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[57] ABSTRACT 
Stoppers are separated from tubes they close by sus 
pending a stoppered tube by its stopper, placing the 
suspended tube in a swinging bucket centrifuge, subject 
ing the suspended tube to centrifugal force. 
This may be accomplished by adapting a test tube rack 
to be placed in a centrifuge’s swinging bucket type 
carrier. The rack is a two piece unit having upper and 
lower members that are separable.v The test tubes use 
stoppers having an enlarged portion with a diameter 
which exceeds that of the test tube such that the tubes 
may be suspended from the upper member by their 
stoppers. The rack has a height which exceeds that of 
the test tubes such that when the rack with the tubes 
suspended therein are subjected to centrifugal force, the 
tubes withdraw from the stoppers. This leaves the stop 
pers positioned on the upper surface of the upper mem 
ber. If now the upper member is lifted away, the stop 
pers are removed leaving the unstoppered test tubes 
positioned in the lower member of the rack. 

5 Claims, 7 Drawing Figures 
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APPARATUS FOR STOPPER REMOVAL 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND OF THE INVENTION 

This invention relates to a method and apparatus for 
automatically removing stoppers from test tubes. 

In many ?elds, it is necessary to use test tubes having 
caps or stoppers. Such usage implies that at some point 
in time, it may be desirable to remove the stopper. 
When large numbers of test tubes are used, such stopper 
removal can require an excessive amount of time. In 
addition, in the medical and blood testing ?elds, when 
dangerous materials are being handled, the removal of 
such stoppers poses no little danger to the operator or 
lab technician who in most instances must remove such 
stoppers manually. Manual stopper removal can result 
in dropping or spraying minute droplets of the tube 
contents onto the lab technician. This presents a partic 
ular problem particularly if the contents of the tubes are 
infectious or pathogenic. 
Some little improvement over individually removing 

the stoppers from each tube is offered in the teachings 
of US. Pat. 3,649,464 issued Mar. 14, 1972, to Freeman. 
This patent teaches the use of multiple stoppers being 
attached to a lifting tab. While this speeds up opera 
tions, the danger to the technician remains. 

It is, therefore, an object of this invention to provide 
a relatively simple method and apparatus that is capable 
of quickly and safely removing the stoppers from test 
tubes while reducing any danger to the operating per 
sonnel. 

SUMMARY OF THE INVENTION 

According to a preferred apparatus of this invention, 
stoppers are removed from ?uid filled test tubes while 
the tubes’ contents are being centrifuged, by pivotally 
suspending the test tubes by their respective stoppers, 
rotating the suspended tubes about an axis transverse to 
the several tube axes to cause the respective tubes to 
separate from their respective stoppers under the in?u 
ence of centrifugal force, and ?nally supporting the 
separated tubes. 
A preferred apparatus for performing this method 

uses a centrifuge having a swinging type bucket carrier. 
Such apparatus includes a rack adapted to be placed in 
the bucket type carrier and having upper and lower 
separable members, the upper member having an upper 
surface de?ning plural apertures adapted to receive the 
test tubes, each stopper having an enlarged portion with 
an outside diameter greater than the diameters of its 
associated test tube and said apertures, thereby to per 
mit said test tubes to hang from the rack‘s upper surface 
supported only by their respective stoppers, the lower 
member having a bottom, supporting means associated 
with the lower member for supporting the test tubes 
against lateral movement, the distance from the bottom 
of the test tubes to the enlarged stopper portion being 
less than the distance from the upper surface to the 
lower member‘s bottom, whereby subjecting said rack 
to centrifugal force withdraws the tubes from the stop 
pers to rest on said lower member's bottom such that 
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2 
the stoppers can be discarded and access had to the 
contents of the test tubes. 

This apparatus, which is capable of use in a centrifuge 
for the automatic removal of stoppers, has a particular 
advantage in that the operators are not exposed to the 
hazards of the contents of the test tubes. A second ad 
vantage accrues from the fact that the stoppers are 
removed substantially simultaneously from all of the 
tubes positioned in the rack while the contents of the 
tubes are being centrifuged. This appreciably reduces 
the time required for normal stopper removal and, in 
any event, does not require an extra step. As soon as the 
centrifuge is stopped, the tube contents are exposed and 
ready for further processing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Further advantages and features of this invention will 
become apparent upon consideration of the following 
description in which: 
FIG. 1 is an elevation view, partially cut away, of a 

test tube rack capable of performing the method of this 
invention constructed in accordance with a preferred 
embodiment particularly depicting test tubes suspended 
in the rack by their stoppers; 
FIG. 2 is an exploded view, partially cut away, of the 

test tube rack illustrated in FIG. 1; 
FIG. 3 is a plan view, partially cutaway, of a test tube 

rack for supporting suspending test tubes by their stop 
pers, constructed in accordance with a second embodi 
ment of this invention; 

FIG. 4 is a section view of the test tube rack of FIG. 
3 taken along the section line 4-4; 
FIG. 5 is a cross-sectional elevation view of the test 

tube rack of FIG. 3, taken along the section line 4—4, 
but in this instance depicting the test tube after its sepa 
ration from the stopper by centrifugal force; 
FIG. 6 is a schematic illustration of a swinging bucket 

centrifuge with its bucket carrier in an operating posi 
tion and holding racks with stopper suspended test 
tubes; and 
FIG. '7 is another alternative adapter rack that may be 

used in the method of this invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

There may be seen with reference to FIGS. 1 and 2 a 
first and preferred embodiment of an apparatus for auto 
matically removing stoppers from test tubes in accor 
dance with the method of this invention. The apparatus 
depicted in FIG. 1 is seen to include a rack 10 that is 
adapted to be placed in a centrifuge such as that illus 
trated diagrammatically in FIG. 6. The apparatus of 
FIG. 6 constitutes a centrifuge rotor 12 of a conven 
tional type which may pivotally mount at 16 a swinging 
bucket type carrier(s) 14. The carrier 14 may be a con 
ventional omni type carrier such as that designated by 
the Model #00598 available from E. I. du Pont de Ne 
mours and Co., Wilmington, DE, which is adapted to be 
pivotally hung on a horizontal rotor 12 for supporting 
various adapters. Alternatively, the carrier may be a 
bucket, of conventional design, structed to receive tube 
adapters. The horizontal rotor may be a typical four 
piece unit such as Model #HL4 also available from E. l. 
du Pont de Nemours and 00. The rotor 12 is removably 
positioned on a gyroscope mount 18 of a conventional 

, centrifuge adapted to be driven by a motor, depicted by 
the block 20 operating through a suitable linkage de 
picted by the dashed line 22. 
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The swinging bucket carrier 14 illustrated has a bot 
tom platform 24 adapted to hold a pair of racks 10 con 
structed in accordance with a preferred embodiment of 
this invention. The centrifuge depicted in FIG. 6 is 
illustrated in its operating position with the carrier 14 
pivoted outwardly from its normally vertical hanging 
position when at rest such that centrifugal force is ex 
erted axially of tubes suspended in the racks 10 as will 
be described. ' 

The racks 10 are seen to comprise an upper member 
26 and a lower member 28. Both of the members of this 
embodiment are shell-like with the edge portions 27 of 
each member in mating relationship such that the upper 
and lower members 26 and 28, respectively, (each illus 
trated here as generally rectangular in shape) form a 
box-like enclosure. The mating edges 27 define a step 
like interfit or joint 30 (FIG. 1) such that the upper 
member 26 ?ts into the lower member 28 and yet may 
be easily removed by lifting the upper member 26 away 
from the lower member 28. The upper member 26 has 
an upper surface 32 in which are formed a plurality of 
apertures or holes 34 sized to accommodate with a loose 
sliding fit a corresponding plurality of test tubes 36 of 
conventional design. 
Each of the test tubes may be of any suitable material 

typically used in chemical, medical or centrifuge appli 
cations. Each tube has a cap or stopper 38 typically 
constructed of a resilient material such as rubber. Such 
stoppers are constructed such that at least the upper 
portion thereof is enlarged to have a diamter (or at least 
portions of the diameter) which exceeds the outer diam 
eter of the test tubes 36. Typical of these tubes are evac 
uated blood collection tubes such as those sold for 
blood work by Becton Dickinson and Company, Ruth 
erford, NJ. under the tradename “Vacutainer". In this 
manner, the test tubes 36 may be suspended along their 
axes 37 from the enlarged stoppers 38 and hence, sup 
ported solely by the upper member 26 of the rack 10. 
The lower member 28 also is box-like and is provided 

with a bottom surface 40 for supporting the unstop 
pered tubes as will be described. A resilient pad 44, 
made of rubber or the like, is placed over the bottom 40 
of the lower member 28 to permit the test tubes 36 to 
drop to a supporting surface without breaking, i.e., the 
pad is able to cushion their fall when they are subjected 
to centrifugal force and hence prevent such damage or 
breakage of the tubes. A lattice-like, lateral support 46 is 
adapted to fit in the lower member 28 de?ning a plural 
ity of (rectangular) openings 48 that are in alignment 
with each of the openings 34 in the upper surface 32 
such that each of the support openings 48 may receive 
an individual tube 36. In this manner, once the upper 
member 26 is removed, after the tubes are resting on the 
rubber pads 44, the tubes are provided with a lateral 
support to prevent their falling. The lattice may be 
shaped if desired to more closely conform to the tubes’ 
round configuration. The lattice and the racks may be 
formed of a suitable rigid metal or plastic. 
To facilitate stopper removal from the tubes, the 

combined distance between the bottom support plate 40 
and the upper surface 32 of the upper member, when in 
stacked or mating array, exceeds the distance measured 
from the bottom of the tubes up to the bottom of the 
enlarged portion 38 (or the bottom of any insert 39 on 
the stoppers). The tubes are suspended with a spacing 
typically of some 12 to 13 millimeters (for evacuated 
blood tubes) above the bottom 40 (or pad 44) of the 
lower member 28. This spacing must be sufficiently 
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4 
great such that as the tubes are urged downwardly in 
the drawing by the centrifugal force, there is sufficient 
clearance that they may be pulled or withdrawn en 
tirely from the stoppers 38 suspended from the top 
surface 32. Preferably, the clearance should be one to 
two millimeters greater than the axial length‘ 37 of those 
portions of the stopper 38 which contacts by the tube, 
i.e., the tubes must be permitted to drop suf?ciently to 
be free of any portion 39 of the stoppers which grip the 
tubes with a sufficient force to hold the tubes in a sus 
pended state. 
The stoppers may be caps having downwardly ex 

tending skirts 41 which contact only the exterior of the 
upper lip portion of the test tubes or they may also have 
an insert 39 which fits inside of the upper lip portion. In 
some cases, the skirt portion 41 is omitted. In operation, 
the tubes 36 with their stoppers 38 engaged, i.e., the 
tubes are stoppered, are each positioned in a different 
hole 34 in the top surface 32 of the rack with the tubes 
suspended by their stoppers from the top surface 32. In 
this instance, the rack is in assembled form with the top 
member 26 engaged with the bottom member 28 to 
form the hollow box-like assembly illustrated. The rack 
10 or several racks, as the case may be, are loaded with 
?lled tubes to be centrifuged and destoppered and 
placed within the centrifuge carriers of FIG. 6 and the 
centrifuge operated with sufficient speed to cause the 
carriers to swing out (FIG. 6). In this manner, the axes 
37 of the tubes are transverse to the spin axis (18) of the 
centrifuge. The contents of the tubes are centrifuged at 
the same time the stoppers are being removed. As the 
rotation speed increases, the tubes are urged away from 
their stoppers 38 by centrifugal force and into contact 
with the rubber pad 44 on the bottom of the lower 
member 28. The centrifuge is stopped, allowing the 
carriers to fall back to the vertical and the rack(s) l0 
placed on a convenient table, at which time the operator 
simply lifts off the top member 26 carrying the stoppers 
38 therewith. These stoppers may then be discarded 
with little or no danger to the operator. Note the re 
moval of the tubes from the stoppers typically occurs 
substantially simultaneously during the centrifugal ac 
tion. There is little danger to the operator or technician 
since the stoppers themselves need not be handled or 
otherwise touched with human hands following their 
removal. Furthermore, human hands were not a part of 
the actual removal in the operation thereby even further 
reducing any potential danger to the operator. Since the 
stopper removal takes place simultaneously with the 
centrifuging of the tube’s contents and for all of the 
tubes in the rack, significant savings in time are 
achieved. It is to be noted that the centrifugal force 
needed simply to remove stoppers is not great since a 
relatively small amount of force is required to remove 
the tubes from the stoppers. 

In an alternative embodiment of the invention, a sim 
ple rack of the type depicted in FIGS. 3 and 4 is con— 
structed. This rack 60 may be constructed of two 
pieces; an upper piece 62 and a lower piece 64. Both of 
the pieces 62 and 64 may be constructed of sheet metal 
such as stainless steel of sufficient gauge so as to with 
stand the rigors of centrifugal action. Alternatively, 
they may be molded of a suitable plastic. The dimen 
sions of the racks 60 are somewhat similar to the dimen 
sions described in conjunction with the embodiment of 
FIG. 1. In this instance, the upper member 62 is con 
structed to be U-shaped with the open end of the U 
having clips or pins 66 adapted to engage receptacles 68 
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formed in the open end of the bottom piece 64 which 
also gnerally U-shaped. The upper surface 70 of the 
upper member 62 is formed with a plurality of apertures 
or holes 72 formed therein, adapted to receive the test 
tubes 36 having stoppers 38 of the type described herein 
above. The bottom member 64 also is adapted to have a 
resilient pad 44 placed on the bottom thereof as de 
scribed previously. In addition, the upwardly extending 
arms of the U-shaped bottom piece 64 are joined prefer 
ably by two intermediate plates 74 each of which has 
apertures or holes 76 formed therein in alignment with 
the corresponding holes 72 in the upper plate 70 such 
that the tubes 36 may slide through the upper holes 72 
and be received in the holes of the intermediate plates 
74. As seen in FIG. 4, the tubes 36 are suspended from 
the top plate 70 by the stoppers 38. The rack may then 
be placed on the carriers 14 (FIG. 6) of a centrifuge. 

During centrifugal action, the tubes 36 drop or are 
withdrawn from the stoppers such that their bottoms 
rest on the resilient pads 44 (FIG. 5) and are supported 
from lateral movement by the intermediate plates 74. 
Thus, as soon as the centrifugal action stops and the 
racks removed from the centrifuge, the upper rack 10 
may be simply lifted off, the stoppers 38 discarded, 
leaving the open-ended tubes 36 ready for test, analysis 
and the like. Following such tests or analysis, the tubes 
are removed and the racks stand ready for use and 
re-use. 

Still another apparatus for effecting the method of 
this invention is illustrated in FIG. 7. This apparatus 
includes a conventional tube adapter 80 adapted to be 
housed in a swinging bucket centrifuge rotor. The 
adapter has axial bores 82 adapted to receive tubes. A 
disc-like section 84 having bores 86 aligned with the 
bores 82. The combined height of the bores 86 and 82 
must exceed the tube bottom to stopper distance as 
previously described. Both the adapter 80 and the sec 
tion 84 ?t in the bucket preferably with the upper por 
tions of the section 84 extending slightly out of the 
bucket (not shown). A lifting handle for the section 84 
may be provided if needed. Once the stoppers are re 
moved, section 84 need only be lifted and the stoppers 
discarded leaving the centrifuged tubes opened and 
ready for further processing. 
There has thus been described a relatively simple 

method and apparatus for the centrifugal removal of the 
stoppers of test tubes. The method and apparatus pro 
vided have many advantages in that they permit the 
simultaneous removal of all stoppers from a group of 
tubes while they are being centrifuged and has the 
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6 
unique advantage of reducing any danger inherent in 
such removal to the operator. 
What is claimed is: 
1. Apparatus for removing stoppers from test tubes 

using a centrifuge having a swinging bucket-type car 
rier comprising, in combination, 

a rack to be placed in said bucket-type carrier and 
having upper and lower separable members, 

said upper member having an upper surface defining 
plural apertures receiving said test tubes, 

at least a portion of each said stopper having an en 
larged portion with an outside diameter greater 
than the diameter of its associated test tube, 
thereby to permit said test tubes to hang from said 
upper surface supported only by their respective 
stoppers, 

said lower member having a bottom, 
supporting means associated with said lower member 

for supporting said test tubes against lateral move 
ment, and 

the spacing between the bottom of said test tubes and 
said lower member bottom being greater than the 
length of the stoppers along the axis of said tubes in 
contact with said tubes, whereby subjecting said 
rack to centrifugal force separates said test tubes 
from said stoppers to rest on said lower member 
bottom such that said stoppers can be discarded 
and access had to the contents of said test tubes by 
removing said upper member from said lower 
member. 

2. Apparatus according to claim 1 wherein said lower 
member bottom is covered by a resilient pad. 

3. Apparatus according to claim 2 wherein said sup 
porting means is a horizontal plate secured to said lower 
member and de?ning openings adapted to receive said 
tubes. 

4. Apparatus according to claim 2 wherein said sup 
porting means is a lattice-like insert receiving the lower 
portion of said test tubes 

5. Apparatus according to claim 1 wherein said sup 
porting means is a horizontal plate secured to said lower 
member and de?ning openings receiving said tubes. 

[6. A method of simultaneously centrifuging the 
contents of and removing a stopper from a ?uid filled 
stoppered test tube having an axis intersecting said stop 
per, comprising the steps of: 

suspending said test tube by said stopper, 
subjecting said suspended tube to centrifugal force 

along said tube axis to cause said tube and contents 
to separate from said stoppers under the influence 
of said centrifugal force, and 

supporting said separated tube] 
4 l t t 6 


