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DESCRIPTION

CRYOPRESFEVATION DEVICT

Technicat Field
[0001]

The present invention relates o a eryopreservation device.

Background Art

{0002

In the development of new medicines or medical basie rescareh, biological
samples, such as sperms., fertilized ova, and cells of laboratory animals, are used.  Since
biological samples deteriorate duce to o biological action at normal temperatare. it is
eeneral that the biological samples are eryopreserved by ervopreservation devices or the
like.  Since ervopreservation devices using liquid nitrogen can stably maintain
biological smuples tor a long period ol tme, these eryopreservation devices have been
widely used.

[0003]

For example. Patent Literature | discloses a eryopreservation device that has an
opening with about half the diameter of a vessel and can treely rotate an internal
placement tray. as one of the ervopreservation deviees using liquid nitrogen, — In addition.
in the cryopreservation yvessel disclosed in Patent Literature o in order (o store samples
in karge quaatities, a plurality of samples are stored i a storage box. and o pluratity of the

storage boxes are stored in a case main bocy,



(O]

Citation List
Patent Literature
[0004]
[Patent Literature 1] Japanese Unexamined Patent Application, irst

5 Publication No. 2005- 43873

Summary ol fnvention
Technical Problem
[0005]

10 However. in the ervopreservation vessel disclosed in Patent Literature 1. 4
worker needs to load and untoad the case main body in which preservation targets, such
as samples, are accommodated trom the eryopreservation vessel. Theretore, the burden
on the worker is large. such as the need to use equipment or tigs tor preveation of

trostbite against low-temperature liquid nitrogen within the ervopreservation vessel.

'

Additionally, since it is necessary to extract an intended preservation targat in a state
where the case main body s undoaded from the crvopreservation vessel, tere 1s a
concern that the temperature of other proservation targets accommodated within the case
miin body may also rise,

[0006]
20 The present invention has been made in view of the above circumstances. and an
object of the present invention is to provide o crvopresens ation device that can
automatically extract a preservation target. such as an intended sample. and can suppress
a rise in the temperature of preservation targets other than the inlended preservation

target.

2
N
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Solution to Problem

[0007]

In order 1o sobve the above problems, the present invention provides the
crvopreseryation devices of the following (1) to (16).

(1) A crvopreservation device including;

a crvopreservation vessel that inte-nally acconmodates a case corftgured to
store preservation targets side by side and has an opening communteating with an outside
provided in an upper surface thereot;

a first arm that raises and Jowers the case in a vertical direction va the opening
in a state where the case ts held and maintains the case at an arbitrary height:

a [irst stage that is provided above the ervopreservation vessel soas to be
adjacent to the opening as seen in plan view and allows the preservation targets to be
placed thereon: and

a second arm that moves the presaervation target to be Jocated at a height
adjacent to the first stape trom the case to the first stage.

[0008]

(2) The ervopreservation deviee deseribed in (1), further including a
control unit that controls at least the first am and the second arm.

[0009]

(3 The ervopreservation device described in (1) or (2), further including a
third arm that moves the preseryvation targets placed on the first stage to the case.

10010]

(4) The ervopreservation device described in (3). turther including a rotary
table at a lower part within the cryvopreservation vessel, in which the case is allowed 1o be

placed on the circumterence of an arbitrary circle centered on a rotary shafi of the rotary
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table, and the opening is located on the circumterence of the circle as seen in plan view,

[0011]

(5} Ihe eryopreservation device deseribed in (4), in which two or more of
the openings are provided on an upper surfice of the ervopreservation vessel so as o be
adjacent to a direction orthogonal to a direetion tfrom the case side toward the tirst stage
side. the rotary table atlows the case to be placed on the circumierence of cach ol two or
more arbitrary concentric cireles centered on the rotary shati ot the rotary table, and the
openings are located on the circumference of cach of the concentric eireles as seen in
plan view.

{0012

(6) I he eryapreservation deviee deseribed in (5), in which the tirst arm, the
second arm, the third arm, and the first stage are movable in the direction orthogonal to
the direction from the case side toward the first stage side.

[0013]

(7) The cryvopreservation device described in any one of (1310 (6). turther
meluding a second stage provided opposite to the st stage across the opening al i
position adjacent to the opening, as seen in pian view. above the ervopreservation vessel.

[0014]

(8) The ervopreservation deviee deseribed in (7). in which the first stage
and the seeond stage are movable in a pairin the direction orthogonal to the direction
trom the case side toward the first stage sice.

[0015]

(9) The eryvopreservation deviee deseribed in (7) or (8). in which the first
stage and the second stage wdjacent to the opening as seen in plan view support the case

when the case is raised or lowered in the vertical direction via the apening.,
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[0016]

(1 The crvopreservation device deseribed inany one of (1) 1o (9). turther
including an identilication device that identities the preservation targets paced on the
[iEst stage,

[0017]

(Ih 1he eryvopreservation deviee deseribed in any one of (1 to (10), in
which the preservation targets are accommodated in vials, and the vials are stored ina
box side by side in two dimensions in the vertical direction,

[0018]

(12) The ervopreservation device described in (1), further including a third
arm configured to move the preservation targets placed on the first stage to the case, a tip
part of the third arm is provided with a plurality of pressing arms, the second arn is
provided with one pressing amm. the one pressing arm is movable in a direction
orthagonal to a direction from the case toward the second stage. and the first stage is
further provided with a holder having a space into which the plurality ot pressing arms
are inserted,

0019

(13) The ervopreservation device described in (12) in which the holder is
provided with a partition plate configured to partition the space into which the plurality
of pressing arms are inserted.

[0020]

(1h The ervopreservation device described in (12), further including a guide
that restricts a positional deviation when tle case is raised and lowered inthe vertical
direction, and the guide has a [rst guide Tocated up along a fifting and lowering direction

of the case, and a second guide located below the first guide.
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[0021]

(15 The ervopreservation device deseribed in ¢ 14), further including a
second stage provided oppasite W the first stage across the opening at a position adjacent
to the opening. as seen in plan view, above the ervopreseny ation vessel, the Hirst guide is
attached to the tirst arm, and the second guide is attached to the second stage.

(0022

(16) The ervopreservation device deseribed in (13 ) in which a tip part of the

partition plate s provided with a taper.

Advantageows Eftects of Invention

(0023

The ervopreservation device of the present invention include the
ervopreservation vessel that intemally accemmodates the case configured 1o store the
preservation targets side by side and has the opening communteating with the outside
provided in the upper surface thereofl the tirst arm that raises the case in the vertical
direction via the opening i a state where the case 1s held and naintains the case at the
arbitrary height, the tirst stage that 1s provided above the eryvopreservation vessel so as to
be adjacent to the opening as seen in plan view and allows a preservation arget to be
placed thereon. and the seeond arm that moves the preservation target to the first stage.

(0024]

In this way. since the first stage is provided so as to be adjacent to the opening ax
seen in plan view, only an intended presenvation target can be extracted onto the first
stage by the second arm without pulling up the entire case from the ervoprescrvation
vessel when the preservation target, such as an intended sample, is extracted from the

crvopreservation vessel by the tirst arm. Tence, the intended preservation target can be
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awtomatically extracted, and a rise of the temperature of preservation targets other than

the intended preservation target can be suporessed.

Brief Description of Drawings

0025

FIG | s a side schematie view illustrating a eryvopreservation device according
to a first embodiment according to the present invention.

FIG 208 a side schematic view illustrating a drawer in the eryopreservation
deviee ol the first embodiment sccording to the present invention.

FICL 3 18 a sectional schematic view ol a ervopresenvation vessel in the
cryopreservation device of the fiest embodiment according 1o the present invention, as
seen from the side.

FIGL 4 3s a sectional schematic view of the eryopresenvation vessel in the
cryopreservation device of the tirst embodiment according to the present myvention, as
seen from above.

FIG. 3 i a perspective schematic sview illustrating the drawer in tie
crvopreseryation deviee of the first embodiment according 1o the present myvention.

FI1G, 6 is a xide schematic view illustrating the operation of a
drawer-raising- lowering device in the ervopreservation device ot the first embadiment
according to the present invention.

FIG 7 s g plan schematie view tlastrating @ first stage. a second stage, o first
pressing device, and i second pressing device in the eryvopreservation deveee of the first
cembodimen: sceording to the present invertion.

IFIGL R s a side schematic view illustrating @ convevance xvstem in the

cryopreservation device of the tirst embodiment according to the present invention.
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FIG 9 s @ perspective schematic view illustrating a drawer in a crvopreservation
device ofa second embodiment zecording o the present iny ention.

FIG 10 s a side schematic view sllustrating the drawer-raising - lowering device,
the drawer, a first drawer guide, a second drawer guide. the first stage, ind the second
stage in the crvopreservation device of the second embodiment according to the present
invention.

FIG. 11 s a plan schematic view illustrating the drawer-raising lowering device,
the drawer., the tirst drawer puide, the second drawer ypuide. the tirst stage, and the second
stage in the crvopreservation device of the second embodiment according to the present
invention.

FIG. 12 s a plan schematic view lustrating the operation ol the first pressing
device and the second pressing device 1n the ervopreservation deviee of the second

embodimen: according to the present invertion,

Deseription of Fmbodiments

10026

Iercinafter. a eryopreservation device of a first ecmbadiment aecerding fo the
present invention will be desceribed in detail.  In addition, in the drawings to be used in
the tollowing description. characteristic portions nmiay be illustrated in an enlarged
manner for convenience in order to make characteristics casily understooc. and the
dimension scales or the like of respective constituent elements are not necessarily the
same as actual dimension seales.

10027]

Iirst Bimbodiment

< Cryopreservation deviee
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First, the eryopreservation deviee of the tirst embodiment accord ng to the
present invention will be deseribed. referring to FIGS. 1 to 8. FIGL 1 iy aside schematic
view illustrating the eryopreservation deviee 1 of the first embodiment 1o which the
present invention is applied. A illustrated in FIGL 1L the ervopreservation device | of

S the present embodiment roughty incliudes a ervopreservation vessel 20 a

drawer-raising lowering deviee (first arm) 4. a first stage 5. a seeond stage 6. a first
pressing deviee (third arm) 7. 2 second pressing device (second arm) 8 and a control
device {control unit) {not illustrated) that controls at least the drawer-raising. lowering
deviee (first arm} 4 and the second pressing device (second arm) 8, which are provided in

10 atask space 3: and an mput output device 9 tor management conligured to perforny input
and output of loading and unloading information ot a vial or a drawer (a case) o and
from the control device. which is provided outside thercof.

[0028]
The ervopreservation device 1 of the present embodiment indepedently drives

15 the drawer-raising-lowering device 4 and the second pressing device 8 using the control
device (not llustrated). thereby automatically extracting an intended biolegical sample
preserved within the ervopreservation vessel 2 and reducing a rise in the temperature of a
biological sample other than the intended Fiological sample.

[0029]

20} In addition. ax illustrated in FIG. 2, in the ervopresenation deviee 1 of the
present embodiment. a plurality of the vials (preservation targets) 11 are arraved and
stored within boxes (units) 12, and the boxes 12 are stored side by side ina vertical
direction in the drawer (case) 13 thereinafter may be reterred to as a "Z-axis direction™).

[0030]

25 The vials 11 are eylindrical vessels contigured to directly accomnodate samples,
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such as biofogical samples.  As long as the vials 11 directly accommodate the samples,
such as the biological samples. and withstand a low temperature within the
eryopreservation vessel. vessels made of varions materials, such as resin and glass, can
be used and are not particularly Timited.

(0031

The boxes 12 are hoxes configured to store the vials 11, Although the boxes 12
are not particularly l[imited. bottom surfaces of the boxes 12 may be open so that the
plurality of vials 110 snch as 48 vials or 96 vials, can be stored side by side in two
dimensions and bar codes pasted on the bo tom surfaces of the vials 11 stored in the
boxes 12 can be read by @ bar code reader o be deseribed below.

[0032]

The drawer 13 1s provided with a shelf configurated to store the Foxes 12 side by
stde in the Z-axis direction.  The drawer 13 can be gripped by the
drawer-raising: lowering device 4 and can be raised and lowered in the Z-axis direction.
The deawer 13 is not particutarly limited as long as it ix possible to store the boxes 12 and
to be raised and lowered in the Z-axis direction by the drawer-raising towering device 4.

|0033]

As illustrated in FICL 1. the ervopreservation vessel 2 s provided at o lower part
of the ervopreservation deviee | of the present embodiment.  The ervopreservation
vesse) 2 s a vessel contigured to accommadate the drawer 13 therein and ervopreserve
the drower.

10034

FIG 3 iy a sectional sehiematic view of the eryopreservation vessel 2 in the
cryopreservation device 1 ot the first embodiment according to the present invention, as

seen from the side.



10

‘N

20

11

-

As lustrated in '1Ce 3, the ervopreservation vessel 2 15 a viacuum
double-insulation vessel which has a double structure made of stainless steet or the like
and tormed by aninner wank 21 and an outer tank 22 and in which an air gap between the
inner tank 21 and the outer tank 22 is a vacuum.  EHence, by lilling the inside ot the
inner tank 21 with a low-temperature liquelied gas. such as liquid nitrogen, the inside
thereof can ne kept in a low-wemperature state.  For example. a gascous phase portion
inside the inner tank 21 can be kept at -15PC or lower by Hlling the liquid nitrogen up 1o
the vieinity ot a lower part of the inner tank 21, specifically. up to under a drawer table
(rotary table) 24 1o be described below.

[0035]

An upper surface of the ervaprese vation vessel 2 is provided with two openings
23a and 23k, Aninternal space of the eryopreservation vessel 2 and the task space 3
commmunicate with each other via cach opening 23a or 23b.

The two openings 23a and 23b are provided so as to he adjacent fo cach other in
a radial direction of the drawer table (rotary table) 24 to be described below. Here, a
direction in which the two openings 234 and 23b are aligned adjacent to cach other is
referred Lo as an “X-axis direction”.

[0036]

The opening area ot each opening 23a or 23b is approximustely ecual to the are:
of the drawer 13 as scen ina plan view.  lor this reason, when the boxes 12 are
conveyed rom the drawer 13 1 the task space 3, the boxes [2 can be prevented from
erroneously talling into the cryvopreservativn vessel 2 from the opening 23a or 23b.

[0037]

lzach opening 234 or 23b allows a cap 25, which blocks the opening. to be

installed therein. Here, in FICG 30 a case where the cap 25 i provided in the opening
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23a to block the opening and the opening 23b is not provided with the cap 23 will be
deseribed as an example. By providing the cap 25 in cach opening 23a or 23b. the
opening is blocked.  Therefore, a rise in temperature withine the eryopreservation vessel
2 can be suppressed.

[0038]

Materials tor the cap 25 are not particularly Iimited as long as the materials have
heat-insutat:ng characteristics, and. tor example. foamed urethane resin or the like may
be used.

[0039]

An upper surface of the cap 25 is provided with a gripping part 26, Although
the shape of the gripping part 26 ix not particudarly limited as long as it is 2osy o grip the
eripping part 26 when the cap 25 is attachad to and detached trom cach opening 234 or
23b. a shape capable of being gripped by the drawer-raising lowering deviee 4 to be
described below is preferable.  As long as the gripping pant 26 1s capable of being
gripped by the drawer-raising-lowering deviee 4. the cap 25 can be automatically
attached to and detached from cach opening 23a or 23b by raising and lowering the
drawer-raisinglowering device 4 in the Z-axis direction,

[0040]

As illustrated in TGS, 3 and 4. a lower part within the ervopreservation vessel 2
is provided with the drawer table 24 configured to place the drawer 13 thereon. The
drawer table 24 15 contfigured so as to be copable of being rotated about a rotary shalt 28
by & motor 27 that 5 provided outside the eryopreservation vessel 2 and i» combined
with a central axis 28 of the drawer table 24

[0041]

Additionally. as illustrated in FIGL 4. a plurality of the drawers 13 are capable of



13
heing placed on the circumterence of cach ot two arbitrary coneentric circles centered on
the rotary shalt 28 on the drawer table 24, In addition. as seen in plan view. the
respective openings and the respective concentric circles are ahgned with each other such
that the openings 23a and 23b are locited vn the respective cireumtereness of the
S concentric circles.
[0042]
Accordingly. when an arbitrary drawer 13 is extracted. the arbitrary drawer 13
can be moved so as to be located immediately below the opening 23a or the opening 23b
by rotating the drawer table 24.
10 {0043
Additionally, as illuswrated in FIGL 3, a drawer guide 29 having a tapered shape
of which an upper end widens 1s provided on the drawer table 24 so as to correspond to a
position where each drawer [3 18 placed. By providing the drawer guide 29, cach

drawer 13 can be fixed so as to be placed ol a predetermined position. Accordingly.

'

when the drawer table 24 is rotated. the position of cach drawer 13 can be prevented from
deviating on the drawer table 24, Additionally, a tapered past ol the draveer guide 29
can correct the positional deviation when the drawer 13 s lowered.

[0044]

As illustrated in IG5, the drawer 13 is constituted by a pair of vertical plates
200 31 and 31 used as side surfaces. and a plurality of floor plates 32 provided between the
vertical plates 31 and 31, Accordingly. a <helt that is continuous in the Z-axis direction
is provided. so that the boxes 12 can be stored on each shelf. Additional v, sinee at Teast
ane side surtace orthogonal to the paic of vertical plates is open, the boxes 12 are capuble
of being taken in and oult.

25 [0045]
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Wkhen cach drawer 13 is placed on the drawer table 240 in a case where the
drawer 13 is raised by the drawer-raising lowertng device 4 to be deseribed below, the
drawer ts placed such that the open side surface faces the first stage 5 side

0046

An upper surface of the drawer 13 is provided with a gripping pat 33.
Although the shape of the gripping part 33 is not particularfy limited as long as the
drawer 13 can he raised and lowered in the Z-axis direction. a shape capable of heing
aripped by the drawer-raising lowering deviee 4 to be desceribed below is preferable. As
long ax the pripping part 33 is capable of being gripped by the drawer-raising lowering
device 4. the drawer 13 can be automatical ¥ loaded into and unloaded from cach
apening 234 or 23b by raising and lowering the drawer-raising: lowering device 4 in the
Z-ax1s direction.

(0047

As illustrated in FICe 1. the task space 3 1s provided above the ervopreservation
vessel 20 and communicates with the ervopreservation vessel 2 via the opening 23a or
23b. The ervopreservation device T of the present embodiment is surrounded by
housing (not llustrated). and the task space 3 is maintained. tor example, ina dry
environment with a dew potnt of =407 C or Iower. preferably, a dew point ol -530°C or
lower, due to nitrogen gas or the fike that his evaporated trom the inside of the
cryopreservation vessel 20 By covering the task space including the openings 23a and
23D of the eryvopreservation vessel 2 with the housing, the risk ot frostbite caused by a
worker directly touching the drawer 13 anc the liguid nitrogen and the risk of lack of
axyeen caused by the nitrogen gas that evaporates from the openings 23a and 23b can be
chminated.  Additionally, by maintaining the inside of the housing in the dry

environment. dew condensation or the like within the task space 3 can be arevented.
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As illustrated in FIG. 6. the drawer-raising lowering device 4 is a member which
is configured o raise and lower the drawer 13 m the Z-axis direction via any one of the
openings 23a and 23b in a state where the drawer 13 is held. for example, by gripping.
and is provided within the task space 3. The drawer-raising: fowering device 4 is
constituted by a support rail 41, a raising:low ering deviee drive part 420 a mamn shaft part
43, and a heok 34,

[0049]

The support rail 41 is provided in the X-axis direction in an uppe- part of the
task space 3. The raisinglowering deviee drive part 42 is attached to the support ratl 41
s0as o be movable in the X-axis direction.,

[0050]

The main shat part 43 is provided at the raising Towering deviee drive part 42 so
as to hang down therefrom. Additionally. the hook 44 is provided at a tower end of' the
main shaft part 43,

[0051]

The form of the main shait part 43 is not particularly Iimited as long as it is
possible to couple the raising lowering device drive part 42 and the hook 44 and to hang
the hook 44 down trom the ruising-lowering device drive part 42, For exaniple. the
mitin shalt part 43 may be a rod-shaped member or may be an aspect in which chains
capable ot heing split into two or more picees are combined together.

(0052

Additionally, the raising lowering devicee drive part 42 is not part cularhy linited
as fong as the haok 44 can be raised and lowered in the Z-axis divection via the main

shalt part 43, and can be appropriately selected according to the aspect of the
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above-deseribed main shatt part 43, For example. in @ case where the asaect ot the
main shaft part 43 is a rod-shuped member. a mechanism that rotates a roller menmber that
Journals the main shaft part 43 may be adopted.  Additionatly in a case where the aspect
of the main shalt part 43 ix the combination of the chains capable of being split into two
or more picees. a mechanism having a splitting tunction and a winding-up function of the
chains may be adopted.

[0053]

The shape of the hook 44 s not particularly limited as Tong as the drawer 13 can
be gripped.  For example. a hook shape may be adopted.  Accordingly, he gripping
part 33 provided at an upper part of the drawer 13 cun be gripped.

[O0054]

According to the drawer-raising- lewering device 4 configured in this way the
hook 44 can be moved 10 a position above any one of the opening 23a and the opening
23b corresponding to the position of a drawer 13 where an intended sample is kept by
being moved on the support rail 41 in the X-axis direction.

[0055]

Additionally, when the gripping part 33 provided at the upper par ol the drawer
13 is gripped by lowering the drawer-raisirg:lowering device 4 into the ervopreservation
vessel 2. the pusition of the hook 44 can be casity adjusted by being mioved on the
support rail 41 in the X-axis direction.  Accordingly, exen it there is only one of
drawer-raising Jowering devices 4. the drawer |3 can be loaded into and wunloaded trom
the plurality of openings 230 and 23h.

[0036]

Additionally, by driving the raising lowering device drive part 42, the hook 44

can be raised and lowered in the Z-axis direction via the main shatt part 43, That is. the
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drawer 13 can be raised and lowered in the Z-axis direction via any one of the openings
23a and 23k in a state where the drawer 13 0s gripped. Accordingly. the drawer 13 can
he toaded tnto and unloaded from the eryopreservation vessel 2.

10057]

s Morcover. the hook 44 can be maintained at an arbitrary height in the Z-axis
direction by stopping the driving of the raising [owering device drive part 42, That is.
the drawer 13 can be maintained at an arbitrury height in a state where the drawer 13 iy
aripped.

[0058]
100 As illustrated in FIG 7, a tirst X-axis rail 31 1s provided in the X-axis direction
at the lower part of the fask space 30 The fisst stage 5 is attached to the £est X-axis rail
S1. and is movable in the X-axis direction.  For that reason, as seen in plan view, the
first stage S can be moved to a position adjaeent to cach of the opening 23 and the

opening 23h.

'

[0059]

Since the Nrst stage S s adjacent G any ol the openings 23a and 23b as seen i
plan view. when a desired box 12 stored at an arbitrary height is extracted from the
drawer 13, it becomes unnecessary to unload the entire drawer 13 from the
crvopreservation yessel 20 Accordingly. by raising the drawer 13 until a bottom surface
200 of a storage space where the desired box 12 is stored and the first stage S reach the same
height. only the desired box 12 can be extracted onto the first stage § by the seeond
pressing device 8 (second arm) to be deseribed below. Tence. a rise in the temperature
of samples other than the intended sample cun be suppressed. Morcover sinee it is not
necessary te pull up the entire drawer 13, the size of the device can be reduced in o height

25 direction thereof,
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The first stage 3 allows a box 12 to be placed thereon, and a portion ot a
placement surface s provided with the opening 52, Accordingly, cach val 11 can be
pushed up from below the first stage S via he opening 32, Additionally, a bar code
provided. for example, at a lower part of erch vial 11 can be identified {rom below the
first stage S via the opening 52

[0061]

The shape of the opening 32 s not particularly limited as long as the push-up of
the vial 11 and the reading ot the bar code are possible.  For example. an opening that is
stightly smaller than the box 12 by may be adopted. or a plurality of openings may be
adopted in (e shape ol aslit or tn the shape of a ladice,

[0062]

Additionally, a box guide 33 is provided on the placement surtace in the first
stape 5. Abox 12 pressed by the second pressing device ¥ to be describad below can be
adjusted by the box guide 33 s0 a5 10 be placed at a predetermined position on the first
stage 3,

| 0063

Additionally, a second X-axis rail 54 s provided in the N-axis direction on a
side opposite 1o the tirst X-axis rail 31 with the openings 23a and 23b interposed
therebetween at the lower part the task space 3, The seeond stage 6 is attached 1o the
second X-axis rail 34, and is movable in the N-axis direction,  For that rcason. as seen
in plan view, the second stuge 6 can be maeved to a position adjacent to cach of the
opening 23u and the opening 23b.

[0064]

The first stage 3 and the second stage 6 are movable in the X-axis direction as



10

20

19

deseribed above, and are movable in the X-axis direction in a pair. Accordingly. tor
example, when the drawer 13 ts loaded into and unkoaded from the opening 23a. the first
stage 5, the opening 23a. and the second stage 6 may be aligned adjacent o cach other in
this order.  Here, a direction in which the first stage 5, the opening 234, and the second
stage 0 are aligned adjacent to cach other is referred to as a "Y-axis direction”.  In
addition, the first stage 5 and the second stage 6 are not only simultancowsly movable as
a pair but also are individuatly operable.

[0065]

Drawer guides 335 are respectively provided on side surtuces of the first stage S
and the second stage 6 on the opening 23b side. When the drawer [3 s aised or
lowered in the Z-axis direetion via the opening 23b, the drawer 12 can be supported so as
to be sandwiched by the drawer gaides 35 tom both sides of the drawer 13.

Accordingly. since shaking or the like ot the drawer 13 can be suppressed. the raising and
lowering ol the drawer 13 and the movement of the box 12 between the fisst stage 5 and
the drawer 13 can he smoothly pertormed.

10066]

The drawer guides 55 are not particulardy Himited as long as the drawer 13 can he
supported.  FFor example. the drawer 13 may be supported by causing wheels made of
resin to abut against surfaces of four comers of the drawer 13 in the X-axis direction and
the Y-axis direction.

[0067]

The first pressing device 7 is & member configured to press the box 12 placed en
the st stuge 3 to the drawer 13 side. therehy storing the box 12 in the drawer 130 The
st pressing device 7 is provided on the fimst stage 3. The [irst pressing device 7 15

constituted by a first support part 36 and a first pressing part 57,
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The first support part 36 has a base end provided on a side surlac: opposite to a
stde surtace that taces the openings 23a and 23b, on the ftrst stage 5. Fhe Biest support
part 36 is atached such that a tip thereot is movable in the Y-axis direction,

[0069]

The first pressing port 37 is proviced at the tip of the first suppor part 36, The
box 12 can be pressed in the Y-axis dircction by the st pressing part 87.

[0070]

According to the first pressing device 7 configured in this way, by pressing the
box 12 placed on the first stage 3 to the drawer 13 side. the box 12 can be stored in the
drawer 13,

[0071]

The second pressing device 8 1s a member configured to press the box 12
maintained at a height adjacent to the first stage S using the drawer-raising lowering
device 4 to the first stage 3 side, thereby moving the box 12 onto the first stage 5. The
second pressing device 8 1s provided on the secomd stage 6. Fhe second pressing device
8 is constituted by a second support part St and a second pressing part 39,

[0072]

The second support part 38 has a base end provided on a side suriace oppuosite to
a side surface that faces the openings 23a and 23b, on the second stage 6. The second
support part 88 i attached such that a tip thereot is movable in the Y-axis direction.

10073

The second pressing part 39 s provided at the tip of the second support part 38,
The box 12 can be pressed in the Y-uxts ditection by the second pressing part 39,

[0074]
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According to the second pressing device 8 configured in this way. by pressing
the box 12 tocated at the height adjacent to the tirst stage 5 within the drawer 13 1o the
(rst stage S side. the box 12 can be placed on the st stage 5,

0075

Since the tirst stage S, the second stage 6, the first pressing deviee 7, and the
seeond pressing device 8 operate in cooperation with each other. the box 12 is capuble of
being pliced on the first stage S trom the drawer 13 unfoaded from the cryopreservation
vessel 2 by the drawer-raising lowering deviee 4. Additionally, the box 2 placed on
the first stage S is capable of being stored in the drawer 13,

{0076

For example, in a case where the hox 12 s placed on the first stage 3 Irom the
drawer 13 atter being unloaded via the opening 23b by the draw er-raising:lowering
deviee 4 first. the first stage S and the seeond stage 6 move to posttions that face cach
other with the opening 23b interposed therebetween as seen in plan view.

[0077]

Neal, the draiswer 13 is unloaded via the opening 23b [rons the ervopreservation
vessel 2 by he drawer-rassing: lowering device 4, and the drawer 13 s raised until a
bottom surface ol a storage space where the desired box 123s stored and the first stage 3
reach the same height. When the drawer 13 1s raised. shaking of the drawer 13 s
suppressed by supporting the drawer 13 usng the drawer guides 35 provided on the first
stage S and the seeond stage 6,

10078]

Next, by pressing the desired box 12 in the Y-axis direction using the second
pressing device X in a stale where the drawer 13 1s supported, the desired box 12 1s

moved from the drawer 13 to the tirst stage 5. The desired box 12 can be placed on the
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[0079]

A case extracled onto the 1irst stage 3 is conveyed Lo the vicinity of an extraction
port {not ilustratedy of the housing (not illustrated) by @ conveyvance system 61 provided
in the task space 3.

As illustrated in FIG &, the conveyanee system 61 is roughly constituted by the
[irst stage S, an identitication device 62, a push-up part 63, and a vial raising lowering
deviee 04,

[0080]

The identification device 62 s a device contigured to identify the vial 11 and 18
provided around the first X-axis rail 31 or on the fiest stige 30 The identification device
is not particalarly Himited as long as the vial 11 can be identified. For example, the
identification device may be any device as long as the device can recognize information
on an muge pasted on the vial 11 and specifically, inay include a bar code reader or the
like.

10081]

In a case where the identification device 62 is a bar code reader. for example. it
is preferable that an identification code be arovided at a fower part of the vial 11, and an
opening be provided in a bottom surtace of the first stage S and the identification device
62 be provided below the first stage 5. Accordingly, the vial 11 stored within the box
12 cun be easily identitied.  Additionally. in this case. the identification cevice 62 {bar
code readers may be provided at any position between the opening 234 and the push-up
part 63 on a movernent path of the first stage 3 i an X-axis. o addition. ina case
where the identification device 62 is a bar code reader, both of a reader canuble of

reading a ore-dimensional bar code and a reader capable of reading a two-dimensional
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[0082]

By providing the identihication device 62, stock information. such as a keeping
place and loading unleading date and time of the vial [, and information, such as an
operation history, can be automatically recorded.  Additionally, singe autymatic
recordation is possible. even ina case where a lot of samples are treated. mistakes, such
as forgetting to read. can be reduced and accidents, such as misplacement ot the samples.
can bhe prevented.

[0083]

The push-up part 63 is a device configured to push up the lower part ot each vial
11 accommodated within the case placed on the first stage 5 via the opening 52 provided
in the first stage 5 from below the first stage 3.

(0084

The push-up part 63 15 roughly constituted by, for example, a supporting base 65,
and a plurality of columnar parts 66A und 608 lincarly provided on the supporting base
65, The supporting base 63 s split into two anits, the coluitmar part 66A located
corresponding to an odd-numbered row among vial rows accommodated in a box row 1s
fixed to one unit, and the columnar part 663 located corresponding to an even-numbered
row among the vial rows accommodated i1 the box row s fixed to the other unit.
Additionally. the supporting base 63 is capable of ulternately raising the two units, and is
capable of raising one unit. thereby simultoneously pushing up odd-numbered vials
ameng vial rows accommodated within a box 12, Similarly. the supporting base is
capable of raisting the other unit. thereby sinultancously pushing up even-numbers vials
among the same vial rows,  In addition, simce the supporting base 63 1s split into the two

units. and thus, the intervals between the pushed-up vials 11 are wider thaa those in a
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case where all the vials 11 are pushed up at once. a gripping part 68 of the vial
raising-lowcering device 64 can sufticiently ensure a space brought into an open state.

[0085]

The vial raising-low ering deviee 63 is configured to include a Y-uxis rail (not
iltustrated) provided in an upper part of the task space 3 of the housing (not illustrated) so
as to extend in the Y-axis direction. a raising:Jowering deviee drive part 67 provided in
this Y-axis raif (not thustrated) and movable in the Y-axis direction, and the gripping part
68 provided at a Tower end of the raising lowering device drive part 67.

[0086]

The raising: Towering device drive part 67 is not particudarly timitad as long as
the raising towering deviee drive part is a mechanism capable of being raised and
lowered in the Z-axis direction.

The gripping part 68 is not particularly limited as Jong as the gripping part is a
micchanism capable of gripping the vials 11 one by one. Specitically. the gripping part
muy be constituted by a plurality of plate-like members provided so a8 to he separated
(rom and brought close o cach other. The plate-like members are moved so as 0 be
separated from cach other in order to bring the gripping part 6 into the open state. and
are moved so as o be brought close to each other in order to bring the gripping part into a
closed state.  Accordingly, a vial 11 can be gripped in a space between the plate-like
members,

[0087]

According to the conveyance system 61 configured as deseribed above, when
the box 12 extracted onto the Jirst stage S moves from the opening 234 to the push-up
part 63, the positon of the destred vial 11 s identified by the identification device 62,

‘Thercafter, if the first stage 5 moves 1o the push-up part 63, o corresponding unit ot the
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supporting base 65 is raised on the basis of the positional information obtained by the
identification deviee 62, and thus. the desired vial 11 is pushed out upward.  After the
vial rassing lowering device 64 s moved te a position above the pushed-ouat vial L, the
gripping part 68 is lowered. and the desired vial T1 is gripped by the gripping part 68 and
S then conveved to a vial place 69, Avcord ngly. the worker can easily extract the desired
vial 11,
[0088]
The input-output device 9 is, for example. a personal computer that has a display
unit and an mput unit that are provided outside the housing (not illustrated),  The
13 worker can aperate the input ontput device 9 Lo kssue an insiniuction 1o the control device
(not illustrated) built in the ervopreservation device 1, thereby perlorming various
operations tor extracting and storing the vial 11 or the box 120 For example. the worker
can sefect a sample extracted from the stock information and issue an instruction tor the

extraction of the vial 11 or the box 12, therzby automatically moving the desired vial 11

'

or the desired box 2 to the extraction port (not iltustrated).  Additionally. information
on the vials 11 managed in the eryopreservation device 1 can also be stovad in o storage
unit of the external mput-output device 9.

[0089]

Additionally, a control program that issues instructions for operation to the
200 drawer-raising Towering device 4. the first stage 5. the sceond stage 6. the first pressing
deviee 7. the second pressing device 8. the identitication deviee 62, the push-up part 03.
the vial raising lowering device 64 and the like are incarporated in the control deviee
(not illustrated) within the cryopreservation device 1. Accordingly. for example. a
movenent instruction tor lowering the drawer [ 3 using the drawer-raising lowering

25 device 4 and moving the drawer within the ervopreservation vessel 2 after the box 12 s
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placed on the irst stage S by the second pressing device ¥ can be issued.  Accordingly, a
rise in the temperature ot other samples stored within the drawer 13 can be suppressed.
(0090
Next, @ methad ofunloading the drawer 13 via the opening 23b and extracting a
S desired box 12, using the method of using the crvopreservation device 1 of the present
embodiment. that is, the method of using the above-described cryopresenation device 1.
will be described.
[0091]
First, the input output device 9 is operated Lo instruct the control device (not
10 illustrated) o extract the desired box 120 Accordingly, the drawer tabie 24 rotates. and
the deawer 13 that has stored the desired box 12 moves to a position immediately below
the opening 23b.
[0092]

Next. the drawer-raising Towering device 4 moves in the X-axis direction. and

'

moves o a position immediately above the opening 23b. Thereatter. the hook 44 s
low ered downward along the Z-axis and grips the gripping part 26 of the cap 25,
Thereafter. by raising the hook 44 upward along the Z-axis, the cap 25 is emoved from
the opening 23b. The cap 25 removed frem the opening 23b is placed inan empty
space. such as on the other cap 235 by moviag the drawer-raising lowering device 4 and
200 the hook 44 in the X-axis direction and in the Z-axis direction.,

(0093

Next, the first stage S and the secoend stage 6 are moved in the X-axis direction,
and thus, meve to positions where both sides of the opening 23a are sandwiched as seen
in plan view,  Additionally, the drawer-raising:lowering device 4 moves 10 a position

25 immediately above the opening 23b from which the cap 25 is removed.
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[0094]

Next, the drawer 13 is unloaded via the opening 23b from the ervopreservation
vessel 2 by he drawer-raising lowering device 4. and the drawer 13 18 raised until a
bottom surface of a storage space where the desired box 12 is stored and e fiest stage 3
reach the same height. When the drawer 13 is raised. shaking ot the drawer 13 s
suppressed by supporting the drawer 13 us ng the drawer puides 35 provided on the first
stage S and the seeond stage 6.

[0095]

Next. by pressing the desired box 12 in the Y-axis direction using the second
pressing deviee 8. the desired box 12 is moved fram the drawer E3 to the first stage 5.
The desired box 12 is placed on the first stage S by the operation.

[0096]

Next, in order 10 prevent the temperature of the remaining boxes trom rising. the
drawer-raising: lowering deviee 4 is lowered, and the drawer 13 1s loaded into the
crvopreserviation vessel 20 Thereafier, by performing an operation reverse to the
operation of removing the above-deseribed cap 250 the apening 23b s blocked by the cap
25,

[0097]

Next the box 12 s carried out to the extraction port (not illustrated) by moving
the first stage 5. on which the box 12 is placed. in the X-axis direction.  hen, the
worker can extract the desired box 12 trom the extraction port (not illustreted). The
extraction eperation of the bux 12 is completed by the operation,

[O0MY]

Next, a method ol unloading the drawer 13 via the opening 23b and extracting

the desired vial 11, using the above-deserited ervopreservation device 1. will be
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deseribed.

First, the worker operates the inpat output device 9 and instructs the control
device (not Hlustrted) (o extract the desired vial T1o o Accordingly, through the same
aperation as the above-deseribed extraction of the box 12, a desired drawer 1308
unloaded via the opening 23b {from the cryopreservation vessel 2, and the drawer 13 s
raised until a bottom surface of a storage space where the desired box 12 s stored and the
[irst stage S reach the same height,

[0099]

Next. by pressing the desired box 12 in the Y-axis direction using the second
pressing deviee 8. the desired box 12 is moved fram the drawer E3 to the first stage 5.
The desired box 12 is placed on the first stage S by the operation.

10100]

Next, in order 10 prevent the temperature of the remaining boxes trom rising. the
drawer 13 is fowered until an upper surface enters the eryopreservation vessel 20 and
stands by in this state.  In that case, the dmwer-raising lowering device 4 maintains
state where the drawer 13 18 gripped.

0101

Next. the first stage 5 is moved up to the push-up part 63 by moving the tiest
stage 5, on which the box 12 1s placed. in the X-axis direetion. When the box 12
extracted onto the {irst stage S moves from the opening 23b to the push-up part 63, the
position of the desired vial 11 i identified oy the identification device 62,

10102]

Next, il the tirst stage 3 moves to he push-up part 63, a corresponding unit of
the supporting base 635 18 raised on the buasis ol the positional information obtained by the

identification device 62, and thus, the destred vial 11 is pushed out upward.
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[0103]

Next. after the vial raising- lowering deviee 64 is moved to a position above the
pushed-out vial 11 the gripping part 68 is lowered, and the desired vial 11 is gripped by
the pripping part 68 and then comyeved 1o the vial place 69, Accordingly. the worker
can casily extract the desired vial 11.

10104]

The box 12 after the desired vial 11 is extracted moves in the X-axis direction
while being placed on the first stage 5 and moves to a position adjacent to the drawer 13,
Thereafter, the drawer 13 18 raised by the drawer-raising lowering device 4 until a bottom
surface of a space where the desired box 12 within the drawer 13 is stored is aligned with
the first stage 5 and the seeond stage 6.

10105]

Next, the box 12 s moved from the first stage 3 to the drawer 13 by pressing the
box 12 1in the Y-axis dircetion using the first pressing device 7. After the box 12 is
moved., the drawer 13 is lowered and toaded into the eryvopreservation vessel 2 by the
drawer-raising: lowering device 4, Fherealier. by perlomung an operation reverse o the
operation of removing the above-described cap 25, the opening 23b is blocked by the cap
25, The extraction operation of the vial 11 is completed by the operation,

[0106]

Although the method of extracting a desired box 12 or a desired vial 11 has been
described above, deseription about the metiod of storing the box 12 or the vial 11 will be
amitted because the box or the vial can be stored by performing the operaiion reverse to
the operation when the hox or the vial is eatracted.

10107]

As described above. according to the ervopreservation deviee 1 of the present
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embodimen:, the cryopreservation device 1 includes the eryvopreservation vessel 2 that
intermally acconunodates the drawer 13 configured to store the vials 11 side by side in the
vertical direction in cach box 12 and has the opening 230 or 23b commumicating with the
task space 3 provided in the upper surtice thereof’ the drawer-raising lowernng deviee 4
that raises and lowers the drawer 13 in the vertical direetion via the opening 23a or 23b in
a state where the drawer 13 is gripped and maintains the drawer 13 at an arbitrary height:
the first stage S that ts provided above the eryopreservation vessel 2 so as to be adjacent
to the opening 234 or 23b as seen in plan view and allows the box 12 to be placed
thercon: and the second pressing device 8 that presses the box 12 to move the box 12 to
the tirst stage 5.

[0108]

In this way. since the first stage 5 s provided so as to be adjacent to the opening
23 0r 23b as seen in plan view. only the intended sample can be extracted onto the tirst
stape 5 by the second pressing device 8 without pulling up the entire drawer 13 from the
cryvopreserviation vessel when the intended sample is extracted from the ervopreservation
vessel 2 by the drawer-raisinglowering device 4. Hencee the miended sanple can be
automaticaliy extracted. and a rise ol the temperature of samples other than the intended
sample can ae suppressed. Moreover. sinze it is not necessary to pull up the entire
drawer 13, the size of the deviee can be recuced in a height direction thereof,

(0109]

Additionally. according to the eryopreservation device 1 of the present
embodimen:. the ervopresersation deviee further includes the control device (not
illustrated) that controls ut least the drawer-raising lowering device 4 and the second
pressing device X. 0 For that reason, a series ol operations ol lowering the drawer 13

using the drawer-raising- lowering deviee 4 and accommodating the drawer within the
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cryopreservation vessel 2 atter the box 12 s placed on the first stage 5 by the second
pressing deviee 8 can be avtomatically performed.  Accordingly. a rise ir the
temperature ot samples other than the interded sample can be further suppressed.

[OT10]

Additionally, according to the crvoepreservation device 1 of the present
embaodimen:. the cryopreservation device further includes the first pressing device 7 that
presses the box 12 placed on the tirst stage S from the first stage S side o the drawer 13
side to store the box in the drawer [3. Accordingly, the vials 11 or the box 12 can be
automatically stored in the ervopreservation vessel 2,

[0111]

Additionally. according to the ervopreservation device 1 of the present
cmbodimen:. the drawer table 24 is further included in the Tower part within the
ervopreservation vessel 20 the drawer 13 is allowed to be placed on the cicumterence off
cach of the two arbitrary concentric cireles centered on the rotary shatl 28 of the drawer
table 24, and the opening 23a or 23b is configured to be located on the circumterence of
cach of the coneentric circles as seen 1u plag view.  Accordingly. 4 lot ol'the drawers 13
can be stored within the ervopreservation vessel 2.

[0112]

Additionally, according to the ervopreservation devive 1 ol the present
cmbodiment, the first stage 5 and the sceord stage 6 adjacent o the opening 234 or 23b
as seen in plan view are contigured to suprort the drawer 12 when the drawer 13 18 raised
ar lowered in the Z-uxis direction via the osening 23a or 23b. For that reason, when the
drawer 13 is raised or Jowered. the vibration of the drawer 13 can be suppressed.
Accordingly, the raising and lowering of the drawer 13, the movement of he box 12

hetween the drawer 13 and the tirst stage 5 or the like can be smoothly performed.
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[0113]

Second mbodiment

The viads [T in which the preservation targets are accommodated are
crvopreseryed in the eryvopreservation device of the lirst embodiment, whereas envelopes
in which preservation targets are accommaodated are crvopresenved in the sresent
embodimen:.  The configuration of the cryopreservation device itselt' is also changed
with & change in the preservation targets.  Hereinatter, the ervopreservation device ol
the present embodiment wiil be deseribed manly in terms of differences from the tiest
embodiment.

[0114]

The envelopes are hoxes that store bag-shaped preservation objeds. such as
blood bags or umbilical cord blood bags, therein. By using the envelopes. even if the
preservation targets have an indetintte shape. the preservation targets can he easily
extracted or stored. and simultancously. the preservation targets can also ke protected
from a shocx or the like,  The envelopes nay be {ormed of any kinds of materials as
loag as materials that can maintain the shape of the envelopes themselves are adopted.
I he envelopes may be tormed of resin and may be tormed of a metal with large thermal
conductivity. tor example. aluminum.

Additionally, it is preterable that the envelopes be provided with identification
codes. similar to the vials in the first embodiment,

[O115]

As illustrated in FICG 9, several envelopes 100 are accommaodatec at regular
intervals in shelyves of the drawer 13 proviced perpendicularly to the Z-ax s direction.
[n FICL 9, [ve envelopes TOO are accommaodated upright in cach of four shelves. In

order to restrict the positions and postures of the envelopes 100, it is preferable that the
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shelves of the drawer 13 be provided with partition plates.  In addition, grooves that
allow the envelopes 100 1o be upright may be provided instead of the part tion plates.

[0116]

Additionally, in the first embodiment. in order to support the drawer 13 when the
drawer 13 is raised or Jowered in the Z-axis direetion via the opening 23b, the drawer
guides 55 are provided on the side surtaces of the first stage S and the second stage 6 on
the opening 23b side. With respect to ome of the drawer guides 35,1t is preterable to use
at least two drawer gaides in the present embodiment. As illustrated in FICe [0, it is
preferable that the first and second drawer guides 155 und 2355 be located ap and down in
the Z-axis direction in which the drawer 12 moves. By providing the guides in two
places in this way, when the drawer 13 is raised and lowered, the positional deviation of
the drawer 13 can be restricted.  Henee, the drawer 13 cun be raised and lowered in a
MOore deeuridte posture in a more aceurate place.

[0117]

It is preterable that the first drawe: guide 135 be provided on the support rail 41
that is a poridon of the drawer-raising‘ toweing deviee 4. Accordingly. when the drawer
[ 3 15 pulled up. particularly the positional deviation of an upper part of the drawer 1.3 can
be restricted.

The second drawer guide 255 is provided below the first draw er guide 1335,
Accordingly, when the drawer 13 is pulled up. particularly the positional deviation of a
lower part of the drawer |3 can be restricted. [t is preferable that the second draswver
guide 255 be attached to the seeond stage 6.

Ay illustrated in FIG 1100t is prederable that the first and sceend drawer guides
135 and 233 be provided so as to surround a periphery of the drawer 130 Accordingly,

positional deviations in two directions of the X-axis dircetion and the Y-axis dircction



10

‘N

20

34

can be restricted.  As long as the shape ot the drawer 13 15 a quadrangular prism. it is
preferable that the shape ot the first and second drawer guides 155 and 255 be a syuare
[rame shape.

[OT18]

The ervopreservation device of the tirst embodiment has the tirst pressing deviee
7 and the second pressing device 8. and the first and second pressing deviees 7 and 8
have the first and second support parts 56 ind 38 and the first and second pressing parts
57 and 39, respectively.  Incontrast. in the ervopreservation device of the present
embodimen:, as illustrated in FIGL 12 the fiest pressing device 7 further ineludes an
envelope holder 1530 Additionatly. the first pressing part 37 of the fiest pressing device
7 is provided with a plurality of pressing ams 157 -, In contrast, the second pressing
part 39 of the second pressing deviee is previded with one pressing arn 139,

(0119

One second pressing arm 159 that is the pressing part 539 provided in the second
pressing device can move in the X-axis direction on the second stage 6, and press a
specifie envelope 100 within the drawer 13 located at a height adjacent to the {irst stage S
to the Jirst stage 5 side. to place the specific envetope on the first stage 3. That is. at
least a tip of the second pressing arm 159 Fas a size such that the tip can push out one
envelope 100,

In addition. in the present embodiment. there is one of the second pressing arm
159, However. it is possible to provide a plurality of the pressing arms.  In this case, a
plurality of envelopes 100 can be simultaneousty pushed out.

10120

As deseribed ahove, the first pressing device 7 has the envelope holder 153,

Additionally. the first pressing part 37 of the tirst pressing device 7 1s provided with the
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plurality of pressing arms 157 -

As illustrated in FICGo 120 partition plates are provided in the envelope holder 153
s0 as 1o correspond to the partition plates provided in the shelves of the drawer 130 That
is. the partition plates are provided such that the envelopes 100 accommodated in the
drawer 13 can be accommodated.  Moreover, tapers are formed at ends 1334 of the
partition plates ot the envelope holder 133 that faces the partition plates provided in the
drawer 13, Accordingly, the envelope hoder 153 can be accurately arranged with
respect Lo the drawer 13.

Additionally, the [irst pressing arm 157 has a plurality of arms that pass through
spaces between the partition plates that are provided in the envelope holder 153,
Accordingly. even if an envelope 100 is aecommaodated in any portion of the envelope
holder 133, the enmvelope 100 can be accon'modated in the drawer 13 by pushing out the
first pressing arm 1537 (oward the drawer 13 without aking the position of the envelope
inte consideration.  Morcover. even in a case where there are a plurality of the
envelapes 100 the envelopes can be accommodated in the drawer 13 at once. In
addition, the first pressing arm 157 can also have only one pressing arm. similar 1o the
second pressing arm 139, In that case. the pressing ann 187 can move ir the X-axis
direction on the first stage 5.

(0121

Additionally. in the ervopreservation device of the present embociment. the
extraction port of thie housing that covers the task space 3 may be provided with an
automatic door. and the first stage 3 may be moved on the X-axis in conjunction with this
automatic door so as to be an automatic sliding door,  In this case. the worker can
extract the envelope 100 without putting hissher hund into the housing.

(0122]
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Next. a methad of unloading a drawer 13 via the opening 23b and extracting a
desired envelope 100, using the aboye-deseribed ervopreservation device 1. will be
desceribed.

[0123]

First, simitar 1o the tirst embodiment, the worker operates the input output
device © and instruets the control device (not illustrated) to extract the desired eny clope
LGO.  Accordingly. the drawer 13 is raised via the opening 23b until a bottom surface of
a storage space where the desired envelope 100 is stored and the first stage S reach the
same height.  In this case, since the first and second drawer guides 155 aad 255 are
provided up and down in the Z-axis direction in which the drawer [3 moves, the drawer
13 can be moved 1o a predetermined position in a predetermined posture.

[0124]

Next, the second pressing arm §34 of the seeond pressing device 8 moves in the
X-axis direction, and taces the desired envelope 1O, Next, by pressing the desired
envelope 100 in the Y-axis direction, the second pressing arm 1539 moves only the desired
envelope 100 trom the drawer |3 to the envelope holder 133 on the lirst stage 5. The
desired envelope 100 is placed on the envelope holder 153 by the oporation,

[0125]

Next the first stage 5 on which the envelope holder 133 loaded with the
envelope 100 iy placed is moved in the X-axis direction, and moves up to the extraction
port ot the Fousing that covers the task space 3. The worker can put his wer hand into
the housing trom the extraction port of the heusing to extract the envelope 100, In
addition, ina case where the sutomatic sliding door is provided. the worker can extract
the envelope 100 without putting his-her hand into the housing. The extraction

operation of the desired envelope 100 is completed by the operation.
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[0126]

[ereinatier. a method ot accommodating the envelope 100 in the
cryopreservation device will be deseribed.

First. the input-output deviee 9 is operated 1o move the first stage 5. on which
the envelope holder 133 is placed. up to an accommodation port.  In addition. this
accommodation port can also be used as the extraction port. Next. the worker
accommodates the envelope 100 in a designated place of the eavelope holder 1530 This
designated place is designated on the basis of i toading and unloading situation by the
input output device 9.

(0127]

Next, the first stage S on which the envelope holder 15318 placed is moved in
the X-axis direction and is made adjacent ty the opening 23b.  In this case, the drawer
[ 3 moves such that the first stage 5 and a bottom surtace ot a shelt of a drawer to be
accommodated reach the same height.

[0128]

Neat, the first pressing arin 1537 ol the Orst pressing deviee 7 s voved in the
Y-axis direction and abuts against the envelope 100 on the envelope holder 153,
Thereatter, the envelope 100 s further pushed out, and i the entire envelepe 100 i
accommodated in the drawer 13, the movement of the envelope is stoppec. Accordingly.
the envelope 100 is accommodated in the drawer 13,

In this case. since the first pressing arm E37 includes the plurality of arms, the
envelope 100 can be relinhly accommodated in the drawer through single push-out even
it the envelope 100 is acconunodated in any place of the envelope holder 153,
Additionally. even a plurality ol the envelopes 100 can be accommaodated through single

push-out.  lhereafter, the drawer 13 is accommodated in the ervopreservation vessel.



stimilar to the first embodiment.
[0129]
Aceording to the eryopreservation device of the present embodiment. (he
crvopreseryation device includes the eryopreservation yessel 2 that internally
S accommodates the drawer 13 contigured t¢ store the envelopes 100 in several stages side
by side in the vertical direction and has the opening 23a or 23b communicating with the
task space 3 provided in the upper surface thereott the drawer-raising towering device 4
that raises and lowers the drawer 3 in the vertical direction via the opening 23a or 23b in
a state where the drawer 13 is gripped and maintaing the drawer 13 at an arbitrary height:
10 the first stage 5 that is provided the crvopreservation vessel 2 so as to be adjacent to the
apening 234 or 23b as seen in plan view and allows the envelope holder 133 capable of
accommaodating the envelopes 100 to be placed thercon: and the second pressing device 8
that presses the envelopes 100 to move the envelope holder P83 on the first stage 3.

FFor this reason, the same etfects as the eryvopreservation deviee of the first

'

embodimen: can be abtained.

10130]

Additionally, in the eryopreseryvation device of the present embodiment, it 1s
preferable that the first and second drawer guides 155 and 255 be provided in two places
up and down in the Z-axis direction in which the drawer 13 15 raised and bwered. For
200 this reason. the positional deviation of the drawer 13 in the X-axis and Y-exis directions
can be restricted.  In the present embodinent. in order 1o extract only o predetermined
envelape 100 among the plurality of envelopes 100 placed on the shelves of the drawer
13, high accuracy is required tor the position of the covelope 1000 [ the first and
second drawer guides 133 and 235 are provided. this is preterable because the positional

25 deviation ol the drawer 13 in the X-axis and Y-axis dircctions can be further restricted.
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Morcover, if the first and second drawer guides E3S and 255 are provided up and down in
the Z-axis direction, this is preferable becaase inclination or shaking that may be caused
when the drawer 13 is raised and towered wan also be restricted.
10131
s Additionally. in the ¢ryvopreservation deviee of the present embociment. the first
pressing deviee 7 turther includes the envelope holder 1330 the first pressing part 37 has
the plurality of pressing arms 137, and the second pressing part 39 has the one sccond
pressing arm 1539, The second pressing ann 139 can move on the second stage 6 in the
X-axis direetion and push out only the desired envelope in the direction of the first stage
10 5. Astorage space corresponding to the plurality ot envelopes 100 accommaodated in
the drawer 13 ix provided in the envelope Folder 153 included in the first pressing device
7. Additionally. the envelope holder 153 is arranged such that the storage space thereof
and the storage space ot the drawer 13 coireide with the Yeaxis dircetion. Tor this

reason, the envelopes 100 accommodated in the drawer 13 can be accommodated in the

'

envelope holder 153 on the first stage 3 by pushing out the second pressing arm 139 in
the Y-axis direction,

|0132]

Moreover. the first arm 137 has a plurality ot arms. and the arms are located
corresponding to the envelopes 100 accommadated in the drawer,  Henee, even itan
200 envelape 100 to be accommodated in the ¢vopreservation vessel 2 is accommodated at
any position of the envelope holder [530 the envelope T0G can be reliably accommodated
in the drawer 13 by single movement of the first pressing arm 157, Additionally. even
it there are a plurality of envelopes 100 to be accommadated, these envelopes can be
accommodated in the drawer 13 by moving the 1irst pressing arm 37 oncee.

23 (0133]
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Morcover. tf the automatic sliding door is provided i the housing in which the
task space 3 1s partitioned. the worker can extract an envelope 100, without putiing
his her hand into the eryopreservation device.

[0134]

Although the embodiments of the present invention have been described above
in detail with reference to the drawings, specific configuration is not limited to these
embodimenzs, and designs not departing {rom the scope of the present invention are also
ineluded.

For example, an example in whict the drawers 13 are concentrically aligned in
two stages within the crvopreservation vessel 2 and include the two openings 234 and
23b has been desertbed in the above-deseribed crvopreservation device 1. However. the
present invention is not limited to this emboadiment. For example. a drawer 13 may be
arranged in one arbitrary cirele within the arvopreservation vessel 2 and one opening may
be provided. or drawers [3 may be arranged in three or more arbitrary corcentrie cireles
within the ervopreservation vessel 2 and three or more openings may be provided.

10135]

Additionally, although an cxample in which the mput‘output device 9 s
provided outside the housing (not illustrated) has been described in the above-described
crvopreservation device 1. the present invention is not limited to this embadiment. tor
example. one or both ot the tnput unit and the display unit of input output device 9 may
be contigured integrally with the eryopreservation device. such as by being provided on
the outer well of the housing,

[0136]

Additionally, although a case in which the control progranm. which issues

instructions for operation to the drawer-raising Towering device 4. the first stage 5, the
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second stage 6. the first pressing device 70 he seeond pressing deviee &, the identification
device 62, the push-up part 63. the vial raising: lowering device 04, and the like. is
incorporated into the control device (not illustrated) built in the eryopreseryation device |
and the worker operates the inputoutput device 9 connected o the outside and thus
S assues varioas instructions to the control urit has been described in the above-deseribed
crvopreservation device 1, the present invention is not limited to this embodiment.  For
example, the worker may directly instruct respective operation parts, such us the
drawer-raising lowering device 4, by operating the control device (not iilastrated) instead
of interposing the input:output device 9.
10 {0137]
Additionally. although an example in which the first stage 5 and the second
stage 6 interlock with each other has been deseribed in the above-described
ervopreservation device L the present invention s not imited to this embodiment. and a

contiguration in which the first stage and the second stage move separately may be

'

adopied.

10138]

Additionally, although a case whe e the preservation targets are the vials 11 or
the envelopes 100 conststing of a vessel and a lid has been described in the
above-described ervopreservation device 1. the present invention s not particularly
200 limited as long as arbitrary shapes capable of being stored in the drawer 13, such as a

tube shape. are provided.

Industrial Applicability
(0139

25 The eryopreservation device of the present invention is availabie as a device
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contigured to cryvopreserve biological samples. such as sperms. fertilized ova, and cells of

laboratory animals.

Relerence Signs List
5 [0140]
I: CRYOPRESERVATION DEVICT
2: CRYOPRESEFRVATION VESSEL
3: TASK SPACE

4: DRAWER-RAISING TOWERING DEVICE (FIRST ARM)

10 5 FIRST STAGE
6: SECOND STAGL
7: FIRST PRESSING DEVICE CTHIRD ARM)
& SECOND PRESSING DEVICE (SECOND ARM)
9: INPUT-OUILPUT DEVICL:
15 11 VIAL (PRESERVATION TARGET)
12: BOX (UNI'D)
13: DRAWER {CASE)
21 INNER TANK
22: OUTER TANK
20 23: 23h: OPENING

240 DRAWER TABLE (ROTARY TARBI L)
250 CAP
26 GRIPPING PART

27: MOTOR

[
A
iJ

ROTARY SHAIT
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63:
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DRAWER GUIDE

VERTICAL PLATL

FEQOR T AT

GRIPPING PART

SUPPORT RAI

RAISING T OWERING DEVICE DRIV PART

MAIN SHAI'T PART

HOOK

FIRNST X-AXIS RAIL

OPENING

BOX GUIDE

SECOND X-AXIS RAIL

DRAWER GUIDI-

FIRNT SUPPORT PART

FIRST PRESSING PART

SECOND SUPPORT PART

SECOND PRESSING PART

CONVEYANCE SYSTIEM

IDENTIFICATION DEVICE

PUSH-UP PART

VIAL RAISING LOWERING DEVICE

SUPPORTING BASE

6OA. 06B:  COLUMNAR PART

67:

O8:

RAISING- LOWERING DEVICE DRIVE PART

GRIPPING PART
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69:  VIAL PLACH

100:  ENVLELOPE

155: FIRST DRAWER GUIDI-

2550 SECOND DRAWT-R GUIDE

159 SECOND PRESSING ARM (SECOND PRESSING PARY)
157 FIRST PRESSING ARM (FIRST PRESSING PART)

153:  ENVEI OPE HOL.DER

155a;  TAPERIELD PART
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CTAIMS

1. Acryopreservation device comprising:

a cryopreservation vessel that inte-nally accommodates a case corfigured to
store preservation targets side by side and has an opening communicating with an outside
provided inan upper surface thereot:,

a first arm that raises and Jowers the case in a vertieal direction va the opening
in a state where the case is held and maintains the case at an arbitrary height;

a first stage that is provided above the ervopreservation vessel so as 10 be
adjacent to the opening as seen in plan view and atlows the preservation targets to be
placed thereon: and

a second arm that moves the presarvation targets to be focated at 1 height

adjacent to the Hirststage from the case side o the first stage.

2. The eryopreservation deviee secording to Claim 1.
wlherein the ervopreservation device further comprises @ control unit (hat

controbs at least the first arm and the second arm.

3. The ervopreservation device cecording to Claim 1 or 2,
wherein the ervopreservation device further comprises a third arm that moves

the preservation targets placed on the tirst stuge to the case,

4. The cryvopreservation deviee cecording to Claim 3,
wherein the eryvopreservation device turther comprises a rotary table at a lower

part within the cryopreservation vessel,
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wherein the case is allowed to be placed on the circumference of an arbitrary
circle centered on a rotary shait of the rotary table, and
wherein the opening is loeated on the circumterence of the circle as seen in plan

VICW,

'

5. The ervopresersation device tecording to Claim 4,

wherein two or more of the openings are provided on an upper surface of the
eryvopreseny ation vessel soas 1o be adjacent to a direction orthogonal w a dircction from
the case side toward the fiest stage side,

10 wherem the rotary table allows the case 1o be placed on the arcumference of
cach of two or more arbitrary coneentric cireles centered on the rotars shatt ot the rotary
table. and

wherein the openings are located on the circumterence of cach ol the concentric

circles as seen in plan view.,

6. The cryopresenyation deviee cecording o Clait 3,

wherem the first armi. the second crm. the third arm, and the tirststage are
movahle in the direction orthogonal to the direction from the cise side tovard the fiest
stage side.

20
e eryopresersation device cecording to any one ol Claims 1 to 6.

wherein the eryopreservation device further comprises a seeond stage provided

opposite W the fiest stage actoss the opening at a position adjaeent to the cpening. as seen

in plan view, above the envopreseryation vessel.
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8. The ervopreservation device cecording to Claim 7.
wherein the first stage and the seeond stage are movable in a pair in the direction

arthogonal o the direction from the case side toward the fiest stage side.

9. The ervapreservation device cecording to Claim 7 or &,
wherein the first stage and the seeond stage adjacent to the opening as seen in
plan view support the case when the case is raised or fowered in the vertical direction via

the opening.

10, The eryvopreservation device according to any one of Claims 1 to 9.
wherein the ervopreservation device further comprises an identilication device

that identifies the preservation targets placed on the first stage.

11, The crvopreservation device according 1o any one of Claims 1 to 10,
wherein the preservation targets are accommodated in vials, and
wlerein the vials are stored i a box side by side 15 two dimensious in the

vertical direction.

12, The ervopreservation deviee according to Claim .

wherein the ervopreservation device further comprises a third arm configured to
move the preservation targets placed on the First stage 1o the case,

wherein a tip part ot the third arm is provided with a plurality of pressing arms.,

wherein the second arn is provided with one pressing arm, the one pressing arm
1s movable in a direction orthogonal to & direction from the case toward the second stage,

and
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wherein the first stage is further provided with a holder having a space into

which the plurality of pressing arms are inserted.

13, The eryopreservation device according to Claim 12,
wherein the holder is provided with a partition plate configured to partition the

space into which the plurality of pressing arms are inserted.

14, The eryopreservation deviee according to Claim 12,

wherein the ervopreservation device turther comprises a guide that restricts o
positional deviation when the case is ratsec and Towered in the vertical direction. and

wherein the guide has a tirst guide located up along a lifting and ‘owering

direetion of the case. and a second guide located below the tirst puide.

15. The eryopreservation deviee according to Claim 14,

wharein the ervopreservation device further comprises a second stage provided
apposite o the 1irst stage across the opening at @ position adjacent to the cpening. as seen
in plan view. the ervopreservation vessel.

wherein the first guide is attached to the first arm, and

wherein the second guide is attached to the second stage.

16, The ervopreservation device aecording to Claim 13,

wherein a tip part ot the partition plate is provided with a taper.



