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@  Variable-dispensing  non-aerosol  pump. 

ACTORUM  AG 

  A  variable  delivery  pump  spray  valve  means  compris- 
ing  a  valve  (1)  having,  a  dip  tube  (12)  and  an  actuator  button 
(23)  and  a  means  (29)  cooperating  with  the  actuator  button, 
to  vary  the  length  of  the  stroke  when  said  actuator  button, 
is  depressed  to  vary  the  amount  of  liquid  delivered. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  n o n - a e r o s o l  

pump  f o r   t he   v a r i a b l e   d e l i v e r y   of  low  v i s c o s i t y   l i q u i d s .  
More  p a r t i c u l a r l y ,   i t   r e l a t e s   to  the   m o d i f i c a t i o n   of  t h e  

v a l v i n g   means  in  a  c o n v e n t i o n a l ,   n o n - t h r o t t l i n g ,   c o n s t a n t  

p r e s s u r e   n o n - a e r o s o l   pump  to  p e r m i t   t he   v a r i a b l e   d e l i v e r y   o f  

s p r a y   o r ,   more  a c c u r a t e l y ,   to  p e r m i t   d e l i v e r y   of  s m a l l e r   o r  
g r e a t e r   amoun t s   or  p r o d u c t .   C o n v e n t i o n a l   n o n - t h r o t t l i n g   p u m p s  
a r e   shown  in  U.S.  P a t e n t s   3 , 3 9 9 , 8 3 6 ;   4 , 0 5 0 , 6 1 3 . a n d   4 , 1 7 3 , 2 9 7 .  

In  the   c o n v e n t i o n a l   n o n - a e r o s o l   pumps,   when  t h e  
a c t u a t o r   b u t t o n   s e a t e d   a t o p   the   v a l v e   means  i s   d e p r e s s e d ,   t h e  

l i q u i d   c o n t e n t s   of  the   c o n t a i n e r   a re   pumped  and  d i s p e n s e d  
from  the   v a l v e   a t   a  g i v e n   r a t e   and  in  a  g i v e n   s p r a y   p a t t e r n .  
The  p r o v i s i o n   of  v a r i a b l e   s p r a y   p a t t e r n s   in  a  pump  s p r a y ,  
t h a t   i s ,   from  f a i r l y   r e s t r i c t e d   to  more  d i s p e r s e   p a t t e r n s ,  
is   known  and  i s   commonly  found   in  c o m m e r c i a l l y   a v a i l a b l e  

t r i g g e r   pump  a p p l i c a t o r s .   However ,   in  such  d e v i c e s   t h e  

amount   d e l i v e r e d   pe r   s t r o k e   of  t he   pump  r e m a i n s   s u b s t a n t i a l l y  

c o n s t a n t .   I n s o f a r   as  we  a r e   a w a r e ,   t h e r e   has  been  no  d i s -  

c l o s u r e   or  use  of  a  n o n - a e r o s o l   pump  w h i c h   p r o v i d e s   a  m e a n s  
fo r   v a r y i n g   the   d e l i v e r y   r a t e   of  a  l i q u i d   p r o d u c t .  

S i n c e   n o n - a e r o s o l   pumps  a re   w i d e l y   used   t o  
d e l i v e r   a  v a r i e t y   of  l i q u i d   p r o d u c t s ,   such   as  h a i r   s p r a y s ,  
d e o d o r a n t s ,   v a r i o u s   h o u s e h o l d   p r o d u c t s   and  c l e a n i n g   a g e n t s ,  
and  the   l i k e ,   i t   is   c o n s i d e r e d   d e s i r a b l e   to  p r o v i d e   a  m e a n s  

w h e r e b y   the   u s e r   can  c o n t r o l   t he   amount   of  p r o d u c t   d i s p e n s e d  

at   any  g i v e n   t ime   fo r   any  g i v e n   p u r p o s e .   Th i s   is   p a r t i c u l a r l y  
t r u e   w i t h   h a i r   s p r a y s   where   the   u s e r   may  o n l y   want   to  l i g h t l y  

s p r a y   t h e   h a i r   or  a p p l y   s p r a y   to  on ly   a  p o r t i o n   of  the   h a i r .  

M o r e o v e r ,   i t   p r o v i d e s   means  f o r   the   more  e c c o n o m i c a l   use  o f  

t he   p r o d u c t .  



In  a c c o r d a n c e   w i t h   t he   p r e s e n t   i n v e n t i o n   m e a n s  
a r e   p r o v i d e d   f o r   t h e   m o d i f i c a t i o n   of  the   v a l v i n g   means  i n  

a  c o n v e n t i o n a l   n o n - a e r o s o l   pump,  w h e r e b y   t h e   a c t u a t o r   b u t t o n  
i s   p r o v i d e d   w i t h   an  e x t e n s i o n   of  " t o o t h "   w h i c h ,   when  t h e  
b u t t o n   i s   d e p r e s s e d ,   e n g a g e s   a g a i n s t   a  cam  i n s e r t   in  t he   v a l v e  

s h r o u d   h a v i n g   v a r i a b l e   e l e v a t i o n s .   The  " t o o t h "   i s .  t h e r e b y  
l i m i t e d   in   i t s   downward  t r a v e l   by  the   h e i g h t   of  t he   e l e v a t i o n  

on  t h e   i n s e r t   a g a i n s t   wh ich   i t   e n g a g e s .   The  l e n g t h   of  t r a v e l  
of  t he   " t o o t h "   g o v e r n s   the   amount   of  p r o d u c t   d i s p e n s e d   t h r o u g h  
the   v a l v e .   T h i s   means ,   t h e r e f o r e ,   wh ich   is   v a r i a b l e ,  

e n a b l e s   a  g r e a t e r   or  l e s s e r   amount   of  p r o d u c t   to  be  d i s p e n s e d .  
In  p r i n c i p l e ,   d i f f e r e n t   amoun t s   of  s p r a y   w i l l   b e  

d e l i v e r e d   when  the   a c t u a t o r   b u t t o n   i s   d e p r e s s e d   d i f f e r e n t  

d i s t a n c e s   from  t he   o r i g i n a l   p o s i t i o n .   The  amount   of  s p r a y  
to  be  d i s p e n s e d   i s   d e t e r m i n e d   by  r o t a t i n g   the   c i r c u l a r   i n s e r t  

t o ,   f o r   e x a m p l e ,   t h e   h i g h ,   medium  or  low  p o s i t i o n .   When  t h e  
" t o o t h "   e n g a g e s   t h a t   p o r t i o n   of  t he   i n s e r t   h a v i n g   t he   l o w e s t  

e l e v a t i o n ,   t h e n   t he   h i g h e s t   amount   o f  s p r a y   w i l l   be  d e l i v e r e d .  

The  l o w e s t   amount   of  s p r a y   w i l l   be  d e l i v e r e d   when  the   " t o o t h "  

c o n t a c t s   t he   h i g h e s t   e l e v a t i o n   on  the   i n s e r t .   By  p r o v i d i n g  
t h e   i n s e r t   w i t h   a  s e r i e s   of  e l e v a t i o n s ,   a  s e r i e s   of  s p r a y  
v o l u m e s   can  be  o b t a i n e d .  

F i g u r e   1  shows  the   u o p e r   h o u s i n g   of  t he   p u m p ,  

i n c l u d i n g   t he   s h r o u d ,   in   p a r t i a l   c r o s s - s e c t i o n ;  

F i g u r e   2  i s   a  top  view  of  t he   s h r o u d ,   i n c l u d i n g  

the   a n n u l a r   s p a c e   t h r o u g h   wh ich   the   a c t u a t o r   b u t t o n   t r a v e l s ;  

F i g u r e   3  shows  an  e l o n g a t e d   v i ew  of  the   cam  i n s e r t ,  

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

a n n u l a r   s p a c e   in   t h e   s h r o u d ;  

F i g u r e   4 ' s h o w s ' t h e   a c t u a t o r   b u t t o n ,   i n c l u d i n g  

t he   " t o o t h "   t h e r e o n ;  

F i g u r e   5  shows  a  c i r c u l a r   fo rmed   cam  i n s e r t   i n  

p e r s p e c t i v e ;  

F i g u r e   6  shows  an  a l t e r n a t i v e   cam  c o n s t r u c t i o n  

in   p a r t i a l   c r o s s - s e c t i o n ;  

F i g u r e   7  shows  a  f r o n t   v iew  in  e l e v a t i o n   of  t h e  

v a l v e   of  F i g u r e   6 ;  



F i g u r e   9  shows  a  top  v iew  of  the   cam  o f  

F i g u r e   8 ;  

F i g u r e   10  shows  a  p l a n   v iew  of  the   e l e v a t i o n a l  

s u r f a c e s   of  the   cam  of  F i g u r e   8 .  

R e f e r r i n g   to  the   F i g u r e s ,   a  c o n v e n t i o n a l   a c c u m u l a t o r  
(or  n o n - t h r o t t l i n g )   v a l v e   1  i s   shown  in  F i g u r e   1,  w i t h   h o u s i n g  

or  s h r o u d   2  h a v i n g   i n n e r   t h r e a d s   3  and  g a s k e t   3A  f o r   a t t a c h i n g  
to  a  l i q u i d   c o n t a i n e r   (not   s h o w n ) .   The  v a l v e   body  c o n s i s t s  
of  an  a c c u m u l a t o r   4  wh ich   f i t s   i n t o   the   u p p e r   p a r t   of  s h r o u d   2 

by  means  of  c o o p e r a t i n g   d e t e n t s   5  in  s h r o u d   2  and  a c c u m u l a t o r   4 .  

The  a c c u m u l a t o r   4  has  a  l ower   s e c t i o n   6  and  an  u p p e r   s e c t i o n   7 ,  
s e c t i o n   7  h a v i n g   a  l a r g e r   c r o s s - s e c t i o n a l   a r e a   t h a n   s e c t i o n   6 .  
S e c t i o n   6  of  a c c u m u l a t o r   4  c o n t a i n s   a  s e a l   v a l v e   8  h a v i n g  
s e a l   9,  a x i a l   p a s s a g e   10,  wh ich   is   b i a s e d   u p w a r d l y   b y  

s p r i n g   11.  E d u c t o r   12  i s   c o n n e c t e d   to  o p e n i n g   13  a t   t h e  

lower   end  of  s e c t i o n   6  of  a c c u m u l a t o r   4.  S e a l   v a l v e   p a s s a g e  
10  i s   c l o s e d   by  s p h e r i c a l   v a l v e   14  h e l d   in  p l a c e   by  a n  
i n v e r t e d   cup  14A  of  p o p p e t   15  wh ich   in  t u r n   is   h e l d   b y  

p i s t o n   16  wh ich   p a s s e s   t h r o u g h   o p e n i n g   17  in  t he   u p p e r   s u r f a c e  

of  s h r o u d   2  and  e n c l o s e s   the   u p p e r   s tem  18  of  p o p p e t   1 5 .  

P i s t o n   16  i s   r e t a i n e d   by  a  f l a n g e   19  a b b u t t i n g   a g a i n s t   t h e  
l ower   end  of  i n n e r   s k i r t   20  in  s h r o u d   2.  P i s t o n   16  c o n t a i n s  

a x i a l   p a s s a g e s   21  h a v i n g   an  o p e n i n g   22  s e a l e d   by  p o p p e t   s t e m  
18.  An  a c t u a t o r   s p r a y   head   23  i s   f i t t e d   to  the   top  of  p i s t o n  

16  h a v i n g   s p r a y   o r i f i c e   2 4 .  

In  t he   p r e s e n t   i n v e n t i o n ,   s p r a y   head   23  has  a n  

o u t e r   d e p e n d i n g   s k i r t   25,  w h i c h   has  been  m o d i f i e d   to  have  a  
t o o t h   26.  Shroud   2  has  a  c o l l a r   27  a t   t he   top  wh ich   f o r m s  

an  a n n u l a r   g r o o v e   28.  In  the   p r e s e n t   i n v e n t i o n   a  cam  29 

f i t s   in  g r o o v e   28.  In  t he   o p e r a t i o n   of  t he   pump  v a l v e ,  

a c t u a t o r   s p r a y   head  23  is   p r e s s e d   down,  t h u s   p r e s s i n g   down 

p i s t o n   16,  in  t u r n   p u s h i n g   down  p o p p e t   15  and  s e a l   v a l v e   8 .  

Assuming   t h a t   u p p e r   s e c t i o n   7  of  a c c u m u l a t o r   4  is   p r i m e d  

( i . e .   f i l l e d   w i t h   l i q u i d ) ,   t he   p r e s s u r e   of  t he   l i q u i d ,  

b e i n g   of  g r e a t e r   c r o s s - s e c t i o n   t h a n   the   a r e a   of  l o w e r  

s e c t i o n   6  w i l l   f o r c e   s e a l   v a l v e   8  down  f a s t e r ,   t h u s   c r e a t i n g  



an  o p e n i n g   b e t w e e n   p i s t o n   16  and  p o p p e t   15.  The  l i q u i d  
in  a c c u m u l a t o r   s e c t i o n   7  is   t h e n   f o r c e d   up  t h r o u g h   o p e n i n g  
22  of  p i s t o n   16  t h r o u g h  p a s s a g e   21  and  o u t  s p r a y   o r i f i c e   2 4 .  

S p r a y   head   23  may  n o r m a l l y   be  p r e s s e d   down  u n t i l   i t   t o u c h e s  

t he   b a s e   of  a n n u l a r   g r o o v e   28,  and  l i q u i d   w i l l   c o n t i n u e   t o  
be  e x p e l l e d   t h u s   e x p e l l i n g   t he   maximum  amount   of  l i q u i d   a s  

a  s p r a y .  
As  shown  in  F i g u r e s   4  and  5 , a   cam,  in  the   form  o f  

an  a n n u l a r   r i n g   and  h a v i n g   t h r e e   e l e v a t i o n s ,   H,  M,  and  L  o n  
the   u p p e r   s u r f a c e   t h e r e o f ,   f i t s   i n t o   a n n u l a r   g r o o v e   28,  a n d  

s p r a y   head   23  has  a  t o o t h   26  wh ich   w i l l   engage   the   e l e v a t e d  

s u r f a c e s   of  cam  2 9 .  

As  shown  in  F i g u r e   1,  cam  29  i s   p o s i t i o n e d   w i t h  
the   t o o t h   ove r   e l e v a t i o n   H to  a l l o w   the   t o o t h   to  r e a c h   t h e  

b a s e   of  g r o o v e   28  and  e x p e l   t he   maximum  amount   of  l i q u i d .  

By  r o t a t i n g   s p r a y   h e a d  2 3 ,   t o o t h   26  w i l l   be  p o s i t i o n e d  
above   a  h i g h e r   e l e v a t e d   s u r f a c e   of  t he   cam,  e . g .   L.  When 

t h e   s p r a y   head   23  is   d e p r e s s e d ,   i t s   downward  s t r o k e   w i l l  

be  s h o r t e r ,   and  t h u s   t he   f l ow  of  l i q u i d   w i l l   be  s t o p p e d  

s o o n e r .   Thus  the   amount   of  l i q u i d   e x p e l l e d   w i l l   be  l e s s .  

A l t h o u g h   cam  29  has  been   shown  w i t h   t h r e e   s t e p s ,   i t   w i l l  

be  u n d e r s t o o d   t h a t   i t   may  have  any  number   of  s t e p s .   M o r e -  

o v e r ,   as  shown  in  F i g u r e   3;  cam  29  may  be  a  f l a t ,   f l e x i b l e  

member  t he   l e n g t h   of  wh ich   i s   e q u a l   to  t he   c i r c u m f e r e n c e   o f  

a n n u l a r   g r o o v e   28.  The  f l e x i b l e   s t r i p   cam  is   t h e n   c u r v e d  
and  f i t t e d   i n t o   g r o o v e   2 8 .  

In  t he   e m b o d i m e n t   of  t he   i n v e n t i o n ,  i l l u s t r a t e d  

in  F i g u r e s   1  to  5,  cam  29  i s   s t a t i o n a r y   and  s p r a y   head   23 

r o t a t e s   r e l a t i v e   to  cam  29.  Th is   may  be  done  by  f i t t i n g  

s p r a y   head  23  t i g h t l y   to  p i s t o n   16,  by  f r i c t i o n ,   a d h e s i v e  

means  or  by  s p l i n e s   (not   s h o w n ) ,   so  t h a t   when  s p r a y   head  23 

i s   r o t a t e d ,   p i s t o n   1 6  a l s o   r o t a t e s .   On  t he   o t h e r   h a n d ,  

p i s t o n   16  c o u l d   be  f i x e d   a g a i n s t   r o t a t i o n   ( f o r   example   b y  
a x i a l   s p l i n e s   n o t   s h o w n ) ,   and  o n l y   s p r a y   cap  23  w o u l d  

r o t a t e  o n   p i s t o n   16.  In  e i t h e r   c a s e ,   t o o t h   26  of  s p r a y  
head   23  may  be  p o s i t i o n e d   where   d e s i r e d   ove r   cam  2 9 .  



F i g u r e s   6  to  10  r e p r e s e n t   an  a l t e r n a t i v e  

e m b o d i m e n t   of  t he   i n v e n t i o n   w h e r e i n   t he   p i s t o n  a n d   s p r a y  
head  a re   f i x e d   a g a i n s t   r o t a t i o n   and  the   cam  is   r o t a t a b l e .  

As  shown  in  F i g u r e   6,  s h r o u d   2  is   m o d i f i e d   to  omi t   c o l l a r   27 

(as  s een   in  F i g u r e   1)  and  to  p r o v i d e   an  a n n u l a r   r i d g e   30  o n  
s h o u l d e r   31.  Cam  29  i s   in  the   form  of  a  molded   c y l i n d e r   32 
w i t h   an  o u t e r   c o l l a r   33  and  an  a n n u l a r   g r o o v e   34  b e t w e e n  
c o l l a r   33  and  c y l i n d e r   32  of  cam  29.  The  i n n e r   s u r f a c e   35 

of  cam  29  c o n t a i n s   an  a n n u l a r   g r o o v e   36  wh ich   f i t s   o v e r  
a n n u l a r   r i d g e   30  of  s h r o u d   2  in  a  snap  f i t .   In  t h i s   m a n n e r ,  
cam  29  may  be  r o t a t e d   a r o u n d   s h r o u d   2 .  

P i s t o n   16  i s   f i t t e d   w i t h   a  p a i r   of  a x i a l   s p l i n e s   37 

w h i c h   s l i d e   in  a x i a l   g r o o v e s   38  so  t h a t   p i s t o n   16  does  n o t  
r o t a t e   a b o u t   i t s   a x i s .   In  l i k e   m a n n e r ,   s p r a y   head   23  i s  

f i x e d   a g a i n s t   r o t a t i o n   by  means  of  s p l i n e s   39  on  the   u p p e r  
end  of  p i s t o n   16  and  by  g r o o v e s   40  in  s p r a y   head   2 3 .  

Cam  29  has   a  c u r v e d   u p p e r   s u r f a c e   4 1  w i t h   n o t c h e s  

a t   d i f f e r e n t   e l e v a t i o n s   a r o u n d   i t s   c i r c u m f e r e n c e   a t   0,  120  

and  240°  as  shown  in  F i g u r e s   9  and  10.  As  shown  in  F i g u r e   7 ,  

cam  29  has  i n d i c i a   c o r r e s p o n d i n g   w i t h   the   n o t c h e s ,   w h i c h  

i n d i c i a   a re   p o s i t i o n e d   u n d e r   s p r a y   head   o r i f i c e   24  i n  

a c c o r d a n c e   w i t h   the   amount   of  l i q u i d   to  be  s p r a y e d .   When 

s p r a y   head   23  is   d e p r e s s e d ,   s k i r t   25  f i t s   i n t o   g r o o v e   3 4 ,  

and  the   l ower   s u r f a c e   42  of  s p r a y   o r i f i c e   24  c o n t a c t s , t h e  

n o t c h   t h a t   has  been   i n d e x e d   t h e r e w i t h ,   t h u s   l i m i t i n g   t h e  

downward  t r a v e l   of  p i s t o n   16  and  c o n s e q u e n t l y   t he   a m o u n t  

of  l i q u i d   s p r a y e d .   The  l e a s t   amount   of  l i q u i d   w i l l   b e  

d e l i v e r e d   a t   i n d e x   p o s i t i o n   0,  the   g r e a t e s t   amount   a t  

i n d e x   p o s i t i o n   240  and  an  i n t e r m e d i a t e   amount   a t   i n d e x  

p o s i t i o n   120.  For  p r a c t i c a l   p u r p o s e s ,   cam  29  may  be  m a r k e d  

on  i t s   o u t e r   s u r f a c e   w i t h   i n d i c i a   to  s e l e c t   t he   amount   o f  

l i q u i d   to  be  d e l i v e r e d ,   e . g .   H  ( h i g h   amount   of  l i q u i d ,   i n d e x  

p o s i t i o n   240 ) ,   M  (medium  amount   of  l i q u i d ,   i n d e x   p o s i t i o n   1 2 0 )  

and  L  (low  amount   of  l i q u i d ,   i n d e x   p o s i t i o n   0 ) .  

I t   w i l l   be  o b v i o u s   t h a t   cam  29  may  have  any  n u m b e r  

of  cam  s t o p   p o s i t i o n s   d e s i r e d ,   and  t h i s   would   no t   be  l i m i t e d  

to  t h r e e   as  d e s c r i b e d   a b o v e .  



M o r e o v e r ,   t h e  c a m   means  c o u l d   t a k e   o t h e r   f o r m s ,  
and  c o u l d   be  v e r t i c a l   r o t a t i n g   cam  a t t a c h e d   e i t h e r   to  t h e  
s h r o u d   or  t he   s p r a y   h e a d ,   t h e   main  r e q u i r e m e n t   b e i n g   t h a t  

a  v a r i a b l e   cam  means  is   p r o v i d e d   wh ich   l i m i t s   the   s t r o k e  
of  t he   v a l v e   p i s t o n   to  f i n i t e   p o s i t i o n s .  

The  f o l l o w i n g   e x a m p l e   of  the   i n v e n t i o n   i s   p r o v i d e d  

s o l e l y   to  i l l u s t r a t e   t h e   i n v e n t i o n .  

In  one  p a r t i c u l a r   e m b o d i m e n t ,   a  f i x e d   a n n u l a r   cam 

was  p r o v i d e d   on  the   u p p e r   s u r f a c e   of  t he   s h r o u d   and  the   s p r a y  
head  was  r o t a t a b l e .   The  s p r a y   pump  had  the   f o l l o w i n g  

p a r t i c u l a r s .  
A  c o n v e n t i o n a l   pump  s p r a y ,   h a v i n g   a  s h r o u d   1 0 / 1 6 "  

in  d i a m e t e r   w i t h   an  a n n u l a r   s p a c e   1 / 1 6 "   wide   was  f i t t e d   w i t h  

an  i n s e r t   1  3 /4"   in  l e n g t h   and  a  h i g h e s t   e l e v a t i o n   of  4 / 1 6 " ,  

a  medium  e l e v a t i o n   of  2 . 5 / 1 6 "   and  a  low  e l e v a t i o n   of  1 / 1 6 " .  
The  a c t u a t o r   b u t t o n   was  p r o v i d e d   w i t h   a  " t o o t h "   4 /16"   l o n g  

by  7 /16"   w i d e .   The  pump  was  f i t t e d   on  a  c o n t a i n e r   h a v i n g   a n  

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

p r o v i d e d   0 .136   gram  p e r   s t r o k e ,   t he   medium  0 .068   gram  p e r  
s t r o k e ,   and  the   h i g h   gave  0 .100   gram  pe r   s t r o k e .  



1.  A  n o n - t h r o t t l i n g   v a r i a b l e   s p r a y   pump  c o m p r i s i n g  

in  c o m b i n a t i o n   a  s p r a y   h e a d ,   a  s h r o u d   and  a  p i s t o n   a d a p t e d   t o  

be  d e p r e s s e d   a  s e t   d i s t a n c e   to  d e l i v e r   a  s p r a y ,   v a r i a b l e  

means  to  l i m i t   t he   d i s t a n c e   s a i d   p i s t o n   i s   d e p r e s s e d   t o  
d i s t a n c e s   l e s s   t h a n   s a i d   s e t   d i s t a n c e   to  d e l i v e r   a m o u n t s  

of  l i q u i d   from  s a i d   s e t   amount   to  l e s s   t h a n   s a i d   s e t   a m o u n t .  

2.  The  s p r a y   pump  of  c l a i m   1  w h e r e i n   s a i d  

v a r i a b l e   means  is   a  v a r i a b l e   c a m .  
3.  The  s p r a y   pump  of  c l a i m   2  w h e r e i n   s a i d  

v a r i a b l e   cam  i s   p o s i t i o n e d   on  s a i d   s h r o u d   and  s a i d   s p r a y  
head   has  means  to  e n g a g e   s a i d   c a m .  

4.  The  s p r a y   pump  of  c l a i m   3  w h e r e i n   s a i d  

v a r i a b l e   cam  has  an  a n n u l a r   cam  s u r f a c e   a r o u n d   the   u p p e r  
s u r f a c e   of  s a i d   s h r o u d .  

5.  The  s p r a y   v a l v e   of  c l a i m   4  w h e r e i n   s a i d  

v a r i a b l e   cam  is   f i x e d   and  s a i d   s p r a y   head  i s   r o t a t b l e  

a b o u t   i t s   a x i s .  

6.  The  s p r a y   head   of  c l a i m   4  w h e r e i n   s a i d  
v a r i a b l e   cam  is   r o t a t a b l e   a b o u t   i t s   a x i s   and  s a i d   s p r a y  
head  is  f i x e d .  
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