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TECAN Trading AG, Seestrasse 103, CH-8708 Minnedorf

5
TC-§347P-1P
Japan
10
Compact storage system and its application
Related patent applications
15

This patent application ¢laims priority of the Swiss patent application No.

01993/06 filed on December 7, 2006, the entire content of which is incorpo-

rated herein by explicit reference for all inténts and purposes. The paraiiel

European patent application No. EP 07 121 848.1 claims the same priority
20  and has been filed on November 29, 2007.

Related field of technology

25  The present invention relates o a compact storage system with one storage
area, a hausing comprising thermal insulation and at least one refrigeration
unit, with which at least the storage area can be cooled te a temperature
below -15°C. The compact storage system comprises storage shelves ar-
ranged completely within the refrigerated storage area and a transfer area

30  arranged above this storage area, in which an essentially horizontally mov-
ing robot is arranged. Moreover, the present intervention relates to a
method for storing frozen specimeans in a corresponding compact storage

system.
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Related prior art

Biological specimens, such as bodily fluids {for instance bloed, urine, saliva,
or sperm), cells (for instance bacterial cultures) or tissue samples are very
sensitive to temperature and must be stored under refrigeration to prevent
them deteriorating after they have been obtained. Consequently, an essen-
tial aspect of examining biologicat and generally temperature-sensitive
spacimens is the storage and availability of these specimens in a frozen
state, i.e. at low temperatures. This can occur for instance in deep freezers
{i.e. at temperatures no higher than -18°C), in a gaseous atmosphere (i.e.
at -78.5°C} cooled by means of dry ice (solid CO;} or in lguid nitrogen (at
-196°C). Moreover, systems for mechanical refrigeration by means of com-
prassors are known, which are capable of achieving minimum temperatures
of -35°C {single-stage dasign), -85°C {two-stage design) or -135°C (three
stage design}, depending on the design. All these types of storage have
been known for a long time and have their specific advantages and disad-
vantages. Samples stored at -18°C can already show signs of deterioration
after only a short time due to the formation of ice crystals. This formation of
ice crystals is reduced considerably at dry ice temperatures and is practi-
cally absent in liquid nitrogen. However, containers cocled with dry ice heat
up quite quickly when alf the CO; is sublimated and the storage of speci-
mens in liquid nitrogen is complex and only possible with special protective
measures for personnel. There are few known systems that are particularly
suitable for storing and making available large numbers of specimens by

means of robotised and automatic systems.

The patent US 6,357,983 B1 discloses an automatic storage system. Two
ring-shaped racks nested within each cther and rotatable around a central
axis with a pluratity of horizontally disposed shelif positions arranged one
above the other are located in an alr-conditioned chamber, the temperature
of which can be selected to range from ~20°C to plus 20°C. These shelf po-
sitions can be loaded by a robot moving vertically and outside the racks.
This robot is equipped with a specially articulated grinper mechanism so
that it can reach into the inner shelf positions by reaching through an outer

C-O347R-0P 1 dac
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sheif in each case. This system has the advantage that the robot and there-
fore the specimen s located in a cold atrmosphere during the entire selection
process and can be removed from the storage system through an air lock.
Howaever, this storage system appears to be limited with respect to the
number of shelf racks, so that a relatively large volume must be cooled for
a relatively small number of specimens and a rather complex robot must be
empioyed.

Ancther storage system is disclosed in the patent US 6,694,767 B2. A com-
pletely thermally insulated storage space disposed for termnperatures of
~85°C to -80°C is located below a controlled atmosphere work area in
which a robot with a workstation is arranged. Storage racks with reiatively
smail horizontal dimensions and many shelves arranged one above the
other are suspended vertically in openings of the thermally insulated cover
and are provided with a top plate for closing the thermally insulated zone of
this storage space in the deployed state. A robot lifts such a storage rack so
far out of the storage space that a gripper is able to remove a specimen
container from a rack position. Even though there is a risk of a specimen
warming up or even thawing when the frame is being removed from the
storage space, a controlied CO, atmosphere prevents agquecus vapour from
condensing on the cold surfaces of the specimen containers.

The time required to make a specimen container available in this known
storage systern appears o be 00 long, above all when a large number of
specimens must be made available within a short pericd of time.

A further storage system for storing and providing frozen specimens is
known from the patent application 1 2004 131 249, This document dis-
closes a storage space with circulating racks, each of which comprises a plu-
rality of shelves with relatively small surfaces. Two of these circulating racks
or horizontal paternoster devices are arranged in a refrigerated chamber,
which is separated from a robot chamber by means of a wall interrupted by
two openings. One robot takes a specimen container from a spedific rack lo-
cation on the circulating rack positioned closest to the one ppening and

TLAL3ATE- 30 o
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gives this container to a second robot or a transfer area on the side oppo-
site the storage chamber. The container can be identified by means of a
camera. The storage chamber of this system appears 1o be relatively com-
pact, however the roboet requires a large amount of spacs, in particular if
fwo robots are to be employed for making the specimens available and/or
relocating the specimens from one specimen container to another,

A storage system with a plurality of vertical paternoster shelves thet are
serviced by at least one robot arranged above these shelves is disciosed in
the patent CH 688 821 AL. The robot removes one storage container from
the top shelf in each case. The goods are stored in a very compact and well
utilised storage space with an unspecified temperature. The robot's paths
appear to be very long for making many containers available efficiently, es-
pecially because only one container and/or object can be transported at a

time.

In addition, storage systems produced by Remp AG {Cbetdiessbach, Swit-
zerland) are known, in which specimens can be stored, for instance in the
REMP Smali-Size Store™ system at temperatures of +4°C or -20°C or in the
REMP Bio-Sample Store system at -80°C. A robot is employed in the latter,
warking at -20°C.

Object and summary of the present invention

The object of the present invention was to propose an alternative storage
system for frozen specimens that eradicated or at least minimised the

known disadvantages in the prior art.

This object is fulfilled in accordance with a first aspect by means of a com-
pact storage gystem comprising one storage area, a housing comprising
thermal insulation and at least one refrigeration unit. This refrigeration unit
can ¢cool at least the storage area to a temperature that lies below -15°C.
This compact storage system comprises storage shelves arranged com-

TE-G3STT-IPL don
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pletely within the refrigerated storage area and a transfer area arranged
above this sterage area, in which an essentially horizontally moving robot is
arranged. The compact storage system in accordance with the invention is
characterised in that it comprises at least one paternoster device which is
arranged in the storage area and is essentially vertical, which paternoster
device comprises a longitudinal axis and a plurality of essentially horizon-
taily criented storage shelves circulating in an essentially oval path of travel,
with the robot working in conjunction with a paternoster device, the robot
agevice being accomplished for the purpose of and being capable of remov-
ing or depositing a storage shelf and/or removing obiects from and/or plac-
ing them on a storage shelf, when at least one storage shelf is located in
the area of the upper semicircie of the circulatory path of this paternoster
device, with these objects being selected from a group comprising the
transfer frames, container racks and containers.

This cbject is fuifilled in accordance with a second aspect by means of a
method for storing and making available frozen specimens in such a com-
pact storage system. The method in accordance with the invention is char-
acterised in that the frozen specimens are stored in at least one at least es-
sentially vertical paternoster device arranged in the storage area of the
compact storage system with a longitudinal axis and a plurality of essen-
tially horizontaliy oriented storage shelves circulating on an essentiaily oval
path or are made available from it, with the robot working in conjunction
with & paternoster device for the purpose of and being capable of removing
or depositing a storage shelf and/or removing objects from and/or placing
them on a storage shelf, when at ieast one storage shelf is located in the
area of the upper semicircle of the circulatory path of this paternoster de-
vice, with these objects being selaected frem a group comprising the transfer
frames, container racks and containers,

Additional preferred and inventive characteristics in each case are derived
form the specification and the attached claims.

TC-G36TE-IT L de
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in the context of the present invention the geometric term "oval” is defined
as an intrinsically closed, essentially 0-shaped line. In the case of such an

oval, the two essentially straight sections of egual length extend practically
parallel to each other. The two neighbouring ends of their straight sections
are connected to each other in each case by an at least approximate semi-

circle,

Brief introduction of the drawings

The present invention will now be described in greater detail with reference
to exemplary embodiments and schematic drawings which do not restrict
the scope of the invention.

Fig. 1 shows a vertical longitudinal section through a compact storage
system in accordance with a first embodiment;

Fig. 2 shows a plan view of the compad storage system in Fig. 1;

Fig. 3 shows a vartical longitudinal section through a compact sterage

system in accordance with a second embodiment;

Fig. 4 shows a schematic 3D-view of a storage or work magazine;

Fig. 5 shows a vertical cross-section through a transfer station, in which
a puncher thrusts a specimen container from a compartment of a

storage magazine intc a caompariment of a work magazine;

Fig. 6 shows 3D-views of paternoster devices with two main chain
drives and with a frame, wherain:
Fig. 6A  shows a first variant with a stabilising lateral chain
drive, and

Fig. 6B  shows a second variant with a stabilising cam disc:

34T doc
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Fig. 7 shows an eniarged 3D-view of Fig. 6A, in which the lateral and
the axial offset of the main chain drive in relation to the lateral

chain drive is clearly visible;

Fig. 8 shows a 3D-view of a robot with two gripper frames, two heads

and a transfer station.

Description of the preferred embodiments of the invention

Figure 1 shows a vertical longitudinal view or section through a compact
storage system 1 in accordance with a first embodiment. This compact star-
age system 1 comprises a storage area 2, which is arranged in a housing 8
provided with thermal insulation 9. Furthermere, this compact storage sys-
tem 1 comprises at least one refrigeration unit 10, with which at least the
storage area 2 can be refrigerated to a temperature below -15°C, The re-
frigeration unit 10 can be arranged within the housing {cf. Figure 3) or, as
shown here, outside the housing 8. The compact storage system 1 com-
prises storage sheives 5 that are arranged completely within the refriger-
ated storage area 2, irespective of their storage location. A transfer area 6
is arranged above this storage area Z within the housing 8, in which an es-
sentially horizontally displaceable robot 7 is housed (see double arrow in
Figures 1 and 3).

The compact storage system 1 in accordance with the invention comprises
at ieast one at least essentially vartical paternoster device 3 arranged in the
storage area 2. This paternoster device comprises a longiudinal axis 4 and
a pluratity of essentially horizontatly oriented storage shelves 5 circulating in
an essantially oval path of travel. The rchot 7 working in conjunction with
such a paternoster device 3 is developed and accomplished for removing or
depositing a storage shelf 5. It is also designed for removing objects from a
storage shelf 5 or placing them on one. However, as g result of the. interac-
tion with the paternoster device 3, the robot 7 is only capable of performing
these actions when at least one storage shelf 5 is positioned in the area of
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the upper dreulatory semicircle of this paternoster device 3. These objects
are selected from a group comprising the transfer frames 11, container
racks 21 and containers 17,

The test tubes manufactured for instance from glass or plastic are referred
to as "containers or specimen containers”. Test tubes also encompass “vi-
als” and "tubes”. In particular, vials and tubes are developed essentially cy-
lindrically and are preferably stored or transported in magazines or racks.
Highly preferable are container racks 21, which are provided with essentisily
the same footprint as & microplate. However, the term "container" aiso
comprises all other vessels that are suitable for enclosing ligquids, solids or
mixtures of liquids and solids. For instance, small bottles with lids are such
containers, where these small botties can be manufactured from glass or
plastic and the lid developed for example as a screw top d, snap-on cap or
plug. Also included here are containers with a foil or film as a means of clo-

SUre.

In robotised laboratories microtube cluster racks are especially preferred
because these have a footprint that corresponds to the footprint of a mi-
croplate in accordance with the SBS standard (SBS = Society far Bio-
molecutar Screening), often referred to as the “SBS footprint”. This stan-
dard has been adopted as ANSI/SBS 1-2004 Standard by ANSI (American
Mational Standards Institute). Racks with 96 microtubes are known. The
sforementionaed company Remp AG also supplies microtube cluster racks
with 56 or 384 microtubes under the commercial name REMP Tube Technol-
ogy .

Such container racks 21 can be placed directly onto the storage shelves 5.
Preferably, the storage shelves are provided with appropriate depressions
and/or compartments {see Figure 7) to prevent the container racks 21 sip-
ping on the storage shelves 5, therefore unambiguously defining the posi-
tion of a container rack on a storage shelf. Container racks positioned
clearly in this manner can be addressed by the robot 7 and grasped pre-
cisely with confidence when at least one storage shelf 5 is positioned in the

{23479 -8 dne
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area of the upper circulatory semicircle of this paternoster devica 3. Pref-
erably, storage shelves are manufactured from sheet aluminium or sheet
chromium steel, Aluminium in particular is a good thermal conductor and
such aluminium shelves are relatively light, but sufficiently stable neverthe-

_less,

However, such container racks 21 can also be placed onto a transfer frame
11, which is also provided with appropriate depressions and/or compart-
ments (cf. Figure 7} to prevent the container racks 21 sliding on the trans-
fer frames 11 in order to unambigucusly define the position of a container
rack on a transfer frame. Preferably, these transfer frames 11 are shightly
shorter than the storage shelvaes 5 and can be placed accurately on these in
terms of their position {cf. Figure 7). Preferably, the {ransfer frames 11 are
manufactured from a plastic material. The transfer frames 11 can also com-
prise an array of pyions instead of the depressions and/or compartments for
the container racks 21, between which test tubes or other containers 17 can
be inserted (cf. Figure 7). Container racks 21 can also comprise such pylons,
s0 that vials and test tubes can be placed into and/or removed from these

container racks 21 manually or by rohotised means.

Provision can alse be made for the robot 7 working in conjunction with a pa-
ternoster device 3 to be embodied for the purpose of and being capable of
removing or depositing a storage shelf 5 and/or removing objects from
and/or placing them onto a storage shelf, when this storage shelf 5 is lo-
cated at least near the upper inflection point 12 of the paterncster device 3,
The higher the position of the objects to be remaoved, the simpler these can
ba grasped by the gripper 20 of the robot 7. Alternatively, provision can be
made for the robot 7 working in conjunction with a paternoster device 3 to
be developed for the purpose of and being capable of removing or deposit-
ing a storage sheif 5 and/or removing obijects from and/or placing them
onto a storage shelf 5, when two storage shelves 5 are each positioned at a
distance from the upper inflection point 12 of the paternoster device 3 that
is essentially one quarter of the upper circulatory semicircle. This alternative
form of presentation has the advantage that for each paternoster device

VFO-E347P- P 1 doc
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two storage shelves can be simultanaously positicned to be accessible for
the robot 7.

A single paternoster device 3 (not shown) can be arranged in a single stor-
age chamber 13, but also two or more paternoster devices 3 {e.g. four, as
shown in Figure 1), When provision is made for at least two paternoster de-
vices 3, the paternoster devices 3 are preferably arranged essentially paral-
let adjacent to each other, with the robot 7 then developed preferably such
that it is displaceable perpendicular to the longitudinal axes 4 of these pa-
ternoster devices 3. This can be seen from a combination of the two Figures
1 and 2, with Figure Z showing a plan view of the compact storage system 1
shown in Figure 1 in vertical cross-section according to the simpler first em-
bodiment.

Figure 3, which shows a vertical longitudinal view through a compact stor-
age system in accordance with a second embodiment, shows a preferred re-
finement of the compact storage system 1 in accordance with the invention.
The storage area 2 of this compact storage system 1 comprises storage
chambers 13 that are permanently separated from each other by means of
thermally insulated partitions 14. In this case, a paternoster device 3 is ar-
ranged in each storage chamber 13, Simiarly, in this case paternoster de-
vices 3 are preferably arranged essentially parallel adjacent to each other
and the robot 7 are embodied such that it is displaceable perpendicular to
the longitudinal axes 4 of these paternoster devices 3. The temperature in
all these thermally separated storage chambers 13 can be the same or dif-
ferent, depending upon requirements. Preferaily, the robot 7 comprises at
least one gripper freme 16 to block a paternoster device 3 and to remove
and/or deposit a transfer frame 11 from a storage shelf 5 or to remove
and/eor deposit a storage shelf 5 of the blocked paternoster device 3 {cf.
also Figure 8). In variance to this representation, provision can be made for
similar insulated, but removable partitions (so-called "mobiie partitions”,
not shown) are only employed on both sides of a paternostaer device 3 when
special work is to be performed on this paternoster device 3, such as in

break-down events or for service work and/or if this paternoster device 2 is

TC-U347P-301 duc
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to be a least temporarily removed from the storage area 2 of the compact
storage system 1 or to be replaced by ancther paternoster device 3.

Highly preferable is for each storage chamber 13 to comprise at least one
sealable loading hatch 15. This means that the storage chambers can be to-
tally thermally insulated from each other. In this way, a single stoiage
chamber 13 can for instance be thawed for maintenance work without com-
promising the functionality of the other storage chambers 13 or even the
compact storage system 1.

Particularly with respect to the second embodiment, but also with respect to
the first, preference is for the storage area 2 to be able 1o be refrigerated to
a temperature of -35°C or lower. In addition, the transfer area 6 should be
able to be refrigerated to a temperature below -15°C, This temperature dif-
ference does not normally compromise the quality of the frozen specimens
because these specimens are grasped in a closed container 17, with or
without a container rack 21 and/or transfaer frame 11. Gripping is casried
out by a robotic gripper 20 that is pre-chilled to at least ~15°C. The speci-
mens cah be transferred in a container rack 21, a transfer frame 11 or a
storage shelf & held by a robot, the container rack, transfer frame or stor-
age shelf being also pre-chilled to -15°C.

In a particularly preferrad embodiment of the compact storage system 1,
the storage area 2 can be cooled to a temperature of -80°C. In this case,
preference is for the transfer area 6 o be cooled to a temperature of -20°C.
These temperatures, as described initially, can be generated using a refrig-
eration unit 10, which for instance comprises a compressor, the first stage
of which provides a temperature of -20°C for the transfer area §, and the
first and second stage of which provides a temperature of -80°C for the

storage area 2.
The compact storage system 1 preferably comprises at least one tock 33,
This lock is accomplished for the deposition and/for removal intoffrom the

compact storage systern 1 of storage shelves 5, transfer frames 11, storage
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megazings or container racks 21. These storage shelves, transfer frames,
starage magazines or centainer racks preferably comprise specimen <on-
tainers in the form of viais 17, tubes 22 or other containers, such as for ex~
ample smail glass jars with screw top Hds, and work magazines 24.

Preferably, each paternoster device 3 is constructed in a rack 27 and can be
removed laterally from the housing 8 of the compact storage system 1 to-
gether with this rack 27 through an epening 28. In order 1o prevent the de-~
velopment of any thermal bridges, this opening 28 is closed by means of a
cover 29 equipped with thermal insulation ¢ once the paternoster device 3
is inserted (cf. Figure 2). This cover 29 can be fastened to the rack 27 so
that it can be removed together with the paternoster device 3 from the
compact storage system 1. However, the cover 29 can aisc be embodied as
a door and be attached fo the housing 8 of the compact storage system 1.
Each paternocster device 3 preferably comprises one drive moter 54 ar-
ranged ouiside the storage area 2, which is connected to the laterai chain
drive 43 through a thermally insulated rotary joint 55. However, if the tem-
perature of the storage area 2 is -20°C, the drive motors 54 can also be ar-
ranged within the storage area 2.

Figuras 6A and 68 show 3-D views of paternoster devices 3 with two main
chain drives 32 and with such a rack 27, Each paternoster device 3 com-
prises twa essentially vertical main chain drives 32 with rolier chains ar-
ranged at their two ends 31. These roller chaing ran around upper and lower
sprocket wheels 34, The main chain drives 32 are joined fo each other me-
chanically by means of at least one shaft 35. Adjacent links of these rolier
chains are connected to each other by means of link plates developed as
shelf bearers 37. Preferably, link pins are inserted through each shelf bearer
37. Preferably, each main chain drive 32 comprises twao parallel rolier chains,
each link of which is encompassed by a preferably U-shaped shelf bearer 37,
Cther intrinsically non-load-bearing supporting chaing 61 can be arranged
parallel to these as additional stabilisers for the roller chaing of the main
chain drive 32 (¢f. also Figure 73. Preferably, each main chain drive 32
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comprises an additional parallel supporting chain 61, the links of which are
not encompassed by the shelf bearers 37,

Figure 6A shows a first variant of such a paternoster device 3, characterised
by a stabilising lateral chain drive 43, This lateral chain drive 43 prevents
the storage shelves 5 from tilting and ensures that the storage shelves &
maintain their at least approximate horizontal position along their whole
path of travel in the paternoster device 3. The paternoster device 3 with the
assantiatly horizontally heid storage sheives 5 in accordance with the inven-
tion can be operated continuously forwards as well as backwards. Each pa-
ternoster device 3 in accordance with this first variant comprises an essen-
tally vertical fateral chain drive 43 with roller chains arranged at its one end
31 (cf. also Fig, 7). Thase roller chains of the lateral chain drive 43 run
around upper and lower sprocket wheels 34 and are offset from the main
chain drive 32 by an axial offset dimension 41 and a lateral offset dimension
42. Adjacent chain links are connected to each other by means of link plates
developed as dummy bearers 44, Preferably, each lateral chain drive 43
comprises one roller chain, the links of which are each encompassed by a U-
shaped dummy bearer 44, Preferably, fink pins are inserted through these
shelf bearers 37 or these dummy bearers 44 accordingly. It is also prefer-
able for each sheif bearer 37 to be connected to a dummy bearer 44 by
means of an intrinsically stiff articulated connection 46 which bridges the
axial offset dimension 41 and the lateral offset dimension 42, In this itlus-
frated embodiment of the first variant of the paternoster device 5 [sicl] at
least one toothed drive wheel 56 of the main chain drive 32 is functionally
connected mechanically to cone toothed drive wheel 59 of the lateral chain
drive 43 by means of an intermediate toothed wheel 57 or a toothad belt
(not shown in Figure 7). Preferably, the connection 46 is developed as & Z2-
shaped element with an elongated part 47 and twa transverse shanks 48,
with the transverse shanks 48 developed as rotational axes mounted ro-
tatably in sleeves 49 arranged on the shelf bearers 37 or on the dummy
bearers 44 (cf. also Figure 7).
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- Furthermore, provision can be made for the sleeves 49 arranged on the

shelf bearers 37 to additionally comprizse rollers 50 with two peripheral
flanges 51. These flanges 51 define the exact distance between the storage
shelvas 5, with the outside diameter of these flanges preferably correspond-
ing to exactly twice the dimension of the pitch of the chain. In this embodi-
ment g chain pitch of 15.875 mm was selected, such that each outside di-
ameter of the flanges 51 is 31.75 mm.

Preferably, a compact storage system 1 with such paternoster devices 5 is
embodied for storing storage magazines and/or container racks 21 with the
faotprint and normal height of a standard microplate, or with the same
footprint and an integral muitipte of this normal height. Highly preferable is
a compact storage system 1 that is provided with at least three paternoster
devices 3 and a specific storage capacity of at least 100 standard mi-

cropiates per cubic metre.

Each compact storage system 1 in accordance with the invention preferably
comprises one master computer 60 to regulate the storage ares and trans-
fer area temperatures and to control the motors 54 of the paternoster
drives and the robot 7. Preferably, the computer 60 is provided with soft-
ware that enables this computer to perform temporally optimised scheduling
of the work to be performed by the robot 7. With the ald of such scheduling
methods, large numbers of spacimens can be placed into or made available
from these paternoster devices 5 within a very short period of time. Such
work also includes reformatting tubes from third-party manufacturers pro-
vided to the robot locsely in magazines. It is very advantageous to have 2
robet 7 that is capable of gripping such individual fubes. Such tubes from
third-party manufacturers can for instance be placed on a transfer frame 11
and piaced on a storage shelf 5§ with this transfer frame 11, The third-party
manufacturer magarzines and the racks for vials 17 can also be provided
with a footprint that deviates from that of the $BS standard. Simitarly, the
robot 7 can comprise exchangeabte grippers that f contalners and/or racks
that do not comply with the SBS standard.
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Figure 6B shows a second variant of such a paternoster device 3 with a sta-
bilising cam disc 36. Each of these paterncster devices 3 comprises ohe es-
sentially vertical cam disc 36 arranged at one of their ends 31, with a cam
rail 45 and cam bails 58. Each of the dimensignally stable cam balls 58 cor- -
responds with a shelf bearer 37 carrying a storage shelf 5 and is pivotally
connected to it, In combination with one oval cam rail 45 corresponding o
the path of travel of the paterncster device and the cam bails &8, this cam
disc 36 pravents the storage shelves 5 from tilting and ensures that the
storage shelves 5 mainiain their at least approximately horizontal position
along their whole path of travel in the paterncster device 3. This paternos-
ter device 3 in accordance with the invention with the essentially horizon-
tally held storage shelves 5 can be cperated running forwards as well as
backwards.

Figure 7 shows an enlarged 3-D view of Figure 84, The lateral offset of the
one main chain drive 32 and the axial offset of this main chain drive with
respect to the lateral chain drive 43 can be seen clearly hera. In addition, it
can also be seen clearly that the shelf bearers 37 can comprise mouided
supports 52 that reliably support the shelf bearers 37 in an essentially hori-
zontal position with respect to the main chain drive 32. Preferably, each pa-
ternoster device 3 comprises essentially vertically arranged guide rails 53
that engage between the rotary flanges 51 of the rollers 50 arranged on the
shelf bearers 37, Furthermere, the third-party manufacturer's tubes and/or
vials 17 are clearly visible, and the manner in which they are iocated on a
transfar frame 11 between its oylons and iocated with this transfer frame
11 on a storage shelf 5,

Figure 8 shows a 3-D view of & robot 7 with two gripper frames 16, two
heads 18,19 and a transfer station 23. The robot 7 comprises at least one,
but preferably {wo heads 18,1%. This one head 18 and/or these two heads
18, 12 isfare each equipped with one gripper 20 for grasping containar
racks 21 with specimen containers 17 or for tubes 22 and/or for grasping
gpecimen containers 17 arranged in container racks 21 or transfer frames in
11. Preferably, the robot 7 alsc comprises a transfer station 23 for redis-
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tributing these specimen containers 17,22 in work magazines 24. Preferably,
the robat 7 is equipped with one gripper 20, with which it can hold contain-
ers 17 of any kind, such as for instance entire container racks 21 with an
SBS footprint, but alse individual, preferably cylindricai specimen containers
such as test tubes and vials., Preferably, the robot 7 comprises at [east one
gripper frame 16 to block a paternoster device 3 and to remove and/or de-
posit a transfer frame 11 from a storage shelf 5 or to remove and/or deposit
a storage shelf 5 of the blocked paternoster device 3. In this way, the grip-
per frame 16 grasps preferably tray-shaped specimen carriers, such as

storage shelves 5 and transfer frames 11.

The transfer station 23 comprises a puncher 25, with which tubes 22 can be
pressed out of the compartments 26 of a container rack 21 into compart-
mernts 26 of a work magazine 24 arranged below the container rack 21. As
mentioned previously, microtube cluster racks are particularly preferred in
robaotised laboratories, because these are provided with a footprint that cor-
respends to the footprint of an SBS standard microplate. The aforemen-
ticned company Remp AG also supplies microtube cluster racks with 86 or
384 microtubes under the commaercial name REMP Tube Technology™. The
essential difference between these and the remaining state-of-the-art racks
and microtubes is that the specimen tubes are made avaitable by arranging
at least two racks one above the cther and the test tubes are pressed by a
manipulator out of the upper rack into the accommodating cavities of the
rack below, positioned in register or accordance with the index. On the
other hand, this transfer process can aiso be executed by means of 2 ma-
nipuiator pressing the test tubes out of the lower rack into the appropriatety
positioned accommodating cavities of the upper rack (¢f. 2.g. EP 0 504 841
Bl or US 6,827,907 B2}.

Referance is hereby made again to Figures 4 and 5 that show a schematic

3-D view of a storage magazine and/or container rack 21 or a work maga-
zine 24 and/or a vertical profile through a transfer station 23.

TC-23470-1F 1 don
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In the transfer station 23 a puncher presses a specimen centainer from a
compartment of a container rack 21 into a compartment of 2 work maga-
zine 24. The container rack 21 and work magazine 24 are constructed es-
sentially identically and differ from each other primarily in terms of their
application. Container racks 21 are used for storing and making available
containers 17 or tubes 22. On the other hand, work magazines 24 are used
by the robot 7 or by an operator and are generally supplied to a procaessing
or analysis procedure conducted outside the compact storage system 1. The
container racks 21 are provided with partitions 40 that separate a plurality
{preferably 96 or 384) of compartments 26 from sach other. These com-
partments are provided with an upper opening 38 and a lowear opening 39,
so that containers (preferably in the form of sealed tubes 22) can be placed
in any selected compartment from above or from below, This placement is
preferably executed automatically by means of the tool or puncher 25, Pref-
arably, the container racks 21 and/or work magazines 24 are provided with
a width A and a length B that define an SBS footprint. Preferably, the height
C of these racks or magazines also corresponds te a standard height of mi-
croplates. As an alternative to the shown container racks 21 for tubes 22,
container racks can be developed that accommodate tissue cassettes and
are also preferably provided with an SBS footprint (not shown). Preferably,
such alternative container racks are provided with 24 compartments, each
for accommodating one tissue cassette resting on is side, and are prefera-
bly provided with double the height of a standard microplate,

Preferably, the robot 7 is constructad in a structural frame 30 and is devel-
oped together with the gripper frame 16, the heads 18,19 and the transfer
station 23 such that it can be removed from the compact storage system 1.
This is especially preferred for servicing purposes, as this allows the whole
robot to be removed from the compact storage system 1 without having to
thaw the transfer area &. Conseguently, the storage area 2 also remains
unaffected by robot 7 servicing, which is especially favourable when all the

naternoster devices 3 are located in a common storage chamber 13,
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Preferably, the compact storage system 1 in accordance with the invention
is utilised to execute a corresponding method for storing frozen specimens
and making them available. In a compact storage system 1 described above,
this methed involves the frozen specimens being stored in at least one at
least essentially vertical paternoster device 3 with a longitudinal axis 4 that
is arranged in the storage area 2 of the compact storage system 1 and a
plurality of essentially horizontally oriented storage shelves 5 circulating
along an essentially oval path, The robot 7 working in conjunction with a
paternoster device 3 removes a storage shelf 5 or sets it down inside. The
robot can alsc remove objects from a2 storage shelf 5 and/or place them on
a storage shelf. The robot can only perform this work when at least one
storage shelf 5 is positioned in the area of the upper circulatory semicircle
of this paternoster device 3. These objects are selected from a group com-
prising transfer frames 11, container racks 21 and containers 17,

In particular, the robot 7 can perform this work, when this storage shelf 5 is
positioned at least in the proximity of the upper inflection point 12. The di-
rection from which the storage shelf 5 comes to be in this position is irrele-
vant. Alternatively, the rocbot 7 is developed for the purpose of and being
capable of removing or depositing a storage shelf 5 and/or objects
from/onto a storage shelf 5 respectively, when two storage shelves 5 are
each positicned at a distance from the upper inflection point 12 that is es-

sentially one quarter of the upper circulatory semicircle.

The method in accordance with the invention can be executed particularly
efficiently and in a time-saving manner when each paternoster device 3 is
proviged with its own drive motor. In this manner, each paternoster device
can be moved independently of the other paternoster devices 3. Highly
preferable is for the drive motors 54 of all the paternoster devices 3 to be
controlled by a master computer 60 in order to bring at least one storage
shelf 5 of a paternoster device 3 into a favourable position for the intended
deposition or removal of specimens, with at least one storage shelf 5 being
positioned in the area of the upper circulatory semicircie of this paternoster
device 3. The robot 7, alse controlied by the master computer 60, then de-
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posits a specified number of particular specimens in the storage shelves 5
made available and/or removes these specimens from these storage shelves
5. while the robot 7 is operating in the transfer area 6, the paternoster de-
vices 3 can be moved into a further operational position with storage
shelves that have already been processed. Preferably, the computer 60 co-
ordinates and optimises the paths of the robot 7 and the paths of rotation
{and rotational directions if reguired) of the paternoster devices 3 with re-
spect to each other in such a way that the shortest work time possible for
the robot 7 is the resuli. Consequently, the preferred master computer 60,
which can be arranged inside or outside the housing 8 of the compact stor-
age system 1, controls the robot 7 and the paternoster devices 3 according
to a temporally optimised schedute. As described, in order to position a spe-
cific starage shelf 5 at least in the vicinity of the upper inflection point 12 of
the paternoster device 3, sach paternoster device 3 can preferably be circu-
lated forwards or backwards as required, depending on the current position
of the specific storage sheif 5.

Preferably, the robot 7 comprises one transfer station 23. The test tubes are
made available in this by means of arranging at least two racks and/or
magazines one above the other and test tubes in the farm of tubes 22 heing
pressed out of the upper container rack 21 by a tool and/or a manipulator
25 into the accommoeoedating cavities of the lower work magazine 24, which
are positioned according te the index. On the other hand, this transfer proc-
ess can also be executed by means of a manipulator pressing the tubes out
of the lower rack into the accommeodating cavities of the upper rack, which
are positioned according to the index. The positions of the container rack 21
and work magazine 24 can alsc be interchanged as reguired, with the robot
working on two container racks 21 or two work magazines 24 depending on

requirements.

Highly preferable in terms of the temporally optimised working mode of the
robot 7, is for the robot 7 to comprise two heads 18,19, each with a gripper
20, with which it can grasp two container racks 21 with tubes 22 from a
storage shelf 5 or from a transfer frame 131 essentiaily simultaneously and
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to make them available for redistributing thase tubes 22 in #s transfer sta-
tion 23. The work time of the robot for purely removing or depositing con-
tainers 17 or container racks 21 is halved by it being equipped with two
gripper heads 18,19,

As described, each paternoster device 3 is preferably consiructed within a
rack 27 and can be removed laterally from the housing 8 of the compact
storage system 1 together with this rack 27 through an opening 28 for ser-
vicing purpaoses. This is particularly advantageous in the second embodi-
ment of the compact storage sysiem 1, because a single paternoster device
3 can be removed from the housing 8, without the other paternoster de-
vices 3 located in individual storage chambers 13 {cf. Figure 3) being com-

promised with respect to their temperature or functionality.

The paternoster device 3 to be removed can be emptied in advance using
the robot 7. This is particularly recommendable when maintenance or repair
works needs to be performed cn the paternaster device 3 or an the relevant
storage chamber 13.

However, it is also possible to slide the exiracted paternoster device 3, in-
cluding all of the frozen specimens stored within it, into another refrigerated
device or even into ancther compact storage system 1. This other refriger-

ated device can be a stationary or a transportable refrigeration device.

To the extent that features of the disclosed variants of the paternoster de-
vices 5 and of the embodiments of the compact storage systern 1 can be
combined, such combinations fall within the scope of the present invention.
The same reference symbols in the figures relate to identical features, even
if these were not expressly described in each case,

The problem of unambiguously identifying the specimens stored in this
compact storage system 1 is preferably resolved by providing all transport-
able parts of the compact storage system with a means of identification.

These transportable parts comprise in particular storage shealves 5, transfer

F-gAPR-IF Y sne



10

15

20

25

30

(39) JP 2008-169042 A 2008.7.24

05.12.2007 / TM - 74 -

frames 11, containers or vials 17, container racks 21, tubes 22 and work
magazines 14. Moreover, localising a particular tube 22 is simplified by the
$BS standard, which involves numbering the compartments 26 in terms of
rows and columns, All common means of identification can be used as
means of identification, provided they withstand the low storage tempera-
tures. Consequently, optically readable means of ident¥fication such as (1-,
2-, or 3- dimensional) bar codes or wireless identification and means of
identification that can be read without visual contact, for instance by means
of radio frequency tags ("RFID tags™) come into special consideration. Other
wireless systems, such as RuBee, ZIGBes, or Bluetooth are also preferred
depending on suitability. Highly preferable is the identification of larger
transportable parts, such as for instance the storage shelves 5, transfer
frames 11, containers or vials 17 and container racks 21, by means of one-
dimensional bar codes. Preferably, small transportable parts, such as tubes
22, are provided with a 2-dimensional barcode (not shown).

Preferably, the robot 7 is equipped with an identification reader, such as for
instance a barcode reader, so that it can read the appropriate means of
identification on the parts of the compact storage system that need to be
picked up, transported, set down or have been set down (not shown}. How-
ever, provision can also be made for a central apparatus of each individual
paternoster davice 3 and/or of the complete compact storage system 1 {o
take on the identification process for the individual transportable parts or at
least to support the robot 7 in executing particular identification tasks.
Highly preferred is for the computer 60 to monitor and store identifications
50 that the storage lists and transfer lists can be displayed and/for printed
out. Particutarly in the case of specimens being automaticaily loaded, pref-
erably taking place through a lock 33, determining the identity and the allo-
cated storage iocations of the individual specimens or other transportable
parts is of great impertance. Thanks to such an identification system, an
exact inventory can be retrieved from the computer 60 at any time,
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Reference symbols;

[ R

Compact storage system
Storage area
Paternoster device
Longitudinal axis
Storage shelf
Transfer area
Robot

Housing

Thermal insulation
Refrigeration unit
Transfer frame
Inflection point
Storage chambers
Partitions

Loading hatch
Gripper frame
Container, vial
First head

Second head
Gripper

Container rack
Tubes

Transfer station
Work magazine
Puncher, manipulator
Compartment
Rack

Opening

Caver

Structural frame
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31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
43
49
5C
51
52
53
54
55
56
57
58
59
&0
61

JP

Ends

Main chain drive
Lock

Sprocket wheels
Shaft

Cam disc

Shelf bearers

Upper opening
Lower opening
Fartition

Axial offset dimension
Lateral offset dimension
Lateral chain drive
Dummy bearers
Cam rail

Connection
Elongated part
Transverse shanks
Sleeves

Rollers

Rotary flanges
Moulded supports
Guide rails

Drive motor

Rotary joint
Toothed drive wheel
Intermediate toothed wheel
Cam bails

Toothed drive wheel
Computer
Supporting chain
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A compact storage system {1} with one storage area (2), a housing (8)
camprising thermat insulation (9) and at least one refrigeration unit
{10), with which at least the storage area (2} is accomplished to be
coolable to a temperature below -15°C, with the compact storage sys-
temn (1) comprising storage shelves {5) arranged completely within the
refrigerated storage area (2) and a transfer area (6) arranged above
this storage area {2), in which an essentially horizentally displaceable

robot (7] is arranged, wherein the compact storage system (1) com-

prises at least one essentially vertical paternoster device (3} arranged

in the storage area (2), which paternoster device (3) comprises a longi-
tudinal axis {4) and a plurality of essentially horizontally oriented stor-
age shelves (5) circutating on an essentially oval path, with the robot (7)
working in conjunction with the paternoster device {(3) and being ac-
complished for removing or depositing a storage shelf {5) and/or ob-
jects from/onto a storage shelf (5) respectively, the robot (7) being ca-
pable of this removing or depositing, when at least one storage sheif (5)
is located in the area of the upper semicircle of the path of this pater-
noster device {3}, with these objects being selected from a group com-
prising the transfer frame (11), container racks (21) and containers
{17},

The compact storage system (1) of Claim i, wherein the robot {7) is
embodied for the purpose of and being capable of removing or deposit-
ing a storage shelf {5) and/or objects from/onto a storage shelf (5) re-
spectively, when this storage shelf (5) is located at least near the upper
inflection point (12},
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The compact storage system (1) of Claim 1, wherein the robot (7) is
embodied for the purpese of and being capable of removing or deposit-
ing a storage shelf (5) and/or objects from/onto a storage shelf {5) re-
spectively, when two storage shelves (5) are each positioned at a dis~
tance from the upper inflection point (12) that is essentially one quarter
of the upper circulatery semicircle.

The compact storage system (1) of Claim 1, whearein the storage ares
(2) comprises at least two paternoster devices {3} arranged essentially
parallel adjacent 1o each other, with the robot {7) accomplished such
that it is displaceable perpendicular to the longitudinal axes (4) of these
paterncster devices (3).

The compact storage system (1) of Claim 1, wherein the storage area
{2) comprises storage chambers (13} that are separated from each
other by means of thermally insulated partitions {14), with one pater-
noster device (3} arranged in each storage chamber (13).

The compact storage system (1) of Claim 5, wherein each storage
chamber {13) comprises at izast one sealable locading hatch (15).

The compact storage system (1) of Claim 1, wherein the storage area
{2) is accomplished to be coolable to a temperature that is -35°C or
lower and the transfer area (6) is accomplished to be coolable to a
temperature below -15°C.

The compact storage system {1) of Claim 7, wherein the storage area
{2) is accompiished to be coolable te a temperature of -80°C and the
transfer area (6) is accomptlished to be coolable to a temperature of -
20°C.

T34 7RI dae



G

15

20

25

30

(43) JP 2008-169042 A 2008.7.24

05.12.2007 / ™ . 25 -

13,

11,

iz,

13.

The compact storage system (1) of Claim 1, wherein the robot {(7)
comprises at least one gripper frame {16} to block a paternoster device
{3} and to remove and/or deposit a transfer frame {11} from a storage
shelf {5) or to remove and/or deposit a storage shelf {5) of the blocked
paternoster device {3).

The compact storage system (1) of Claim 1, wherein the robot (7)
comprises one or two heads (18,19), each equipped with one gripper
{20) for grasping container racks (21) with specimen containers {17,22)
or for grasping specimen containers (17) arranged in container racks
{21) or transfer frames {11},

The compact storage system (1) of Claim 10, wherein the robot (7)
comprises a transfer station (23) with a puncher (25} for redistributing
the specimen containers (17,22} in work magazines (24), with this
puncher {25} being accomplished for pressing tubes (22) out of com-
partments (26) of a container rack {21) inte compartments (26) of a
work magazine (24} arranged below or above this container rack (21).

The compact storage system (1) of Claim 5, wherain each paternoster
device (3) is constructed in a rack (27) and is embodied so that it is,
together with this rack {27), removable laterally from the housing (8) of
the compact storage systam (1) through an opening {28}, with this
opening (28) being sealed by means of a cover {29) eqguipped with
thermal insulation (9) when the paternoster device (3) has been in-
serted.

The compact storage system (1) of Claim 1, wherein sach paternoster
device (3) at its two ends (31) comprises two main chain drives (32)
that are arranged essentially vertical and are provided with roller chaing
that run around upper and lower sprocket wheels (34), the main chain
drives (32} being mechanically connected to each other by means of at
teast one shaft (35), with adjacent links of the chains being connected
to each other by means of link plates developed as shelf bearers (37).
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14,

15,

16,

17.

i8.

The compact storage system (1) of Claim 13, wherein each paternos-
ter device {3} comprises one lateral chain drive (43) that is arranged
essentially vertical at one of its ends (31) and is provided with roller
chains that run around upper and lower sprocket wheels {34) and that
are offset from the main chain drive {32) by an axial offset dimension
(41} and 2 lateral offset dimension (42), with adjacent links of the lat-
eral chains being connecied to each other by means of link plates em-
bodied as dummy bearers (44),

The compact storage system (1) in accordance with the Claims 13 and
14, wherein each shelf bearer (37) is connected to a dummy bearer
(44) by means of an intrinsically rigid articulated connection (46) that
bridges the axial offset dimension (41) and the lateral offset dimension
(42).

The compact storage systerm (1) of Claim 15, wherein link pins arg in-
serted through the shelf bearers (37) or through the dummy bearers
(44) respectively.

The compact storage system (1) of Claim 13, wherein each of these
paternoster devices (3) comprises one essantially vertical cam disc (36)
arranged at one of their ends (31), with a cam rail (45} and cam bails
(58}, with each dimensionally stable cam bail corresponding with a shelf
bearer (37) carrying a storage shelf {5) and being pivotally connected
to this shelf bearer {37).

A method for storing and making available frozen spacimens in a com-
pact storage system {1} with one storage area (2), a housing {8} com-
prising thermal insulation (9) and at least one refrigeration unit {10),

with which at least the storage area {2} is accomplished to be coolable
to a temperature below ~15%C, with the compact storage system (1)

comprising storage shelves (5) arranged completely within the refriger-
ated storage area (2) and 2 transfer area (6) arranged above this stor-
age araa {2), in which an essentiaily horizontally displaceable rebot (7)
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21.

22,

is arranged, wherein the frozen specimens are stored in or are made
available from at least one at least essentially vertical paternoster de-
vice (3) that is arranged in the storage area {2} of the compact storage
system {1}, which paternoster device (3) comprises a longitudinal axis
{4) and a plurality of essentially horizentally oriented storage shelves (5)
circulating on an essentially oval path, and wherein the robot (7) waorks
in conjunction with the paternoster device (3) and removes or deposits
a storage shelf (5} and/or objects from/onto a storage shelf (5) respec-
tively, the robot (7) being capable of this removing or depositing, when
at least one storage shelf (5) is located in the area of the upper semi-
circle of the path of this paternoster device (3}, with these objects be-
ing selectad from a group comprising the transfer frame (11}, container
racks (21) and containers {17).

The method of Claim 18, wherein each paternoster device (3) is pro-
vided with its awn drive motor {54), which allows each paternoster de-

vice (3} to be moved independently of the other paternoster devices (3).

The method of Claim 19, wherein the drive motors (54) of all the pa-
ternoster devices {3) are controlled by a master computer (60) in order
to bring at least one storage shelf {5) of a paternoster device (3) inte a
favourable position for the intended deposition or remaoval of specimens,
with at least one storage sheif (5) being positioned in the area of the
upper semicircle of the circulatory path of this paternoster device (3},

The methoed of Claim 20, wherein the robot (7), which is also con-
trolled by the master computer (66}, deposits and/or removes a speci-
fied number of particular specimens into/from the storage shelves (5)

made available.

The method in accordance with Claims 20 and 21, wherein the master
computer (60) controls the robot {7} and the paternoster devices {3) in

accotrclance with a temporally optimisad schedule.
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Abstract

The invention relates to a compact storage system and a corresponding
method for storing frozen specimens. The compact storage system com-
prises one storage area, a housing with thermal insulation and at least one
refrigeration unit, with which at least the storage area is coolable down to a
temperature of at least -15°C. The compact storage system also comprises
storage shelves arranged campletely within the refrigerated storage area
and a transfer area arranged above this storage area. An essentially hori-
zontally moving robot is arranged within the transfer area. The compact
storage system is characterised in that it comprises at least one essentially
vertical paternoster device, with a plurality of essentially horizontally ori-
ented storage shelves circulating on an essentially oval path. The robot
working in conjunction with the paternoster device is accomplished for re-
moving or depositing a storage shelf and/or objects from/onto a storage
shelf respectively. The robot is capable of this removing or depositing, when
at least one storage shelf is located in the area of the upper semicircle of
the path of this paternoster device, These objects for removing or deposit-
ing are selected from a group comprising the transfer frame, container

racks and containers,
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