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Apparatus (10) for separating individual sealed tubes (42)
from an array has rack support (30) for supporting an array of
tubes with their upper rims (43) disposed in a horizontal plane
and all sealed with a sealing membrane (90), and a punch
station (60) comprising a punch tool (62) with cutting edge
(66). Cutting edge (66) pierces through membrane (90) from
above to separate an individual sealed tube (42) from the
remainder of the membrane. The tool has multiple cutting
edges (66) in a linear array corresponding to a column of a
tightly-packed x by y array of tubes in the rack (40) to simul-
taneously separate the tubes (42) of a whole column. The
cutting edge (66) starts piercing membrane (90) at the corners
(43a) of each tube rim and progressively shears through the
membrane. Ejector pins (68) retain the separated tubes within
the rack (40).
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METHOD AND APPARATUS FOR
SEPARATING INDIVIDUAL SEALED TUBES
FROM AN ARRAY OF TUBES SEALED WITH

A MEMBRANE

FIELD OF THE INVENTION

[0001] The present invention relates generally to the sepa-
ration of individual tubes from an array of tubes that have
been sealed with amembrane, especially large arrays of small
tubes.

BACKGROUND TO THE INVENTION

[0002] Inbiological and chemical assay processes and sys-
tems which operate with tubes containing samples of biologi-
cal or chemical material it is important that the contents of the
tubes remain isolated from the atmosphere in the lab and
during storage so that the contents do not evaporate or become
contaminated with foreign bodies. Therefore, it is common
practice to seal tubes. This may be performed with a sealing
membrane that, once punctured must be replaced, or it may be
with a resealable membrane.

[0003] Whenthe samples contained within the tubes are not
subjected to frequent access, then a sealing membrane that is
not resealable is sufficient. The sealing membrane may take
the form of a foil, backed with an adhesive that may be heat or
pressure sensitive. In order to apply such a sealing membrane
to a tube, it is usual to bring the top of the tube into contact
with a sealing membrane that has been treated with such an
adhesive and then to apply heat or pressure, as applicable, to
cause the adhesive to adhere to the top of the tube. In general
it is often necessary to seal a large number of tubes at the same
time and therefore the sealing membrane is applied to an array
of tubes that are localised in a supporting storage rack. How-
ever, the racks in which the tubes are placed are designed to
make the most economical use of space possible and therefore
the upper rims at the tops of the tubes are often in close
contact. Very accurate registration and positioning of the
tubes is essential.

[0004] As technology advances it is possible to process
smaller samples and therefore there is a growing demand for
smaller tubes, exacerbating these problems. This has led to
the situation where it is difficult to seal and separate a large
number of very small tubes held in a rack.

[0005] In order to separate the sealed tubes in such close
contact it has been found to be necessary to use an array of
spring-loaded pins arranged beneath the storage rack for
pressing a number of the tubes out of the rack into contact
with a sealing membrane disposed above the plate, a hot
platen relatively movable into contact with the sealing mem-
brane to melt the sealing membrane to the tops of the tubes
that have been raised from the rack by the pins, and a die plate
with holes movable relatively past the tops of the newly sealed
tubes in order to cut the sealing membrane around each tube
and thus separate the sealed tubes from the remainder of the
sealing membrane.

[0006] In order for there to be enough scrap sealing mem-
brane left for it to remain intact with sufficient strength to be
easily removed from the device without disintegration after
the sealing and separation steps, the pins may be actuated to
raise the tubes from the rack in a checkerboard pattern. This
facilitates the use of the sealing membrane in the form of a
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continuous web that can be fed from a reel into the apparatus
with the resultant scrap sealing membrane being wound onto
a second reel.

[0007] Such automation of the sealing and separation of
large arrays of small tubes requires relatively complex equip-
ment, and in particular requires complex, moving, precision
parts to be located both above and below a rack holding the
array of tubes.

[0008] The use of a checkerboard pattern also results in a
significant proportion of the continuous web of sealing mem-
brane being wasted.

[0009] Accordingly, it is an object of the invention to pro-
vide a simplified apparatus and associated method for sepa-
rating individual sealed tubes from an array. Another object of
the invention is the reduction of waste sealing membrane.

SUMMARY OF THE INVENTION

[0010] According to a first aspect of the invention, there is
provided a punch tool for separating individual tubes from an
array of tubes within a storage rack, wherein upper rims of the
tubes are sealed with a sealing membrane extending across
the array, the punch tool having:

[0011] a tool body;

[0012] a cutting edge on a lower side of the tool body,
configured to pierce through the sealing membrane
around one of the sealed tube rims so as to separate the
associated sealed tube from the remainder of the sealing
membrane; and

[0013] anejector pin insertable inside the cutting edge so
as to be urged against the tube rim of the separated sealed
tube.

[0014] The thin cutting edge fits closely around the associ-
ated tube rim, which enables the cutting edge to be lowered
relative to the array from above and to insert between adjacent
tube rims. This enables one or more tubes to be separated
from the other tubes in a sealed array, where those tubes were
all connected by a single sealing membrane, without requir-
ing anything other than a support beneath the array. The tool
can be used on arrays in which the tube rims are closely
packed. This results in as little as zero waste of the sealing
membrane, because each portion of the sealing membrane is
used to seal a corresponding tube lid.

[0015] The tool may be used manually, which is to say
aligned by sight to an array of tubes within a storage rack and
pushed downwardly so as to separate the desired sealed tube
from the remainder of the sealing membrane and hence from
the other tubes in the array. Alternatively, the tool may be
operated for example by a robot arm, programmed to align the
tool to a series of the tubes in the array to separate them from
the sealing membrane in turn.

[0016] The ejector pin is provided to eject the separated
sealed tube from inside the cutting edge, where it is most
likely held by friction. The ejector pin is preferably resiliently
mounted to the tool body inside the cutting edge so as to be
urged against the tube rim of the separated sealed tube with a
predefined force. In this arrangement, the piercing of the
membrane to separate the sealed tube and the ejection of the
sealed tube from the cutting edge can be achieved in a single
action.

[0017] Typically, the tool has a plurality of cutting edges
configured to pierce through the sealing membrane around a
corresponding plurality of the sealed tube rims so as to sepa-
rate the respective sealed tubes individually and simulta-
neously from the remainder of the sealing membrane. The
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plurality of cutting edges may comprise a linear array for
separating a corresponding linear array of tubes, or may com-
prise a 2D array for separating a corresponding 2D array of
tubes. By having a plurality of cutting edges, the tool is able
to separate a corresponding plurality of tubes from the sealing
membrane in a single action.

[0018] The or each cutting edge is preferably profiled so as
to cut through the sealing material in a progressive shearing
action. This keeps the punching force required to pierce and
cut the sealing membrane to a minimum, which is especially
important where a large number of tubes are being separated
from the membrane simultaneously. This also helps to main-
tain a clean cut and hence to ensure proper sealing of the
tubes.

[0019] Preferably, the or each cutting edge is substantially
rectangular, comprising a piercing tip at each corner, and an
inverted U- or V-shaped blade extending between adjacent
piercing tips. This configuration is ideal for separating corre-
spondingly rectangular tubes that are tightly packed into a
storage rack. Such rectangular tubes typically have a radius at
each upper corner. Thus, adjacent upper corners of the tubes
in the array define a regular pattern of spaces in the array. The
piercing tip at each corner of the cutting edge is received in the
spaces in the array surrounding the targeted tube or tubes.
This does two things: it helps to ensure a proper alignment of
the punch tool to the tube or tubes to be separated—a signifi-
cant amount of initial misalignment can be accommodated;
and it ensures that the initial piercing force is low. The
inverted U- or V-shaped cutting edge profile means that as the
punch tool is lowered further, the cutting edge(s) shear
through the sealing membrane progressively to make a clean,
low-force cut, whilst also aligning the tool accurately to the
rim(s) of the tube(s) being separated.

[0020] The punch tool may further comprise a compression
plate surrounding the cutting edge and having a flat lower
surface resiliently mounted to the tool body so as to be urged
against the web of sealing membrane with a predefined force.
This compression plate, or ‘shoe’, ensures that the sealing
membrane near the cutting edge is held with a sufficient
tension to prevent distortion. This helps to ensure a clean cut.
[0021] According to a second aspect of the invention, there
is provided an apparatus for separating individual sealed
tubes from an array of tubes sealed with a membrane, the
apparatus comprising:

[0022] a rack support for supporting an array of tubes
within a storage rack within the apparatus, wherein
upper rims of the tubes are disposed in a plane; and

[0023] apunch station comprising a punch tool in accor-
dance with the first aspect of the invention;

[0024] wherein the cutting edge is moveable relative to
the rack support to a position overlying the rack support
and perpendicular to the plane between a position above
the plane and a position below the plane.

[0025] This facilitates automation of the tube separation
process.
[0026] Typically, the rack support supports the array of

tubes within a storage rack horizontally within the apparatus,
the upper rims of the tubes being in a horizontal plane. The
tubes cannot be supported at too great an angle from horizon-
tal because their contents would then be liable to spilling over
the upper rims. In this embodiment, the cutting edge is move-
able relative to the rack support horizontally to a position
overlying the rack support and vertically between the posi-
tions above and below the plane.
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[0027] Whereas the apparatus may be used to separate
tubes form a pre-sealed array within a storage rack, i.e. a rack
containing an array of tubes all sealed by a single sealing
membrane, it could be preferable to have a single apparatus
capable of both sealing the tubes and then separating them.
Thus, the apparatus may further comprise a sealing station
having a platen with a lower platen surface moveable relative
to the rack support to a position overlying the rack support and
between a position above the plane and a position substan-
tially aligned with the plane, wherein the platen when in the
position overlying the rack support and substantially aligned
with the plane is configured to apply heat and/or pressure to
the sealing membrane for sealing the membrane to the rims of
aplurality of the tubes. Where the upper rims of the tubes are
supported in a horizontal plane, the lower platen surface is
moveable relative to the rack support horizontally to a posi-
tion overlying the rack support and vertically between the
positions above and substantially aligned with the plane.
[0028] Although it is envisaged that the sealing membrane
could be supplied to the array of tubes manually, for example
by placing a single sheet of sealing membrane over the top of
the array, it would be preferable to automate the process. To
this end, the apparatus may further comprise a sealing mem-
brane transport mechanism for supplying a web of sealing
membrane to the sealing station, whereby at least a portion of
the web of sealing membrane is disposed between the lower
platen surface and the plane.

[0029] Whereas it is envisaged that the punch station and/
or, where included, the sealing station may be moved relative
to a fixed storage rack, typically the punch station and the
sealing station will each be at respective fixed locations, with
the apparatus further comprising a rack support transport
assembly for transporting a storage rack within the rack sup-
port in the apparatus, to the sealing station and then to the
punch station. Where the rack is supported horizontally, the
punch station and the sealing station will each be at respective
fixed horizontal locations, and the rack support transport
assembly would transport the storage rack horizontally. If the
rack is supported at an angle off horizontal, then the relative
movements would be adapted accordingly.

[0030] The lower platen surface of the sealing station may
be sized so as to seal the sealing membrane to a whole array
of tubes simultaneously. Alternative arrangements, such as
sealing half of the array at a time with a smaller platen can be
envisaged, but would result in longer operating cycles.
[0031] The array of tubes typically comprises a regular
array of x columns by y rows of tubes. This is standard in the
industry. For example, a 24x16 array contains 384 tubes.
Alternative arrangements include staggered arrays, in which
one column of, for example, circular-rimmed tubes is offset
against its neighbouring columns to maximise the packing
density of the tubes in the array.

[0032] The tubes typically have substantially rectangular
upper rims. This enables the tubes to be tightly packed in the
array in contrast, for example, to circular-rimmed tubes.
Other tessellating shapes, such as triangles or hexagons,
could also be used.

[0033] Where there is a linear array of cutting edges, it may
be configured to pierce around each of the sealed tube rims of
a column of the array simultaneously. This arrangement only
requires relative motion between the punch tool and the rack
support along an axis perpendicular to the columns in the
array to separate all tubes from the array. To facilitate this
relative motion, where there is a rack support transport assem-
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bly, it may be further configured to index the rack support at
the punch station by the pitch of a column so as to align the
cutting edge with the next column in the array.

[0034] Whereas the apparatus could work by supplying a
series of sheets of sealing membrane to consecutive arrays of
tubes, it would be operationally more efficient for the web of
sealing membrane to be supplied from a continuous roll and
for the sealing membrane transport mechanism to be config-
ured to move the continuous web together with the storage
rack during the transport of the storage rack from the sealing
station to the punching station and, where the rack transport
assembly is further configured to index the storage rack at the
punch station, during that indexing. This arrangement
ensures a synchronised movement of the array of tubes with
the sealing web, such that that the tension in the sealing web
will not get too high.

[0035] To further assist in aligning the punch tool to the
tubes in the array, the punch tool may include a datum spike
for receipt in a mating hole in the rack support for alignment
of the punch tool with the rack support.

[0036] The punch tool may be mounted to the apparatus
with lateral float so as to accommodate some initial misalign-
ment of the punch tool, specifically the cutting edge(s)
thereof, with the tubes in the array.

[0037] According to a third aspect of the invention, there is
provided a method of separating individual sealed tubes from
an array of tubes sealed with a membrane, the method com-
prising the steps of:

[0038] supporting the array of tubes within a storage
rack, upper rims of the tubes being disposed in a plane;

[0039] translating the storage rack relative to a punching
station having a punch tool with a cutting edge on a
lower side of a tool body; and,

[0040] at the punching station:

[0041] moving the cutting edge perpendicularly to the
plane relative to the storage rack from a position
above the plane to a position below the plane, thereby
piercing around one of the sealed tube rims so as to
separate the associated sealed tube from the remain-
der of the sealing membrane;

[0042] during the piercing movement, urging an ejec-
tor pin of the punch tool to move towards the tool body
against a biasing force through contact of the ejector
pin on the rim of the separated sealed tube; and

[0043] moving the cutting edge perpendicularly to the
plane relative to the storage rack from the position
below the plane to a position above the plane, the
biasing force urging the ejector pin away from the tool
body to urge the separated sealed tube to remain in the
storage rack.

[0044] Themethod may furtherinclude a step of sealing the
array of tubes with the membrane prior to the piercing step,
comprising:

[0045] supplying a web of sealing membrane to a sealing
station; and,

[0046] at the sealing station, sealing at least a portion of
the web of sealing membrane to a plurality of the rims of
the tubes in the array simultaneously by the application
of heat and/or pressure.

[0047]

[0048] Themethod may furtherinclude a step of translating
the storage rack relative to the sealing station.

The web of sealing membrane may be continuous.
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[0049] The method may further include a step of translating
the storage rack from the sealing station to the punching
station.

[0050] The method may be carried out using the apparatus
of'the second aspect of the invention.

[0051] According to a fourth aspect of the invention, there
is provided a gripper tool for selectively lifting individual
tubes from an array of tubes within a storage rack, compris-
ing:

[0052] a gripper tool body;

[0053] aseparating edge on a lower side of the tool body,
configured to insert between adjacent tubes in the array
and to grip an outer surface of a selected tube with an
interference fit; and

[0054] an ejector pin mounted to the gripper tool body
inside the separating edge and actuatable from a raised
position, in which the selected tube can be received
within the separating edge, and a lowered position, in
which the selected tube is prevented from being received
in the separating edge or, if already received therein, is
ejected therefrom.

[0055] The gripper tool may additionally be for separating
individual tubes from an array of tubes within a storage rack,
wherein upper rims of the tubes are sealed with a sealing
membrane extending across the array, wherein the separating
edge comprises a cutting edge, configured to pierce through
the sealing membrane around the selected sealed tube rim so
as to separate the associated sealed tube from the remainder of
the sealing membrane prior to gripping the outer surface of
the tube with an interference fit. In this regard, the grippertool
essentially corresponds to the punch tool of the first aspect of
the invention, only the optional resiliently-biased ejector pins
of the first aspect are replaced by the selectively actuatable
ejector pins.

[0056] The gripper tool may further comprise a plurality of
separating edges configured to grip a corresponding plurality
of selected tubes so as to grip the respective selected tubes
individually and simultaneously. The plurality of separating
edges may either comprise a linear array for gripping a cor-
responding linear array of selected tubes, or 2D array for
gripping a corresponding 2D array of tubes.

[0057] According to a fifth aspect of the invention, there is
provided a method oflifting individual selected tubes from an
array of tubes within a storage rack, the method comprising
the steps of:

[0058] supporting the array of tubes within the storage
rack, upper rims of the tubes being disposed in a plane;

[0059] translating the storage rack relative to a gripping
station having a gripping tool with a separating edge on
a lower side of a gripping tool body configured to insert
between adjacent tubes in the array;

[0060] at the gripping station:

[0061] raising an ejector pin within the separating
edge;

[0062] moving the separating edge perpendicularly to
the plane relative to the storage rack from a position
above the plane to a position below the plane, thereby
gripping an outer surface of a selected tube with an
interference fit;

[0063] during the piercing movement, urging an ejec-
tor pin of the punch tool to move towards the tool body
against a biasing force through contact of the ejector
pin on the rim of the separated sealed tube; and
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[0064] moving the separating edge perpendicularly to
the plane relative to the storage rack from the position
below the plane to a position above the plane, friction
between the separating edge and the selected tube
causing the selected tube to be moved with the gripper
tool; moving the gripping tool to a dispense location;
and,

[0065] at the dispense location, actuating the ejector pin
to a lowered position, thereby ejecting the selected tube
from the gripping tool.

[0066] The method may be carried out using the gripper
tool of the fourth aspect of the invention. In particular, the
method may be carried out using the modified punch tool such
that the method includes the step of piercing the sealing
membrane just prior to gripping the selected tube(s).

BRIEF DESCRIPTION OF THE DRAWINGS

[0067] The invention will be described, by way of example,
with reference to the accompanying drawings, in which:
[0068] FIG. 1 is a perspective view of an apparatus for
sealing and separating tubes from an array;

[0069] FIG. 2 corresponds to FIG. 1, but with the outer
cover removed to show interior mechanisms;

[0070] FIG. 3 is a cross-section through the apparatus;
[0071] FIG. 4 is a perspective view of a punch tool used in
the apparatus of FIGS. 1-3;

[0072] FIG. 5a is another perspective view of the punch
tool, showing a cutting edge at the lower end of the tool
together with a single tube, sprung ejector pins being omitted
for clarity;

[0073] FIG. 55 is a detail view of a portion of FIG. 4a;
[0074] FIG. 6 is a schematic cross-section through the seal-
ing station, showing an array of tubes in a supported storage
rack, a platen in a raised position, and a web of sealing
membrane disposed between the raised platen and the array
of tubes;

[0075] FIG.7 corresponds to FIG. 6, but showing the platen
in a lowered position, sealing the membrane to the tops of the
tubes in the array;

[0076] FIG. 8a is a schematic cross-section through the
punch station, showing the sealed array of tubes supported at
a position in which a first column of the array is disposed
beneath a punch tool in a raised position;

[0077] FIG. 85 is a detail view of a portion of FIG. 8a;
[0078] FIG. 9a corresponds to FIG. 8a, but showing the
punch tool in a lowered position, piercing the membrane
around each of the tubes in the column;

[0079] FIG. 95 is a detail view of a portion of FIG. 9a;
[0080] FIG.10aq is a schematic cross-section of an alterna-
tive application of the punch tool, corresponding in principle
to FIG. 8a, but with the ejector pin raised;

[0081] FIG. 105 corresponds to FIG. 10a, but showing the
punch tool in a lowered position, piercing the membrane
around the selected tube(s);

[0082] FIG. 10c¢ corresponds to FIGS. 10a and 105, but
showing the punch tool in a raised position once again, a tube
held in the cutting edge by friction; and

[0083] FIG.10d shows the ejector pinin an eject position to
push the tube out of the punch tool.

DETAILED DESCRIPTION

[0084] As shown in FIG. 1, an apparatus 10 for automated
sealing and separation of an array of tubes comprises, gener-
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ally, an outer cover 12 surrounding an interior. A control panel
14 is positioned on a front side of the apparatus for a user to
control operation of the apparatus. A hinged hatch 16 on the
front side provides access to the interior of the apparatus. A
removable bin 18 is provided at the opposite, rear side of the
apparatus.

[0085] FIGS. 2 and 3 show the interior of the apparatus 10.
In FIG. 3, the hatch 16 is hinged open, with a rack support 30
projecting out of the interior for loading and unloading of a
storage rack 40 containing an array of tubes 42 in an x by y
array. The storage rack 40 is mounted to the rack support 30
via a rack nest 44, with respective datum features provided to
ensure proper alignment of the rack 40 with the support 30.
The rack 40 may also be retained in the rack nest 44 with a
clamp (not shown).

[0086] The rack support 30 comprises a carriage 31 that is
moveable into and out of the apparatus 10 by means of a
stepper motor-driven lead screw 32 parallel to the rows of the
tubes 42 in the rack 40, perpendicular to the columns thereof.
The rack support carriage 31, and therefore the array of tubes
42 within a storage rack 40 is thus translated horizontally in
the apparatus with upper rims 43 of the tubes 42 in the array
being disposed in a horizontal plane. Movement of the rack
support carriage 31 out of the apparatus automatically opens
the hinged hatch 16, against the closing action of a spring 17.
When the rack support carriage 31 is moved back into the
interior of the apparatus, the spring 17 urges the hatch 16 to
close behind it.

[0087] A sealing station 50 comprises a platen 52 vertically
moveable from a raised position to a lowered position, the
platen 52 having a lower platen surface 54 that covers the x by
y array of tubes in the rack 40.

[0088] A punch station 60 comprises a punch tool 62 hav-
ing a tool body 64, a cutting edge 66 on a lower side of the tool
body, and an ejector pin 68 resiliently mounted via a spring 69
to the tool body 64 inside the cutting edge 66. Each ejector pin
68 has a dished lower surface, defining a lower edge 68a.
[0089] Asbest seen in FIGS. 4 and 5, the punch tool 62 has
aplurality of cutting edges 66 in a linear array. The illustrated
punch tool 62 has 16 cutting edges 66 and 16 associated
ejector pins 68, corresponding to the 16 tubes 42 in a single
column ofa 24x16 array of tubes. Of course, other numbers of
cutting edges 66 may be used instead, either to correspond to
a single column of a differently configured array of tubes, or
to correspond to just a portion of a column. Rather than being
arranged in a linear array, the plurality of cutting edges could
bearranged in a 2D array, corresponding to a multiple number
of' whole columns of tubes, or to a multiple number of partial
columns. A single cutting edge 66, corresponding to a single
tube 42 could be used, but would require multiple punch
operations to result in the same number of separated tubes 42.
[0090] For an array of tubes 42 having rectangular rims 43,
the or each cutting edge 66 comprises a corresponding rect-
angle. Of course, other rim profiles are envisaged, with cor-
responding cutting edge profiles. As illustrated, the rims 43
are substantially square, but with a radius 43a at each corner.
The cutting edge thus comprises a piercing tip 70 at each
corner, with a curved inverted U-shaped blade portion 72
extending between adjacent tips 70. Adjacent cutting edges
66 share a blade 72, which would pierce between adjacent
tubes 42. Rather than having a curved inverted U-shape, each
blade portion 72 may instead have a more linear V-shape. The
important factor is for the cutting edge 66 to cut through the
sealing material with a progressive shearing action, begin-
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ning at the piercing tips 70, and progressing along the blades
72. With a U- or V-shaped blade 72, the cuts would finish
centrally at each side of the rim 43. Other blade profiles could
be envisaged.

[0091] The punch tool 60 includes a compression plate or
‘shoe’ 80 surrounding the cutting edges 66 and having a flat
lower surface 82. The compression plate 80 is mounted to the
punch tool body 62 via springs 84 so as to be urged away from
the tool body 62 with a predefined force.

[0092] A sealing membrane transport mechanism supplies
a web of sealing membrane 90 to the sealing station 50 such
that at least a portion of the web 90 is disposed horizontally
between the lower platen surface 54 and the rim tubes 43. The
web is typically supplied in continuous form from a roll 92,
with suitable tension-adjustment mechanisms such as a danc-
ing arm 94 and a friction disc 96, the web 90 being pulled
through the apparatus by a drive mechanism 98, such as a
pinch roller. A guillotine 100 downstream of the web drive
mechanism 98 is actuated to chop the waste web material into
pieces for receipt in the removable bin 18.

[0093] Inoperation, an operator specifies the type of rack to
be sealed and/or punched, for example specifying the number
of tubes 42 in the array, their configuration as an array, and
their size. One or more of these specifications may be
detected automatically by the provision of appropriate sen-
SOIS.

[0094] At a first step, the rack support carriage 31 is moved
out of the apparatus to a loading position. The operator loads
a storage rack 40 full of tubes 42 into a rack nest 44 on the
support carriage 31. The loaded carriage is then translated
horizontally, by operation of the lead screw 32, into the inte-
rior of the apparatus and to a position at the sealing station 50
such that the lower surface 54 of the platen is overlying the
rack support 30 in registration with the array of tubes 42.
[0095] With reference in particular to FIGS. 6 and 7, the
platen 52 is lowered from the raised position to a position in
which the lower platen surface 54 is brought into engagement
with the rims 43 of the tubes, the application of heat and/or
pressure (depending on the type of sealing membrane being
used) sealing the portion of web 90 interposed between the
platen 52 and the array of tubes 42 to the rims 43 of the tubes.
The pressure, heat and duration of contact can all be con-
trolled to ensure a proper seal.

[0096] Once sealed, the platen 52 is raised again to allow
the rack support 30 to move out of the sealing station 50.
[0097] Next, with reference in particular to FIGS. 8 and 9,
the rack support 30 with the sealing web 90 attached to the
array of tubes is translated horizontally, by operation of the
lead screw 32, further into the interior of the apparatus to a
position at the punch station 60 such that first column of the
array of tubes 42 is in registration with the cutting edges 66 of
the punch tool 62. The punch tool 62 is lowered from the
raised position towards the rack support 30.

[0098] During the lowering movement, datum spikes 65
projecting downwardly from opposite ends of the punch tool
62 are received in mating holes (not shown) in the rack sup-
port 30 for alignment of the punch tool with the rack support.
The mating holes may be through the rack nest 44 and/or
through the support carriage 31.

[0099] The compression plate 80 comes into contact with
the sealing web 90 over the tube rims 43. Continued down-
ward motion of the punch tool 62 compresses the compres-
sion plate springs 84 against the tool body 64. The flat lower
surface 82 of the compression plate 80 is therefore urged
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against the web of sealing membrane 90 with the predefined
force of the springs 84. This tensions the membrane near the
cutting edges 66 so that it is held with a sufficient tension to
prevent distortion.

[0100] Further continued downward motion of the punch
tool 62 brings the cutting edges 66 into contact with the
tensioned portion of web membrane 90, first piercing at the
four corners of each tube rim 43. As the punch tool 62 is
lowered further, each cutting edge 66 pierces through the
sealing membrane around the associated sealed tube rim 43
so as to separate the associated sealed tube 42 from the
remainder of the sealing membrane 90. In the illustrated
embodiment, a whole single column of the array is punched
simultaneously. As seen in FIG. 55, a lip 91 of the sealing
membrane is flattened against the radiused corner 43a of the
tube rim 43.

[0101] During the separation of the tubes 42 in the column
from the remainder of the array, the downward motion of the
punch tool 62 brings the ejector pins 68 into contact with the
tops of the respective sealed tubes 42. More particularly, the
lower edges 68a of the ejector pins bear against the tops of the
tube rims 43, albeit with the sealing membrane disposed in
between. As the downward motion continues, to cut the seal-
ing membrane in the progressive shearing action, the ejector
pin springs 69 are compressed against the tool body 64. The
lower edges 68a of the ejector pins 68 are therefore urged
against the now separated tube rims 43 with the predefined
force of the ejector springs 69.

[0102] Once the column of tubes has been punched (sepa-
rated), the punch tool 62 is raised back to its initial raised
position. During this raising motion, friction between the
separated tubes 42 and the surrounding cutting edges 66 tends
to cause the separated tubes 42 to rise with the punch tool.
However, the spring force of the ejector pin springs 69 is
selected so that the ejector pins 68 push against the separated
tubes with enough force to overcome the friction, thereby
retaining the separated tubes 42 within the rack 40.

[0103] The rack support 30 is then indexed the pitch of a
column to a position in which the next column in the array of
tubes lies beneath the punch tool 62 and the process is
repeated until all columns have been punched and each tube
42 has been separated from each other and results in an array
of'individual sealed tubes, at which point the rack support 30
is ejected from the interior of the apparatus through the hatch
for unloading of the finished rack 40 by the operator.

[0104] During movement of the rack support 30 from the
sealing station 50 to the punch station 60, and during the
indexing movements at the punch station, the sealing mem-
brane transport mechanism is actuated in conjunction with
the rack support transport mechanism to ensure that the web
of sealing membrane 90 is moved together with the rack
support 30. This arrangement ensures a synchronised move-
ment of the array of tubes with the sealing web, such that that
the tension in the sealing web will not get too high.

[0105] The punch tool 62 is preferably mounted to the
apparatus 10 with horizontal float so as to accommodate some
initial misalignment ofthe punch tool, specifically the cutting
edge(s) 66 thereof, with the rims 43 of the tubes 42 in the
array.

[0106] Instead of the sealing station 50 and the punch sta-
tion 60 being at fixed locations in the apparatus, and the rack
support carriage 30 translating the array of tubes 42 therebe-
tween, the rack support 30 may be fixed in the interior of the
apparatus with the sealing and punch stations 50, 60 being
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translated horizontally into positions overlying the tubes for
the respective sealing and punching operations.

[0107] Likewise, rather than the sealing platen 52 and
punch tool 62 being lowered towards the rack support 30 to
perform their respective operations, the rack support 30 may
instead be raised towards the sealing platen 52 punch tool 62.
It is the relative motion of the platen or punch tool and the
support 30, and hence the rims 43 of the tubes 42 in the array
that is important.

[0108] Whereas the web 90 is described as being supplied
on a continuous roll 92, it may instead be supplied in single
sheets, each transported individually to the sealing station 50
either by an adapted web transport mechanism or manually.

[0109] Ratherthan being operated in an automated manner
within a sealing/punching apparatus, the described punch
tool 60 could be used independently for separating individual
tubes 42 from a pre-sealed array. Such independent use could
be manual or could be automated in a simple punch apparatus.

[0110] Inthe foregoing description, the processing of fully
populated racks of tubes has been described. It will be appre-
ciated that that is not necessary and that instead only partially
populated racks—i.e. racks having gaps where tubes could
have been received—could be processed using the same
apparatus and techniques.

[0111] An adaptation of the punch tool 62 is described with
reference to FIGS. 10a-d. In this embodiment, the gripper
punch tool 162 corresponds substantially to the punch tool
described in the preceding Figures and referenced by numeral
62, but the ejector pins 168 can be selectively actuated
between raised and lowered positions. Operation of the grip-
per punch tool 162 substantially corresponds to that of the
punch tool 62, with the tool being lowered so that the cutting
edges 166 pierce through the web of sealing membrane 190 to
separate each tube 142 from the remainder of the web 190.
The main difference is that the friction between the separated
tubes 142 and the cutting edges 166 can be used to advantage,
to lift selected ones of the separated tubes from the array.

[0112] As shown in FIG. 10a-¢, with the ejector pins 168
actuated to the raised position, the lowering and raising again
of'the punch tool 162 so that the cutting edges 166 cut through
the web 190 results in the lifting of the separated sealed tubes
142 from the array. The gripper punch tool 162 can then be
translated to a destination location, at which point a selected
ejector pin 168 can be actuated to its lowered position to eject
the associated tube 142 from the tool (FIG. 104).

[0113] Inwardly-protruding nib features 167 may be pro-
vided within the cutting edge 166 to ensure a firm, interfer-
ence grip with the tube 142. The nibs 167 may be located at
the top of the cutting edge 166, for example at the interface
with the tool body, to engage the rim 143 of the tube 142 only
when the tube is fully received in the cutting edge 166. The
nib features 167 may provide a positive indication of gripping
engagement, for example by a ‘click’.

[0114] As with the punch tool 62, the gripper punch tool
162 may comprise a single cutting edge corresponding to a
single tube 142, or may comprise multiple cutting edges, in a
linear or a 2D array. Where it comprises multiple cutting
edges, it has a corresponding multiple of ejector pins, each of
which can be actuated independently of the others. It is envis-
aged that the gripper punch tool 162 could be used on pre-
punched tubes (i.e. on an array of tubes as sealed and sepa-
rated by the apparatus described above). In this embodiment,
the ‘cutting’ edges 166 would have to be thin, to fit between
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adjacent tubes 142, but would not necessarily need to have
sharp lower edges on the ‘blades’ 172; they could therefore be
called ‘separating’ edges 166.

[0115] As with the punch tool 62, the gripper tool 162 is
able to be operated purely from above the arrays of tubes,
there being no need for anything other than a support beneath
the storage rack. As with the cutting edge(s) of the punch tool
62, the separating edge(s) 166 are preferably profiled so as to
assist in aligning the tool to the array of tubes 142.

[0116] Typically, the storage rack will be held stationary,
with the gripper tool 162 being translated into position to
perform the gripping and lifting operation and then being
translated to a dispense location—such as another storage
rack. However, the relative motion may be reversed, with the
gripper tool 162 being stationary and the storage rack(s)
being moved into position for the gripping and lifting and
dispense operations.

1. A punch tool for separating individual tubes from an
array of tubes within a storage rack, wherein upper rims of the
tubes are sealed with a sealing membrane extending across
the array, the punch tool having:

a tool body;

a cutting edge on a lower side of the tool body, configured
to pierce through the sealing membrane around one of
the sealed tube rims so as to separate the associated
sealed tube from the remainder of the sealing mem-
brane; and

an ejector pin insertable inside the cutting edge so as to be
urged against the tube rim of the separated sealed tube.

2. The punch tool of claim 1, wherein the ejector pin is
resiliently mounted to the tool body inside the cutting edge so
as to be urged against the tube rim of the separated sealed tube
with a predefined force.

3. The punch tool of claim 1, comprising a plurality of
cutting edges configured to pierce through the sealing mem-
brane around a corresponding plurality of the sealed tube rims
s0 as to separate the respective sealed tubes individually and
simultaneously from the remainder of the sealing membrane.

4. The punch tool of claim 3, wherein the plurality of
cutting edges comprises a linear array for separating a corre-
sponding linear array of tubes.

5. The punch tool of claim 3, wherein the plurality of
cutting edges comprises a 2D array for separating a corre-
sponding 2D array of tubes.

6. The punch tool of claim 1, wherein the cutting edge is
profiled so as to cut through the sealing material in a progres-
sive shearing action.

7. The punch tool of claim 6, wherein the cutting edge is
substantially rectangular, comprising a piercing tip at each
corner, and an inverted U- or V-shaped blade extending
between adjacent piercing tips.

8. The punch tool of claim 1, further comprising a com-
pression plate surrounding the cutting edge and having a flat
lower surface resiliently mounted to the tool body so as to be
urged against the web of sealing membrane with a predefined
force.

9. Apparatus for separating individual sealed tubes from an
array of tubes sealed with a membrane, the apparatus com-
prising:

a rack support for supporting an array of tubes within a
storage rack within the apparatus, wherein upper rims of
the tubes are disposed in a plane; and

apunch station comprising a punch tool having a tool body,
a cutting edge on a lower side of the tool body and
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configured to pierce through the sealing membrane
around one of the sealed tube rims so as to separate the
associated sealed tube from the remainder of the sealing
membrane, and an ejector pin insertable inside the cut-
ting edge so as to be urged against the tube rim of the
separated sealed tube;

wherein the cutting edge is moveable relative to the rack

support to a position overlying the rack support and
perpendicular to the plane between a position above the
plane and a position below the plane.

10. The apparatus of claim 9, further comprising a sealing
station having a platen with a lower platen surface moveable
relative to the rack support to a position overlying the rack
support and perpendicular to the plane between a position
above the plane and a position substantially aligned with the
plane, wherein the platen when in the position overlying the
rack support and substantially aligned with the plane is con-
figured to apply heat and/or pressure to the sealing membrane
for sealing the membrane to the rims of a plurality of the
tubes.

11. The apparatus of claim 10, further comprising a sealing
membrane transport mechanism for supplying a web of seal-
ing membrane to the sealing station, whereby at least a por-
tion of the web of sealing membrane is disposed between the
lower platen surface and the plane.

12. The apparatus of claim 10, wherein the punch station
and the sealing station are each at respective fixed locations,
the apparatus further comprising a rack support transport
assembly for transporting a storage rack within the rack sup-
port in the apparatus, to the sealing station and then to the
punch station.

13. (canceled)

14. The apparatus of claim 9, wherein the array of tubes
comprises a regular array of x columns by y rows of tubes.

15. (canceled)

16. The apparatus of claim 14, further comprising a plural-
ity of cutting edges configured to pierce through the sealing
membrane around a corresponding plurality of the sealed
tube rims so as to separate the respective sealed tubes indi-
vidually and simultaneously from the remainder of the seal-
ing membrane;

wherein the plurality of cutting edges comprises a linear

array for separating a corresponding linear array of
tubes; and

wherein the cutting edge is configured to pierce around

each of the sealed tube rims of a column of the array
simultaneously.

17. The apparatus of claim 16, wherein the punch station
and the sealing station are each at respective fixed locations,
the apparatus further comprising a rack support transport
assembly for transporting a storage rack within the rack sup-
port in the apparatus, to the sealing station and then to the
punch station;

wherein the rack support transport assembly is further con-

figured to index the rack support at the punch station by
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the pitch of a column so as to align the cutting edge with
the next column in the array.

18. The apparatus of claim 11, wherein the web of sealing
membrane is continuous and the sealing membrane transport
mechanism is configured to move the continuous web
together with the storage rack during the transport of the
storage rack from the sealing station to the punching station
and, where the rack transport assembly is further configured
to index the storage rack at the punch station, during that
indexing.

19. (canceled)

20. The apparatus of claim 9, wherein the punch tool is
mounted to the apparatus with lateral float.

21. (canceled)
22. (canceled)
23. (canceled)
24. (canceled)
25. (canceled)

26. A gripper tool for selectively lifting individual tubes
from an array of tubes within a storage rack, comprising:

a gripper tool body;

a separating edge on a lower side of the tool body, config-
ured to insert between adjacent tubes in the array and to
grip an outer surface of a selected tube with an interfer-
ence fit; and

an ejector pin mounted to the gripper tool body inside the
separating edge and actuatable from a raised position, in
which the selected tube can be received within the sepa-
rating edge, and a lowered position, in which the
selected tube is prevented from being received in the
separating edge or, if already received therein, is ejected
therefrom.

27. The gripper tool of claim 26, wherein the tool is addi-
tionally for separating individual tubes from an array of tubes
within a storage rack, wherein upper rims of the tubes are
sealed with a sealing membrane extending across the array,
wherein the separating edge comprises a cutting edge, con-
figured to pierce through the sealing membrane around the
selected sealed tube rim so as to separate the associated sealed
tube from the remainder of the sealing membrane prior to
gripping the outer surface of the tube with an interference fit.

28. The gripper tool of claim 26, comprising a plurality of
separating edges configured to grip a corresponding plurality
of selected tubes so as to grip the respective selected tubes
individually and simultaneously.

29. (canceled)
30. (canceled)
31. (canceled)
32. (canceled)



