
0  J )  
£<j»opi>isc>..;$  ^hteii lamt 

Luropean  i-ateru  Office 

Office  europeen  des  brevets 

'3)  Publication  number: 0  1 8 5   3 7 5  

A 2  

EUROPEAN  PATENT  APPLICATION 

©  Application  numoer:  85116226.3 

@0  Lisie  -of  filing.  1 .̂12.85 

©  Int.  CI.4:  B  04  B  5 / 0 4  

©  Priority.  21.12.84  US  684937 

(S)  Date  of  publication  of  application: 
25.06.86  Bulletin  86/26 

@  Designated  Contracting  States: 
AT  BE  CH  DE  FR  GB  IT  LI  LU  NL  SE 

@  Applicant:  E.I.  DU  PONT  DE  NEMOURS  AND  COMPANY 
1007  Market  Street 
Wilmington  Delaware  19898IUS) 

@  Inventor:  Popper,  Peter 
3319  Morningside  Road 
Wilmington  Delaware  19810(US) 

@  Inventor:  Velvet,  William  Edward 
515  Hanover  Road 
Wilmington  Delaware  19809(US) 

@  Representative:  von  Kreisler,  Alek,  Dipl.  -Chem  et  al, 
Deichmannhaus  am  Hauptbahnhof 
D-5000  K6ln1(DE) 

@  Wound  rotor  arm  element  and  centrifuge  rotor  fabricated  therefrom 
  A  centrifuge  rotor  is  fabricated  of  a  stacked  plurality  of 
tiers  where  each  tier is  formed  from  a  stacked  array  of  wound 
arms.  Each  arm  is  formed  from  an  array  of  layered  turns  of 
anisotropic  fibers  having  parallel  side  portions  connected 
through  curved  end  turn  portions. 



B a c k g r o u n d   of  t he   I n v e n t i o n  

F i e l d   of  The  I n v e n t i o n  

T h i s   i n v e n t i o n   r e l a t e s   to  a  c e n t r i f u g e   r o t o r  

and ,   in  p a r t i c u l a r ,   to  a  c e n t r i f u g e   r o t o r   f a b r i c a t e d  

f rom  an  a r r a y   of  s t a c k e d   wound  r a d i a l   r o t o r   a r m  

e l e m e n t s .  

D e s c r i p t i o n   of  t he   P r i o r   A r t  

The  t r e n d   in  t he   f a b r i c a t i o n   of  r o t a t a b l e  

s t r u c t u r e s   has  b e e n   away  f rom  the   u s e   of  c o n v e n t i o n a l  

h o m o g e n e o u s   m a t e r i a l s ,   s u c h   as  a l u m i n u m   or  t i t a n i u m ,  

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

s t r u c t u r e s .   S u c h   s t r u c t u r e s   a r e   a d v a n t a g e o u s   b e c a u s e  

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

w i t h   i t s   a t t e n d a n t   a d v a n t a g e s   over   t h e   c o n v e n t i o n a l l y  

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

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

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

f l y - w h e e l s .   E x e m p l a r y   of  v a r i o u s   a l t e r n a t e  

e m b o d i m e n t s   of  s u c h   r e i n f o r c e d   f i b e r   c o m p o s i t e  

r o t a t a b l e   s t r u c t u r e s   a r e   t h o s e   shown  in  U n i t e d   S t a t e s  

P a t e n t   4 . 4 5 8 , 4 0 0   ( F r i e d e r i c y   e t   a l . ,   c o m p o s i t e  

m a t e r i a l   f l y w h e e l   hub  f o r m e d   of  s t a c k e d  

f i b e r - r e i n f o r c e d   b a r s ) ,   U n i t e d   S t a t e s   P a t e n t   3 , 6 7 2 , 2 4 1  

( R a b e n h o r s t ,   r o t a r y   e l e m e n t   f o r m e d   of  l a y e r e d   s t r i p s  

of  a n i s o t r o p i c   f i l a m e n t s   bound  in  a  m a t r i x ) ,   U n i t e d  

S t a t e s   P a t e n t   3 , 6 9 8 . 2 6 2   ( R a b e n h o r s t , r o t a r y   e l e m e n t  

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

a n i s o t r o p i c   f i l a m e n t s ) ,   U n i t e d   S t a t e s   P a t e n t   3 , 7 3 7 , 6 9 4  

( R a b e n h o r s t ,   s t a c k e d   d i s c s   of  hub  l a m i n a   e a c h   c a r r y i n g  

an  a r r a y   of  b e n t   a n i s o t r o p i c   f i b e r s ) ,   U n i t e d   S t a t e s  

P a t e n t   3 , 8 8 4 , 0 9 3   ( R a b e n h o r s t ,   f l y - w h e e l   f a b r i c a t e d   o f  

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



t h e   t h i c k n e s s   of  e a c h   e l e m e n t   b e i n g   g r e a t e r   in  t h e  

c e n t e r   t h a n   a t   t h e   e n d s ) ,   and  U n i t e d   S t a t e s   P a t e n t  

4 , 0 2 8 , 9 6 2   ( N e l s o n .   f l y - w h e e l   f a b r i c a t e d   of  a n i s o t r o p i c  

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

t h e   d i s c   b e i n g   t h i n n e r   t h a n   t h e   e d g e s ) .  

The  u s e   of  r e i n f o r c e d   f i b e r   m a t e r i a l   has  a l s o  

b e e n   f o u n d   in   o t h e r   r o t a t i n g   s t r u c t u r e s ,   s u c h   as  r o t o r  

b l a d e s   and  t o o l i n g .   E x e m p l a r y   of  s u c h   u s e s   a r e   t h o s e  

shown  in  U n i t e d   S t a t e s   P a t e n t   4 , 0 3 8 , 8 8 5   ( J o n d a )   a n d  

U n i t e d   S t a t e s   P a t e n t   4 , 2 5 5 , 0 8 7   ( W a c k e r l e ,   e t   a l . ) .  

U n i t e d   S t a t e s   P a t e n t   3 , 2 6 2 . 2 3 1   ( P o l c h )   d i s c l o s e s   t h e  

u t i l i z a t i o n   of  s t r a n d s   of  h i g h - t e n s i l e   s t r e n g t h  

m a t e r i a l ,   s u c h   as  g l a s s ,   as  i n t e r n a l   r e i n f o r c e m e n t  

of  r o t a t a b l e   a r t i c l e s   s u c h   as  a b r a s i v e   w h e e l s .  

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

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

r a t i o .   For  e x a m p l e .   U n i t e d   S t a t e s   P a t e n t   2 , 4 4 7 , 3 3 0  

( G r e b m e i e r )   d i s c l o s e s   an  u l t r a c e n t r i f u g e  r o t o r   f o r m e d  

of  a  m e t a l   m a t e r i a l   w h i c h   is  p r o v i d e d   w i t h   s l o t s   w h i c h  

r e d u c e   the   w e i g h t   of  t he   r o t o r .   U n i t e d   S t a t e s   P a t e n t  

3 , 2 4 8 , 0 4 6   ( F e l t m a n   e t   a l . )   d i s c l o s e s   a  f i x e d   a n g l e  

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

m a t e r i a l   o n t o   a  m a n d r e l .   U n i t e d   S t a t e s   P a t e n t  

4 , 4 6 8 , 2 6 9   ( C a r e y )   d i s c l o s e s   a  r o t o r   w i t h   a  p l u r a l i t y  

of  r i n g s   s u r r o u n d i n g   a  b o w l - l i k e   body   p o r t i o n .  

When  u s i n g   r e i n f o r c e d   f i b e r   m a t e r i a l s   i t   i s  

a d v a n t a g e o u s   to  be  a b l e   to  a r r a n g e   t h e   f i b e r s   so  t h a t  

t h e   maximum  s t r e n g t h   is   o r i e n t e d   in  a  d i r e c t i o n  

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

s t r e s s   is   i m p o s e d   on  t he   f i b e r s .   T h a t   i s ,   i t   i s  

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

s p a t i a l   r e l a t i o n s h i p   of  f i b e r s   t h a t   e x t e n d   r a d i a l l y  

o u t w a r d l y   f rom  t h e   c e n t r a l   a x i s   of  r o t a t i o n .   M o s t  

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

t h a t   e a c h   f i b e r   p a s s e s   as  c l o s e   as  p o s s i b l e   t h r o u g h  

t h e   r o t a t i o n a l   a x i s   of  t h e   s t r u c t u r e .  



Summary  of  t he   I n v e n t i o n  

T h i s   i n v e n t i o n   r e l a t e s   to  a  r e i n f o r c e d   f i b e r  

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

c a r r i e d   in  a  s a m p l e   c a r r i e r   a t   v e r y   h i g h   s p e e d s .   T h e  

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

e l o n g a t e d   arm  e l e m e n t   h a v i n g   an  e l o n g a t e d   m a j o r   a x i s .  

The  arm  e l e m e n t   is   f o r m e d   f rom  a  p l u r a l i t y   of  t u r n s   o f  

a  f i b e r   m a t e r i a l   a r r a n g e d   in  g e n e r a l l y   p a r a l l e l   s i d e  

p o r t i o n s   c o n n e c t e d   t h r o u g h   c u r v e d   end  t u r n   p o r t i o n s .  

W i t h   s u c h   a  s t r u c t u r e   t he   f i b e r s   f o r m i n g   e a c h   e l e m e n t  

p a s s   as  c l o s e   as  p o s s i b l e   to  t he   a x i s   of  r o t a t i o n   o f  

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

s a m p l e   c a r r i e r s   a l o n g   the   d i r e c t i o n   of  maximum  s t r e s s .  

The  a x e s   of  e a c h   of  t he   f i b e r s   in   e a c h   of  t h e   s i d e  

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

p a r a l l e l   to   t h e   m a j o r   a x i s   of  t h e   e l o n g a t e d   arm  a n d  

s u b s t a n t i a l l y   p e r p e n d i c u l a r   to  t h e   r o t o r ' s   a x i s   o f  

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

t h e   arm  e l e m e n t   is  p r e f e r a b l y   l e s s   ( i . e . ,   t he   arm  i s  

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

l e n g t h   t h a n   a t   i t s   c u r v e d   end  t u r n .   The  c r o s s  

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

e l e m e n t   i s   s u b s t a n t i a l l y   e q u a l   to  t h e   c r o s s   s e c t i o n a l  

a r e a   of  t h e   e l e m e n t   t a k e n   t h r o u g h   an  end  t u r n  

p o r t i o n .   A  s a m p l e   c a r r i e r   is   c o n n e c t a b l e   to  e a c h   a r m  

e l e m e n t   w i t h i n   e a c h   end  t u r n   t h e r e o f .   The  s a m p l e  

c a r r i e r   may  be  t u b u l a r   s e g m e n t   h a v i n g   a  p r e d e t e r m i n e d  

l e n g t h   w h i c h   may  be  p r o v i d e d   w i t h   a  c l o s e d   end  in  s o m e  

i n s t a n c e s .   A  d r i v e   c o n n e c t i o n   is   made  to  t he   a r m  

m i d - w a y   b e t w e e n   the   ends   of  t h e   arm.  T r a n s v e r s e  

a n d / o r   i n c l i n e d   r e i n f o r c i n g   w r a p p i n g s   a n d / o r   b r a c i n g  

f i b e r s   may  a l s o   be  p r o v i d e d .  

In  a n o t h e r   a s p e c t   t he   r o t o r   t a k e s   t he   form  o f  

one ,   two  or  more  v e r t i c a l   t i e r s ,   e a c h   t i e r   b e i n g  

f o r m e d   of  a  s t a c k e d   p l u r a l i t y   of  arm  e l e m e n t s .   In  a n  



M - p l a c e   r o t o r .   N  arms  a r e   a r r a n g e d   to  fo rm  a n  
i n d i v i d u a l   t i e r .   w h e r e   N  e q u a l s   o n e - h a l f   M.  The  m a j o r  

a x i s   of  e a c h   arm  in  a  t i e r   is   o f f s e t   f rom  t h e   m a j o r  

a x i s   of  t h e   a d j a c e n t   arm  in  t h e   t i e r   by  an  a n g l e   e q u a l  

to  180°  d i v i d e d   by  N.  In  f o r m i n g   a  s t a c k e d   t i e r   t h e  

h e i g h t   d i m e n s i o n   H   of  e a c h   r o t o r   arm  in  t h e  

v i c i n i t y   of  i t s   c e n t e r   is   p r e f e r a b l y   a b o u t   1/N  t i m e s  

t h e   h e i g h t   d i m e n s i o n  H E   a t   i t s   e n d ,   t h u s   p e r m i t t i n g  

t h e   N  arms  d e f i n i n g   a  t i e r   to  e x h i b i t   a  s u b s t a n t i a l l y  

u n i f o r m   h e i g h t   p r o f i l e   to  f a c i l i t a t e   s t a c k i n g .   O f  

c o u r s e   t h e   h e i g h t   d i m e n s i o n   H   of  e a c h   arm  may  b e  

g r e a t e r   or  l e s s   t h a n   t he   p r e f e r r e d   h e i g h t   d i m e n s i o n  

r a t i o   d i s c u s s e d   a b o v e .  

In  r o t o r s   f o r m e d   of  a t   l e a s t   two  t i e r s ,   when  t h e  

t i e r s   a r e   s t a c k e d   s e l e c t e d   ones   of  t h e   e l o n g a t e d  

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

r e s p e c t   to   e a c h   o t h e r   so  t h a t   t h e   s a m p l e   c a r r i e r s  

s e g m e n t s   c o n n e c t a b l e   a t   e a c h   end  t h e r e o f   m a y  

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

a d a p t e d   to   r e c e i v e   a  s p e c i m e n   t h e r e i n .   A l t e r n a t i v e l y  

t h e   v o l u m e   may  be  d e f i n e d   by  a  c o n t i n u o u s   c a r r i e r   t h a t  

is   s e c u r e d   t h r o u g h   the   v e r t i c a l l y   r e g i s t e r e d   ends   o f  

t h e   e l e m e n t s   in  e a c h   t i e r .   A  d r i v e   f i t t i n g   h a v i n g   M 

f a c e s   on  i t s   p e r i p h e r y   p a s s e s   c e n t r a l l y   and  a x i a l l y  

t h r o u g h   t h e   s t a c k e d   t i e r s .   Each   arm  e l e m e n t   in  e a c h  

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

f a c e s   of  t h e   f i t t i n g .  

A  r 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   may  b e  

i m p l e m e n t e d   e i t h e r   in  a  f i x e d   a n g l e   or  a  v e r t i c a l   t u b e  

c o n f i g u r a t i o n .  

B r i e f   D e s c r i p t i o n   Of  The  D r a w i n g s  

The  i n v e n t i o n   w i l l   be  more  f u l l y   u n d e r s t o o d   f r o m  

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   t h e r e o f ,   t a k e n   i n  

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

a  p a r t   of  t h i s   a p p l i c a t i o n   and  in  w h i c h :  



F i g u r e   1  i s   an  i s o l a t e d   p e r s p e c t i v e   v i e w   of  a n  

i n d i v i d u a l   e l o n g a t e d   wound  r a d i a l   r o t o r   arm  e l e m e n t   i n  

a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n :  

F i g u r e   2  i s   a  p l a n   v i e w   of  t h e   wound  r o t o r   a r m  

e l e m e n t   shown  in   F i g u r e   1  w h i l e   F i g u r e   3  is   a  p l a n  

v i e w   of  an  a l t e r n a t e   c o n s t r u c t i o n   of  s u c h   an  a r m  

e l e m e n t ;  

F i g u r e   4  i s   a  s i d e   e l e v a t i o n a l   v i e w   of  t h e   r o t o r  

arm  e l e m e n t   shown  in  F i g u r e s   2  and  3 ;  

F i g u r e s   5A  and  5B  a r e ,   r e s p e c t i v e l y ,   s e c t i o n a l  

v i e w s   t a k e n   a l o n g   s e c t i o n   l i n e s   5A-5A  and  5B-5B  i n  

F i g u r e   2 :  

F i g u r e   6  i s   a  p l a n   v i e w   of  an  e i g h t - p l a c e  

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

r o t o r   arm  e l e m e n t s   s t a c k e d   in  a c c o r d a n c e   w i t h   t h e  

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

F i g u r e   7  i s   a  s i d e   e l e v a t i o n a l   v i e w   of  t he   r o t o r  

shown  in  F i g u r e   6  w h i l e   F i g u r e   7A  is   an  e n l a r g e d   v i e w  

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

r e l a t i o n s h i p   of  t h e   e n d s   of  t he   a r m s ;  

F i g u r e   8  i s   a  s e c t i o n   v i e w   t a k e n   a l o n g   s e c t i o n  

l i n e s   8-8  of  F i g u r e   6 ;  

F i g u r e s   9  and  10  a r e   a l t e r n a t e   c o n f i g u r a t i o n s   o f  

a  r o t o r   f o r m e d   of  s t a c k e d   t i e r s   of  wound  arm  e l e m e n t s  

in  a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n ;  

F i g u r e s   11  and  12  a r e ,   r e s p e c t i v e l y .   p l a n   a n d  

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

F i g u r e s   2  or  3  and  F i g u r e   4)  i l l u s t r a t i n g   a  w o u n d  

r a d i a l   arm  e l e m e n t   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  

a d a p t e d   f o r   t h e   f a b r i c a t i o n   of  a  v e r t i c a l   t u b e  

c e n t r i f u g e   r o t o r ;  

F i g u r e s   13  and  14  a r e ,   r e s p e c t i v e l y ,   a  p l a n   a n d  

s i d e   e l e v a t i o n   v i e w   of  an  a r r a n g e m e n t   f o r   w i n d i n g   a 

r o t o r   arm  in  a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n ;  



F i g u r e s   15,  16  and  17  a r e ,   r e s p e c t i v e l y ,   a  p l a n ,  

s i d e   e l e v a t i o n   and  end  v i ew   of  a  mold  u s e d   in  w i n d i n g  

a  r o t o r   arm  in   a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n ;  

a n d  

F i g u r e s   18,  19  and  20  i l l u s t r a t e   v a r i o u s  

p r o c e d u r e s   u s e d   in  w i n d i n g   a  r o t o r   arm  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 .   
zr 

D e t a i l e d   D e s c r i p t i o n   of  t he   I n v e n t i o n  

T h r o u g h o u t   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  

s i m i l a r   r e f e r e n c e   n u m e r a l s   r e f e r   to  s i m i l a r   e l e m e n t s  

in  a l l   f i g u r e s   of  t h e   d r a w i n g s .  

W i t h   r e f e r e n c e   to  F i g u r e   1  shown  is  an  i s o l a t e d  

p e r s p e c t i v e   v i e w   of  an  i n d i v i d u a l   wound  r o t o r   a r m  

e l e m e n t   or  arm  10  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 .   The  arm  10  is  a  g e n e r a l l y   e l o n g a t e d  

e l e m e n t   h a v i n g   a  m a j o r   a x i s   11.  Each   end  12A  and  12B 

of  t h e   arm  10  i s   a d a p t e d   to  r e c e i v e   a  s a m p l e   c a r r i e r  

14A  and  14B  r e s p e c t i v e l y .   The  d e t a i l s   of  t h e   s a m p l e  

c a r r i e r s   14  and  t h e   manner   in  w h i c h   t h e y   d e f i n e   a  

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

c o n n e c t i o n   16  is   m o u n t e d   to  t h e   arm  10  a t   a  p o i n t  

midway  b e t w e e n   t h e   ends   12A  and  12B  t h e r e o f .   A l t h o u g h  

i t   s h o u l d   be  a p p r e c i a t e d   t h a t   t h e   d r i v e   c o n n e c t i o n   16  

may  be  p r o v i d e d   a t   any  c o n v e n i e n t   l o c a t i o n   on  t h e   a r m  

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

m a i n t a i n e d .   In  F i g u r e   1  t he   d r i v e   c o n n e c t i o n   16  i s  

shown  as  a  member   h a v i n g   o p p o s e d   f l a t   s u r f a c e s   1 6 F  

w h i c h   e n g a g e   t h e   arm  10.  The  d r i v e   c o n n e c t i o n   16  m a y  

t a k e   any  s u i t a b l e   f o r m ,   as  d i s c u s s e d   h e r e i n ,   and  i s  

a r r a n g e d   to  p e r m i t   t he   arm  10  to  be  m o u n t e d   on  a  

s u i t a b l e   d r i v e   s p i n d l e   or  t he   l i k e   f o r   r o t a t i o n   a b o u t  

the   a x i s   o f   r o t a t i o n   CL  e x t e n d i n g   s u b s t a n t i a l l y  

p e r p e n d i c u l a r   to   t h e   m a j o r   a x i s   11  of  t h e   arm  1 0 .  

The  arm  10  is   f o r m e d   f rom  a  p l u r a l i t y   of  l a y e r e d  

t u r n s   of  an  a n i s o t r o p i c   f i b e r   m a t e r i a l .   The  arm  10  i s  



wound  in  a  m a n n e r   to  be  d i s c u s s e d   so  as  to  p r o v i d e  

g e n e r a l l y   p a r a l l e l   s i d e   p o r t i o n s   18R  and  18L  w h i c h   a r e  

c o n n e c t e d   t h r o u g h   c u r v e d   end  t u r n   p o r t i o n s   20A  a n d  

20B.  E a c h   s a m p l e   c a r r i e r   14A  and  14B  is   r e s p e c t i v e l y  

p o s i t i o n e d   w i t h i n   i t s   a s s o c i a t e d   end  t u r n   p o r t i o n   2 0 A  

and  20B.  The  s i d e   p o r t i o n s   18  a r e   s p a c e d   by  a  gap  2 2  

h a v i n g   a  p r e d e t e r m i n e d   d i m e n s i o n .   The  gap  22  m a y  
r e m a i n   s u b s t a n t i a l l y   e q u a l   to  t h e   d i a m e t r i c   d i m e n s i o n  

of  t h e   c a r r i e r   14,  as  shown  in  F i g u r e s   1  and  2 .  

P r e f e r a b l y ,   h o w e v e r .   t h e   f i b e r s   of  t h e   arm  10  m a y  

p a r t i a l l y   wrap   a b o u t   t h e   c a r r i e r   14,  as  shown  i n  

F i g u r e   3,  to  d e f i n e   a  n a r r o w e r   gap  2 2 ' .  

E a c h   s a m p l e   c a r r i e r   14  i s   a  s u b s t a n t i a l l y  

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

t h a t   t h e   a x i s   t h e r e o f   is   e i t h e r   p a r a l l e l   to   o r  

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

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

r o t o r   (as   shown ,   e . g . ,   in  F i g u r e s   11  and  12)  or  a  

f i x e d   a n g l e   r o t o r   as  shown  in  F i g u r e s   1.  2,  3  and  4 .  

Each  c a r r i e r   14  may  be  f o r m e d   as  an  open  or  a  c l o s e d  

e n d e d   member .   A  c l o s e d   e n d e d   t u b u l a r   member  14'   i s  

shown  in   F i g u r e s   8  t h r o u g h   10.  The  s a m p l e   c a r r i e r   m a y  
be  p r o v i d e d   d u r i n g   f a b r i c a t i o n   of  t he   arm  o r  

t h e r e a f t e r .   The  c a r r i e r   14  may  d i r e c t l y   r e c e i v e   a  

s a m p l e   u n d e r   t e s t   or  may  be  s i z e d   to  r e c e i v e   a  

s e p a r a t e   c o n t a i n e r   (as   a  t e s t   t u b e )   w h i c h   c a r r i e s   t h e  

s a m p l e   u n d e r   t e s t .   As  is   d e v e l o p e d   h e r e i n   ( F i g u r e s   8 ,  

9  and  10)  a  r o t o r   may  be  f o r m e d   f rom  at   l e a s t   t w o  

s t a c k s   of  t i e r s   of  a r m s .   Each   t i e r   is  i t s e l f   f o r m e d  

f rom  a  s t a c k   of  i n d i v i d u a l   a r m s .   In  t h i s   i n s t a n c e  

s e l e c t e d   arms  in   e a c h   t i e r   l i e   in  v e r t i c a l  

r e g i s t r a t i o n .   A  s a m p l e   r e c e i v i n g   v o l u m e   may  b e  

d e f i n e d   by  t h e   r e g i s t r a t i o n   of  s e g m e n t e d   c a r r i e r s   o r  

by  t h e   i n s e r t i o n   of  an  i n t e g r a l   c a r r i e r   14  i n t o   t h e  

r e g i s t e r e d   e n d s   of  t h e   a r m s .  



As  s e e n   w i t h   r e f e r e n c e   to  F i g u r e s   1  and  3,  t h e  

a r m  1 0   i s   wound  s u c h   t h a t   t h e   s i d e   p o r t i o n s   18  a r e  

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

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

t u r n   p o r t i o n s   20.   As  s u g g e s t e d   in  F i g u r e   4  by  t h e  

d a s h e d   l i n e s ,   t h e   i n d i v i d u a l   f i b e r s   in   t h e   s i d e  

p o r t i o n s   18  a r e   a r r a y e d   s u c h   t h a t   t h e i r   a x e s   a r e  

p a r a l l e l  t o   e a c h   o t h e r   a n d  t o  t h e   m a j o r   a x i s   11  of  t h e  

arm  10  w h i l e   t h e   f i b e r s   d i v e r g e   f rom  e a c h   o t h e r   in  t h e  

end  t u r n   p o r t i o n s   2 0 .  

The  f i b e r s   a r e   s u r r o u n d e d   and  s u p p o r t e d   in  a  

s u i t a b l e   r e s i n - b a s e d   s u p p o r t   m a t r i x   24  b e s t   s e e n   i n  

F i g u r e s   5A  and  5B.  The  arms  10  e x h i b i t   a  p r o f i l e   i n  

w h i c h   t h e   h e i g h t   d i m e n s i o n   H   ( F i g u r e   4)  of  a  s i d e  

p o r t i o n   18  ( m e a s u r e d   in   t h e   c e n t r a l   r e g i o n   b e t w e e n   t h e  

f l a r e d   e n d s )   i s   l e s s   t h a n   t h e   h e i g h t   d i m e n s i o n  H E   o f  

an  end  p o r t i o n   t u r n   20.  I t   s h o u l d   be  u n d e r s t o o d ,  

h o w e v e r ,   t h a t   t h e   p r o f i l e   of  t he   arm  e l e m e n t   10  n e e d  

n o t   be  l i m i t e d   to   t h a t   shown  in  t h e   F i g u r e s .   F o r  

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

p o r t i o n s   of  t he   arm  may  e x t e n d   f o r   a  l e s s e r   d i s t a n c e  

a l o n g   t h e   l e n g t h   of  t h e   s i d e   p o r t i o n   and  t h e   t a p e r   o f  

t h e   end  t u r n   p o r t i o n s   may  c o n c o m i t a n t l y   i n c r e a s e   i n  

l e n g t h   and  become  more   g r a d u a l .  

The  arm  10  shown  in  F i g u r e s   1  t h r o u g h   4  a r e  

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

c e n t r i f u g e .   H o w e v e r ,   f o r   use   in  a  v e r t i c a l   t u b e  

c e n t r i f u g e   arms  10 '   s u c h   as  shown  in  F i g u r e s   11  and  12 

may  be  u s e d .   The  a rms  10'   a r e   i d e n t i c a l   in  a l l  

m a t e r i a l   r e s p e c t s   to  t h a t   d i s c u s s e d   in   F i g u r e s   1 

t h r o u g h   4,  e x c e p t   t h a t   t h e   s a m p l e   c a r r i e r s   14  a r e  

s u p p o r t e d   in  t h e i r   a s s o c i a t e d   end  t u r n   p o r t i o n s   20  s o  

t h a t   t he   a x i s   15  of  t h e   c a r r i e r   14  is   p a r a l l e l   to  t h e  

a x i s   of  r o t a t i o n   CL.  In  t h e   f i x e d   a n g l e   c a s e   shown  i n  

F i g u r e s   1  t h r o u g h   4,  t h e   a x e s   15  of  t h e   c a r r i e r s   14  



a r e   i n c l i n e d   a t   a  p r e d e t e r m i n e d   f i x e d   a n g l e   to  t h e  

a x i s   CL.  I t   s h o u l d   be  n o t e d   t h a t   t h e   arm  10'   may  

e x h i b i t   e i t h e r   gap  c o n f i g u r a t i o n   22,  22'   as  shown  i n  

F i g u r e s   2  or  3 .  

S i n c e   t h e   t r a n s v e r s e   c e n t r i f u g a l   f o r c e s   in  t h e  

r e g i o n   of  t h e   d r i v e   c o n n e c t i o n   16  may  have   a  t e n d e n c y  

to   s e p a r a t e   t h e   p a r a l l e l   s i d e   p o r t i o n s   18  of  t h e   a r m  

in   some  i n s t a n c e s   i t   may  be  d e s i r e d   to   p r o v i d e  

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

f i b e r s   28A  and  28B  d i s p o s e d   a c r o s s   t he   s i d e s   18R  a n d  

18L.  In  a d d i t i o n   or  as  an  a l t e r n a t i v e   r e i n f o r c i n g  

f i b e r s   26A  and  26B  l o c a t e d   in  t h e   t r a n s i t i o n   r e g i o n  

b e t w e e n   t h e   s i d e s   18  and  t h e   end  t u r n s   20  may  b e  

p r o v i d e d .   The  w i n d i n g s   26  a n d / o r   28  may  be  u s e d   w i t h  

any   e m b o d i m e n t   of  t h e   arms  10  or  10'   shown  h e r e i n   b u t  

a r e   i l l u s t r a t e d   o n l y   in  F i g u r e s   1  t h r o u g h   3  f o r  

c l a r i t y   of  i l l u s t r a t i o n .  

The  arm  10  or  10'   may  be  f a b r i c a t e d   in  a n y  
c o n v e n i e n t   m a n n e r   as  d e s c r i b e d   in  c o n n e c t i o n   w i t h  

F i g u r e s   13  t h r o u g h   20.  For   e x a m p l e ,   a  mold  3 0 ,  

p r e f e r a b l y   f o r m e d   in   c o n j o i n a b l e   s e c t i o n s   30A  and  30B 

(a s   s e e n   in  F i g u r e s   15.  16  and  1 7 ) ,   i s   p r o v i d e d   w i t h   a  

p e r i p h e r a l   g r o o v e   32  f o r m e d   in  t h e   t h r e e - d i m e n s i o n a l  

s h a p e   of  an  i n d i v i d u a l   arm  10  or  1 0 ' .   The  s e c t i o n s  

30A  and  30B  a r e   r e l e a s a b l y   c o n j o i n e d   by  end  p o s t s   3 1 .  

The  d e p t h   of  t h e   g r o o v e   d e f i n e d   a b o u t   t h e   p e r i p h e r y   o f  

t h e   c o n j o i n e d   s e c t i o n s   30A  and  30B  c o r r e s p o n d s   to  t h e  

w i d t h   of  t he   s i d e   p o r t i o n s   18  and  end  p o r t i o n s   20  o f  

t h e   arm  10  or  1 0 ' .   As  s e e n   f r o m   F i g u r e s   13  and  14  t h e  

mold  30  is  m o u n t e d   f o r   r o t a t i o n a l   m o v e m e n t   a b o u t   a n  

a x l e   38  j o u r n a l e d   in  a  f i x t u r e   40  m o u n t e d   on  a  w o r k  

t a b l e   42.   M o t i v e   e n e r g y   f o r   r o t a t i o n   of  t h e   mold  3 0  

i s   d e r i v e d   f rom  a  m o t o r   44  c o n v e n i e n t l y   m o u n t e d   to  t h e  

f i x t u r e   40.  The  m o t o r   44  c a u s e s   t h e   mold  30  to  r o t a t e  

in  t h e   d i r e c t i o n   of  t h e   a r r o w s   4 6 .  



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

f i b e r   i s   w r a p p e d   in  t h e   g r o o v e   32  a r o u n d   t h e   mold  30  

so  as  to  b u i l d - u p   s u b s t a n t i a l l y   u n i f o r m   f i b e r   l a y e r s .  

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

b a s e   of  t he   g r o o v e   in   a  m a n n e r   a k i n   to  t h e   w i n d i n g   o f  

a  f i s h i n g   r e e l   w i t h   l i n e   w i t h   t h e   a x i s   of  t h e  

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

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

f i b e r s   in  t he   end  t u r n   d i v e r g i n g   as  d i s c u s s e d .  

S u i t a b l e   f o r   use   as  t h e   f i b e r   is   1140  d e n i e r   a r a m i d  

f i b e r   s u c h   as  t h a t   m a n u f a c t u r e d   by  E.  I.   du  P o n t   d e  

N e m o u r s   and  Company ,   I n c . ,   and  s o l d   u n d e r   t h e  

t r a d e m a r k   KEVLARe. 

The  f i b e r   w r a p p e d   o n t o   t he   mold  i s   c o a t e d   w i t h  

any   s u i t a b l e   m a t r i x   24  ( F i g u r e s   5A,  58)  s u c h   as  e p o x y ,  

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

t a c k i n e s s   to  t he   e x t e r i o r   of  t he   f i b e r   and  p e r m i t s   t h e  

f i b e r   to  a d h e r e   to  a d j a c e n t   t u r n s   in  a d j a c e n t   l a y e r s .  

The  f i b e r   is  t a k e n   f rom  a  s u p p l y   s p o o l   48  

m o u n t e d   on  a  c o m m e r c i a l   u n w i n d   50  s u c h   as  t h a t   s o l d   b y  

C o m p e n s a t i n g   T e n s i o n   C o n t r o l s ,   I n c .   u n d e r   m o d e l  

8 0 0 C  0 1 2 .   The  f i b e r   p a s s e s   ove r   a  t e n s i o n i n g   a r m  

a r r a y   52  and  t h r o u g h   a  v e r t i c a l   g u i d e   r o l l   54  to  a  

h o r i z o n t a l   g r o o v e d   g u i d e   r o l l e r   56.  The  r o l l e r   56  i s  

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

a r r o w s   58  on  a  s h a f t   60  of  a  t r a v e r s e   62.  The  f i b e r  

p a s s e s   p a r t i a l l y   a r o u n d   t h e   r o l l e r   56.  The  r o l l e r   56 

may  be  p r o v i d e d   w i t h   a  n o n s t i c k   s u r f a c e   to   p r e c l u d e  

a d h e s i o n .   The  g u i d e   r o l l e r   56  i s   t r a v e r s e d  

h o r i z o n t a l l y   ( i . e . ,   in   a  d i r e c t i o n   p a r a l l e l   to  t h e  

a x i s   of  t he   s h a f t   38)  as  n e e d e d   to  d i s t r i b u t e   f i b e r   i n  

t h e   g r o o v e   32  on  t he   mold   3 0 .  

As  s e e n   f rom  F i g u r e s   18  and  19,  t h e   b a s e   of  t h e  

g r o o v e   32  has  been   c o a t e d   w i t h   a  t a c k y   m a t e r i a l ,   s u c h  

as  a  l a y e r   of  d o u b l e - s t i c k   t a p e   64.  The  l e a d i n g   e n d  



66  of  t he   f i b e r   i s   p r e s s e d   a g a i n s t   t he   e x t e r i o r  

s u r f a c e   of  t h e   t a p e   64  and  t h e   mold   r o t a t e d   in  t h e  

d i r e c t i o n   46.   The  f i b e r   a d h e r e s   to  t he   t a p e   64  

f o r m i n g   t h e   b a s e   f i b e r   l a y e r .   If   t h e   arm  i s   to  b e  

p r o v i d e d   w i t h   a  n a r r o w e d   gap  22 '   ( F i g u r e   3)  t h e  

i n i t i a l   t u r n s   of  f i b e r   a r e   g u i d e d   o n t o   t he   t a p e   64  

u s i n g   an  i m p l e m e n t   68  ( F i g u r e   19)  w h i c h   is   u r g e d   in  a n  

i n w a r d   d i r e c t i o n   70  of  the   mold  30  to  c a u s e   t h e  

i n i t i a l   l a y e r s   of  t h e   f i b e r   to  e n t e r   t h e   g r o o v e   32  a n d  

be  f o r c e d   i n t o   p l a c e   a g a i n s t   t h e   t a p e   64  a t   t h e  

b o t t o m .   A f t e r   a  number   of  i n i t i a l   t u r n s   f o r m s   a  

p r e d e t e r m i n e d   n u m b e r   of  l a y e r s   t h e   i m p l e m e n t   68  is  n o  

l o n g e r   n e e d e d .  

A  p r e s s i n g   r o l l e r   74  is  m o u n t e d   on  a  f i x t u r e   7 6  

f o r   t r a v e r s i n g   m o v e m e n t   in  t he   d i r e c t i o n s   80  ( p a r a l l e l  

to  t h e   d i r e c t i o n   58)  ( F i g u r e   1 3 ) .   The  r o l l e r   74  i s  

b i a s e d   by  a  s p r i n g   82  to  p r e s s   t h e   f i b e r   to  p r e c e d i n g  

l a y e r s .   The  t r a v e r s e   of  the   r o l l e r   74  is   s y n c h r o n i z e d  

w i t h   t he   r o t a t i o n   of  t he   mold  to   i m p a r t   a  l e v e l  

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

( F i g u r e   2 0 ) .   The  mold  s e c t i o n s   a r e   p r e f e r a b l y   b o l t e d  

in  p l a c e   (by  b o l t s   33  ( F i g u r e   16)  e x t e n d i n g   t h r o u g h  

p o s t s   31)  to  a p p l y   p r e s s u r e   to  t h e   f i b e r .  

A f t e r   w i n d i n g   t he   wound  s t r u c t u r e   is  g e n e r a l l y  

c u r e d   in  an  a u t o c l a v e   a t   a  t e m p e r a t u r e   and  f o r   a  t i m e  

s u f f i c i e n t   to  r e l e a s e   any  v o l a t i l e   c o n s t i t u e n t s   a n d / o r  

to  c u r e   t h e   m a t r i x   so  t h a t   t h e   r e s u l t a n t   w r a p p e d  

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

T h e r e a f t e r ,   t h e   mold   is  d i s a s s e m b l e d   and  t he   c o m p o s i t e  

s t r u c t u r e   so  f o r m e d   r e m o v e d .   The  s a m p l e   c a r r i e r s   14  

( i f   any)   a r e   t h e n   s e c u r e d   i n t o   t h e   end  t u r n   r e g i o n s   2 0  

of  t h e   arm  by  any  s u i t a b l e   means  of  a t t a c h m e n t ,   s u c h  

as  e p o x y   g l u e   or  t h e   l i k e .   T h e r e a f t e r ,   the   w r a p p i n g s  

26,  28  a r e   wound  a b o u t   t he   arm.   I t   s h o u l d   be  n o t e d  

t h a t   t h e   arm  10  or  10'   may  be  wound  u s i n g   r i b b o n s ,  



b r a i d s   or  t w i s t e d   e l e m e n t s   or  o t h e r   t e x t i l e   s t r u c t u r a l  

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

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

As  s e e n   f r o m   F i g u r e s   5A  and  5B  t h e   i n d i v i d u a l  

f i b e r s   in   e a c h   l a y e r   of  f i b e r   a r e   a r r a n g e d   i n  

c o m p l i m e n t a r y   p o s i t i o n s   in   t h e   end  p o r t i o n s   20  and  t h e  

s i d e   p o r t i o n s   18  t h e   arm.  Owing  to   t h e   d i f f e r e n t  

s h a p e s   of  t h e   s i d e   p o r t i o n  1 8   and  t h e   end  t u r n   p o r t i o n ,  

20  of  t h e   arm,   i n d i v i d u a l   f i b e r s   may  s h i f t   t h e i r  

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

t r a v e l   f rom  t h e   c e n t r a l   r e g i o n   of  t h e   s i d e   p o r t i o n s   18  

of  t he   r o t o r   arm  10  (or   1 0 ' )   to  t h e   end  t u r n  

p o r t i o n s .   The  g e n e r a l   r e l a t i o n s h i p   of  f i b e r s   in   t h e  

end  and  s i d e   t u r n   r e g i o n s   is  i n d i c a t e d   in   F i g u r e s   5A 

and  5B.  As  s e e n   in   t h e s e   F i g u r e s ,   in   a  s i d e   p o r t i o n  

18R  ( F i g u r e   5B)  e a c h   of  t he   i n d i v i d u a l   l a y e r s   90A 

t h r o u g h   90D  of  f i b e r s   a r e   a r r a n g e d   to   d e f i n e   a  

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

d i r e c t i o n   92  f r o m   t h e   c e n t e r   l i n e   CL  t h a t   i s   g r e a t e r  

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

d i r e c t i o n   fo r   t h e   f i b e r   l a y e r s   in  an  end  t u r n   r e g i o n  

( F i g u r e   5A).  C o n v e r s e l y ,   in  t he   end  t u r n   r e g i o n   20  a s  

shown  on  t h e s e   F i g u r e s   t h e   f i b e r   l a y e r s   90A  t h r o u g h  

90D  e x h i b i t   a  d i m e n s i o n   in   t h e   d i r e c t i o n   94  p a r a l l e l  

to  t he   c e n t e r   a x i s   CL  t h a t   is   g r e a t e r   in  t h e   end  t u r n  

r e g i o n   t h a n   t h e   c o r r e s p o n d i n g   d i m e n s i o n   in   t h e   s i d e  

r e g i o n   as  m e a s u r e d   in   F i g u r e   5B.  H o w e v e r ,   i t   is   n o t e d  

t h a t   t he   s u r f a c e   a r e a   of  a  c r o s s   s e c t i o n   t a k e n   t h r o u g h  

a  s i d e   p o r t i o n   18  ( F i g u r e   5B)  is   e q u a l   to  t h e   s u r f a c e  

a r e a   of  a  c r o s s - s e c t i o n   of  t he   arm  t a k e n   t h r o u g h   a n  

end  t u r n   20  ( F i g u r e   5A).   B a s i c a l l y   t h e r e   is  a  

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

the   end  r e g i o n  2 0   ( F i g u r e   5A)  to  t h e   s i d e   r e g i o n   18  

( F i g u r e   5B).   The  f i b e r s   in  t he   i n n e r m o s t   l a y e r   90A  o f  

t h e   end  t u r n   p o r t i o n   ( F i g u r e   5A)  r e o r i e n t   to  f o r m  



s u b l a y e r s   90A  i n d i c a t e d   in   t h e   s i d e   p o r t i o n   18R 

( F i g u r e   5B) .   A  s i m i l a r   o r i e n t a t i o n   o c c u r s   w i t h   l a y e r s  

90B.  90C  and  90D.  I t   s h o u l d   be  u n d e r s t o o d   t h a t   a n y  

p r e d e t e r m i n e d   number   of  l a y e r s   of  f i b e r s   may  be  u s e d ,  

and  t h a t   t h e   f o u r   l a y e r s   shown  in  F i g u r e s   5A  and  5B 

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

c o n c e p t s   i n v o l v e d .  

S e v e r a l   d e s i r a b l e   w i n d i n g   m o d i f i c a t i o n s   can   b e  

e f f e c t e d .   For   e x a m p l e ,   t h e   s t r u c t u r e s   a b o v e   d e s c r i b e d  

can   be  wound  u s i n g   more  t h a n   one  s t r a n d   of  f i b e r   w i t h  

t h e   d i f f e r e n t   s t r a n d s   h a v i n g   a  r e l a t i v e l y   h i g h e r  

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

r a d i a l l y   o u t e r   l a y e r s .   By  way  of  s i m p l i f i e d   e x a m p l e ,  

w i t h   r e f e r e n c e   to  F i g u r e s   5A  and  5B,  t h e   i n n e r   l a y e r  

90A  (or   i n n e r m o s t   l a y e r s ,   as  t h e   c a s e   may  be)   may  b e  

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

e l a s t i c i t y .   The  i n t e r m e d i a t e   l a y e r s ,   e . g . ,   t h e   l a y e r s  

90B  and  90C,  may  t h e r e a f t e r   be  wound  a t o p   t h e   i n n e r  

l a y e r ( s )   u s i n g   a  f i b e r   h a v i n g   a  r e l a t i v e l y   g r e a t e r  

s p e c i f i c   m o d u l u s   of  e l a s t i c i t y   ( i . e .   s t i f f e r ) .   T h e  

o u t e r m o s t   l a y e r   90D  (or   o u t e r m o s t   l a y e r s )   may  be  w o u n d  

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

of  e l a s t i c i t y   ( i . e . ,   s t i f f e r   s t i l l ) .   Such   a 

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

s i n c e   i t   more  e v e n l y   d i s t r i b u t e s   t h e   a b i l i t y   o f  

i n d i v i d u a l   s t r a n d s   and  l a y e r s   of  s t r a n d s   to  w i t h s t a n d  

c e n t r i f u g a l   s t r e s s e s .   In  t h e   a b o v e   e x a m p l e   t h e  

i n n e r m o s t   l a y e r   may  be  f o r m e d   of  a  K-29  KEVLARΦ  a r a m i d  

f i b e r ,   t he   i n t e r m e d i a t e   l a y e r s   of  t h e   K-49  KEVLARe 

a r a m i d   f i b e r   w h i l e   t h e   o u t e r   l a y e r   may  be  f o r m e d   o f  

AS4  c a r b o n   f i l a m e n t   f i b e r s   s u c h   as  t h a t   m a n u f a c t u r e d  

by  H e r c u l e s   I n c o r p o r a t e d ,   W i l m i n g t o n ,   D e l a w a r e .  

In  t h e   a l t e r n a t e   e m b o d i m e n t   of  t h e   arm  shown  i n  

F i g u r e   3  t h e   arm  10  is   w r a p p e d   in  a  m a n n e r   w h i c h  

c l o s e s   or  n a r r o w s   t he   gap  22'   b e t w e e n   s i d e   p o r t i o n s  



18.  T h i s   mode  of  w r a p p i n g   e n s u r e s   t h a t   t h e   t o t a l  

l e n g t h   of  a  f i b e r   in   a  l a y e r   on  t he   i n n e r   s i d e   of  a  

r e f e r e n c e  l i n e   or  n e u t r a l   a x i s   96  is  as  c l o s e   to  b e i n g  

e q u a l   as  p o s s i b l e   to   t h e   l e n g t h   of  a  f i b e r   in   an  o u t e r  

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

t h e   n e u t r a l   a x i s   96.  Such  a  w i n d i n g   p a t t e r n   has  a  

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

to  t h e   f i b e r s .  

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

v a r i a t i o n s   in   t h e   number   of  f i b e r s   in   d i f f e r e n t  

l o c a t i o n s .   For   e x a m p l e ,   a d d i t i o n a l   o v e r w r a p p e d  

s y s t e m s   ( s i m i l a r   to  t he   w r a p p i n g s   28)  in   w h i c h  

a d d i t i o n a l   f i b e r s   may  be  added   to  c a r r y   s e c o n d a r y  

l o a d s .  

In  a n o t h e r   e x a m p l e   a  p l u r a l i t y   of  a d d i t i o n a l  

b r a c i n g   f i b e r s   97  a r e   o r i e n t e d   s u b s t a n t i a l l y   p a r a l l e l  

to  t h e   a x i s   of  t h e   f i b e r s   in  the   s i d e   p o r t i o n s   and  a r e  

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

s t r e s s .   G e n e r a l l y   t h e   f i b e r s   97  a r e   d i s p o s e d  

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

e a c h   s i d e   p o r t i o n   18  of  t he   arm.  The  a d d i t i o n a l  

f i b e r s   97  c o u l d   be  of  t h e   fo rm  of  r i b b o n s ,   b r a i d s   o r  

t w i s t e d   e l e m e n t s .  

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

arm  e l e m e n t   10  or  10'   may  i t s e l f   a c t   as  a  s a m p l e  

c a r r y i n g   d e v i c e ,   in   a c c o r d a n c e   w i t h   a  more  p r e f e r r e d  

e m b o d i m e n t   of  t h i s   i n v e n t i o n   shown  in  F i g u r e s   6 

t h r o u g h   8  a  p l u r a l i t y   of  i n d i v i d u a l   arm  e l e m e n t s   10  o r  

10'   a r e   s t a c k e d   a t o p   e a c h   o t h e r   t o  f o r m   a  t i e r   1 0 0  

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

number   m u l t i p l e s   in   e x c e s s   of  two.  A  t y p i c a l   one  o f  

t h e   t i e r s   100  i s   shown  in  F i g u r e   7A.  T h u s ,   a  M  p l a c e  

c e n t r i f u g e   r o t o r ,   w h e r e   M  is  an  even   number   g r e a t e r  

t h a n   two,   may  be  f o r m e d   f rom  a  t i e r   of  N  a rms   10  o r  

10'   a n g u l a r l y   a r r a n g e d   w i t h   r e s p e c t   to  e a c h   o t h e r  



a b o u t   t h e   c e n t r a l   a x i s   CL,  w h e r e   N  e q u a l s   o n e - h a l f   M. 

T h u s ,   f o r   e x a m p l e ,   a  f o u r - p l a c e   c e n t r i f u g e   t i e r   (M 

e q u a l s   f o u r )   may  be  c o n s t r u c t e d   f rom  two  r a d i a l   a r m s  

10  or  1 0 ' .   The  a n g u l a r   s p a c i n g   b e t w e e n   a d j a c e n t   a x e s  

of  t h e   arms  10  in  t h e   t i e r   is   d e f i n e d   by  an  a n g l e   A 

e q u a l   to  180°  d i v i d e d   by  N,  i . e . ,   n i n e t y   d e g r e e s .   As  

a  f u r t h e r   e x a m p l e ,   a  s i x   p l a c e   r o t o r   (M  e q u a l s   s i x )   i s  

d e f i n e d   u s i n g   t h r e e   arms  (N  e q u a l s   t h r e e )   w i t h   t h e  

a x i s   of  t h e   a rms   o f f s e t   f r om  e a c h   o t h e r   by  an  a n g l e   A 

of  s i x t y   d e g r e e s .   An  e i g h t - p l a c e   r o t o r   may  be  d e f i n e d  

u s i n g   a  t i e r   c o n t a i n i n g   f o u r   s t a c k e d   arms  a t   a n  

a n g l e  A   of  f o r t y - f i v e   d e g r e e s   as  shown  in  F i g u r e s   6 

t h r o u g h   1 0 .  

When  u s e d   to  f o rm  a  r o t o r   f rom  s i n g l e   o r  

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

H c  a n d   HE  of  e a c h   i n d i v i d u a l   arm  10  or  10'  a r e   r e l a t e d  

s u c h   t h a t   t h e   h e i g h t   d i m e n s i o n   HE  of  an  end  t u r n  

p o r t i o n   20  of  an  arm  10  or  10'   is   s u b s t a n t i a l l y   e q u a l  

to  N  t i m e s   t h e   h e i g h t   d i m e n s i o n   Hc.  A l t h o u g h   t h i s  

r e l a t i o n s h i p   i s   p r e f e r r e d   t he   r e l a t i o n s h i p   b e t w e e n   t h e  

h e i g h t s   Hc  and  HE  may  be  r e l a t e d   by  any  p r e d e t e r m i n e d  

m u l t i p l e   or  f r a c t i o n   of  t he   number   N.  The  p r e f e r r e d  

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

number   N  of  a rms   n e c e s s a r y   to  fo rm  a  c o m p l e t e   r o t o r  

t i e r   100  to  be  s t a c k e d   and  r e c e i v e d   in  t h e   o v e r l y i n g  

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

t i e r   100  a r e   in  p r o x i m i t y   so  t h a t   t h e   a d j a c e n t   a r m s  

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

r e l a t i o n s h i p .   I t   s h o u l d   be  n o t e d   t h a t   in  p r a c t i c e   i t  

may  be  n e c e s s a r y   to  p r o v i d e   a  s p a c e r   f o r m e d   w i t h   a  

l a y e r   of  b o n d i n g   m a t e r i a l   on  t h e   top   and  b o t t o m  

s u r f a c e s   i n t e r m e d i a t e   e a c h   arm  in  t h e   t i e r .   Such  a 

s p a c e r   wou ld   t h u s   m a n d a t e   t h a t   t he   h e i g h t   H   b e  

s l i g h t l y   l e s s   t h a n   1/N  of  t h e   h e i g h t   HE  t o  

a c c o m m o d a t e   t h e   s p a c e r .  



In  t he   c e n t r a l   r e g i o n   w h e r e   t h e   N  a rms  in  a  t i e r  

c r o s s   t he   v e r t i c a l   r e g i s t r a t i o n   of  t h e   a rms   f o r m s   a n  

M - s i d e d   s p a c e .   I n t o   t h i s   s p a c e   a  d r i v e   c o n n e c t i o n   1 6 '  

( F i g u r e   6).  h a v i n g   a t   l e a s t   M  c o r r e s p o n d i n g   s u r f a c e s  

may  be  i n t r o d u c e d .   The  r a d i a l   i n n e r   s u r f a c e   of  b o t h  

s i d e   p o r t i o n s   of  e a c h   arm  in  t h e   t i e r   i s   c o n n e c t e d  

d i r e c t l y   or  t h r o u g h   an  i n t e r m e d i a t e   e l e m e n t   to  one  o f  

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

c o n n e c t i o n   1 6 1 .  

In  a  f u r t h e r   a s p e c t   of  t h e   i n v e n t i o n ,   a  r o t o r  

may  be  f o r m e d   f rom  a  s t a c k e d   p l u r a l i t y   of  t i e r s   100  o f  

a rms  10  or  1 0 ' .   T h i s   s t r u c t u r e   may  be  b e s t   u n d e r s t o o d  

by  r e f e r e n c e   to  F i g u r e s   6  t h r o u g h   8  w h i c h   r e s p e c t i v e l y  

show  a  p l a n ,   s i d e   e l e v a t i o n a l   and  a  s e c t i o n a l   v i e w   o f  

an  e i g h t   p l a c e   c e n t r i f u g e   r o t o r   f a b r i c a t e d   f rom  f i v e  

s t a c k e d   t i e r s   100A  t h r o u g h   100E  of  s t a c k e d   i n d i v i d u a l  

a rms  10  or  1 0 ' .   E a c h   t i e r   100A  t h r o u g h   100E  c o n t a i n s  

f o u r   arms  10  or  1 0 ' .   As  s e e n   in  t h e s e   F i g u r e s ,   s u c h   a  

r o t o r   i s   a r r a n g e d   s u c h   t h a t   e a c h   arm  10  or  10'  in  e a c h  

t i e r   100  is  in  v e r t i c a l   r e g i s t r a t i o n   w i t h   r e s p e c t   t o  

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

v e r t i c a l l y   a d j a c e n t   t i e r .   The  s a m p l e   c a r r i e r s   14  

p r o v i d e d   a t   t h e   ends   of  t h e   same  a n g u l a r l y   o r i e n t e d  

arm  in   e a c h   t i e r   100  a r e   r e g i s t e r e d   to   d e f i n e   a n  

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

c a r r i e r s   14  d i s p o s e d   in   t he   t i e r s   100A  t h r o u g h   1 0 0 D  

a r e   open   e n d e d   t u b u l a r   members   w h i l e   t h e   t u b u l a r  

member  14'  in   t h e   t i e r   100E  is   a  c l o s e d   e n d e d   t u b u l a r  

member .   A l t e r n a t i v e l y   an  i n t e g r a l   e l o n g a t e d   s a m p l e  

c a r r i e r   may  be  i n t r o d u c e d   i n t o   t he   r e g i s t e r e d   ends   o f  

t h e   arms  and  s e c u r e d   in  p l a c e .  

Due  to  t h e   v e r t i c a l   s t a c k i n g   a r r a n g e m e n t   t h e  

e n d s   of  t he   arms  f o r m i n g   a  t i e r   100  a r e   v e r t i c a l l y  

s t e p p e d .   T h i s   s t e p p e d   e f f e c t   is   b e l i e v e d   b e s t   s h o w n  

in  F i g u r e   7A  w h e r e   i t   is   s e e n   t h a t   t h e   l o w e r   s u r f a c e  



of  t he   e a c h   arm  10  or  10'  in   a  t y p i c a l   t i e r   100  i s  

v e r t i c a l l y   o f f s e t   by  a  d i s t a n c e   116 .   In  F i g u r e   7A,  t o  

more  c l e a r l y   i l l u s t r a t e   t h i s   e f f e c t ,   o n l y   t h e   a r m s  

1 0 - 1 .   1 0 - 2 .   10 -3   and  10-4   f o r m i n g   t h e   t i e r   100  a r e  

i l l u s t r a t e d .  

The  s a m p l e   c o n t a i n e r   may  be  o r i e n t e d   v e r t i c a l l y ,  

i . e . ,   i t s   a x i s   p a r a l l e l   to  t h e   c e n t e r l i n e   CL,  o r  

i n c l i n e d   a t   a  f i x e d   a n g l e   t o w a r d   t h e   c e n t e r l i n e   CL .  

In  t h e   i n s t a n c e   of  a  s t a c k e d   f i x e d   a n g l e   r o t o r   a s  

shown  in  F i g u r e s   6  t h r o u g h   8,  t h e   arms  f o r m i n g   e a c h  

t i e r   a r e   e l o n g a t e d   as  one  p r o c e e d s   f rom  the   u p p e r   t i e r  

100A  t o w a r d   t h e   l o w e r   t i e r   100E.   A c c o r d i n g l y ,   t h e  

molds   u s e d   to  f a b r i c a t e   t he   arms  f o r   e a c h   i n d i v i d u a l  

t i e r   mus t   be  m o d i f i e d   a c c o r d i n g l y .   A l t e r n a t i v e l y ,   t h e  

arms  may  be  t h e   same  l e n g t h   bu t   t he   s e g m e n t s   of  t h e  

c a r r i e r   or  t h e   e l o n g a t e d   c a r r i e r   may  be  v e r t i c a l   a l o n g  

t h e   s u r f a c e   r e s e r v e d   in  t he   end  t u r n s   and  p r o v i d e d  

w i t h   an  a n g l e d   i n n e r   c a v i t y .  

As  s e e n   f r o m   F i g u r e s   9  and  10,  a  r o t o r   may  b e  

f o r m e d   f r o m   any   p r e d e t e r m i n e d   number   of  t i e r s .   E a c h  

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

100A  and  100B.   H o w e v e r ,   t h e   a rms  10  or  10'  f o r m i n g  

e a c h   t i e r   100A  and  100B  may  be  s t a c k e d   in  a n y  

p r e d e t e r m i n e d   m a n n e r   as  l o n g   as  t h e i r   ends   c o o p e r a b l y  

s u p p o r t   t h e   s a m p l e   c o n t a i n e r .   F i g u r e   9  d i s c l o s e s   a  

s y m m e t r i c a l   s t a c k   in  w h i c h   t h e   c o r r e s p o n d i n g   arm  10  o r  

10'  in  e a c h   t i e r   100A  or  100B  o c c u p y   t h e   same  r e l a t i v e  

p o s i t i o n .   In  t h e   s t a c k   shown  in  F i g u r e   10,  t h e  

c o r r e s p o n d i n g   a rms   10  or  10'  in   e a c h   t i e r   100A  a n d  

100B  o c c u p y   d i f f e r e n t   r e l a t i v e   p o s i t i o n s   in  t he   s t a c k  

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

By  w h a t e v e r   s t a c k i n g   a r r a n g e m e n t   u t i l i z e d   and  b y  

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

c o m b i n a t i o n   of  arms  is  s e c u r e d   t o g e t h e r   on  the   d r i v e  

c o n n e c t i o n   16 '   in  any  c o n v e n i e n t   m a n n e r .   For  e x a m p l e .  



a  t h r e a d e d   f a s t e n e r   120  ( F i g u r e   7)  may  be  u s e d .  

A l t e r n a t i v e l y ,   t h e   arms  may  be  c o n n e c t e d   to  e a c h   o t h e r  

by  a d h e s i v e   b o n d i n g ,   by  a  m e l t e d   t h e r m o p l a s t i c   m a t r i x ,  

or  by  f r i c t i o n   p r o v i d e d   by  p r e s s u r e   f rom  t h e   f a s t e n e r .  

In  v i e w   of  t h e   f o r e g o i n g   t h e r e   has   b e e n  

d i s c l o s e d   an  i n d i v i d u a l   wound   r a d i a l   arm  e l e m e n t   and  a  

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

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

w h i c h   t h e   a n i s o t r o p i c   f i b e r s   in   e a c h   arm  a r e   o r i e n t e d  

in   a  d i r e c t i o n   a r r a n g e d   to   a b s o r b   to  t h e i r   maximum  t h e  

l o a d   c a r r i e d   by  t h a t   a rm.   The  r o t o r s   d e s c r i b e d   h e r e i n  

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

w h e r e i n   t h e   r o t a t i o n a l   s p e e d   is   in  e x c e s s   of  5 0 , 0 0 0  

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

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

t h e r e t o .  



1.  A  r o t o r   a p p a r a t u s   r o t a t a b l e   a b o u t   a n  a x i s   o f  

r o t a t i o n   (CL)  c o m p r i s i n g   a  g e n e r a l l y   e l o n g a t e d   a r m  

( 1 0 ; 1 0 ' )   h a v i n g   a  m a j o r   a x i s   ( 1 1 ) ,   t h e   arm  b e i n g  

f o r m e d   f rom  a  p l u r a l i t y   of  t u r n s   of  a  f i b e r   w o u n d  

in  g e n e r a l l y   p a r a l l e l   s i d e   p o r t i o n s   (18)  c o n n e c t e d  

t h r o u g h   c u r v e d   end  t u r n   p o r t i o n s   ( 2 0 ) ,   t h e   f i b e r s  

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

t h e   m a j o r   a x i s   ( 1 1 ) ,   t h e   h e i g h t   d i m e n s i o n   (H )  o f  

a  s i d e   p o r t i o n   (18)  o f   t h e   arm  a t   a  p o i n t   s u b -  

s t a n t i a l l y   midway   a l o n g   i t s   l e n g t h   b e i n g   l e s s   t h a n  

t h e   h e i g h t   d i m e n s i o n   (HE)  of   t h e   arm  a t   i t s   e n d .  

2.  The  r o t o r   of   c l a i m s   1  f u r t h e r   c o m p r i s i n g   a  s a m p l e  

c a r r i e r   (14)  p o s i t i o n e d   w i t h i n   e a c h   end  t u r n   ( 2 0 ) .  

3.  The  r o t o r   of  c l a i m   1  or  2,  w h e r e i n   a  c r o s s -  

s e c t i o n a l   a r e a   t a k e n   t h r o u g h   a  s i d e   p o r t i o n   ( 1 8 )  

i s   s u b s t a n t i a l l y   e q u a l   to   a  c r o s s - s e c t i o n a l   a r e a  
t a k e n   t h r o u g h   an  end   t u r n   p o r t i o n   ( 2 0 ) .  

4.  The  r o t o r   of  one  o f   c l a i m s   1  to   3,  w h e r e i n   t h e  

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

( 9 0 B , 9 0 C , 9 0 D )   l y i n g   a t   a  p r e d e t e r m i n e d   r a d i a l  

d i s t a n c e   f rom  t h e   a x i s   of   r o t a t i o n   (CL)  i s   g r e a t e r  
t h a n   t h e   m o d u l u s   o f   a  f i b e r   (90A)  l y i n g   r a d i a l l y  

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



5.  The  r o t o r   of  one  of  c l a i m s   1  to   4,  w h e r e i n   t h e  

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

d i s t a n c e   r a d i a l l y   i n w a r d l y   of   a  r e f e r e n c e   a x i s  

(96)  e x t e n d i n g   t h r o u g h   a  s i d e   p o r t i o n   (18)  i s   s u b -  

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

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

of  t h e   r e f e r e n c e   a x i s   ( 9 6 ) .  

6.  The  r o t o r   of  one  of  c l a i m s   1  to  5  f u r t h e r   c o m -  

p r i s i n g   a  w r a p p i n g   (28)  of   f i b e r s   e x t e n d i n g   t r a n s -  

v e r s e l y   a c r o s s   t h e   s i d e   p o r t i o n s   (18)  of   t h e   a r m s  

( 1 0 , 1 0 ' ) .  

7.  The  r o t o r   of  one  of  c l a i m s   1  to   6  f u r t h e r   c o m -  

p r i s i n g   a  p l u r a l i t y   of  b r a c i n g   f i b e r s   (97)  d i s -  

p o s e d   r a d i a l l y   o u t w a r d l y   of   e a c h   s i d e   p o r t i o n   ( 1 8 )  

g e n e r a l l y   midway   t h e r e a l o n g .  

8.  The  r o t o r   of  one  of  c l a i m s   1  to   7,  w h e r e i n   t h e  

f i b e r   i s   c o a t e d   w i t h   a  m a t r i x   m a t e r i a l   w h i c h   i s  

c u r a b l e   to   i m p a r t   r i g i d i t y   to   t h e   arm  ( 1 0 , 1 0 ' ) .  

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

s t a c k   of   N  arms  ( 1 0 , 1 0 ' ) ,   w h e r e   N  e q u a l s   o n e - h a l f  

M,  e a c h   arm  b e i n g   a  g e n e r a l l y   e l o n g a t e d   m e m b e r  

h a v i n g   a  m a j o r   a x i s   ( 1 1 ) ,   e a c h   arm  b e i n g   f o r m e d  

f rom  a  p l u r a l i t y   of  t u r n s   of   a  f i b e r   wound  i n  

g e n e r a l l y   p a r a l l e l   s i d e   p o r t i o n s   (18)  c o n n e c t e d  

t h r o u g h   c u r v e d   end  t u r n   p o r t i o n s   ( 2 0 ) ,   t h e   f i b e r s  

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

t h e   m a j o r   a x i s   ( 1 1 ) ,   t h e   h e i g h t   d i m e n s i o n   (H )  o f  

a  s i d e   p o r t i o n   (18)  of  e a c h   arm  a t   a  p o i n t   s u b -  

s t a n t i a l l y   midway  a l o n g   i t s   l e n g t h   b e i n g   l e s s   t h a n  

t h e   h e i g h t   d i m e n s i o n   (HE)  of  t h e   arm  a t   i t s   e n d .  



10.  The  r o t o r   of   c l a i m   9  f u r t h e r   c o m p r i s i n g   a  s a m p l e  

c a r r i e r   (14)  p o s i t i o n e d   w i t h i n   e a c h   end  t u r n   p o r -  

t i o n   ( 2 0 ) .  

11.   An  M - p l a c e   c e n t r i g u f e   r o t o r   c o m p r i s i n g :  

a  f i r s t   and  s e c o n d   t i e r e d   s t a c k   of  N  a r m s  

( 1 0 , 1 0 ' )   e a c h ,   w h e r e i n   N  e q u a l s   o n e - h a l f   M; 

e a c h   arm  ( 1 0 , 1 0 ' )   in   t h e   u p p e r   of   t h e   t i e r s  

(100)  b e i n g   a r r a n g e d   in   v e r t i c a l   r e g i s t r y   w i t h   a n  

arm  ( 1 0 , 1 0 ' )   in   t h e   l o w e r   of  t h e   t i e r s ;  

e a c h   arm  in   e a c h   t i e r   b e i n g   a  g e n e r a l l y  

e l o n g a t e d   member   h a v i n g   a  m a j o r   a x i s   ( 1 1 ) ,   e a c h  

arm  b e i n g   f o r m e d   f rom  a  p l u r a l i t y   of   t u r n s   o f  

f i b e r   wound  in   g e n e r a l l y   p a r a l l e l   s i d e   p o r t i o n s  

(18)  c o n n e c t e d   t h r o u g h   c u r v e d   end  t u r n   p o r t i o n s  

( 2 0 ) ,   t h e   f i b e r s   in   e a c h   s i d e   p o r t i o n   (18)  b e i n g  

g e n e r a l l y   p a r a l l e l   to   t h e   m a j o r   a x i s   ( 1 1 ) ,   t h e  

h e i g h t   d i m e n s i o n   (H )  of  a  s i d e   of  e a c h   arm  a t   a  

p o i n t   s u b s t a n t i a l l y   midway  a l o n g   i t s   l e n g t h   b e i n g  

l e s s   t h a n   t h e   h e i g h t   (HE)  of  t h e   arm  a t   i t s   e n d .  

12.  The  r o t o r   of   c l a i m   13  f u r t h e r   c o m p r i s i n g   a  s a m p l e  

c a r r i e r   (14)  r e c e i v e d   w i t h   t he   end  t u r n s   of   t h e  

r e g i s t e r e d   a r m s .  

13.  The  r o t o r   of  one  o f   c l a i m s   9  to  12,  w h e r e i n   t h e  

a x i s   of   e a c h   of   t h e   N  arms  of  e ach   t i e r   (100)  i s  

a n g u l a r l y   o f f s e t   f rom  t h e   a x i s   of  an  a d j a c e n t   a r m  

by  an  a n g l e   e q u a l   to   180°  d i v i d e d   by  N.  



14.  The  r o t o r   of  one  of  c l a i m s   9  to   13  w h e r e i n   t h e  

a x i s   of  e a c h   of  t he   N  arms  of   e a c h   t i e r   i s  

a n g u l a r l y   o f f s e t   f rom  t h e   a x i s   (11)  of   an  a d j a c e n t  

arm  ( 1 0 , 1 0 ' )   by  an  a n g l e   e q u a l   to   180°  d i v i d e d   b y  

N .  

15.  The  r o t o r   of  one  of   c l a i m s   9  to   14,  w h e r e i n   t h e  

h e i g h t   d i m e n s i o n   of  e a c h   arm  in   e a c h   s t a c k e d   t i e r  

(100)  t a k e n   s u b s t a n t i a l l y   a t   t h e   c e n t r a l   p o r t i o n  

t h e r e o f   i s   e q u a l   to   11N  t i m e s   t h e   h e i g h t   d i m e n s i o n  

of  t h e   arm  a t   i t s   end  t u r n   p o r t i o n   ( 2 0 ) .  
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