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Vortexer. 

CI  

A  vortexer  apparatus  having  a  hold-down  plate  (20) 
detachably  mounted  onto  an  upright  cylindrical  support 
(21),  said  support  having  a  pair  of  splines  (21a,  21b) 
formed  thereon,  the  end  of  one  spline  being  spaced  from 
the  near  end  of  the  other  spline  by  a  circumferential 
groove  (21c)  said  hold-down  plate  being  supported  from 
an  elongate  sleeve  (26)  axially  engageable  with  said  sup- 
port,  and  having  a  key  (27)  engageable  with  said  pair  of 
splines.  A  torque  arm  (23)  is  provided  for  selectively  locat- 
ing  the  cylindrical  support  and  hold-down  plate  relative  to 
a  base  and  an  agitated  platform  (12). 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   g e n e r a l l y   to   a p p a r a t u s   f o r  

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

in  l a b o r a t o r y   v e s s e l s   s u c h   as  t e s t   t u b e s .  

In  b r i e f ,   t h i s   i n v e n t i o n   p r o v i d e s   b o t h   an  i m p r o v e d   s t r u c -  

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

t i v e   to   a  b a s e   and  an  a g i t a t e d   p l a t f o r m   and  an  i m p r o v e d  

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

v o r t e x .  

M o t o r   c o n t r o l   c i r c u i t s   f o r   e x i s t i n g   v o r t e x e r s   c u s t o m a r i l y  

p r o v i d e   c i r c u i t r y   f o r   o p e r a t i n g   t h e   m o t o r   w i t h   t i m e   c o n -  

t r o l   o r ,   a l t e r n a t i v e l y ,   in  a  c o n t i n u o u s   mode  of  o p e r a t i o n .  

S p e e d   c o n t r o l   c i r c u i t s   h a v e   a l s o   b e e n   u t i l i z e d .   T h e  

p r e s e n t   i n v e n t i o n ,   h o w e v e r ,   p r o v i d e s   an  i m p r o v e d   m o t o r  

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

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

t r o l   may  be  s e t   e x t r e m e l y   low.  T h i s   f e a t u r e   i s   of  p a r -  
t i c u l a r   a d v a n t a g e   in   o v e r c o m i n g   t h e   i n t e r t i a   of  r e s t  

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

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

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  v o r t e x e r   a p p a r a t u s   h a v -  

i n g   a  b a s e ,  . a   m o t o r   m o u n t e d   to   s a i d   b a s e ,   an  a g i t a t e d  

p l a t f o r m   r e s i l i e n t l y   s u p p o r t e d   f rom  s a i d   b a s e   and  c o n n e c -  
t e d   to   s a i d   m o t o r   by  an  e c c e n t r i c   c r a n k ,   and  a  h o l d   d o w n  

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



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

s p a c e d   f rom  t h e   n e a r   end  of   t h e   o t h e r   s p l i n e   by  a  c i r c u m -  

f e r e n t i a l   g r o o v e ;   and  m e a n s   f o r   d e t a c h a b l y   m o u n t i n g   s a i d  

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

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

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

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

s u p p o r t   a t   a l t e r n a t i v e   p o s i t i o n s ,   s a i d   key  b e i n g   e n g a g e -  
a b l e   w i t h   e i t h e r   one  of  s a i d   s p l i n e s   or   w i t h   s a i d   c i r c u m -  

f e r e n t i a l   g r o o v e .  

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

f o r   an  e l e c t r i c   m o t o r   of   a  v o r t e x e r   c o m p r i s i n g   a  p r i m a r y  

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

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

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

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

p r i m a r y   c o n t r o l   l i n e   to   be  e i t h e r   c o n d u c t i v e   or   n o n - c o n -  

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

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

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

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

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

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

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

t h e   i n t e r t i a   a t   r e s t   of   t h e   v o r t e x e r   and  s u p p o r t e d   a p p a -  
r a t u s .  

The  o b j e c t s   and  f e a t u r e s   of   t h i s   i n v e n t i o n   w i l l   b e c o m e  

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



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

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

n u m e r a l s ,  

F i g .   1  i s   a  p e r s p e c t i v e   v i e w   of  a  p r e f e r r e d   e m b o d i m e n t   o f  

t h e   i n v e n t i o n   in   a  v o r t e x e r   a p p a r a t u s ;  

F i g s .   2,  3  and  4  i l l u s t r a t e   v a r i o u s   s i z e s   of  l a b o r a t o r y  

v e s s e l s   and  h o l d e r s   w h i c h   may  be  u s e d   w i t h   t h e   v o r t e x e r  

a p p a r a t u s ;  

F i g .   5  i s   an  e l e v a t i o n   of  t h e   v o r t e x e r   v i e w e d   on  l i n e   5 - 5  

of   F i g .   1 ;  

F i g .   6  i s   an  e l e v a t i o n   of   t h e   v o r t e x e r   v i e w e d   on  l i n e   6 - 6  

of   F i g .   1 ;  

F i g .   7  i s   a  p l a n   v i e w   and  p a r t i a l   s e c t i o n   t a k e n   on  l i n e  

7-7  of  F i g .   6;  a n d  

F i g .   8  i s   a  s c h e m a t i c   of  t h e   m o t o r   c o n t r o l   c i r c u i t .  

R e f e r r i n g   to   F i g s .   1,  5  and  6  in   p a r t i c u l a r ,   t h e   v o r t e x e r  

a p p a r a t u s   g e n e r a l l y   c o m p r i s e s   a  b a s e   10,  a  m o t o r   11  m o u n t -  

ed  to   s a i d   b a s e ,   an  a g i t a t e d   p l a t f o r m   12  r e s i l i e n t l y   s u p -  

p o r t e d   f rom  t h e   b a s e   and  c o n n e c t e d   to   m o t o r   11  by  an  e c -  

c e n t r i c   c r a n k   and  c o u p l i n g   13.  A g i t a t e d   p l a t f o r m   12  i s  

r e s i l i e n t l y   s u p p o r t e d   upon   a  s e t   of   f o u r   w i r e s   14,   t h e  

l o w e r   end  of   e a c h   w i r e   b e i n g   s e c u r e d   in   a  h o l d e r   15  m o u n t -  

ed  to   b a s e   10.  A  h o u s i n g   16  e s s e n t i a l l y   e n c l o s e s   m o t o r  

11,   w i r e   14  and  t h e   o p e r a t i n g   c i r c u i t r y   of  t h e   v o r t e x e r .  

T h i s   a r r a n g e m e n t   of  a p p a r a t u s   i s   e s s e n t i a l l y   known  and  i s  

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



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

m e a n s   p r o v i d e d   f o r   m o u n t i n g   a  h o l d   down  p l a t e   20  r e l a t i v e  

to   a g i t a t e d   p l a t e   12  and  b a s e   10.  F o r   t h i s   p u r p o s e   t h e r e  

i s   p r o v i d e d   a  c y l i n d r i c a l   s u p p o r t   s p i n d l e   21,   s e c u r e d   t o  

b a s e   10  by  a  s c r e w   22,   and  a m i n t a i n e d   u p r i g h t   by  h o u s i n g  

16.   A  t o r q u e   arm  23  i s   f i t t e d   to   t h e   l o w e r   p o r t i o n   o f  

s u p p o r t   s p i n d l e   21,   and  made  a  p a r t   t h e r e o f   e i t h e r   w i t h  

a  f o r c e   f i t   or   by  w e l d i n g ,   and  t h e   t o r q u e   arm  i s   s e c u r e d  

to   t h e   h o u s i n g   16  by  a  s e t   s c r e w   24.  T o r q u e   arm  23  i s  

p r o v i d e d   w i t h   a  s l o t   23a  w h i c h   a l l o w s   t h e   t o r q u e   arm  t o  

be  a n g u l a r l y   p i v o t e d   r e l a t i v e   to   t h e   b a s e   t h r o u g h   s m a l l  

a n g l e s   of  a d j u s t m e n t   and  t h e n   s e c u r e d   by  s e t   s c r e w   2 4  

when  p r o p e r l y   l o c a t e d .   S l i g h t   a n g u l a r   a d j u s t m e n t s   o f  

t h e   t o r q u e   arm  and  s u p p o r t   s p i n d l e   21  a r e   made   by  a n  

e c c e n t r i c   25  t h r e a d a b l y   r e c e i v e d   in   h o u s i n g   16.  The  u p -  

p e r   end  of   e c c e n t r i c   25  c a r r i e s   a  p i n   2 5 a ,   s a i d   p i n   b e i n g  

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

an  o p e n i n g   23b  of  t h e   t o r q u e   arm.  T h i s   a r r a n g e m e n t   i s  

b e s t   shown  in   F i g .   7 .  

The  a n g u l a r   o r i e n t a t i o n   of   s u p p o r t   s p i n d l e   21  i s   of   i m -  

p o r t a n c e   in   l o c a t i n g   t h e   h o l d   down  p l a t e   20  d i r e c t l y  

a b o v e   a g i t a t e d   p l a t f o r m   12.  The  m e c h a n i s m   p r o v i d e d   f o r  

a n g u l a r l y   p o s i t i o n i n g   s p i n d l e   21  a l l o w s   t h i s   to   be  d o n e  

q u i t e   e a s i l y   a t   t h e   t i m e   of   a s s e m b l y ,   n o t w i t h s t a n d i n g   a  

m a n u f a c t u r e   of   p a r t s   w h i c h   may  v a r y   s l i g h t l y   in   s i z e   a n d  

be  b u i l t   to   l o o s e   t o l e r a n c e s .  

S u p p o r t   s p i n d l e   21  i s   f o r m e d   w i t h   a  p a i r   of   s p l i n e s   2 1 a  

and  2 1 b ,   t h e   l o w e r   end   of   u p p e r   s p l i n e   21a  b e i n g   s p a c e d  

f rom  t h e   u p p e r   end  of  l o w e r  s p l i n e   2 1 b  b y   a  c i r c u m f e r e n -  

t i a l   g r o o v e   21c .   I t   w i l l  b e   f u r t h e r   n o t e d   t h a t   t h e   p a i r  



of  s p l i n e s   21a  and  21b  a r e   f o r m e d   on  o p p o s i t e   s i d e s   o f  

s u p p o r t   21  in   an  a x i a l   m i s a l i g n m e n t   r e l a t i v e   to   e a c h  

o t h e r .  

P l a t e   20  i s   a d a p t e d   to  be  m o u n t e d   to   and  s u p p o r t e d   f r o m  

s p i n d l e   21  t h r o u g h   an  e l o n g a t e   s l e e v e   26,  t h e   i n t e r n a l  

d i a m e t e r   of  s l e e v e   26  b e i n g   o n l y   s l i g h t l y   g r e a t e r   t h a n  

t h e   o u t e r   d i a m e t e r   of   s u p p o r t   s p i n d l e   21.  A  key  27  i s  

s e c u r e d   to   s l e e v e   26,  s a i d   key  b e i n g   e n g a g e a b l e   w i t h  

e i t h e r   of  s a i d   p a i r   of  s p l i n e s   21a  or   21b ,   or   g r o o v e   2 1 c ,  

when  p r o p e r l y   a l i g n e d   t h e r e w i t h .   In  t h e   p o s i t i o n   s h o w n  

in   F i g s .   5  and  6,  key  27  i s   e n g a g e d   w i t h   s p l i n e   21b ,   a n d  

in   t h a t   p o s i t i o n   a l l o w s   h o l d   down  p l a t e   20  to   be  l o w e r e d  

upon   a  s e t   of  l a b o r a t o r y   t e s t   t u b e s   T  s u p p o r t e d   in   a  

r a c k   R.  A l t h o u g h   t h e   w e i g h t   of  p l a t e   20  may  be  s u f f i -  

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

t i v e l y   f i x e d   or   s t e a d y   p o s i t i o n ,   t h e   h o l d   down  p r e s s u r e  

may  be  i n c r e a s e d .   F o r   t h i s   p u r p o s e   a  s e t   s c r e w   28  i s  

p r o v i d e d   to   s e c u r e   s l e e v e   26  a t   a  s e t   p o s i t i o n   a l o n g  

s u p p o r t   s p i n d l e   21.  To  i n c r e a s e   t h e   p r e s s u r e   a b o v e   t h a t  

p r o v i d e d   by  t h e   w e i g h t   of  p l a t e   20  a l o n e ,   hand   p r e s s u r e  
i s   a p p l i e d   to   t h e   t o p   of  p l a t e   20  w i t h   s e t   s c r e w   28  b a c k -  

ed  o f f .   W i t h   t h e   d e s i r e d   or   n e c e s s a r y   p r e s s u r e   a p p l i e d ,  

s e t   s c r e w   28  i s   t h e n   t h r e a e d e d   i n t o   e n g a g e m e n t   w i t h   t h e  

s u r f a c e   of  s p i n d l e   21.  I f   d e s i r e d ,   i n d e n t a t i o n s   may  b e  

f o r m e d   a l o n g   s p i n d l e   21  to   r e c e i v e   t h e   end  of  t h e   s e t  

s c r e w   in   v a r i o u s   " s e t "   p o s i t i o n s .  

F i g .   1  i l l u s t r a t e s   in   b r o k e n   l i n e   a  p o s i t i o n   f o r   h o l d  

down  p l a t e   20  a l l o w i n g   r e m o v a l   o f   r a c k   R  and  t e s t   t u b e s  

T.  T h i s   p o s i t i o n   i s   a t t a i n e d   s i m p l y   by  b a c k i n g   o f f   s e t  

s c r e w   28,   l i f t i n g   t a b l e   20  u n t i l   key  27  e x t e n d s   b e y o n d  



s p l i n e   21b  and  b e c o m e s   a l i g n e d   w i t h   g r o o v e   2 1 c ,   and  t h e n  

r o t a t i n g   p l a t e   20.  Key  27  w i l l   t h e n   t r a c k   w i t h i n   g r o o v e  

21c  s u p p o r t i n g   t a b l e   20  a t   t h a t   p o s i t i o n .  

I t   w i l l   be  f u r t h e r   s e e n   t h a t   t a b l e   20  and  s l e e v e   26  m a y  
be  r e m o v e d   e n t i r e l y   f rom  s p i n d l e   21  by  s i m p l y   r o t a t i n g  

p l a t e   20  u n t i l   key  27  b e c o m e s   a l i g n e d   w i t h   g r o o v e   2 1 a ,  

t h e n   l i f t i n g   t h e   t a b l e   and  s l e e v e   26  a x i a l l y   f rom  t h e  

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

F i g s .   2 ,  3   and  4  i l l u s t r a t e   v a r i o u s   t y p e s   of  r a c k s   a n d  

v e s s e l s   w h i c h   may  be  u t i l i z e d   in   c o n n e c t i o n   w i t h   t h e  

v o r t e x e r .   Such   r a c k s   and  v e s s e l s   a r e   c o m m o n l y   known  a n d  

u s e d   in   c o n n e c t i o n   w i t h   o t h e r   v o r t e x e r s .  

F i g .   8  i s   a  s c h e m a t i c   of   a  p r e f e r r e d   e m b o d i m e n t   o f   a  

c o n t r o l   c i r c u i t   f o r   e n e r g i z i n g   an  e l e c t r i c   m o t o r   in   a c -  

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

11  i s   a d a p t e d   to   be  e n e r g i z e d   w i t h   a  p u l s a t i n g   DC  c u r r e n t  

t h r o u g h   an  e n e r g i z i n g   c i r c u i t ,   i n c l u d i n g   t h e   r e c t i f y i n g  

b r i d g e   31,   a  d a r l i n g t o n   p a i r   of   s w i t c h e s   32  and  33,  a n d  

a  c o n t r o l   s w i t c h   34.  The  b a s e   of   c o n t r o l   s w i t c h  3 4   i s  

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

g r a t e d   c i r c u i t   35  i n c l u d i n g   an  LED.  Fo r   p u r p o s e s   of   t h i s  

i n v e n t i o n ,   b o t h   t h e   e n e r g i z i n g   c i r c u i t   and  t h e   o p t i c a l  

c o u p l e r   35  a r e   c o n s i d e r e d   p a r t   of   t h e   p r i o r   a r t .  

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

c i r c u i t   f o r   o p e r a t i n g   t h e   LED  of   c i r c u i t   35,  b o t h   w i t h  

r e s p e c t   to   t i m e   and  d u r a t i o n ,   as  to   c o n t r o l   and  e n e r g i z e  

m o t o r   1 1 .  



The  p r e f e r r e d   e m b o d i m e n t   o f   c o n t r o l   c i r c u i t   shown  c o m -  

p r i s e s   a  p r i m a r y   c o n t r o l   l i n e   36,  i n c l u d i n g   a  p r i m a r y  

c o n t r o l   s w i t c h   37.  C o n t r o l   l i n e   36  i s   c o n n e c t e d   to   a  

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

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

t h r o u g h   c o n t r o l   l i n e  3 6   i s   p r o d u c e d   by  a  s p e e d   c o n t r o l  

c i r c u i t ,   i n c l u d i n g   a  s e c o n d a r y   c o n t r o l   l i n e  3 8   c o n n e c t e d  

to  l i n e   36  t h r o u g h   a  d i o d e  3 9 ,   an  i n t e g r a t e d   c i r c u i t   4 0 ,  

and  a  g r o u n d   l i n e   41.  The  i n t e g r a t e d   c i r c u i t   40  i s   c o m -  

m e r c i a l l y   known  and  a v a i l a b l e   as  a  t i m e r   c i r c u i t ,   and  i s  

c u r r e n t l y   s o l d   by  S i g n a t i c s ,   I n c .   u n d e r   t h e   t r a d e   d e s i g -  

n a t i o n   NE555.   The  f u n c t i o n a l   p i n   a r r a n g e m e n t   of  t h i s  

i n t e g r a t e d   c i r c u i t   i s   as  f o l l o w s :  

I n t e g r a t e d   c i r c u i t   40  o p e r a t e s   as  a  m u l t i v i b r a t o r   in   c o n -  

n e c t i o n   w i t h   a  p a i r   of  v a r i a b l e   r e s i s t e r s   42  and  43  a n d  

a  c a p a c i t o r   44.  V a r i a b l e   r e s i s t e r s   42  and  43  s e r v e   a s  
low  and  h i g h   s p e e d   a d j u s t m e n t s   r e s p e c t i v e l y .   An  a d j u s t -  

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

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

m u l t i v i b r a t o r   and  an  a d j u s t m e n t   in   r e s i s t a n c e   v a r i e s   t h e  

p u l s e   w i d t h   or  d u t y   c y c l e .   I t   w i l l   be  f u r t h e r   a p p a r e n t  

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

q u e n c y   of   t h e   c u r r e n t   f l o w i n g   t h r o u g h   c o n t r o l   l i n e   3 6 ,  

s e c o n d a r y   c o n t r o l   l i n e   38  and  g r o u n d   l i n e   4 1 .  



The  c o n t r o l   c i r c u i t   shown  may.  be  e n e r g i z e d   e i t h e r   on  a  

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

s w i t c h  4 5 ,   h a v i n g   a  p a i r   o f   m o v e a b l e   c o n t a c t s   45a  and  4 5 b ,  

c o n t r o l s   t h e   o n - o f f   t i m e   of   s w i t c h  3 7 .   When  s w i t c h   45  i s  

o p e r a t e d   to   p l a c e   m o v e a b l e   c o n t a c t s   45a  and  45b  to   t h e  

"on"   p o s i t i o n ,   a  p o s i t i v e   c u r r e n t   f l o w s   to   t h e   b a s e   o f  

s w i t c h   37  t h r o u g h   l i n e ' 4 6 ,   r e s i s t a n c e   47  and  a  c o n t r o l  

l i n e   4 8 .  

In  t h e   " t i m e "   mode  of  o p e r a t i o n ,   s w i t c h   45  i s   o p e r a t e d   t o  

m o m e n t a r i l y   p l a c e   t h e   m o v e a b l e   c o n t a c t s   45a  and  45b  i n  

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

to   t h e   b a s e   of  s w i t c h ' 3 7   f rom  an  i n t e g r a t e d   c i r c u i t   4 9  

w h i c h   i s   i d e n t i c a l   to   t h e   i n t e g r a t e d   c i r c u i t  4 0 .   P l a c i n g  

t h e   m o v e a b l e   c o n t a c t   45b  on  t h e   f i x e d   c o n t a c t   r e l a t e d   t o  

" t i m e "   c o n n e c t s   p i n   2  of  t h e   i n t e g r a t e d   c i r c u i t   49  t o  

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

c u r r e n t   f l o w s   to   t h e   b a s e   of   s w i t c h   37  t h r o u g h   a  d i o d e  

50.  The  d u r a t i o n   of   t h i s   c o n d i t i o n   of   o p e r a t i o n   i s   d e -  

t e r m i n e d   by  t h e   s e t t i n g   of  a  v a r i a b l e   r e s i s t e r   51,   a  

f i x e d   r e s i s t a n c e   52  and  a  c a p a c i t o r   53.  When  c a p a c i t o r  
53  b e c o m e s   c h a r g e d ,   p i n  3   of   i n t e g r a t e d   c i r c u i t   49  a n d  

t h e   b a s e   of   s w i t c h   37,   a s s u m e   g r o u n d   p o t e n t i a l .   S w i t c h  

37  t h e n   o p e n s .  

An  i m p o r t a n t   f e a t u r e   of  t h e   p r e s e n t   i n v e n t i o n   i s   i n   p r o -  
v i d i n g   an  i n i t i a l   h i g h   s t a r t i n g   c u r r e n t   f o r   e n e r g i z i n g  

m o t o r   11.   T h i s   i s   a c c o m p l i s h e d   w i t h   a  s t a r t - u p   c o n t r o l  

l i n e   54,   i n c l u d i n g   a  d i o d e  5 5  a n d   a  s w i t c h   56.  T h i s  

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

c o n t r o l   l i n e   36  f o r   c o n d u c t i n g   a  c u r r e n t   h a v i n g   s u b s t a n -  

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



c u r r e n t   f l o w   t h r o u g h   s w i t c h   56  i s   o n l y   m o m e n t a r y   or   o f  

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

t h e   v o r t e x e r   and  s u p p o r t e d   a p p a r a t u s .   The  b a s e   of  s w i t c h  

56  c o n n e c t s   to   c o n t r o l   l i n e   48  t h r o u g h   a  r e s i s t a n c e   5 7 ,  

and  a  c a p a c i t o r   58  i s   p r o v i d e d   b e t w e e n   r e s i s t a n c e   57  a n d  

g r o u n d .   The  v a l u e s   of  r e s i s t a n c e   57  and  c a p a c i t o r   58  a r e  

t h e n   c h o s e n   to   c l o s e   s w i t c h   56  a f t e r   a  s e l e c t e d   t i m e  

p e r i o d .   I t   has   b e e n   f o u n d   t h a t   15  to   20  m i l l i s e c o n d s   i s  

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

of  one  t y p e   of  v o r t e x e r   and  i t s   s u p p o r t e d   a p p a r a t u s .  

An  e x a m p l e   of   t h o s e   v a l u e s   and  s t a n d a r d   c o m p o n e n t s   w h i c h  

have   b e e n   f o u n d   u s e f u l   in   c o n s t r u c t i n g   t h e   p r e f e r r e d   e m -  

b o d i m e n t   a r e   shown  in  t h e   f o l l o w i n g   t a b l e s :  



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

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

and  c h a n g e s   may  be  r e s o r t e d   to   w i t h o u t   d e p a r t i n g   f r o m  

t h e   s c o p e   of   t h e   a t t a c h e d   c l a i m s ,   and  e a c h   of   s u c h   m o d i -  

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



1.  A  v o r t e x e r   a p p a r a t u s   h a v i n g   a  b a s e ,   a  m o t o r   m o u n t e d  

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

f rom  s a i d   b a s e   and  c o n n e c t e d   to   s a i d   m o t o r   by  an  e c c e n -  

t r i c   c r a n k ,   and  a  h o l d   down  p l a t e ,   c h a r a c t e r i z e d   by  a n  

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

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

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

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

a b l y   m o u n t i n g   s a i d   h o l d   down  p l a t e   to   s a i d   s u p p o r t   i n -  

c l u d i n g   an  e l o n g a t e   s l e e v e   a x i a l l y   e n g a g e a b l e   w i t h   s a i d  

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

s p l i n e s   and  g r o o v e ;   w h e r e b y   s a i d   p l a t e   may  be  s e l e c t i v e -  

ly   m o u n t e d   on  s a i d   s u p p o r t   a t   a l t e r n a t i v e   p o s i t i o n s ,  

s a i d   key  b e i n g   e n g a g e a b l e   w i t h   e i t h e r   one  of  s a i d   s p l i n e s  

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

2.  The  v o r t e x e r   a p p a r a t u s   of  c l a i m   1,  c h a r a c t e r i z e d   b y  

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

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

s a i d   p l a t e   and  s l e e v e   b e i n g   n e c e s s a r y   to   move  s a i d   k e y  

f rom  an  a l i g n m e n t   w i t h   one  s p l i n e   to   an  a l i g n m e n t   w i t h  

t h e   o t h e r   s p l i n e .  

3.  The  v o r t e x e r   a p p a r a t u s   of  c l a i m   1  or   2  c h a r a c t e r i z e d  

by  a  t o r q u e   arm  f o r   r o t a t i o n a l l y   l o c a t i n g   s a i d   c y l i n d r i -  

c a l   s u p p o r t   on  s a i d   b a s e ,   s a i d   t o r q u e   arm  b e i n g   s e c u r e d  

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

s c r e w   t h r e a d e d   to   s a i d   b a s e .  



4.  The  v o r t e x e r   a p p a r a t u s   of  c l a i m   3 ,   c h a r a c t e r i z e d   b y  

t h e   f e a t u r e   t h a t   s a i d   t o r q u e   arm  has   an  o p e n i n g ;   and  a n  

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

p i n   r e c e i v e d   in   t h e   o p e n i n g   of  s a i d   t o r q u e   a rm,   t h e   r o -  

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

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

5.  The  v o r t e x e r   a p p a r a t u s   of  c l a i m   1,  2,  3  or   4,  c h a r a c -  

t e r i z e d   by  a  s e t   s c r e w   t h r e a d a b l y   s e c u r e d   in   s a i d   s l e e v e  

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

key  i s   e n g a g e d   w i t h   t h e   l o w e r   one   of  s a i d   p a i r   of   s p l i n e s .  

6.  A  c o n t r o l   c i r c u i t   f o r   an  e l e c t r i c   m o t o r   of   a  v o r t e x e r  

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

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

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

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

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

to   be  e i t h e r   c o n d u c t i v e   or   n o n - c o n d u c t i v e ;   a  s p e e d   c o n -  

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

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

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

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

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

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

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

r e s t   of  t h e   v o r t e x e r   and  s u p p o r t e d   a p p a r a t u s .  

7.  The  c o n t r o l   c i r c u i t   of  c l a i m s   6,  c h a r a c t e r i z e d   b y  

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

o p t i c a l   c o u p l i n g   f o r   o p e r a t i n g   a  m o t o r   e n e r g i z i n g   c i r -  

c u i t .  



8.  The  c o n t r o l   c i r c u i t   of  c l a i m   6  or   7,  c h a r a c t e r i z e d  

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

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

s t a r t - u p   c o n t r o l   l i n e   i n c l u d i n g   a  s e c o n d   e l e c t r o n i c  

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

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

and  a  c a p a c i t o r   c o n n e c t e d   b e t w e e n   s a i d   r e s i s t a n c e   and  a  

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

s e l e c t e d   to   open   s a i d   s e c o n d   e l e c t r o n i c   s w i t c h   m o m e n t a r i -  

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

9.  The  c o n t r o l   c i r c u i t   of   c l a i m   6,  7  or  8,  c h a r a c t e r i z e d  

by  t h e   f e a t u r e   t h a t   s a i d   m e a n s   f o r   o p e r a t i n g   s a i d   p r i m a r y  

c o n t r o l   s w i t c h   i n c l u d e s   a  t i m e r   c i r c u i t   and  an  o n - o f f  

c o n t r o l   c i r c u i t .  

10.  The  c o n t r o l   c i r c u i t   of  c l a i m   6,  7,  8  or  9,  c h a r a c -  

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

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

c h a n g i n g   and  s e t t i n g   t h e   d u t y   c y c l e   of   s a i d   m u l t i v i b r a -  

t o r .  

11.  The  c o n t r o l   c i r c u i t   of  c l a i m   6,  7,  8  or   10,   c h a r a c -  

t e r i z e d   by  t h e   f e a t u r e   t h a t   s a i d   m e a n s   f o r   o p e r a t i n g  
s a i d   p r i m a r y   c o n t r o l   s w i t c h  c o m p r i s e s   an  NE-555   i n t e g r a -  

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

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

12.  The  c o n t r o l   c i r c u i t   of  c l a i m   6,  7,  8  o r  9 ,   c h a r a c -  

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

c o m p r i s e s   an  NE-555   i n t e g r a t e d   c i r c u i t   h a v i n g   i t s   o u t p u t  

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