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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  c e n t r i f u g e s   of  t h e  

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

-  l i g h t - w e i g h t   c o m p o s i t e   bowl  m o u n t e d   on  a  g i m b a l - m o u n t e d  

s h a f t .  

5  U S - A - 4 6 4 0 7 7 0   and  4 6 3 9 3 2 0   d i s c l o s e   a  g i m b a l - m o u n t e d  

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

c e n t r i f u g e   w i t h   l i t t l e   t r a n s f e r   of  e n e r g y   to  t he   g i m b a l - l i k e  

s t r u c t u r e   in  w h i c h   the   r o t o r   i s   m o u n t e d ,   and  p r o v i d e   t h e  

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

10  o v e r h u n g   bowl  c e n t r i f u g e .  

In  a  c e n t r i f u g e   of  t h e   t y p e   w i t h   w h i c h   the   p r e s e n t  

i n v e n t i o n   is   c o n c e r n e d ,   t he   r o t a t i n g   e l e m e n t s   a r e  

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

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

15  t h e i r   g e o m e t r i c   l o n g i t u d i n a l   a x i s   and  d e v e l o p   a  moment   o f  

i n e r t i a   of   WK2,  w h e r e   W  is   t h e   mass   ( a l t h o u g h   w e i g h t   is  u s e d  

in  some  c a l c u l a t i o n s   f o r   s i m p l i c i t y )   and  K  is   t h e   r a d i u s   o f  

g y r a t i o n   of  t h e   e l e m e n t s   a b o u t   t he   a x i s .   When  a  q u a n t i t y   o f  

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

20  b o w l ,   t h e   d i s t r i b u t i o n   is  l i k e l y   to  be  u n b a l a n c e d ,   t h u s   t h e  

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

s y s t e m   w h i c h   c a u s e s   t he   s y s t e m   to  r o t a t e   a b o u t   a  d y n a m i c  

a x i s .   The  r a d i a l   d e v i a t i o n   of  t he   s p i n n i n g   mass  r e s u l t s   i n  

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

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

r e a c t a n c e   on  t h e   g i m b a l - l i k e   m o u n t i n g   s y s t e m .   I f   t h i s  

r e a c t a n c e   o r .   f o r c e   i s   e x c e s s i v e ,   t he   g i m b a l - l i k e   m o u n t i n g  

can  soon   be  d e s t r o y e d .  

The  d e v i a t i o n   of  t h e   d y n a m i c   a x i s   of  r o t a t i o n   f r o m  

30  t he   g e o m e t r i c   a x i s   of  t he   r o t a t i n g   s y s t e m   has   l o n g   been   a  

c o n c e r n   of  c e n t r i f u g e   d e s i g n e r s ;   h o w e v e r ,   a  s a t i s f a c t o r y  

s o l u t i o n   w h i c h   w i l l   m i n i m i z e   the   e f f e c t s   of  an  u n b a l a n c e d  

c o n d i t i o n   on  a  g i m b a l l e d   c e n t r i f u g e   i s   n o t   p r e v i o u s l y   k n o w n .  

N u m e r o u s   p a t e n t s   have   i s s u e d   on  d y n a m i c   b a l a n c e  

35  s y s t e m s   f o r   c e n t r i f u g a l   e x t r a c t o r s ,   s u c h   as  w a s h i n g   m a c h i n e s  
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and  the   l i k e ,   w h e r e i n   t he   r o t o r   is  m o u n t e d   in  f i x e d  

b e a r i n g s .   Some  of  t h e s e   s u c h   as  U S - A - 2 4 2 0 5 9 2   and  3 6 8 3 6 4 7  

use   m o v a b l e   m e m b e r s   m o u n t e d   in  a s s o c i a t i o n   w i t h   the   b o w l  

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

5  l o a d .  

A c c o r d i n g   to  the   p r e s e n t   i n v e n t i o n   t h e r e   is  p r o v i d e d  

a  c e n t r i f u g e   f o r   e x t r a c t i n g   f l u i d s   f rom  wet  p a r t i c u l a t e  

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

i n c l u d i n g   an  o v e r h u n g   c o m p o s i t e   bowl  h a v i n g   a  mou th   a t   o n e  

10  end  t h e r e o f   and  a  b a s e   a t   t he   o t h e r   e n d ,   a  f i l t e r   m e d i a  

l i n e r   p r o x i m a l   t he   i n n e r   s u r f a c e   of  t he   b o w l ,   a  p l u r a l i t y   o f  

o u t l e t   p o r t s   t h r o u g h   s a i d   bowl  fo r   t he   o u t w a r d   d i s c h a r g e   o f  

s a i d   f l u i d s ,   a  c o n t i n u o u s   s h a f t   f i x e d   to  s a i d   b a s e   a t   o n e  

end  a  g i m b a l - l i k e   m o u n t i n g   a t   a  s e c o n d   end  of  s a i d   s h a f t   f o r  

15  d r i v i n g   i t   in  r o t a t i o n ,   b e a r i n g s   l o c a t e d   i n t e r m e d i a t e   s a i d  

g i m b a l - l i k e   m o u n t i n g   and  s a i d   b o w l ,   w i t h   s a i d   s h a f t   and  s a i d  

bowl  b e i n g   r e s i l i e n t l y   s u p p o r t e d   t h e r e o n   and  a  n e u t r a l i z e r  

r i n g   a f f i x e d   to  s a i d   bowl  a b o u t   t he   mouth   t h e r e o f   a n d  

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

20  W,  and  a  r a d i u s   of  g y r a t i o n ,   K  ,  a b o u t   s a i d   g i m b a l - l i k e  

m o u n t i n g ,   such   t h a t   s a i d   n e u t r a l i z e r   r i n g   n e u t r a l i z e s   t h e  

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

p a r t i c u l a t e   m a t e r i a l   and  c a u s e s   the   g e o m e t r i c   a x i s   and  t h e  

i n s t a n t a n e o u s   d y n a m i c   a x i s   of  t he   r o t o r   s y s t e m   to  i n t e r s e c t  

25  a t   s a i d   g i m b a l - l i k e   m o u n t i n g   t h e r e b y   r e d u c i n g   r e a c t i v e  

f o r c e s   e x e r t e d   on  s a i d   g i m b a l - l i k e   m o u n t i n g .  

Such  a  c o n s t r u c t i o n   e n a b l e s   one  to  d y n a m i c a l l y  

b a l a n c e   a  g i m b a l l e d   c e n t r i f u g e   h a v i n g   a  known  c a p a c i t y   w h i l e  

the   c e n t r i f u g e   is  r o t a t i n g   a t   s p e e d s   above   the   c r i t i c a l   o r  

30  r e s o n a n t   s p e e d s ,   e n a b l i n g   the   c e n t r i f u g e   to  be  in  b a l a n c e   a t  

i t s   d r y i n g   s p e e d s .  

W h i l e   i t   is  known  f rom  U S - A - 3 3 6 2 1 9 8   to  use   a  

b a l a n c i n g   r i n g   to  c o u n t e r   d y n a m i c   i m b a l a n c e   in  a  l o a d e d  

c l o t h e s   w a s h e r ,   t he   r o t a t o r   is  no t   g i m b a l   m o u n t e d   and  t h e  

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

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



0  271279 

t he   i n v e n t i o n   is  d i r e c t e d .   Most   n o t a b l y   the   b a l a n c e   r i n g   o f  

U S - A - 3 3 6 2 1 9 8   p a t e n t   i s   n o t   d e s i g n e d   fo r   use   w i t h   a  g i m b a l l e d  

s y s t e m ,   nor  a t   the   s p e e d s   a t   w h i c h   the   c e n t r i f u g e   of  t h e  

p r e s e n t   i n v e n t i o n   is   d e s i g n e d   to  o p e r a t e .  

5  F u r t h e r m o r e ,   f r om  t he   d i s c l o s u r e ,   i t   a p p e a r s   t h a t  

t h e   b a l a n c e   r i n g   is   q u i t e   m a s s i v e   r e l a t i v e   to  t h e   r e m a i n d e r  

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

a c c o r d i n g   to  t h e   i n v e n t i o n .  

The  g i m b a l l e d   c e n t r i f u g e   of  t he   i n v e n t i o n   can  h a v e  

10  i m p r o v e d   l o n g e v i t y   and  r e l i a b i l i t y   due  to  t h e   r e d u c e d  

r e a c t i v e   s t r e s s   p l a c e d   on  the   g i m b a l   and  i t   is   p o s s i b l e   t o  

use   a  l i g h t - w e i g h t   c o m p o s i t e   bowl  in  a  h i g h   s p e e d  

c e n t r i f u g e .  

As  n o t e d   the   c e n t r i f u g e   of  U S - A - 4 6 4 0 7 7 0   and  4 6 3 9 3 2 0  

15  u t i l i z e   a  g i m b a l - l i k e   d r i v e   c o n n e c t i o n   to  power   a  s h a f t  

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

b e a r i n g s   of  v a r i a b l e   r e s i l i e n c y .   An  o v e r h u n g   bowl  i s  

c o n n e c t e d   to  t he   s h a f t   a t   a  hub  s u c h   t h a t   t he   s h a f t   and  b o w l  

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

20  i n d u c i n g   s e v e r e   b e n d i n g   s t r e s s e s   on  e i t h e r   t he   bowl  o r  

s h a f t .   As  n o t e d   h o w e v e r ,   when  an  u n b a l a n c e d   l o a d   i s  

i n t r o d u c e d   i n t o   t he   b o w l ,   t he   c o m b i n e d   mass  of  t he   bowl  a n d  

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

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

25  r e a c t i v e   f o r c e   on  the   g i m b a l   of  an  u n d e s i r a b l e   m a g n i t u d e .  

T h i s   is  p a r t i c u l a r l y   t r u e   when  the   bowl  is  made  of  a  

l i g h t - w e i g h t   c o m p o s i t e   m a t e r i a l .  

The  c o n s t r u c t i o n   of  t h e   i n v e n t i o n   u t i l i z e s   t h e  

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

30  g i m b a l   r e s p o n s i v e   to  t he   u n b a l a n c e d   c o n d i t i o n ,   as  i f   t h e  

u n b a l a n c e d   s y s t e m   were   a  mass   Wfc  l o c a t e d   a t   a  r a d i u s   o f  

g y r a t i o n   K,  r e l a t i v e   to  the   g i m b a l .   For  a  g i v e n   r o t a t i n g  

s y s t e m   h a v i n g   a  known  c a p a c i t y ,   known  o p e r a t i n g   s p e e d   a n d  

known  m a s s e s   and  l o c a t i o n   of  i t s   c o m p o n e n t s ,   one  can  d e s i g n  

35  a  n e u t r a l i z e r   r i n g   w h i c h   w i l l   m i n i m i z e   the   r e a c t i v e   f o r c e   o n  

the   g i m b a l   by  c a u s i n g   t he   g e o m e t r i c   a x i s   of  t h e   s y s t e m   a n d  
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t he   i n s t a n t a n e o u s   d y n a m i c   a x i s   of  the   s y s t e m   to  be  a l i g n e d  

a t   t he   g i m b a l .   To  d e t e r m i n e   t he   r e a c t i v e   f o r c e   on  t h e  

g i m b a l   w i t h o u t   the   n e u t r a l i z e r   r i n g ,   t he   moment   of  i n e r t i a  

(WK2)  of  e a c h   c o m p o n e n t   r e l a t i v e   to  t he   g i m b a l   i s   d e t e r m i n e d  

5  and  summed  to  y i e l d   t he   t o t a l   (WK2)fc  f rom  w h i c h   the   s y s t e m  

r a d i u s   of  g y r a t i o n   K.  r e l a t i v e   to  the   g i m b a l   is   d e t e r m i n e d .  

Wi th   a  known  maximum  r a d i a l   d i s p l a c e m e n t ,   t he   g y r o s c o p i c  

e f f e c t   a t   t h e   r a d i u s   of  g y r a t i o n   Kfc  can  be  c a l c u l a t e d   a n d  

t he   f i r s t   moment   of  e a c h   c o m p o n e n t   r e l a t i v e   to  a  p o i n t   a t   Kfc 

10  can  be  c a l c u l a t e d .   The  sum  of  t he   f i r s t   m o m e n t s   and  t h e  

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

g i m b a l .   In  t he   u n b a l a n c e d   c o n d i t i o n   u s i n g   a  c o m p o s i t e   b o w l ,  

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

e x c e s s i v e ,   l e a d i n g   to  f a i l u r e   of  t he   g i m b a l   or  t he   s h a f t .  

15  T h e r e f o r e   the   n e u t r a l i z i n g   r i n g   is   l o c a t e d   and  s i z e d   s u c h  

t h a t   t he   c o m b i n e d   t o r q u e   f rom  t h e   mass   and  g y r o   e f f e c t   o f  

t he   n e u t r a l i z e r   r i n g   a b o u t   t he   p o i n t   Kfc  mus t   be  e q u a l   a n d  

o p p o s i t e   in  d i r e c t i o n   to  t he   t o r q u e   i n d u c e d   by  a l l   t he   o t h e r  

m a s s e s   in  t h e   s y s t e m .   In  d e t e r m i n i n g   the   t o r q u e   i n d u c e d   by  

20  t he   o t h e r   m a s s e s ,   i t   is   a p p a r e n t   t h a t   t he   n e u t r a l i z e r   r i n g  

mus t   be  l o c a t e d   o u t w a r d l y   b e y o n d   Kj..  Thus  the   n e u t r a l i z e r  

r i n g   mus t   have   a  d i a m e t e r   a c c e p t a b l e   to  the   s i z e   of  t h e  

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

the   n e u t r a l i z e r   r i n g   r e l a t i v e   to  t he   a x i s .   Thus  t h e  

25  s o l u t i o n   to  the   p r o b l e m   is  the   o p t i m i z a t i o n   of  t h r e e  

v a r i a b l e s ,   t he   w e i g h t   of  t he   n e u t r a l i z e r   r i n g   (Wn)  ,  t h e  

r a d i u s   of  g y r a t i o n   of  t he   n e u t r a l i z e r   r i n g   r e l a t i v e   to  t h e  

g i m b a l   (K  )  ,  and  t he   r a d i u s   of  g y r a t i o n   of  t he   n e u t r a l i z e r  

r i n g   r e l a t i v e   to  t he   a x i s   of  t he   s y s t e m   (Kna)  ,  and  t h e  

30  d e p l o y m e n t   of  t he   n e u t r a l i z e r   r i n g   in  a c c o r d a n c e   t h e r e w i t h .  

In  o r d e r   t h a t   the   i n v e n t i o n   may  more  r e a d i l y   b e  

u n d e r s t o o d ,   t he   f o l l o w i n g   d e s c r i p t i o n   is   g i v e n ,   m e r e l y   b y  

way  of  e x a m p l e ,   r e f e r e n c e   b e i n g   made  to  the   a c c o m p a n y i n g  

d r a w i n g ,   in  w h i c h   t he   s o l e   F i g u r e   is   a  v e r t i c a l   s e c t i o n a l  

35  s c h e m a t i c   v iew  of  one  e m b o d i m e n t   of  c e n t r i f u g e   a c c o r d i n g   t o  

the   i n v e n t i o n .  
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R e f e r r i n g   to  t he   F i g u r e ,   a  r o t o r   s y s t e m   10  of  a  

c e n t r i f u g e   s u c h   as  d e s c r i b e d   in  U S - A - 4 6 4 0 7 7 0   w h i c h   i s  

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

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

5  The  r o t o r   s y s t e m   10  h a s   a  g e o m e t r i c   or  r e s t   a x i s   i n d i c a t e d  

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

I n p u t   p o w e r   f o r   r o t a t i o n   is   p r o v i d e d   v i a   g i m b a l - l i k e  

c o n n e c t i o n   11.   A  d r i v e   s h a f t   12  r o t a t e s   in  a  b e a r i n g   s l e e v e  

13  w h i c h   i s   s u p p o r t e d   on  a  s u s p e n s i o n   b e a r i n g   19  of  v a r i a b l e  

Id  r e s i l i e n c y   as  d e s c r i b e d   in  U S - A - 4 6 4 0 7 7 0 .   A  hub  14  a f f i x e d  

to  t he   s h a f t   12  s u p p o r t s   an  o v e r h u n g   bowl  16 ,   made  of  a  

l i g h t - w e i g h t   c o m p o s i t e   m a t e r i a l ,   t he   bowl  h a v i n g   a  mouth   15  

a t   t he   end  r e m o t e   f rom  hub  1 4 .  

The  r o t o r   s y s t e m   10  i s   d e p i c t e d   as  h a v i n g   u n d e r g o n e  

15  a  d e f l e c t i o n   a t   an  e x a g g e r a t e d   a n g l e   s u c h   t h a t   t h e  

i n s t a n t a n e o u s   d y n a m i c   a x i s   i s   i n d i c a t e d   a t   D.  I t   is  to  b e  

u n d e r s t o o d   t h a t   t h e   F i g u r e   i s   an  i n s t a n a n e o u s   r e p r e s e n t a t i o n  

of  t he   r o t o r   s y s t e m   10  w h i c h   in  r e a l i t y   w o u l d   d e s c r i b e   a n  

o r b i t   a b o u t   t he   g e o m e t r i c   a x i s   A.  I t   i s   a l s o   to  b e  

20  u n d e r s t o o d   t h a t   t he   r o t o r   s y s t e m   10  can  be  m o d e l e d   by  a  s e t  

of  m a s s e s   and  a p p r o p r i a t e   r a d i i   of  g y r a t i o n .   C o n s e q u e n t l y ,  

t h e   s h a f t   12  may  be  c o n s i d e r e d   to  have   a  mass   Ms,  a  r a d i u s  

of   g y r a t i o n   a b o u t   t he   g i m b a l   d e n o t e d   by  Ks rg   and  a  r a d i u s   o f  

g y r a t i o n   a b o u t   t he   g e o m e t r i c   a x i s   A,  Kga;  t h e   hub  has  a  m a s s  

25  Mh,  and  r a d i u s   of  g y r a t i o n   of  Khg  and  Kha;  t h e   bowl  and  l o a d  

h a v e   a  c o m b i n e d   mass  Mfa,  r a d i u s   of  g y r a t i o n   Kfag  and  Kba;  t h e  

b e a r i n g   has   a  mass   Mr  and  a  r a d i u s   of  g y r a t i o n   Krg  a b o u t   t h e  

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

to  t h e   g e o m e t r i c   a x i s   a r e   n o t   d e s i g n a t e d   in  t he   F i g u r e ;  

30  h o w e v e r   i t   is   to  be  u n d e r s t o o d   t h a t   t h e y   a r e   p h y s i c a l  

d i m e n s i o n s   w h i c h   can  r e a d i l y   be  d e t e r m i n e d   f rom  t he   g e o m e t r y  

of  t he   c e n t r i f u g e .  

W h i l e   t he   p r e s e n t   i n v e n t i o n   may  be  u s e d   w i t h   a n y  

c e n t r i f u g e   h a v i n g   an  o v e r h u n g   bowl  and  g i m b a l - m o u n t e d   r o t o r  

35  s y s t e m ,   i t   i s   p a r t i c u l a r l y   u s e f u l   w i t h   a  l i g h t - w e i g h t ,   h i g h  

s t r e n g t h   c o m p o s i t e   bowl  w h i c h   has   a  mass   l e s s   t h a n   the   m a s s  
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of  p a r t i c u l a t e   17  c e n t r i f u g e d   t h e r e i n .   For  p u r p o s e s   o f  

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

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

In  t h e   f o l l o w i n g   e x e m p l a r y   s y s t e m ,   t he   w e i g h t   of  t h e  

5  c o m p o n e n t s   r a t h e r   t h a n   the   mass   w i l l   be  u sed   in  d e s c r i p t i o n  

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

The  p a r t i c u l a t e   17  and  bowl  have   a  c o m b i n e d   w e i g h t   of  4 9 9  

kg,  t he   hub  14  has   a  w e i g h t   of  1 2 9 . 3 6   kg,  t he   s h a f t   12  has   a  

w e i g h t   of  7 2 . 4 8   kg,   and  the   w e i g h t   of  t he   b e a r i n g   13  i s  

10  1 0 8 . 7 2   kg.  The  p r o d u c t   of  t he   w e i g h t   of  e a c h   c o m p o n e n t   a n d  
2 

t h e   s q u a r e   of  t he   r a d i u s   of  g y r a t i o n   a b o u t   t he   a x i s ,   WK  ,  i s  

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

r e s u l t i n g   in  t he   f o l l o w i n g   v a l u e s :  
2  -2 

C o m p o n e n t   WK  m  re  a x i s  

15  Bowl  and  Load  8 1 . 1 3  

Hub  7 . 2 5  

S h a f t   and  B e a r i n g   0 . 1 4 7  

A l s o   known  a r e :   t he   RPM  of  t he   s y s t e m   N  -  2 4 0 0 ,   the   max imum 

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

20  R  =  0 . 0 0 1 2 7   m,  and  the   r a d i u s   of  g y r a t i o n   fo r   e a c h   c o m p o n e n t  

a b o u t   t h e   g i m b a l   c o n n e c t i o n   11,   w h i c h   a r e   Ks  =  0 . 4 3 7   m  f o r  

t h e   s h a f t   12  and  b e a r i n g   13  c o m b i n a t i o n ,   K,  =  1 . 4 7 8   m  f o r  

the   bowl  16  and  p a r t i c u l a t e   17  c o m b i n a t i o n   and  Kh  =  0 . 8 6 6   m 

f o r   t he   h u b .  
2 

25  Wi th   t h e s e   v a l u e s   known,   t he   t o t a l   WK  of  t he   s y s t e m  

w i t h   r e s p e c t   to  t h e   g i m b a l   can   be  d e t e r m i n e d   by  summing  t h e  

WK  of  t he   c o m p o n e n t s   as  shown  in  T a b l e   1 .  
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T a b l e   1 

W e i g h t   (Kg) R a d i u s   o f  

G y r a t i o n  

in  m e t r e s  

1 . 4 7 8   m 

0 . 8 6 6   m 

0 . 4 3 7   m 

WK' C o m p o n e n t  

1 0 9 0 . 0 6   kg  m'  

9 7 . 0 1   kg  m' 

3 4 . 6 1   kg  m' 

1 2 2 1 . 6 8   kg  m' 

Bowl  &  P a r t i c u l a t e  

H u b  

S h a f t   &  B e a r i n g  

4 9 9  

1 2 9 . 3 6  

1 8 1 . 2 1  

8 0 9 . 5 7  

From  the   a b o v e   t o t a l s ,   t h e   r a d i u s   of  g y r a t i o n  

10  of  t he   s y s t e m   r e l a t i v e   to  t h e   g i m b a l ,   Kfc,  may  be  c a l c u l a t e d  

b y  

1 / 2  1 2 2 1 . 6 8  
8 0 9 . 5 7  

=  1 . 2 4 3  
Kt  *  

15  T h i s   r a d i u s   of  g y r a t i o n   Kfc  is   t a k e n   to  be  t h e   p o i n t   in  t h e  

s y s t e m   a t   or  a b o u t   w h i c h   a l l   of  t he   r e a c t i v e   f o r c e s   a c t  

i n c l u d i n g   the   g y r o s c o p i c   f o r c e   P  i n d u c e d   by  t he   d e f l e c t i o n  

of  t he   u n b a l a n c e d   l o a d .  

T h u s ,   t he   sum  of  t he   f i r s t   m o m e n t s   of  t h e   c o m p o n e n t s  

20  a b o u t   a  p o i n t   C  l o c a t e d   a t   Kfc  and  t he   g y r o s c o p i c   e f f e c t   m u s t  

be  d e t e r m i n e d   to  d e t e r m i n e   t he   f o r c e   a c t i n g   on  t he   g i m b a l  

due  to  t he   u n b a l a n c e d   c o n d i t i o n .   T h e s e   f i r s t   m o m e n t s   a r e  

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

c o n s i d e r e d   p o s i t i v e   and  c o u n t e r   c l o c k w i s e   n e g a t i v e .  

25  To  d e t e r m i n e   t h e   f i r s t   moment   of  e a c h   c o m p o n e n t ,  

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

r e l a t i v e   to  t h e   g i m b a l   u s i n g ,   t he   p r o p o r t i o n .  

R  =  0 . 0 0 1 2 7   x  Kg 

R 

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

30  r e l a t i v e   to  t he   g i m b a l   and  R  is   t he   d i s t a n c e   f rom  the   g i m b a l  
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to  the   g e o m e t r i c   c e n t r e   of  the   b o w l ,   1 . 4 4   m. 

The  number   of  g r a v i t i e s   fo r   e ach   i t e m   is   c a l c u l a t e d  

f rom  t h e   r e l a t i o n   a . R . N   w h e r e   a  i s   a  c o n s t a n t .  f rom  t h e   r e l a t i o n   a . R . N   w h e r e   a  i s   a  c o n s t a n t .   Thus  t h e  

f o r c e   e x e r t e d   by  e a c h   i t e m   i s   t he   p r o d u c t   of  t he   c o m p o n e n t s  

5  w e i g h t   and  t he   s p e c i f i c   g r a v i t i e s .  

The  moment   arm  fo r   e a c h   c o m p o n e n t   i s   d e t e r m i n e d   b y  

t h e   r e l a t i o n   R  =  K  -  K.  ,  w h e r e   R,,  is  the   moment   arm  o f  
g  g  t  g 

e a c h   c o m p o n e n t .   At  s p e e d s   a b o v e   the   n a t u r a l   f r e q u e n c y ,   e a c h  

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

10  r o t a t i o n   w h e r e a s   t he   u n b a l a n c e d   l o a d   e x e r t s   a  f o r c e   a w a y  

f rom  the   a x i s   c o n s e q u e n t l y .  

T a b l e   2  shows  the   s u m m a t i o n   of  the   m o m e n t s   a b o u t   Kt> 

T a b l e   2 

C o m p o n e n t   R a d i a l   3_'_s  W e i g h t   F o r c e   Mom.  M o m e n t  
Throw  k£  kg  m  Arm  kg  m 

Bowl  & 

Load  0 . 0 0 1 2 7   8 . 3 5   499  4 1 6 6 . 6 5   0 . 2 3 5   9 7 9 . 1 6  

Hub  0 . 0 0 0 7 6   4 . 9 1   1 2 9 . 3 6   6 3 5 . 1 6   0 . 3 7 7   2 3 9 . 4 6  

S h a f t   & 

B e a r i n g   0 . 0 0 0 5 8   2 . 4 6   1 8 1 . 2 1   4 4 5 . 7 8   0 . 8 0 6   4 5 9 . 5  

1 5 7 8 . 1 2  

A d d i t i o n a l l y ,   t he   g y r o   p r e c e s s i o n a l   t o r q u e   Pkfc  of  t h e  

r o t a t i n g   c o m p o n e n t s   is   d e t e r m i n e d   and  summed  w i t h   t he   f i r s t  

m o m e n t s   u s i n g   the   e x p r e s s i o n  

1 5  k t  

w h e r e   V  is   t h e   l i n e a r   v e l o c i t y   of  a  p o i n t   on  t he   a x i s   at   Kfc 

f rom  the   g i m b a l   and  W  is   t he   w e i g h t   of  the   r o t a t i n g   p a r t s  

and  K  is  t he   r a d i u s   of  g y r a t i o n   of  the   r o t o r   s y s t e m  
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r e l a t i v e   to  t h e   a x i s   t h e r e o f .  

S i n c e   t h e   i n s t a n t a n e o u s   l i n e a r   v e l o c i t y   of  t he   p o i n t  

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

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

5  g e o m e t r i c   a x i s   a t   Kfc  and  has   a  m a g n i t u d e   of  - 5 3 9   kg .m ,   t h u s  

t h e   sum  of  t he   f i r s t   m o m e n t s   and  p r e c e s s i o n a l   t o r q u e   at   Kfc 

is  1 0 3 9 . 1 2   kg .m  and  the   f o r c e   on  t h e   g i m b a l   as  a  r e s u l t   i s  

F  =  ~2>Z.  moment   +  Gyro  e f f e c t  

K t  

10  F  =  1 0 3 9 . 1 2   kg .m  =  8 3 5 . 9 8   k g  

1 . 2 4 3  

w h i c h   i s   s u f f i c i e n t   to  damage   t h e   c e n t r i f u g e .  

From  t he   a n a l y s i s   of  t he   m o m e n t s   of  f o r c e   a b o u t   Kfc, 

i t   can   be  s e e n   t h a t   a  c o u n t e r - b a l a n c i n g   moment   of  f o r c e   i s  

15  r e q u i r e d   to  n e u t r a l i z e   t h e   e f f e c t   of  t h e   u n b a l a n c e d   l o a d   a n d  

t h a t   t he   mass   n e e d e d   m u s t   be  l o c a t e d   a t   a  d i s t a n c e   g r e a t e r  

t h a n   K  f rom  t h e   g i m b a l .   To  m i n i m i z e   t he   r e q u i r e d   m a s s ,   a  

n e u t r a l i z e r   r i n g   18  is   m o u n t e d   a b o u t   t he   mou th   15  of  t h e  

bowl   16  and  i s   a f f i x e d   t h e r e t o ,   f o r   e x a m p l e   by  means   of  n u t s  

20  and  b o l t s ,   so  t h a t   i t   d o e s   n o t   move  r e l a t i v e   to  t he   b o w l .  

In  t h e   d e s c r i b e d   e x a m p l e ,   t h i s   w i l l   l o c a t e   t he   r i n g   a t   a  

r a d i u s   of  g y r a t i o n   K  a b o u t   t h e   g i m b a l   of  1 . 9 9   m.  O f  

c o u r s e ,   t he   a d d i t i o n   of  t he   n e u t r a l i z e r   r i n g   18  c h a n g e s   t h e  

WK2  of  t he   e n t i r e   s y s t e m ,   so  e a c h   of  t he   p r e c e d i n g  

25  c a l c u l a t i o n s   m u s t   be  p e r f o r m e d   to  o p t i m i z e   t he   m a s s .   T h e  

r a d i u s   of  g y r a t i o n   of  t he   n e u t r a l i z e r   r i n g   18  a b o u t   t h e  

g i m b a l   i s   c o n s t r a i n e d   by  the   d i s p l a c e m e n t   of  t h e   bowl  m o u t h  

15  f rom  t he   g i m b a l   and  the   r a d i u s   of  g y r a t i o n   of  t h e  

n e u t r a l i z e r   r i n g   18  a b o u t   t he   a x i s   is   c o n s t r a i n e d   by  t h e  

30  s i z e   of  t h e   bowl  m o u t h .  

The  d i a m e t e r   of  t h e   r i n g   18  t h u s   has   a  l o w e r   l i m i t  

d e f i n e d   by  t h e   s i z e   of  t he   bowl  m o u t h .   The  t h i c k n e s s   a n d  

o u t e r   d i a m e t e r   of  t he   r i n g   18  a r e   d i m e n s i o n s   w h i c h   can  b e  
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v a r i e d   to  l o c a t e   the   c e n t r e   of  mass  a t   the   d e s i r e d   Kna  a n d  

K  .  T h e r e f o r e   t he   mos t   e a s i l y   c h a n g e d   v a r i a b l e   is  t he   m a s s  
ng  

of  t he   r i n g ,   a l t h o u g h   b o t h   Kna  and  K  can  be  v a r i e d   b y  

v a r y i n g   t he   g e o m e t r y   of  t he   b o w l .   The  mass   of  t he   r i n g   1 8  

5  is  v a r i e d   by  the   s e l e c t i o n   of  the   r i n g   m a t e r i a l ,   w h i c h   may  

be  any  m a t e r i a l   w h i c h   can  be  f o r m e d   i n t o   a  s o l i d   r i n g   a n d  

w h i c h   w i l l   w i t h s t a n d   the   f o r c e s   g e n e r a t e d   by  t he   c e n t r i f u g e ,  

and  by  t h e   p h y s i c a l   d i m e n s i o n s   s e l e c t e d   fo r   t he   r i n g .  

T a b l e   3  p r o v i d e s   the   r e l a t i o n s h i p   b e t w e e n   t he   m a s s  

10  of  t he   n e u t r a l i z e r   r i n g   18  and  the   f o r c e   e x e r t e d   on  t h e  

g i m b a l   when  K  is  t a k e n   to  be  1 . 9 9   m. 

T a b l e   3 

W e i g h t   of  WK2  of  F i r s t   G i m b a l  F i r s t   G i m b a l  

Moment  m  R e a c t i o n  

1 0 3 2 . 5   8 3 0 . 5 4  

7 8 . 1 3   5 8 . 9 7  

- 5 . 9 8   - 4 . 5 4  

- 1 4 . 7 0   - 1 0 . 8 9  

- 3 6 . 3 6   - 2 7 . 2 2  

- 6 0 . 3 3   - 4 4 . 9 1  

- 4 6 9 . 3 2   - 3 2 3 . 4 1  

Ring   m' N e u t r a l i z e r  

R i n g  

Zero   Ze ro   1 0 3 2 . 5   8 3 0 . 5 4  

9 0 . 7 2   1 0 . 6 6   7 8 . 1 3   5 8 . 9 7  

9 8 . 8 8   1 1 . 6 1   - 5 . 9 8   - 4 . 5 4  

9 9 . 7 2   1 1 . 7 1   - 1 4 . 7 0   - 1 0 . 8 9  

1 0 2 . 0 6   1 1 . 9 8   - 3 6 . 3 6   - 2 7 . 2 2  

1 0 4 . 3 3   1 2 . 7 5   - 6 0 . 3 3   - 4 4 . 9 1  

1 3 6 . 0 8   1 5 . 9 7   - 4 6 9 . 3 2   - 3 2 3 . 4 1  

From  T a b l e   3,  i t   s h o u l d   be  a p p a r e n t   t h a t   i t   i s  

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

t h e   mouth   of  the   bowl  10.  R a t h e r   t he   r i n g   mus t   be  of  a  

25  p a r t i c u l a r   mass   a c c o r d i n g   -to  t he   w e i g h t   of  t he   s y s t e m   w h i c h  

i t   mus t   n e u t r a l i z e   and  i t   mus t   be  l o c a t e d   a p p r o p r i a t e l y .  

For  e x a m p l e ,   i f   t he   mass  were   h e l d   c o n s t a n t   a t   9 8 . 8 8   kg  a n d  

t h e   r a d i u s   of  g y r a t i o n   K  were   e x t e n d e d   or  s h o r t e n e d   by  

5 .08   cm,  t he   f o r c e   on  t h e   g i m b a l   wou ld   i n c r e a s e   to  in  e x c e s s  

30  of  5 2 . 1 6   kg  w h i c h   wou ld   s e v e r e l y   s t r e s s   t he   g i m b a l .  

I t   may  t h u s   be  s e e n   t h a t   t he   n e u t r a l i z e r   r i n g   may  b e  
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c o n s t r u c t e d   w h i c h   w i l l   e f f e c t i v e l y   m i n i m i z e   t he   r e a c t i v e  

f o r c e   on  t h e   g i m b a l   of  t he   s y s t e m   and  t h u s   g r e a t l y   e n h a n c e  

t h e   u s e f u l   l i f e   of  t h e   g i m b a l   m o u n t e d   c e n t r i f u g e .  
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C L A I M S  

1.  A  c e n t r i f u g e   f o r   e x t r a c t i n g   f l u i d s   f rom  w e t  

p a r t i c u l a t e   m a t e r i a l ,   w h e r e i n   s a i d   c e n t r i f u g e   (10)  c o m p r i s e s  

a  r o t o r   s y s t e m   ( 1 1 - 1 6 )   i n c l u d i n g   an  o v e r h u n g   c o m p o s i t e   b o w l  

(16)  h a v i n g   a  mou th   (15)  a t   one  end  t h e r e o f   and  a  b a s e  

5  (14)  at   t he   o t h e r   e n d ,   a  f i l t e r   m e d i a   l i n e r   p r o x i m a l   t h e  

i n n e r   s u r f a c e   of  t he   b o w l ,   a  p l u r a l i t y   of  o u t l e t   p o r t s  

t h r o u g h   s a i d   bowl  f o r   t he   o u t w a r d   d i s c h a r g e   of  s a i d   f l u i d s ,  

a  c o n t i n u o u s   s h a f t   (13)  f i x e d   to  s a i d   b a s e   (14)  a t   one  end  a  

g i m b a l - l i k e   m o u n t i n g   (11)  at   a  s e c o n d   end  of  s a i d   s h a f t   f o r  

10  d r i v i n g   i t   in  r o t a t i o n   and  b e a r i n g s   (19)  l o c a t e d  

i n t e r m e d i a t e   s a i d   g i m b a l - l i k e   m o u n t i n g   (11)  and  s a i d   b o w l  

(16)  ,  w i t h   s a i d   s h a f t   and  s a i d   bowl  b e i n g   r e s i l i e n t l y  

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

(18)  is   a f f i x e d   to  s a i d   bowl  a b o u t   t he   mouth   t h e r e o f   a n d  

15  in  t h a t   s a i d   r i n g   is  d y n a m i c a l l y   b a l a n c e d ,   w i t h   s a i d   r i n g  

h a v i n g   a  w e i g h t ,   W,  and  a  r a d i u s   of  g y r a t i o n ,   Kng,  a b o u t  

s a i d   g i m b a l - l i k e   m o u n t i n g   ( 1 1 ) ,   s u c h   t h a t   s a i d   n e u t r a l i z e r  

r i n g   (18)  n e u t r a l i z e s   the   e f f e c t s   of  i m b a l a n c e   in  a  

p r e d e t e r m i n e d   w e i g h t   of  p a r t i c u l a t e   m a t e r i a l   (17)  and  c a u s e s  

20  the   g e o m e t r i c   a x i s   and  the   i n s t a n t a n e o u s   d y n a m i c   a x i s   of  t h e  

r o t o r   s y s t e m   to  i n t e r s e c t   a t   s a i d   g i m b a l - l i k e   m o u n t i n g  

t h e r e b y   r e d u c i n g   r e a c t i v e   f o r c e s   e x e r t e d   on  s a i d   g i m b a l - l i k e  

m o u n t i n g .  

2.  A  c e n t r i f u g e   a c c o r d i n g   to  c l a i m   1,  c h a r a c t e r i s e d  

25  in  t h a t   t he   n e u t r a l i z i n g   r i n g   (18)  has   an  e f f e c t i v e  
2 

d i a m e t e r ,   m a s s ,   and  moment   of  i n e r t i a   t h e r e o f ,   WK  ,  s u c h  

t h a t   when  s a i d   r o t o r   s y s t e m   is   o p e r a t i n g   a b o v e   t he   n a t u r a l  

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

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

30  c e n t r i f u g e   and  c a u s e s   t he   g e o m e t r i c   a x i s   (A)  and  t h e  

i n s t a n t a n e o u s   d y n a m i c   a x i s   (D)  of  s a i d   r o t o r   s y s t e m   t o  

i n t e r s e c t   at   s a i d   g i m b a l - l i k e   m o u n t i n g   (11)  ,  w h e r e   W  is  t h e  
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w e i g h t   of  t h e   r i n g   and  K  is  t he   r a d i u s   of  g y r a t i o n   of  t h e  

r i n g   r e l a t i v e   to  t he   g e o m e t r i c   a x i s   of  t he   s y s t e m .  

3.  A  c e n t r i f u g e   a c c o r d i n g   to  c l a i m   1  or  2 ,  

c h a r a c t e r i s e d   in  t h a t   s a i d   n e u t r a l i z e r   r i n g   (18)  is   l o c a t e d  

5  a  d i s t a n c e ,   d,  f rom  t he   r a d i u s   of  g y r a t i o n ,   Kfc/  of  s a i d  

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

f i r s t   moment   of  f o r c e   due  to  t he   n e u t r a l i z e r   r i n g   a b o u t   a  

p o i n t   on  t h e   a x i s   of  t he   r o t o r   s y s t e m   a t   s a i d   r a d i u s   o f  

g y r a t i o n ,   K  ,  a c t s   in  o p p o s i t i o n   to  t he   f i r s t   moment   o f  

10  f o r c e   due  to  s a i d   p a r t i c u l a t e   m a t e r i a l   (17)  a b o u t   s a i d  

p o i n t ,   s u c h   t h a t   t he   sum  of  t he   g y r o s c o p i c   p r e c e s s i o n a l  

t o r q u e   and  t he   f i r s t   m o m e n t s   of  f o r c e   a b o u t   s a i d   p o i n t   d u e  

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

m a t e r i a l   i s   m i n i m i z e d .  
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