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§4)  Centrifuge  tube  holder. 
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(§7)  A  centrifuge  tube  holder  (10)  which  not  only  provides 
support  for  the  tubes  (23)  in  a  vertical  orientation  when  placed 
on  a  workbench,  but  also  horizontal  and  radial  support  when 
the  tubes  are  placed  in  a  centrifuge  rotor.  The  tube  holder  has 
at  least  two  sections  (12,  14)  which  are  pivotally  connected  to 
allow  for  upright  or  vertical  orientation  of  the  tubes  when 
placed  on  a  workbench.  The  two  sections  (12,  14)  can  be  pivo- 
tally  oriented  with  respect  to  each  other  to  place  the  tubes  hor- 
izontally  in  a  centrifuge  rotor  at  different  radial  angles  with  re- 
spect  to  each  other  with  reference  to  the  spin  axis  of  the  rotor. 
The  holder  (10)  also  incorporates  means  (40,  42)  for  securely 
holding  the  tubes  within  the  holder  (10)  while  they  are  being 
transported,  so  that  the  holder  (10)  can  be  inverted  without  the 
escape  of  the  tubes  (23).  On  the  other  hand,  the  biasing  or 
securing  means  for  the  tubes  in  the  holder  is  eliminated  when 
the  holder  is  at  rest  on  the  workbench  to  permit  convenient 
and  easy  insertion  or  removal  of  the  centrifuge  tubes.  The  tube 
holders  (10)  act  in  conjunction  with  a  spacer  (70)  within  the  ro- 
tor  bowl  to  not  only  provide  the  proper  placement  of  the  centri- 
fuge  tube  holders  during  centnfugation,  but  also  permit  ex- 
traction  of  the  holders  from  the  rotor  bowl  to  remove  essential- 
ly  all  obstructions  within  the  rotor  bowl  for  easier  cleaning  after 
a  centrifugation  run. 

An  alternate  embodiment  of  the  invention  holds  a  plurality 
of  small  volume  tubes  in  such  a  manner  that,  when  the  centri- 

fuge  rotor  is  at  rest,  the  tubes  will  be  oriented  at  an  inclined 
angle,  but  will  assume  essentially  a  horizontal  orientation  when 
the  centrifuge  rotor  is  operating.  The  holder  (111)  provides  im- 
proved  collar  (142)  support  for  the  centrifuge  tube  (140)  during 
centrifugation  and  also  provides  for  the  inclusion  of  a  tube  pi- 
vot  point  (126)  in  the  plate  to  enhance  the  proper  movement  of 
the  tube  from  its  at-rest  position  to  the  correct  support  posi- 
tion  during  operational  speeds  of  the  centrifuge  rotor. 
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Background   of  the  I n v e n t i o n  
The  p r e s e n t   i n v e n t i o n   is  d i r e c t e d   to  a  c e n -  

t r i f u g e   tube  h o l d e r   and,  more  p a r t i c u l a r l y ,   is  d i r e c t e d  
to  a  c e n t r i f u g e   tube  h o l d e r   which  p r o v i d e s   not   o n l y  
v e r t i c a l   s u p p o r t   for   the  tubes   when  p l a c e d   on  a  w o r k -  

bench,   but   a l so   h o r i z o n t a l   s u p p o r t   for  the  tubes   when 

p l a c e d   in  a  c e n t r i f u g e   r o t o r   in  such  a  manner  t h a t   e a c h  

of  at  l e a s t   two  tubes   have  d i f f e r e n t   r a d i a l   a n g l e s   w i t h  

r e s p e c t   the  sp in   ax is   of  the  r o t o r .  
In  many  ca se s   the  r acks   u t i l i z e d   for  h o l d i n g  

c e n t r i f u g e   t ubes   whi le   p l a c e d   on  a  t a b l e   top  or  w o r k -  
bench  have  a  d i f f e r e n t   c o n f i g u r a t i o n   than   the  f r a m e  
u t i l i z e d   for   s u p p o r t i n g   the  c e n t r i f u g e   t ubes   w i t h i n   t h e  
r o t o r   d u r i n g   c e n t r i f u g a t i o n .   These  d i f f e r e n t   c o n f i g u r -  
a t i o n s   n e c e s s i t a t e   the  p h y s i c a l   removal   of  the  t u b e  
from  the  tube  rack  to  the  s u p p o r t   mechanism  in  t h e  
r o t o r .   The  movement  of  the  c e n t r i f u g e   t ubes   e s p e c i a l l y  
a f t e r   the  c e n t r i f u g a t i o n   run  has  been  c o m p l e t e d   i s  

u n d e s i r a b l e ,   b e c a u s e   i t   is  p r e f e r a b l e   to  i m p a r t   t h e  
l e a s t   mot ion   or  d i s t u r b a n c e   to  the  c e n t r i f u g a t e d   s a m p l e  
as  p o s s i b l e .   O t h e r w i s e ,   the  d i s t u r b a n c e   to  the  c e n t r i -  

f u g a t e d   sample  may  be  such  t h a t   the  sample  may  become 

remixed ,   r e n d e r i n g   i t   u n u s a b l e   for   the  p u r p o s e   i n -  
t e n d e d .  

Some  p r i o r   a r t   a r r a n g e m e n t s   u t i l i z e   a  t u b e  
rack  which  is  c a p a b l e   of  p l a c e m e n t   d i r e c t l y   in  a  c e n -  
t r i f u g e .   However,  in  such  case  s i g n i f i c a n t   m o d i f i c a -  
t i o n   is  n e c e s s a r y   for  the  r o t o r   s t r u c t u r e   to  accommo- 
date   the  tube  r ack .   T h e r e f o r e ,   the  r o t o r   must  b e  

s p e c i f i c a l l y   a d a p t e d   to  hand le   the  p a r t i c u l a r   tube  r a c k  
c o n s t r u c t i o n .  

Also,   wi th   the  p r e v i o u s l y   used  types   o f  

c e n t r i f u g e   tube  r acks   or  h o l d e r s   t h a t   are  p l a c e d   i n  

r o t o r s ,   a  s e p a r a t e   rack  is  r e q u i r e d   for  each  row  o f  



c e n t r i f u g e   t u b e s   to  p r o v i d e   the  n e c e s s a r y   r a d i a l   o r  
a n g u l a r   o r i e n t a t i o n   wi th   r e s p e c t   to  the  sp in   ax is   i n  
the  case  of  a  f i x e d   h o r i z o n t a l   tube   r o t o r .   This  r e -  
s u l t s   in  a  l i m i t a t i o n   in  most  i n s t a n c e s   of  the  n u m b e r  
of  c e n t r i f u g e   t ubes   t h a t   can  be  p l a c e d   in  the  r o t o r   i n  
the  h o r i z o n t a l   o r i e n t a t i o n .   Also,   the  a p p a r a t u s   w i t h i n  
the  r o t o r   bowl  for   h o l d i n g   the  c e n t r i f u g e   t ubes   is  s u c h  
t h a t   each  t ime  the  c e n t r i f u g e   t u b e s   are  p l a c e d   as  a  

group  in  the  v a r i o u s   l o c a t i o n s   w i t h i n   the  r o t o r ,   t h e  
r o t o r   must  be  b a l a n c e d   p r i o r   to  the  c e n t r i f u g a t i o n   r u n .  
The  a p p a r a t u s   w i t h i n   the  bowl  to  s u p p o r t   the  t ubes   i s  

t y p i c a l l y   q u i t e   c o m p l i c a t e d   and  in  some  i n s t a n c e s   i s .  
s e c u r e d   in  a  somewhat  p e r m a n e n t   b a s i s   w i t h i n   the  r o t o r ,  
bowl.  This  c auses   a  d i s a d v a n t a g e   in  a t t e m p t i n g   t o  
c l e a n   the  i n t e r i o r   of  the  bowl  a f t e r   c e n t r i f u g a t i o n  
runs  when  a  sample  may  p o s s i b l y   l eak   or  s p i l l   from  t h e  
t u b e s .   The  i r r e g u l a r   shapes   of  the  a p p a r a t u s   used  t o  
hold   the  t ubes   makes  the  c l e a n i n g   of  the  i n t e r i o r   o f  
the  bowl  i n e f f i c i e n t   and  t ime  c o n s u m i n g .  

One  d i s t i n c t   d i s a d v a n t a g e   of  most  p r i o r   a r t  

c e n t r i f u g e   tube   h o l d e r s  o r   r acks   is  the  t i g h t   f i t   i n t o  
which  the  c e n t r i f u g e   tube   is  p l a c e d   in  the  a p e r t u r e   o r  
r e c e p t a c l e   p o r t i o n   of  the   h o l d e r .   This  is  r e q u i r e d   i n  
o r d e r   to  ho ld   the   c e n t r i f u g e   tube   s e c u r e l y   w i t h i n   t h e  

r ack   or  h o l d e r   and  p r e v e n t   the  l o s s   of  the  tube   f r o m  

the  r ack   i f   the   tube   h o l d e r   or  the  rack   is  i n v e r t e d .  

T h e r e f o r e ,   b e c a u s e   of  t h i s   t i g h t   f i t ,   the   tube   i s  
d i f f i c u l t   to  i n s e r t   and  remove  and  may  cause   a  j a r r i n g  

or  d i s t u r b a n c e   to  the  c e n t r i f u g a t e d   sample  when  t r y i n g  
to  remove  the  tube  c o n t a i n i n g   the  s a m p l e .  

Qui te   o f t e n   p r i o r   c e n t r i f u g e   tube  r acks   o r  
h o l d e r s   are  somewhat  c o m p l i c a t e d   in  d e s i g n ,   r e q u i r i n g  

an  e x p e n s i v e   o v e r a l l   s t r u c t u r e   which  is  n e i t h e r   c o n -  
v e n i e n t   to  use  nor  e c o n o m i c a l   to  m a n u f a c t u r e .  

The  p r e s e n t   i n v e n t i o n   is  a l so   d i r e c t e d   to  a  
c e n t r i f u g e   tube  a d a p t e r   or  h o l d e r   d e s i g n e d   to  c a r r y   a  



p l u r a l i t y   of  smal l   volume  tubes   w i t h i n   a  c e n t r i f u g e  
r o t o r   and  d e s i g n e d   to  p e r m i t   the  t ubes   to  p i v o t   from  a n  
i n c l i n e d   angle   when  the  r o t o r   is  at  r e s t   to  a  h o r i z o n -  
t a l   o r i e n t a t i o n   when  the  r o t o r   is  o p e r a t i o n a l .  

In  c e r t a i n   c l i n i c a l   t e s t s   or  e x p e r i m e n t s ,   i t  
is  d e s i r a b l e   to  p l a c e   a  l a r g e   number  of  s e p a r a t e   i n d i -  
v i d u a l   samples   in  a  p l u r a l i t y   of  very   smal l   volume  c e n -  
t r i f u g e   t ubes   for   p l a c e m e n t   in  a  s p e c i f i c   c e n t r i f u g a -  
t i o n   run  to  o b t a i n   the  d e s i r e d   s e p a r a t i o n   w i t h i n   t h e  

sample .   T h e r e f o r e ,   in  o r d e r   to  p r o v i d e   the  most  e f f i -  
c i e n t   use  of  the  c e n t r i f u g e ,   i t   is  d e s i r a b l e   to  p l a c e  
as  many  of  t h e s e   smal l   volume  tubes   w i t h i n   a  s i n g l e  
c e n t r i f u g e   r o t o r   as  p o s s i b l e   so  t h a t   each  c e n t r i f u g e  

run  is  as  e f f i c i e n t   as  p o s s i b l e .   One  a p p r o a c h   is  t h e  

p l a c e m e n t   of  a  p l u r a l i t y   of  smal l   volume  tubes   w i t h i n  

the  r o t o r   on  some  type  of  a d a p t e r   to  hold  the  t ubes   i n  

a  l a r g e   r o t o r   for  c e n t r i f u g a t i o n .  
The  p rob lem  wi th   p r e v i o u s   d e v i c e s   used  t o  

hand le   a  p l u r a l i t y   of  smal l   volume  tubes   r e l a t e d   to  t h e  

p r o p e r   o r i e n t a t i o n   of  the  t ubes   in  the  r o t o r   a f t e r   c e n -  
t r i f u g a t i o n .   I t   is  d e s i r a b l e   not  to  have  the  t u b e s  
remain   in  a  h o r i z o n t a l   p o s i t i o n   once  the  c e n t r i f u g a t i o n  
has  been  c o m p l e t e d .   Some  p r e v i o u s l y   d e s i g n e d   h o l d e r s  
t h a t   have  been  used  to  s u p p o r t   smal l   volume  tubes   d i d  

p r o v i d e   for  the  d e s i r e d   i n c l i n e d   r e s t   ang l e ,   but   d i d  

not  p r o v i d e   the  needed  s u p p o r t   to  the  upper   end  o r  
c o l l a r   of  the  tube   to  p r e v e n t   e x t r u s i o n   of  the  t u b e  

d u r i n g   c e n t r i f u g a t i o n .   In  o t h e r   words,   i t   is  i m p o r t a n t  
t h a t   s u p p o r t   is  p r o v i d e d   around  as  much  of  the  u p p e r  
end  of  the  tube  as  p o s s i b l e .   U n f o r t u n a t e l y ,   the  p r i o r  
a p p r o a c h e s   have  g e n e r a l l y   p r o v i d e d   s u p p o r t   to  t h e  
c o l l a r   of  the  s w i n g i n g   tube  on  two  s i d e s   l e a v i n g   o v e r  
180°  of  the  c o l l a r   p o r t i o n   of  the  tube  u n s u p p o r t e d  
which  r e s u l t s   in  p o s s i b l e   d e f l e c t i o n   or  d e f o r m i t y   i n  

the  t u b e .  



One  p r i o r   a r t   a r r a n g e m e n t   i n c o r p o r a t e s   a  f l a t  
t h i n   p l a t e   t h a t   has  e l o n g a t e d   h o l e s   i n t o   a  r o t o r   wi th   a  
p l u r a l i t y   of  r a d i a l l y   e x t e n d i n g   s e c t i o n s   or  arms  f o r m -  
ing  a  p l u r a l i t y   of  yokes .   S l o t s   are  formed  in  t h e  
o p p o s i n g   arms  w i t h i n   a  yoke  a rea   i n t o   which  the  f l a t  
t h i n   p l a t e   is  p o s i t i o n e d .   The  e l o n g a t e d   h o l e s   p e r m i t  
p i v o t i n g   of  the  t u b e s ,   bu t   t h e r e   is  no  l o c a t i n g   f u n c -  
t i o n   by  the  p l a t e   of  the  c o l l a r   of  the   t ube .   T h e r e -  

f o r e ,   q u i t e   o f t e n   the  c o l l a r   has  s i g n i f i c a n t l y   l e s s  
than   180°  of  s u p p o r t   which  may  cause   e x t r u s i o n   of  t h e  
tube   a round  the  c o l l a r   d u r i n g   h igh   speed  c e n t r i f u g a -  
t i o n .  

I t   is  a l so   e x t r e m e l y   i m p o r t a n t   d u r i n g   t h e  '  

o p e r a t i o n   of  the  c e n t r i f u g e   t h a t   the  t u b e s   be  g e n e r a l l y  
f r e e   to  move  be tween   the  h o r i z o n t a l   and  the  i n c l i n e d  

p o s i t i o n   d e p e n d i n g   upon  the  speed  of  the  c e n t r i f u g e .  
O t h e r w i s e ,   the  t ubes   may  become  askew  or  c a u g h t   in  t h e  

i m p r o p e r   p o s i t i o n .   One  r e a s o n   for   p rob l ems   in  t h i s  

a rea   has  been  the  l ack   of  p r o v i s i o n   of  a  p r o p e r   p i v o t  
edge  in  the  h o l d e r   upon  which  the  tube   can  r o t a t e   o r  
p i v o t   as  the  c e n t r i f u g e   moves  from  the  r e s t   p o s i t i o n   t o  
the   f u l l   o p e r a t i o n a l   speed .   S i m i l a r l y ,   the  p i v o t   a r e a  
is  i m p o r t a n t   w i th   r e s p e c t   to  the  movement  of  the  t u b e  
from  the  o p e r a t i o n a l   speed  to  the  r e s t   p o s i t i o n .  

Summary  of  the  I n v e n t i o n  
The  p r e s e n t   i n v e n t i o n   c o m p r i s e s   two  s e p a r a t e  

c e n t r i f u g e   tube   h o l d e r   s e c t i o n s   t h a t   are  p i v o t a l l y  
c o n n e c t e d   in  such  a  manner  t h a t   the  t ubes   are  v e r t i -  

c a l l y   s u p p o r t e d   when  the  h o l d e r   is  p l a c e d   on  a  t a b l e  

top  or  workbench   and  h o r i z o n t a l l y   s u p p o r t e d   when  p l a c e d  
in  a  r o t o r .   When  p l a c e d   in  the  r o t o r   at  l e a s t   two  o f  
the  t ubes   can  be  o r i e n t e d   at  d i f f e r e n t   r a d i a l   a n g l e s  
wi th   r e s p e c t   to  each  o t h e r   in  the  d i r e c t i o n   of  the   s p i n  
ax is   of  the  r o t o r .   The  p r e s e n t   h o l d e r   p r o v i d e s   t h e  

comple t e   s u p p o r t   for   the  c e n t r i f u g e   tube   when  p l a c e d   i n  

a  r o t o r ,   so  t h a t   no  a d d i t i o n a l   s u p p o r t   a p p a r a t u s   i s  



r e q u i r e d   for  p l a c e m e n t   w i t h i n   the  r o t o r   d u r i n g   c e n t r i -  

f u g a t i o n   of  the  sample  c a r r y i n g   t u b e s .  
The  p r e s e n t   tube  h o l d e r   i n c o r p o r a t e s   a  b i a s -  

ing  or  l o c k i n g   f e a t u r e   which  a u t o m a t i c a l l y   s e c u r e s   t h e  
t ubes   t i g h t l y   w i t h i n   the  h o l d e r   when  the  two  s e c t i o n s  

are  he ld   in  such  a  manner  t h a t   they   are  f o r c e d   t o w a r d  
each  o t h e r .   When  the  s e c t i o n s   are  r e l a x e d   and  n o t  
f o r c e d   toward  each  o t h e r ,   the  l o c k i n g   f e a t u r e   of  t h e  

h o l d i n g   d e v i c e   r e l e a s e s   i t s   c o n t a c t   on  the  tubes   a n d  

p e r m i t s   e a s i e r   i n s e r t i o n   and  removal   of  the  t ubes   f r o m  
the  h o l d e r .   The  a p e r t u r e s   or  s l o t s   w i t h i n   the  h o l d e r  

d e s i g n e d   to  r e c e i v e   the  tubes   are  made  of  s u f f i c i e n t  
s i z e   to  p e r m i t   the  easy  e n t r a n c e   and  removal   of  t h e  

c e n t r i f u g e   t u b e s .   The  un ique   d e s i g n   of  the  tube   h o l d e r  
is  such  t h a t   a  maximum  p l u r a l i t y   of  c e n t r i f u g e   t u b e s  

can  be  p l a c e d   w i t h i n   a  r o t o r   of  a  g iven   s i z e .  

Because   of  the  l o c k i n g   f e a t u r e   in  the  t u b e  

h o l d e r ,   the  p r e s e n t   i n v e n t i o n   a l lows   for   the  d e c a n t i n g  
of  the  tubes   e a s i l y   w i t h o u t   r e h a n d l i n g   them.  In  o t h e r  

words,   i t   is  not   n e c e s s a r y   to  remove  the  tube  f o r  

d e c a n t i n g   i f   d e s i r a b l e .   Also,   in  the  p r e s e n t   d e s i g n ,  
the  two  p i v o t a l   s e c t i o n s   are  f r a m e - l i k e   members  w h i c h  
have  t h e i r   end  p o r t i o n s   exposed   to  p e r m i t   v i s u a l   o b s e r -  
v a t i o n   of  the  t ubes   be ing   f i l l e d .  

The  p r e s e n t   tube   h o l d e r   p r o v i d e s   for   at  l e a s t  
two  rows  of  c e n t r i f u g e   tubes   in  one  h o l d e r   which  has  a 
p i v o t i n g   c a p a b i l i t y   so  t h a t   each  row  of  t e s t   t ubes   i s  

p r o p e r l y   a l i g n e d   wi th   the  f o r ce   f i e l d .   Other   c e n t r i -  

fuge  tube  h o l d e r s   hav ing   more  than   one  row  of  t ubes   do 
not  have  each  row  p r o p e r l y   a l i g n e d   wi th   the  f o r c e  
f i e l d .  

Once  c e n t r i f u g a t i o n   is  c o m p l e t e d ,   the  t u b e  
h o l d e r s   can  be  removed  from  the  bowl  r o t o r   and  a l l o w  
for  the  e f f i c i e n t   and  easy  c l e a n i n g   of  the  i n t e r i o r   o f  
the  bowl.  This  is  very   i m p o r t a n t   wi th   r e s p e c t   to  t h e  

a b i l i t y   to  e f f i c i e n t l y   use  the  c e n t r i f u g e   r o t o r   w h i c h  



would  r e q u i r e   a  minimum  of  t ime  for   c l e a n i n g   b e t w e e n  
c e n t r i f u g a t i o n   runs  when  n e c e s s a r y .  

The  p r e s e n t   tube   h o l d e r   a l so   has  u n i q u e l y   d e -  

s i g n e d   a p e r t u r e s   for   r e c e i p t   of  a  p l u r a l i t y   of  s m a l l  
volume  c e n t r i f u g e   t ubes   w h e r e i n   the  t ubes   assume  an  i n -  
c l i n e d   ang le   w i th   r e s p e c t   to  the  h o r i z o n t a l   when  t h e  
c e n t r i f u g e   r o t o r   is  at  r e s t ,   bu t   a u t o m a t i c a l l y   p i v o t   t o  
the  h o r i z o n t a l   d i r e c t i o n   when  the  c e n t r i f u g e   r o t o r   i s  
at  o p e r a t i o n a l   s p e e d .  

The  p r e s e n t   i n v e n t i o n   a l lows   for   the  f r e e  
p i v o t i n g   or  movement  of  the  smal l   volume  t ubes   as  t h e  
r o t o r   is  moving  from  i t s   r e s t   p o s i t i o n   to  f u l l   o p e r a - '  
t i o n a l   speed ,   as  wel l   as  when  the  r o t o r   is  moving  f r o m '  
i t s   f u l l   o p e r a t i o n a l   speed  to  i t s   r e s t   p o s i t i o n .   An 
i m p o r t a n t   f e a t u r e   to  the  p r e s e n t   i n v e n t i o n   to  e n h a n c e  
t h i s   p r o p e r   p i v o t a l   movement  of  the  tube   is  the   u t i l i -  
z a t i o n   of  a  b u i l t - i n   p i v o t   edge  which  ac t s   as  a  p i v o t  
for   the  tube   and  o p e r a t e s   in  c o n j u n c t i o n   wi th   c e n t r i -  

fuga l   f o r c e s   to  p romote   the  p r o p e r   movement  of  the   t u b e  
to  i t s   c o r r e c t   and  s p e c i f i c   s u p p o r t   l o c a t i o n .  

The  s u p p o r t   a rea   for   the  tube  when  in  t h e  

a p e r t u r e   of  the   tube   h o l d e r   is  g r e a t l y   i n c r e a s e d   o v e r  
the  d e s i g n s   of  p r e v i o u s   tube   h o l d e r s   or  a d a p t e r   p l a t e s  
for   smal l   volume  c e n t r i f u g e   t u b e s .   T y p i c a l l y ,   t h e  

s u p p o r t   a rea   found  on  the  p r e s e n t   i n v e n t i o n   is  o v e r  
180°  of  the  s u p p o r t   c o l l a r   on  the  t u b e .   This  is  e x -  
t r e m e l y   i m p o r t a n t   in  t h a t   i t   p r o v i d e s   more  d i s t r i b u t i o n  
in  the  s u p p o r t   of  the  tube   d u r i n g   c e n t r i f u g a t i o n   a n d  
t e n d s   to  p r e v e n t   any  e x t r u s i o n   or  d e f o r m i t y   in  the  t u b e  
caused   by  the  c e n t r i f u g a l   f o r c e s   d u r i n g   c e n t r i f u g 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  
F i g u r e   1  is  a  p e r s p e c t i v e   view  of  the  p r e s e n t  

i n v e n t i o n ;  

F i g u r e   2  is  a  top  end  view  of  the  tube   h o l d e r  
of  the  p r e s e n t   i n v e n t i o n   p l a c e d   in  a  r o t o r   w i th   t h e  

t u b e s   o r i e n t e d   in  a  h o r i z o n t a l   p o s i t i o n   wi th   d i f f e r e n t  

r a d i a l   a n g l e s ;  



F i g u r e   3  is  an  end  view  of  the  tube  h o l d e r  

s u p p o r t i n g   the  t ubes   in  a  v e r t i c a l   o r i e n t a t i o n   when 

p l a c e d   on  a  workbench  or  f l a t   s u r f a c e ;  
F i g u r e   4  is  a  s e c t i o n a l   view  t aken   a long   t h e  

l i n e s   4-4  in  F i g u r e   1 ;  
F igu re   5  is  a  p a r t i a l   s e c t i o n a l   view  t a k e n  

a long  l i n e s   5-5  in  F i g u r e   1; 
F i g u r e   6  is  a  t y p i c a l   bowl  type  of  r o t o r   i n t o  

which  the  p r e s e n t   i n v e n t i o n   components   are  p l a c e d ;  
F i g u r e   7  shows  a  tube  h o l d e r   in  p o s i t i o n  

w i t h i n   the  r o t o r   b o w l .  

F i g u r e   8  is  a  top  p e r s p e c t i v e   view  of  a n  
a l t e r n a t e   embodiment   of  the  p r e s e n t   i n v e n t i o n ;  

F i g u r e   9  is  a  bot tom  p e r s p e c t i v e   view  of  an  
a l t e r n a t e   embodiment   of  the  p r e s e n t   i n v e n t i o n ;  

F i g u r e   10  is  a  f r o n t   e l e v a t i o n a l   view  of  a 
second  a l t e r n a t e   embodiment   of  the  p r e s e n t   i n v e n t i o n ;  

F i g u r e   11  is  a  r e a r   or  back  e l e v a t i o n a l   v i e w  
of  a  second  a l t e r n a t e   embodiment   of  the  p r e s e n t   i n v e n -  

t i o n ;  

F i g u r e   12  is  a  s e c t i o n a l   view  t a k e n   a long  t h e  
l i n e s   12-12  in  F i g u r e   10 ;  

F i g u r e   13  is  a  p a r t i a l   s e c t i o n a l   view  of  t h e  
h o l d e r   of  F i g u r e s   10  and  11  showing  the  c e n t r i f u g e   t u b e  
shown  in  i t s   o r i e n t a t i o n   when  the  r o t o r   is  at  o p e r a -  
t i o n a l   s p e e d ;  

F i g u r e   14  is  a  p a r t i a l   s e c t i o n a l   view  s i m i l a r  
to  F igu re   13  wi th   the  c e n t r i f u g e   tube  shown  in  i t s  
o r i e n t a t i o n   when  the  c e n t r i f u g e   r o t o r   is  at  r e s t ;  

F i g u r e   15  is  a  s c h e m a t i c   s k e t c h   of  the  c e n -  
t r i f u g e   tube  c o l l a r   showing  the  a rea   s u p p o r t e d   by  p r i o r  
a r t   h o l d e r   s u p p o r t   mechan i sms ;   a n d  

F i g u r e   16  is  a  s c h e m a t i c   s k e t c h   of  a  t u b e  
c o l l a r   showing  the  p o r t i o n   which  is  s u p p o r t e d   by  t h e  
tube  h o l d e r   of  the  p r e s e n t   i n v e n t i o n .  



D e t a i l e d   D e s c r i p t i o n   of  the   I n v e n t i o n  
The  h o l d e r   d e v i c e   10  is  shown  in  F i g u r e   1 

h a v i n g   two  p i v o t a l   tube   s u p p o r t   s e c t i o n s   12  and  14 
which  are  mounted  on  a  c e n t r a l   s u p p o r t   member  16.  E a c h  
of  the  p i v o t a l   members  12  and  14  have  a  s u p p o r t   s u r f a c e  
18  and  20,  r e s p e c t i v e l y ,   which  c o n t a i n   t ube   h o l d i n g  
a p e r t u r e s   22  i n t o   which  c e n t r i f u g e   t u b e s   23  are  p l a c e d ,  
as  shown  in  F i g u r e s   2  and  3.  Also,   the   p i v o t a l   p o r -  
t i o n s   12  and  14  have  r e s p e c t i v e   leg   members  24  and  26 
which  p r o v i d e   s u p p o r t   when  the  tube   r ack   h o l d e r   i s  

p l a c e d   on  a  workbench   or  p l a c e d   in  a  c e n t r i f u g e   r o t o r .  
As  shown  more  c l e a r l y   in  F i g u r e   4,  each  o f ,  

the  p i v o t i n g   s u p p o r t   or  r e c e p t a c l e   p o r t i o n s   12  and  14i 
have  s l i g h t l y   i n c l i n e d   b e a r i n g   s u r f a c e s   28  and  30  w h i c h  

are  d e s i g n e d   to  r e s t   on  the  top  cu rved   s u r f a c e   32  o f  
the   c e n t e r   s u p p o r t   member  16  when  the   p i v o t i n g   members  
12  and  14  are  p i v o t e d   o u t w a r d l y   as  shown  in  F i g u r e   4 .  

T h e r e f o r e ,   the  s u r f a c e s   28  and  30  w i l l   bea r   a  s i g n i f i -  
can t   amount  of  the   f o r c e s   of  the   p i v o t   s e c t i o n s   12  a n d  
14  d u r i n g   c e n t r i f u g a t i o n .   C o n s e q u e n t l y ,   the   means  f o r  

p i v o t a l l y   c o n n e c t i n g   the  p i v o t a l   members  12  and  14  t o  
the  c e n t r a l   s u p p o r t   16  w i l l   no t   have  to  bea r   a  s i g n i f i -  
c a n t   p o r t i o n   of  the   load   d u r i n g   c e n t r i f u g a t i o n .  

As  shown  in  F i g u r e   5,  one  example  of  p i v o t a l -  
ly  a t t a c h i n g   each  of  the  p i v o t a l   p o r t i o n s   12  and  14  t o  
the  c e n t r a l   p o r t i o n   16  cou ld   be  the  use  of  the   d e t e n t  

a r r a n g e m e n t   h a v i n g   a  s p h e r i c a l   p r o t r u d i n g   p o r t i o n   34  on  
the  c e n t r a l   s u p p o r t   member  16  and  a  r e c e s s e d   m a t i n g  
p o r t i o n   or  a rea   36  on  the  c o n n e c t i n g   arms  38  on  each  o f  
the   p i v o t a l   members  12  and  14.  I t   s h o u l d   be  n o t e d ,  
however ,   t h a t   o t h e r   means  cou ld   be  u t i l i z e d   to  p r o v i d e  
the  p i v o t i n g   of  the  moving  s e c t i o n s   12  and  14  to  t h e  
c e n t r a l   p o r t i o n   16.  These  means  cou ld   u t i l i z e   a  c o n t i -  

nuous  bar   t h r o u g h o u t   the  l e n g t h   of  the  c e n t r a l   s e c t i o n  

16  or  the  use  of  p i v o t i n g   b o l t s   or  s c r ews ,   e t c .   The  
d e s i r a b l e   use  of  the  d e t e n t   or  snap  type  r e l a t i o n s h i p  



of  a  s p h e r i c a l   p r o j e c t i o n   34  and  r e c e s s   36  as  shown  i n  

F i g u r e   5  is  t h a t   the  h o l d e r   s e c t i o n s   which  p r e f e r a b l y  
w i l l   be  molded  out  of  high  s t r e n g t h   p l a s t i c   can  b e  

snapped   i n t o   and  out  of  engagement   wi th   the  c e n t r a l  

p o r t i o n   16  to  enab l e   b e t t e r   c l e a n i n g   of  the  h o l d e r   a s  
d e s i r e d .  

As  shown  in  F igu re   3,  when  i t   is  d e s i r a b l e   t o  

move  the  tube  h o l d e r   wi th   t ubes   t h e r e i n   to  a  p o s i t i o n  
for  d e c a n t i n g ,   the  movement  of  the  s u p p o r t   legs   24  a n d  

26  toward   each  o t h e r   r e s u l t s   in  the  e n l a r g e d   l o c k i n g  
s u r f a c e s   40  and  42  on  the  c e n t r a l   p o r t i o n   16  c o n t a c t i n g  
the  t ubes   23  and  h o l d i n g   them  s e c u r e   w i t h i n   the  h o l d e r  
d e v i c e .   D e c a n t i n g   is  done  in  many  i n s t a n c e s   to  r emove  
the  unwanted   s o l u t i o n   and  l eave   the  c e n t r i f u g a t e d  

p e l l e t   in  the  bo t tom  for  a n a l y s i s .   C o n s e q u e n t l y ,   i t   i s  

q u i t e   s imple   and  e x p e d i t i o u s   to  remove  the  s o l u t i o n  

from  a  p l u r a l i t y   of  c e n t r i f u g a t e d   t ubes   in  the  t u b e  
h o l d e r   for  r e t a i n i n g   of  the  p e l l e t   at  the  bo t tom  of  t h e  

t u b e s .   The  h o l d i n g   of  the  r e s p e c t i v e   leg  p o r t i o n s   24 

and  26  of  the  p i v o t i n g   s e c t i o n s   12  and  14  a u t o m a t i c a l l y  
w i l l   lock  or  hold   the  t ubes   in  p l a c e   when  they  a r e  
i n v e r t e d   b e c a u s e   of  the  bumper  or  l o c k i n g   s u r f a c e s   40 
and  42  on  the  c e n t r a l   p o r t i o n   16 .  

The  un ique   a r r a n g e m e n t   of  the  p r e s e n t   i n v e n -  
t i o n   a l lows   for  the  dual   usage  of  the  d e v i c e .   As  shown 
in  F i g u r e   3,  the  h o l d e r   d e v i c e   10  can  be  p l a c e d   on  a 
workbench  or  t a b l e   top  43  wi th   the  s u p p o r t   legs   o r  
p o r t i o n s   24  and  26  o r i e n t e d   in  a  somewhat  p a r a l l e l  
o r i e n t a t i o n   wi th   the  c e n t r a l   p o r t i o n   16  to  v e r t i c a l l y  

s u p p o r t   the  c e n t r i f u g e   t u b e s .   However,  when  i t   i s  
d e s i r a b l e   to  c e n t r i f u g a t e   the  c e n t r i f u g e   t u b e s ,   t h e  
e n t i r e   d e v i c e   is  p l a c e d   w i t h i n   a  c e n t r i f u g e   r o t o r   44  a s  
shown  in  F i g u r e   2  w h e r e i n   the  bot tom  edges  46  and  48  o f  

the  s u p p o r t   s e c t i o n s   12  and  14  c o n t a c t   the  i n t e r i o r  

s ide   s u r f a c e   50  of  the  r o t o r   44.  Also,   the  bot tom  e d g e  
52  of  the  c e n t r a l   member  16  is  in  c o n t a c t   with  t h e  



i n t e r i o r   s i de   s u r f a c e   50  of  the  r o t o r .   T h e r e f o r e ,   a s  
shown  in  F i g u r e   2,  the   h o l d e r   d e v i c e   is  p l a c e d   i n t o   t h e  

r o t o r   on  end  so  t h a t   the   t ubes   w i l l   m a i n t a i n   or  a s s u m e  
a  h o r i z o n t a l   o r i e n t a t i o n .   Dur ing   c e n t r i f u g a t i o n   a l l  
the  leg   p o r t i o n s   24  and  26  of  the  p i v o t i n g   a r e a s   o r  
p o r t i o n s   12  and  14  a long   wi th   the  c e n t r a l   p o r t i o n   16 

p r o v i d e   s u p p o r t   to  the  t ubes   d u r i n g   c e n t r i f u g a t i o n .  
In  o r d e r   to  p r o p e r l y   o r i e n t   the  t ubes   w i t h  

r e s p e c t   to  the  sp in   ax i s   of  the  r o t o r ,   the  p i v o t i n g  
p o r t i o n s   12  and  14  are  o r i e n t e d   as  shown  in  F i g u r e   2 
wi th   a  p i v o t   of  a p p r o x i m a t e l y   15°  wi th   r e s p e c t   to  t h e  

l o n g i t u d i n a l   c e n t e r   l i n e s   54  of  the   c e n t r i f u g e   t u b e s .  
23.  This  p e r m i t s   each  of  the  t ubes   to  be  p r o p e r l y  ,  
o r i e n t e d   w i th   the  sp in   ax is   and  f o r ce   f i e l d   d u r i n g  
c e n t r i f u g a t i o n .   As  p r e v i o u s l y   d i s c u s s e d   wi th   r e s p e c t  
to  F i g u r e   4,  the  b e a r i n g   s u r f a c e s   28  and  30  of  the  s u p -  
p o r t   p o r t i o n s   12  and  14  on  the  c e n t r a l   s u p p o r t   w i l l  

assume  a  s i g n i f i c a n t   amount  of  the  load ,   r e d u c i n g   t h e  
f o r c e s   on  the  p i v o t a l   c o n n e c t i o n s   be tween   the  p i v o t i n g  
s e c t i o n s   12  and  14  of  the   s u p p o r t   member  1 6 .  

The  g e n e r a l   c o n f i g u r a t i o n   of  the  r o t o r   44  i s  

shown  in  F i g u r e   7  h a v i n g   e s s e n t i a l l y   a  bowl  shape  o r  
ho l low  i n t e r i o r   i n t o   which  the  h o l d e r   d e v i c e s   10  a r e  
p l a c e d .   As  p r e v i o u s l y   e x p l a i n e d   wi th   r e s p e c t   to  F i g u r e  

2,  the  bo t tom  edges  46  and  48  of  the   s u p p o r t   s e c t i o n s  

12  and  14  c o n t a c t   the  i n t e r i o r   s i de   s u r f a c e   50  of  t h e  

r o t o r .   The  i n t e r i o r   of  the  r o t o r   is  e s s e n t i a l l y   s m o o t h  

on  i t s   s i de   i n t e r i o r   s u r f a c e   50.  At  the  c e n t e r   of  t h e  

r o t o r   is  a  c o n n e c t i o n   p o s t   62  i n t o   which  a  cove r ,   n o t  

shown,  is  s e c u r e d   a f t e r   the  i n s e r t i o n   and  b a l a n c i n g   o f  
the  h o l d e r   members  10  w i th   the  c e n t r i f u g e   t u b e s .   T h i s  

cove r   is  n e c e s s a r y   in  o r d e r   to  p r o v i d e   a  smooth  e x t e r -  
i o r   s u r f a c e   to  the  r o t o r   to  e l i m i n a t e   p o t e n t i a l   a i r  

f r i c t i o n   which  would  o t h e r w i s e   occu r   d u r i n g   the  o p e r a -  
t i o n   of  the  r o t o r .  



In  o rde r   to  p r o p e r l y   p o s i t i o n   the  p l u r a l i t y  
of  tube  h o l d e r s   10  w i t h i n   the  r o t o r   44,  a  s u p p o r t  
member  or  s p a c e r   64  as  shown  in  F igu re   6  is  mounted  on 
the  c e n t e r   p o s t   62  in  the  i n t e r i o r   of  the  r o t o r .   The 

s p a c e r   64  has  a  c e n t r a l   r i n g   p o r t i o n   66  d e s i g n e d   t o  
r e c e i v e   the  c e n t e r   p o s t   62  of  the  r o t o r .   E x t e n d i n g  
from  the  c e n t e r   r i n g   p o r t i o n   66  are  a  p l u r a l i t y   o f  
d i v i d e r   members  70  which  are  d e s i g n e d   to  p o s i t i o n   a n d  

p r o p e r l y   space  the  tube  h o l d e r s   w i t h i n   the  bowl  r o t o r  
44  of  F i g u r e   6 .  

R e f e r e n c e   is  made  to  F igu re   7  showing  t h e  

s p a c e r   64  w i t h i n   the  bowl  r o t o r   44  wi th   a  s i n g l e   t u b e  
h o l d e r   10  showing  i t s   g e n e r a l   o r i e n t a t i o n   wi th   r e s p e c t  
to  the  i n t e r i o r   s ide   s u r f a c e   50  of  the  r o t o r   44.  F o r  

o p e r a t i o n a l   p u r p o s e s   a  b a l a n c e d   number  of  tube  h o l d e r s  
have  to  be  p l a c e d   w i t h i n   the  r o t o r   to  p r o v i d e   t h e  

p r o p e r   o p e r a t i o n   of  the  r o t o r .   The  s p a c e r   d i v i d e r  

members  70  p r o v i d e   the  p r o p e r   o r i e n t a t i o n   and  p l a c e m e n t  
of  each  of  the  tube  h o l d e r s   in  a  p r o p e r l y   b a l a n c e d  

c o r r e s p o n d i n g   l o c a t i o n   around  the  c i r c u m f e r e n c e   of  t h e  

r o t o r   4 4 .  
Once  c e n t r i f u g a t i o n   has  been  c o m p l e t e d ,   t h e  

e n t i r e   h o l d e r   a s sembly   10  can  be  removed  from  the  r o t o r  
44  and  p l a c e d   on  a  workbench  43  shown  in  F i g u r e   3 
whe re in   the  h o l d e r   ac t s   as  a  s u p p o r t   means  for  t h e  
tubes   s u b s e q u e n t   to  c e n t r i f u g a t i o n .   Also,   i t   may  b e  
d e s i r a b l e   to  d e c a n t   the  s o l u t i o n   from  each  of  the  t u b e s  
and  to  l eave   the  r e m a i n i n g   p e l l e t   for   l a t e r   a n a l y s i s .  

By  s imply   g r a s p i n g   the  p i v o t i n g   s e c t i o n s   12  and  14  a n d  
moving  them  toward   each  o t h e r ,   the  l o c k i n g   or  b e a r i n g  
s u r f a c e s   40  and  42  on  the  c e n t r a l   p o r t i o n   w i l l   hold   t h e  
tubes   s e c u r e   w i t h i n   the  h o l d e r   and  a l low  for  the  i n v e r -  
s i o n  - f   the  h o l d e r   to  remove  the  unwanted   s o l u t i o n .  

A f t e r   a l l   of  the  tube  h o l d e r s   have  b e e n  
removed  from  the  c e n t r i f u g e   bowl  r o t o r   44,  the  i n t e r i o r  
of  the  bowl  r o t o r   is  e s s e n t i a l l y   smooth  and  f ree   of  a n y  



p r o j e c t i o n s ,   e x c e p t   for   the  s p a c e r   so  t h a t   any  n e c e s -  
s a r y   c l e a n i n g   of  the   i n t e r i o r   of  the  r o t o r   can  b e  
a c c o m p l i s h e d   wi th   e a s e .   T y p i c a l l y ,   i t   is  n e c e s s a r y   i n  
the  case   of  any  p o s s i b l e   l e a k a g e   of  one  of  the  t u b e  

samples   t h a t   the  i n t e r i o r   be  c l e a n s e d   b e f o r e   the  n e x t  

c e n t r i f u g a t i o n   r u n .  
An  a l t e r n a t e   embodiment   80  of  the  p r e s e n t  

i n v e n t i o n   is  shown  in  F i g u r e   8  h a v i n g   two  p i v o t a l   t u b e  

s u p p o r t   s e c t i o n s   82  and  84  which  are  p i v o t a l l y   c o n n e c -  
t ed   to  each  o t h e r   in  a  manner  which  w i l l   be  d e s c r i b e d  
in  more  d e t a i l   be low.   Each  of  the  tube   s u p p o r t   s e c -  
t i o n s   has  a  p l u r a l i t y   of  a p e r t u r e s   86  which  are  d e -  
s i g n e d   to  r e c e i v e   c e n t r i f u g e   t u b e s .   Each  of  the  s u p - '  
p o r t   s e c t i o n s   82  and  84  have  a  s u p p o r t   s u r f a c e   88  a n d  
90  r e s p e c t i v e l y   in  which  are  l o c a t e d   the  a p e r t u r e s   8 6 .  
Each  of  the  s u p p o r t   s e c t i o n s   have  a  s u p p o r t   leg  92  a n d  
94  r e s p e c t i v e l y   which  p r o v i d e   s u p p o r t   for   the  h o l d e r  
d e v i c e   when  i t   is  used  as  a  s u p p o r t   for   t e s t   t ubes   in  a  
v e r t i c a l   o r i e n t a t i o n   on  a  work ing   t a b l e   or  when  p l a c e d  
in  a  r o t o r .   I t   s hou ld   be  n o t e d   t h a t   the   h o l d e r   d e v i c e  

80  o p e r a t e s   wi th   r e s p e c t   to  s u p p o r t   for   c e n t r i f u g e  
t ubes   in  bo th   the  r o t o r   and  on  a  work ing   t a b l e   in  t h e  

same  manner  as  d e s c r i b e d   p r e v i o u s l y   wi th   r e s p e c t   t o  
h o l d e r   d e v i c e   1 0 .  

As  shown  more  c l e a r l y   in  F i g u r e   9,  the  s u p -  
p o r t   s e c t i o n   84  has  a  p l u r a l i t y   of  c e n t e r   l egs   or  p o s t s  
96,  98  and  100  which  are  i n t e g r a l l y   formed  wi th   t h e  

s u p p o r t   s e c t i o n   84.  S i m i l a r l y ,   s u p p o r t   s e c t i o n   82  h a s  
the  c e n t e r   l egs   or  s u p p o r t s   102,  104  and  106.  C o n s e -  

q u e n t l y ,   the  l egs   from  each  of  the  r e s p e c t i v e   s e c t i o n s  

are  o r i e n t e d   in  a l t e r n a t i n g   s equence   a long   the  l o n g i t u -  
d i n a l   l e n g t h   of  the  h o l d e r   to  form  the  c e n t e r   s u p p o r t  
for   the  h o l d e r   d e v i c e   80.  When  the  h o l d e r   d e v i c e   80  i s  

p l a c e d   w i t h i n   the  r o t o r   in  a  manner  s i m i l a r   as  shown  i n  

F i g u r e   2  for   the  h o l d e r   d e v i c e   10,  the  p l u r a l i t y   o f  

c e n t e r   l egs   or  s u p p o r t s   96-106  p e r f o r m   the  same  f u n c -  



t i o n   as  the  c e n t e r   p o s t   16  in  the  h o l d e r   dev i ce   10.  I n  
o t h e r   words,   when  in  the  r o t o r ,   the  h o l d e r   dev i ce   80 
r e c e i v e s   s u p p o r t   in  i t s   c e n t e r   s e c t i o n   from  the  c e n t e r  

legs   96-106.   Also,   i t   shou ld   be  no ted   t h a t   a l l   of  t h e  

legs   96-106  are  l i n e d   in  s i d e - b y - s i d e   r e l a t i o n   w i t h  
t h e i r   s u r f a c e s   in  a l i g n m e n t   as  shown  in  F igu re   9  when 

p l a c e d   w i t h i n   the  r o t o r   in  an  o r i e n t a t i o n   as  shown  i n  

F i g u r e   2  for  the  h o l d e r   dev i ce   10 .  
The  s u p p o r t   s e c t i o n s   82  and  84  are  p i v o t a l l y  

c o n n e c t e d   t o g e t h e r   by  two  p i v o t i n g   p i n s .   One  of  t h e  

p ins   108  is  c o n n e c t e d   be tween   the  s u p p o r t   legs   96  o f  
the  s e c t i o n   84  and  leg  102  of  s e c t i o n   82.  Another   p i n  
not  shown  is  p i v o t a l l y   c o n n e c t e d   be tween   the  leg  106  o f  
s e c t i o n   82  and  leg  100  of  s e c t i o n   84.  C o n s e q u e n t l y ,   a s  
shown  in  F i g u r e   8,  the  r e s p e c t i v e   s e c t i o n s   84  and  82 

can  be  p i v o t e d   so  t h a t ,   for  i n s t a n c e ,   the  legs   96  a n d  
102  are  at  an  angle   to  each  o t h e r .   When  the  h o l d e r  
d e v i c e   80  is  used   as  a  s u p p o r t   for   the  t ubes   in  a 
v e r t i c a l   d i r e c t i o n   as  shown  for   the  h o l d e r   d e v i c e   10  i n  

F i g u r e   3,  the  s u p p o r t   legs   of  the  s e c t i o n   82  and  t h e  

s u p p o r t   l egs   of  the  s e c t i o n   84  are  at  an  angle   to  e a c h  
o t h e r   in  the  manner  s i m i l a r   shown  wi th   r e s p e c t   to  l e g s  
96  and  102.  The  c e n t e r   legs   96-106,   as  wel l   as  t h e  
s ide   legs   92  and  94,  p r o v i d e   s u p p o r t   to  the  h o l d e r  
d e v i c e   when  the  h o l d e r   d e v i c e   80  is  o r i e n t e d   or  p l a c e d  
on  a  t a b l e   for  v e r t i c a l   s u p p o r t   of  the  t u b e s .  

I t   shou ld   be  no ted   t h a t   the  p i v o t i n g   s u p p o r t  
s e c t i o n   82  has  a  c e n t r a l   s u p p o r t   s u r f a c e   110  which  i s  

d e s i g n e d   to  mate  wi th   the  c e n t r a l   s u p p o r t   s u r f a c e   112 
of  the  s u p p o r t   s e c t i o n   84.  T h e r e f o r e ,   when  the  h o l d e r  
80  is  p l a c e d   w i t h i n   the  c e n t r i f u g e   r o t o r ,   the  s u r f a c e s  
110  and  112  are  in  c o n t a c t   wi th   each  o t h e r   to  p r o v i d e  
s u p p o r t   as  shown  in  F i g u r e   9 .  

Another   a l t e r n a t e   embodiment   h o l d e r   d e v i c e  

111  of  the  p r e s e n t   i n v e n t i o n   shown  in  F i g u r e s   2  and  3 
is  s i m i l a r   to  the  a r r a n g e m e n t   shown  in  F igu re   1.  The 



two  s u p p o r t   s e c t i o n s   113  and  114  are  p i v o t a l l y   c o n -  
n e c t e d   to  a  c e n t r a l   s u p p o r t   116.  The  c e n t r i f u g e   t u b e s  

are  p l a c e d   in  a  p l u r a l i t y   of  h o l e s   118  in  the   top  p o r -  
t i o n s   or  p a n e l s   120  and  122  of  the  r e s p e c t i v e   s u p p o r t  
s e c t i o n s   113  and  114.  The  c o m b i n a t i o n   of  the   c e n t r a l  

s u p p o r t   116  and  the  two  s u p p o r t   s e c t i o n s   113  and  114 

c a r r y   and  s u p p o r t   c e n t r i f u g e   t u b e s   when  in  the  r o t o r  
and  when  on  the  work  t a b l e   in  the  manner  d e s c r i b e d  
a b o v e .  

The  h o l d e r   111  in  F i g u r e   10  has  a  p l u r a l i t y  
of  a p e r t u r e s   118,  each  of  which  is   d e s i g n e d   to  r e c e i v e  

a  smal l   volume  c e n t r i f u g e   tube   d e s i g n e d   to  ho ld   a p p r o x - '  
i m a t e l y   1.5  ml.  As  shown  wi th   r e s p e c t   to  F i g u r e   1 2 ,  
the  h o l d e r   111  has  a  r e l a t i v e l y   smal l   dep th   or  t h i c k -  

ness   and  is  p r e f e r a b l y   made  of  ha rd   p l a s t i c - t y p e   ma-  
t e r i a l .   A  g e n e r a l l y   s e m i c i r c u l a r   t a p e r e d   a rea   124  i s  
formed  at  the  upper   end  126  of  each  of  the  a p e r t u r e s  
118  wi th   r e s p e c t   to  F i g u r e s   10  and  12.  This  t a p e r e d  
p o r t i o n   e x t e n d s   from  the  f r o n t   s u r f a c e s   121  and  123  o f  
the  p a n e l s   120  and  122,  r e s p e c t i v e l y ,   to  the  upper   e d g e  
126  of  each  of  the  a p e r t u r e s .   The  t a p e r   as  shown  i n  

F i g u r e   12  is  a p p r o x i m a t e l y   45°  wi th   r e s p e c t   to  t h e  
h o r i z o n t a l   r e f e r e n c e   A. 

Also,   as  shown  wi th   r e s p e c t   to  F i g u r e s   11  a n d  

12,  a  g e n e r a l l y   s e m i c i r c u l a r   t a p e r e d   p o r t i o n   134  f o r  

each  of  the  a p e r t u r e s   118  is  l o c a t e d   on  the  back  s u r -  
f a ce s   130  and  131  of  the  p a n e l s   120  and  122  and  e x t e n d s  
from  the  back  s u r f a c e   130  of  the  h o l d e r   to  the  b o t t o m  

p a r t   138  of  each  of  the  a p e r t u r e s   118.  The  i n c l i n e  
w i th   r e s p e c t   to  the  t a p e r e d   a rea   134  on  the  back  s u r -  
face   130  of  the  p a n e l   120  is  a p p r o x i m a t e l y   30°  w i t h  

r e s p e c t   to  the  h o r i z o n t a l   B  as  shown  in  F i g u r e   1 2 .  
Each  of  the  a p e r t u r e s   has  an  upper   h o r i z o n t a l   a rea   o r  

l edge   p o r t i o n   126  and  a  lower  h o r i z o n t a l   a rea   or  l e d g e  
p o r t i o n   1 3 8 .  



As  shown  in  F i g u r e   14,  a  c e n t r i f u g e   tube  140 
wi th   i t s   s u p p o r t   c o l l a r   142  and  cap  p o r t i o n   144  is  i n -  

s e r t e d   i n to   one  of  the  a p e r t u r e s   118  w i t h i n   the  h o l d e r  
111.  When  the  h o l d e r   10  is  p o s i t i o n e d   v e r t i c a l l y   in  a 
r o t o r   which  is  s t a t i o n a r y ,   the  tube  w i l l   o r i e n t   at  a p -  
p r o x i m a t e l y   30°  wi th   r e s p e c t   to  the  h o r i z o n t a l ,   s i n c e  
the  s ide   s u r f a c e   146  of  the  tube  140  w i l l   be  o r i e n t e d  
wi th   the  lower  t a p e r e d   p o r t i o n   134  in  the  a p e r t u r e   1 1 8 .  
As  the  c e n t r i f u g e   r o t o r   is  moved  from  the  r e s t   p o s i t i o n  
to  the  o p e r a t i o n a l   speed  of  the  c e n t r i f u g e ,   the  tube  40 
w i l l   p i v o t   to  the  h o r i z o n t a l   p o s i t i o n   shown  in  F i g u r e  
13.  The  upper   h o r i z o n t a l   s u r f a c e   126  w i t h i n   each  o f  
the  a p e r t u r e s   118  w i l l   p r o v i d e   a  p i v o t   edge  a r o u n d  
which  a  tube  w i l l   p i v o t   to  a u t o m a t i c a l l y   f ind   i t s   p r o p -  
er  s u p p o r t   o r i e n t a t i o n   for  the  c o l l a r   142  of  the  t u b e .  
I t   shou ld   be  no ted   t h a t   the  s h o u l d e r   a rea   148  of  t h e  
c o l l a r   142  w i l l   f ind   s u p p o r t   on  the  f r o n t   s u r f a c e   121 
and  123  of  the  r e s p e c t i v e   p a n e l s   120  and  122  a round  t h e  

a p e r t u r e   1 1 8 .  
Because   of  the  un ique   d e s i g n   of  the  p r e s e n t  

i n v e n t i o n ,   the  s u p p o r t   of  the  h o l d e r   for  the  s h o u l d e r  
148  of  the  tube  w i l l   a lways  be  wel l   over  180°  a r o u n d  
the  c o l l a r   of  the  tube  as  shown  in  the  shaded  p o r t i o n  
of  F i g u r e   16.  T h e r e f o r e ,   the  s u p p o r t   is  d i s t r i b u t e d  
around  a  major   p o r t i o n   of  the  c o l l a r   of  the  tube  a n d  
w i l l   p r e v e n t   any  type  of  e x t r u s i o n   or  d e f o r m i t y   in  t h e  
tube  when  s u b j e c t e d   to  the  h igh  f o r c e s   i nduced   by  c e n -  
t r i f u g a t i o n .   P r i o r   a p p r o a c h e s   for  e s t a b l i s h i n g   a  h o l -  
der  d e v i c e   to  c a r r y   a  p l u r a l i t y   of  smal l   volume  t u b e s  
had  a  s i g n i f i c a n t l y   s m a l l e r   a rea   of  the  c o l l a r   s u p -  
p o r t e d   d u r i n g   c e n t r i f u g a t i o n   and,  t h e r e f o r e ,   caused   t h e  
tube  to  be  p o s s i b l y   s u b j e c t e d   to  d e f o r m a t i o n   b e c a u s e   o f  
the  h igh  s t r e s s   e x e r t e d   at  the  r e l a t i v e l y   smal l   s u p p o r t  
a r ea .   This  was  b e c a u s e   in  the  p i v o t i n g   of  the  tube  i n  

p r e v i o u s   a r r a n g e m e n t s   the  tube  would  randomly  f ind   i t s  

e q u i l i b r i u m   p o s i t i o n   which  r e s u l t e d   in  l e s s   s u p p o r t   t o  



the  t u b e .   F i g u r e   15  shows  in  shaded   a r ea s   the  much 
s m a l l e r   s u p p o r t   a r e a s   t h a t   were  e s t a b l i s h e d   in  p r i o r  
t y p e s   of  a d a p t e r   d e v i c e s   for   the  smal l   volume  t u b e s .  

The  i m p o r t a n t   a s p e c t   of  the  p r e s e n t   i n v e n t i o n  
is  the  l o c a t i o n   of  the  p i v o t   edge  126  wi th   r e s p e c t   t o  

the  s u p p o r t   s u r f a c e   on  the  f r o n t   s u r f a c e s   121  and  123 
of  the  h o l d e r   p a n e l s   120  and  122,  r e s p e c t i v e l y .   The 

p i v o t   edge  126  d u r i n g   c e n t r i f u g a t i o n   d i r e c t s   or  f o r c e s  
the  tube   i n t o   i t s   p r o p e r   s u p p o r t   l o c a t i o n   so  t h a t   t h e  

s u p p o r t   shown  in  F i g u r e   16  is  a c h i e v e d   a round   the  c o l -  
l a r   of  the  t u b e .  

I t   is  e n v i s i o n e d   t h a t   a  s i m i l a r   type  o f  
• 

c e n t r i f u g e   tube   h o l d e r   cou ld   be  made  from  o t h e r   v a r i o u s  

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

p r i m a r y   c o n c e p t s   of  the   p r e s e n t   i n v e n t i o n .   Any  n u m b e r  
of  ho l e s   or  a p e r t u r e s   for   t e s t   t ubes   cou ld   be  p l a c e d  
w i t h i n   each  of  the  h o l d e r s   d e p e n d i n g   upon  the  s i z e   o f  
the  h o l d e r s   c o n s t r u c t e d .  



1.  A  c e n t r i f u g e   tube   h o l d e r   (10)  for   s u p -  
p o r t i n g   at   l e a s t   one  c e n t r i f u g e   tube   (23)  at  a  s p e c i -  
f i e d   o r i e n t a t i o n   w i t h i n   a  c e n t r i f u g e   r o t o r   (44)  c h a r a c -  
t e r i z e d   by  a  f i r s t   p i v o t a l   s e c t i o n   (12)  and  a  s e c o n d  

p i v o t a l   s e c t i o n   (14) ,   each  of  the  s e c t i o n s   s u p p o r t i n g  
at  l e a s t   one  c e n t r i f u g e   t ube ,   the  s e c t i o n s   b e i n g   p i v o t -  

a l l y   c o n n e c t e d   to  a  c e n t r a l   member  (16)  each  of  t h e  
s e c t i o n s   b e i n g   p i v o t a l   i n d e p e n d e n t   of  each  o t h e r ,   t h e  

c e n t r i f u g e   tube  in  the  f i r s t   p i v o t a l   s e c t o n   b e i n g   o r i -  
e n t e d   at   a  d i f f e r e n t   r a d i a l   ang le   to  the  sp in   ax is   o f  
the  r o t o r   t han   the  c e n t r i f u g e   tube   in  the  second  p i v o -  
t a l   s e c t i o n ,   the  c e n t r a l   member  wi th   the  f i r s t   and  s e c -  
ond  p i v o t a l   s e c t i o n s   p r o v i d i n g   v e r t i c a l   s u p p o r t   for   t h e  

c e n t r i f u g e   t ubes   when  the  h o l d e r   is  removed  from  t h e  
r o t o r   and  p l a c e d   on  a  h o r i z o n t a l   s u r f a c e .  

2.  A  c e n t r i f u g e   tube   h o l d e r   as  d e f i n e d   i n  
c l a im   1,  and  a d d i t i o n a l l y   c o m p r i s i n g   l o c k i n g   means  (40  
and  42)  on  the  c e n t r a l   p o r t i o n   which  c o n t a c t s  ' t h e   s i d e s  

of  the  c e n t r i f u g e   t ubes   so  t h a t   the  c e n t r i f u g e   t u b e s  

are  h e l d   s e c u r e l y   w i t h i n   the  h o l d e r   when  the  f i r s t   a n d  

second   s e c t i o n s   are  p i v o t e d   toward   each  o t h e r .  

3.  A  c e n t r i f u g e   tube   h o l d e r   as  d e f i n e d   i n  
c l a im   1,  and  a d d i t i o n a l l y   c o m p r i s i n g   a  p l u r a l i t y   o f  

e q u a l l y   spaced   d i v i d e r   members  (70)  w i t h i n   the  r o t o r  
for   p o s i t i o n i n g   the  h o l d e r   w i t h i n   the  r o t o r   in  a  p r o p -  
e r l y   b a l a n c e d   p o s i t i o n .  

4.  A  c e n t r i f u g e   r o t o r   tube   h o l d e r   ( 1 1 1 )  
h a v i n g   an  e l o n g a t e d   p a n e l   (120)  for   p l a c e m e n t   in  a 
r o t o r   and  h a v i n g   at  l e a s t   one  a p e r t u r e   (118)  t h r o u g h  
the  p a n e l   for   r e c e i p t   of  a  c e n t r i f u g e   tube ,   the  p a n e l  



h a v i n g   a  f r o n t   s u r f a c e   (121)  and  a  back  s u r f a c e   ( 1 3 0 ) ,  
c h a r a c t e r i z e d   by  a  f i r s t   s e m i c i r c u l a r   t a p e r e d   p o r t i o n  
(124)  of  the  a p e r t u r e   (118)  from  the  f r o n t   s u r f a c e  

(121)  toward   the  back  s u r f a c e   (130)  and  a  second   s e m i -  
c i r c u l a r   t a p e r e d   p o r t i o n   (134)  of  the  a p e r t u r e   ( 1 1 8 )  
from  the  back  s u r f a c e   (130)  toward   the  f r o n t   s u r f a c e  

(121) ,   the  f i r s t   and  second  s e m i c i r c u l a r   t a p e r e d   p o r -  
t i o n s   b e i n g   on  o p p o s i t e   h a l v e s   of  the   a p e r t u r e ,   t h e  

t a p e r e d   p o r t i o n s   f a c i n g   each  o t h e r   w i t h i n   the  a p e r t u r e  
so  t h a t   the  tube  (140)  w i l l   assume  the  t a p e r e d   o r i e n -  
t a t i o n   when  p l a c e d   in  the  a p e r t u r e   when  the  r o t o r   is  a t  
r e s t   ( F i g u r e   A),  the  tube  p i v o t i n g   w i t h i n   the  p a n e l   t o  

a  p o s i t i o n   ( F i g u r e   B)  p e r p e n d i c u l a r   to  r o t o r   sp in   a x i s  

when  the  r o t o r   is  o p e r a t i n g .  

5.  A  c e n t r i f u g e   r o t o r   tube   h o l d e r   as  d e -  
f i n e d   in  c l a im  4,  and  a d d i t i o n a l l y   c o m p r i s i n g   a  p i v o t  
edge  (126)  for   p r o p e r l y   p o s i t i o n i n g   the  tube   (140)  a s  
i t   p i v o t s   from  an  i n c l i n e d   p o s i t i o n   ( F i g u r e   14)  to  a  
h o r i z o n t a l   p o s i t i o n   ( F i g u r e   13)  so  t h a t   more  than   h a l f  
of  the  c o l l a r   (142)  of  the  tube   is  s u p p o r t e d   on  t h e  

f r o n t   s u r f a c e   ( 1 2 1 ) .  
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