  or  c laim  2  wherein   s a i d  

c a p a c i t o r   has  a  va lue   between  10  and  50  pF.  

4.  Apparatus  a c c o r d i n g   to  any  one  of  c la ims  1  to  3  w h e r e i n  

sa id   g e n e r a t o r   is  capable   of  m a i n t a i n i n g   a  v o l t a g e   between  10  and  

25  kV  at  sa id   n o z z l e .  

5.  Apparatus  a cco rd ing   to  any  one  of  c laims  1  to  4  w h e r e i n  

sa id   high  vo l t age   pu l se s   are  r e c t i f i e d   in  said  g e n e r a t o r   by  a  



diode  having  a  l eakage   cu r r en t   of  l ess   than  1  pA  at  37  kV 

and  20°C.  

6.  Appara tus   acco rd ing   to  any  one  of  claims  1  to  5 

wherein  said  g e n e r a t o r   i nc ludes   a  c a p a c i t o r   tha t   can  be  d i s -  

charged  th rough  the  primary  of  a  s tep-up   t r a n s f o r m e r   via  a  

t r i g g e r i n g   device   whereby  d i scha rge   of  sa id   c a p a c i t o r   t h r o u g h  

said  pr imary  produces   high  vo l t age   pu l s e s   in  the  s e c o n d a r y  

of  said  t r a n s f o r m e r .  

7.  Apparatus   accord ing   to  any  one  of  claims  1  to  6 

wherein  said  g e n e r a t o r   produces  said  high  v o l t a g e   pu l ses   a t  

a  f requency   below  50  Hz. 

8.  Appara tus   accord ing   to  any  one  of  claims  1  to  7  w h e r e i n  

an  e l e c t r i c a l l y   conduc t ive   member  is  p o s i t i o n e d   ad j acen t   to,  b u t  

spaced  f rom.  said   nozz le   and  connected  to  sa id   o ther   s ide  of  t h e  

g e n e r a t o r   ou tpu t ,   and  said  c a p a c i t o r   of  va lue   below 2×104 V2  pF 

is  formed  by  the  lead   connec t ing   said  one  s ide  of  the  g e n e r a t o r  

o u t p u t  t o   said  nozz le   and  the  lead  c o n n e c t i n g   said  o ther   s i d e  

of  the  g e n e r a t o r   output   to  said  e l e c t r i c a l l y   conduc t ive   member. 

9.  Apparatus   acco rd ing   to  any  one  of  claims  1  to  8  w h e r e i n  

sa id   means  to  supply  l i q u i d   to  said  spray  nozz le   i nc ludes   a  

mechan i ca l l y   o p e r a t e d   valve  a c tua t ed   by  a  t r i g g e r   remote  f rom 

said  valve  and  said  c a p a c i t o r   of  value  below  2×104 V2  pF  is  fo rmed  

by  the  lead  c o n n e c t i n g   said  one  side  of  the  g e n e r a t o r   output  t o  

said  nozzle   and  an  e l e c t r i c a l l y   conduc t ive   member  forming  p a r t  

of  the  mechanica l   connec t ion   from  said  t r i g g e r   to  said  v a l v e ,  

sa id   e l e c t r i c a l l y   conduc t ive   member  be ing   e l e c t r i c a l l y   c o n n e c t e d  

to  said  o ther   s ide  of  the  g e n e r a t o r   o u t p u t .  

10.  Apparatus   accord ing   to  any  one  of  claims  1  to  9  w h e r e i n  

sa id   means  to  supply  l i q u i d   to  said  nozz le   i nc ludes   a  p r e s s u r i s e d  

c o n t a i n e r   and  means  are  p rovided   to  moni tor   the  ambient  t e m p e r a t u r e  

and  to  vary  the  average  vo l t age   appl ied   to  the  nozzle   in  r e s p o n s e  
to  said  moni tored   t empera tu re   to  main ta in   the  average  d rop le t   s i z e  

of  the  l i q u i d   sprayed  from  said  nozzle  w i th in   a  p r e d e t e r m i n e d  

r a n g e .  
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