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1 DESCRI PTI ON CRYOPRESERVATI ON DEVI CE 5TECHNI CAL FI ELD [ 0001]

The present invention relates to a cryopreservati on device uséd to
cryopreserve biol ogical sanples such as spernmatozoa, enbryo, and
cells of aninals. Priority is clainmd on Japanese Patent
Application No. 2008-268770, filed 10 Cctober 17, 2008, the content
of which is incorporated herein by refﬁrence. BACKGROUND ART [ 0002]
Exanpl es of the prior arts regarding the cryopreservati on device

i nclude 15 Japanese Unexami ned Patgpécgpiidigation, First Publication
No. 2005-143873, Japanese Unexam ned Patent Application, First
Publ i cati on No. 2005-156136, and Japanese Unexam ned Utility Mdel
Application, First Publication No. Hei 4-15911. In one of
these prior arts, (1) the CO@ﬁéﬁiﬁﬁﬂSﬂFﬂkﬁC@ﬂﬁﬁv in which a | ot of
anpoul es t hat |nclude bi ol ogi cal "sanples are stored in a plurality of
storing sections of a 20 storing box wherein the storing sections are
partitioned, a plurality of these storing boxes are housed in a
housi ng rack, and a plurality of racks that each houses
sever al ﬁundreds to one thousandTgﬁggﬁgggfglﬂﬂundreds of anpoul es are
housed in a cryoghﬁgirvation vessel that holds a | owtenperature

| i quefied gas su | i quefied nitrogen. 25[0003]

The present invention relates to a cryopreservation device used to cryopreserve
biological samples such as spermatozoa, embryo, and cells of animals.
Priority is claimed on Japanese Patent Application No. 2008-268770, filed

10 October 17, 2008, the content of which is incorporated herein by reference.

BACKGROUND ART
[0002]
Examples of the prior arts regarding the cryopreservation device include
15  Japanese Unexamined Patent Application, First Publication No. 2005-143873, Japanese
Unexamined Patent Application, First Publication No. 2005-156136, and Japanese
Unexamined Utility Model Application, First Publication No. Hei 4-15911.
In one of these prior arts, (1) the conformaticn is adapted, in which a Iot of
ampoules that include biological samples are stored in a plurality of storing sections of a
20  storing box wherein the storing sections are partitioned, a plurality of these storing boxes
are housed in a housing rack, and e plurality of these housing racks that each houses
several hundreds to one thousand and several hundreds of ampoules are housed ina
cryopreservation vessel that holds a low-temperature liquefied gas such as liquefied
nitrogen,

25 [0003]



2 Alternatively, (2) the conformation is adapted, in which a

| ot of straw tubes that encapsul ate bi ol ogi cal sanples are stored in
a plurality of storing sections of a canister wherein the storing
sections are partitioned, and a plurality of these canisters that
each stores several hundreds of straw tubes are housed in a
cryopreservation vessel that holds 5 a |lowtenperature |iquefied gas
such as liquefied nitrogen. [0004] 2 The cryopreservation

vessel s having the aforenenti oned conformati ons have the advantage in
that it is possi bAlemgivelyy@pthesenfomation istadapted, in vhichadotafsiraw ibesthtds
of , anpoul es and straw tubes that encapsul ate cryopreserved sanpl es.
However, t heweaps@ate bipbqgicabamples asstopeddn e pudlitad stoning sastionswif A ganister

di sadvant ages, and the sol ution has been desired. [0005] 1) In
the case of wlekiimthe sloting $veticnspreylagitioneds tndayplurelily of thede cemisterns that eacks a
target sanple, one of the housing rack or canister shall be taken out
from t he cr ytpesseeral dtindvedsbs stvarsinbds. arclHoated find eyomedentatiaf vesshihbidwlds

ot her than the target cryopreserved sanple are exposed to an anbi ent

t enper at Ur e,alawderhjepatare lighefied gasfshell asdigtEfipd niftegert. 0 i NCrease in
tenperature. In addition, the nunber of tinmes the anpoule or straw
tube suffers damapgo4ncreases. 2) The wei ght of the one
storing rack is several kilogranms, and therefore, it 20 becones

difficult to takeThdcridprReRbticiiessels hbvifs Gk ¥RRIRESIN¢A LOFAMUESEShve the
Mor eover, the housing rack or canister may fall down within the

Cryopr eser Vajdoifagy @S it is pHAibld 18 chbfleseh@ 1600 TRY sedérBiRhddsaiis bie
housi ng rack. In addition, the anpoule or straw tube nay sink down to

the bottom omjoliiRs SsaRy BbRS el dneipsMBS e5bprs@nad sditlest O HBRevRGRYUET €d.
[0006] 253) It Is inpossible to détect the preservation position of
the housjNg RfpkesQVation vessels have the following disadvantages, and the solution has been
desired.
[0005]
1) In the case of taking out the ampoule or straw tube that encapsulates a target
sample, one of the housing rack or canister shall be taken out from the cryopreservation
15  wvessel. Therefore, a lot of samples other than the target eryopreserved sample are
exposed to an ambient temperature, and the samples suffer damage due to increase in
temperature.  In addition, the number of times the ampoule or straw tube suffers damage
increases.
2) The weight of the one storing rack is several kilograms, and therefore, it
20 becomes difficult to take it into or out of the cryopreservation vessel. Moreover, the
housing rack or canister may fall down within the cryopreservation vessel, and the
storing box may drop from the housing rack. In addition, the ampoule or straw tube
may sink down to the bottom of the cryopreservation vessel so as not to be recovered.
[0006]

25 3) It is impossible to detect the preservation position of the housing rack or



3 canister inside fromthe outside of the cryopreservation vessel. In
addi tion, the sanple nanagenent is very conplicated because a | ot of
anpoul es are stored in the one housing rack or canister. [0007] 5As
one solving the aforenentioned problens, the present applicants have
al ready proposed the follow ng cryopreservation vessel as disclosed

i n Japanese Patent Application No 2007-130357. The cryopreservation
vessel of the prior invention include, Jas shown in Fig. 9, a vessel
body 1 which holds, oWt e rature |iquefjed gas; .a 3, Whi ¢

o odes an s GeDninil e GHRES of Hh pls R eliGiy Rt L iR i iy
of insertion hol es fornmed to ss through in.a vertigcal, direction
(a t hi cknesdRAaRSeeRtio 5y CuRelispisd PR A1ohaH HBpPviSs a7 SRle Pl 9P AEPSinge
insertion holes 2 of the cap 3; and anpoule storing tools 5 which are
housed so aS®¥F*FESHi e to pass through the sheath tubes 4, wherein a
plurality of gas permeable holes 6 are forned in each of the sheath
tubes 4, and the Hgﬂule storing tools 15 5 are each conprised of a
support pillar and a plurality of anpoule storing sections 7 which
are attached to theonsuplyinethenforementiopedpsotlems, thepresentapplicoptubayer t i cal
direction of the support pillar and stores the anpoules. [0008] In

t hi s cryopr @besdygrapesediesiolowing ergonserexvaianiessel asalinslostdds JapeuaseBatth t he
anpoul e 20 storing tool 5 can be taken out fromthe cryopreservation
vessel . Mor doppleationNpe0A1B935%hen bei ng stored in the anpoul e storing
section at the top of the anpoule storing tool, the required anmpoul e
can be taken out Tiectdnmptestradtiongesstiof telpsor invaption melude) bs showmin Fig. 9, a
cryopreservation vessel, and therefore, it is possible to prevent a

| ot of sanplveseldoligt whivhhoklas ypst-temaerpiuee liguefiadgad; keap hghitholags adue to
increase in tenperature. 25When the anpoule is stored into or taken
out frondt hepatiyppsttaaf tetvesse bods b edd heks b plubalihogfdmestion bolex2 farmedito

Pat ent Application, First Publication No. 2005-143873, [Patent
Docunent 2] pass through in a vertical direction (a thickness direction); sheath tubes 4 which are

inserted into the insertion holes 2 of the cap 3; and ampouie storing tools 5 which are
housed so as to be able to pass through the sheath tubes 4, wherein a plurality of gas
permeable holes 6 are formed in each of the sheath tubes 4, and the ampoule storing tools
15 5 are each comprised of a support pillar and a plurality of ampoule storing sections 7
which are attached to the support pillar so as to be arrayed in a vertical direction of the
support pillar and stores the ampoules.
[0008]
In this cryopreservation vessel, the only several ampoules stored in the ampoule
20  storing tool 5 can be taken out from the cryopreservation vessel. Moreover, especially
when being stored in the ampoule storing section at the top of the ampoule storing tool,
the required ampoule can be taken out without taking the other ampoules out from the
cryopreservation vessel, and therefore, it is possible to prevent a lot of samples other than
target sample from suffering damage due to increase in temperature.

25 ‘When the ampoule is stored into or taken out from the eryopreservation vessel, it



Japanese_Unexani.ned Patent Application, First Publication No. -. .. . .
2005- 156136, [Patent Docunent 3] 5Japanese Unexam ned Utility Model -
Application, First Publication No. Hei 4-15911. DI SCLOSURE OF

| NVENTI ON PROBLEMS TO BE SOLVED BY THE | NVENTI ON 10[ 0012]

Therefore, an object of the present invention is to reduce the tine
required for the identification of the anpoule storing tools and
anpoul es and to prevent the confusion of the anpoule storing tools

and anpoul es during operation of a crydpreservation vessel including:

a vessel body whigch holds a Joywtenperature_liquefied gas;

whi ch closes” 15 aﬁp@ﬁ&ﬁ%a@éﬁ%w pol{cptiony Bl gﬁw&%ﬁ%i@é&“%g&
plurality of insertion holes that are fornmed so as to pass through in
a vertical directP8fatRecementZh t ube inserted into the insertion hol es
of the cap; and ampoul e _storjng tools which_are housed sqo as to be

abl e to pass t hr o@perncxpainedPatensAprligatnne First PRdicaignote: 00 b6l 3y
tools have a plurality of anpoule storing sections. 20 MEANS TO SOLVE
THE PROBLE Ms [ od¥@pntiRpcemegsdlt o achi eve the af orenmentioned objects,

the present invention is a cryopreservation device including: 25a
cryopr esérvat i on Japanese Unexamined Utility Model Application, First Publication No. Hei

4-15911.

DISCLOSURE OF INVENTION
PROBLEMS TG BE SOLVED BY THE INVENTION
10 f0012]

Therefore, an object of the present invention is to reduce the time required for
the identification of the ampoule storing tools and ampoules and to prevent the confusion
of the ampoule storing tools and ampoules during operation of a cryopreservation vessel
including: a vessel body which holds a low-temperature liquefied gas; a cap which closes

15  anopening section of the vessel body and has a plurality of insertion holes that are
formed so as to pass through in a vertical direction; a sheath tube inserted into the
insertion holes of the cap; and ampoule storing tools which are housed so as to be able to
pass through the sheath tube, wherein the ampoule storing tools have a plurality of
ampoule storing sections.

20

MEANS TO SOLVE THE PROBLE MS

f0013]

In order to achieve the aforementioned objects,

the present invention is a cryopreservation device including:

25 a cryopreservation vessel;



6 a house which-houses the cryopreservation vessel; and a handling
robot provided on the house, wherein t he cryopreservation
vessel includes a vessel body which holds a | owtenperature |iquefied
gas, a cap which closes an opening section of the vessel body 5 and
has a plurality of insertion holes fornmed to pass through in a
vertical direction, and anpoul e storing tools which are housed so as
to be able to pass through the insertidn holes of the cap, in which

t he ampoul e stori t ool s. are. each_conprised of, a support pillar and
L ol ura ity of anf oty B Oy e Bt fached to the

support pillar so as.to be arr d in,a vertical direction of the
support pillar, a%ﬁangﬁFglrﬁg%Fma%g%@FPPW&-W]W%t work hole is formed
in the cap so as to pass through in a vertical diregctian; t he
house i s used to BaR orrﬁ%ﬂep%%ssi@ﬂv%iaaﬁsse@)gewﬂicﬁé?@%ﬁ or
thereout, is adjacent to the opening, section of the yes%el bod;i), and
has a work teBiensrsvs Aensfipheasrcap wajchiclogesgn opgping section of the vessel body
anpoul e-putting-in/out work hol e; and 15the handling robot includes a
gri pper Readnphasgulenlity phinestiqndiofss Smmediorasxthropgiyinegerticaldirpeionaad out
fromthe insertion hole, inserted into the anpoul e-putting-in/out
wor k hol e, smppple soring taols whirhiarerhonsed do prds be ildeito paed theugtoilie insertien t he
anpoul e-putting-in/out work hole, and inserted into the original
i nsertion hdioks ofthe ¢appintwhaghthe ampoilei storing tools asgeachiecomprisedefta support
managenent nunber of a certain anmpoule is input, a bar-code reader
whi ch 20 i s piltapedeepluralitytoli empmidstdringlsectiofis which droattzeheio thesuptortigiilar
i dentification managenment nunber of a bar-code attached to the
anpoul e, andoas datrraged dppasrtitalidirastiorodf tecnppond Hila, amdeenent of t he
gri pper head on the basis of the identification managenent nunber of
t he bar - odempbult-hettieg i/t otk ipdi ik Grhedmtlidvap sanmtd pap facwdhus a aertcal
conpares the identification managenent nunber fromthe input
appar at us widiactioRe i dentificati on 25 managenent nunber fromthe
bar-code reader. 7

the house is used to take the cryopreservation vessel therein or thereout, is

adjacent to the opening section of the vessel body, and has a work table provided in the
vicinity of the ampoule-putting-in/out work hole; and

15 the handling robot includes a gripper head by which the certain ampoule storing
tool is pulled out from the insertion hole, inserted into the ampoule-putting-in/out work
hole, stopped at a predetermined position, pulled out from the ampoule-putting-in/out
work hole, and inserted into the original insertion hole, an input apparatus in which an
identification management number of a certain ampoule is input, a bar-code reader which

20  isprovided on the work table of the house and reads an identification management
number of a bar-code attached to the ampoule, and a control apparatus which eontrols a
movement of the gripper head on the basis of the identification management number of
the bar-code of the certain ampoule from the input apparatus and compares the
identification management number from the input apparatus with the identification

25 management number fromn the bar-code reader.
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[0014] In the present invention, it is preferable that the
cryopreservation vessel further conprise sheath tubes inserted into
the insertion holes of the cap, and the anpoule storing tools be
housed so as to be able to pass through the sheath tubes. 5 EFFECT OF
THE |1 NVENTI ON [ 0015] According to the present invention, when
an identification managenent nunber of the target anpoule is input to
the i nput apparatus, the gripper head of the handling 10 robot
operates and pulls out the anpoule storing tool that stores the
target anpoule, iW¥&ks it into the anmpoul e-putting-in/out work hole,
and shove it unti| the target anpoule is exposed fromthe opening
edge of the anpoulrehepresentigvention itis prsereblechas thegrtoptenaration ypssel fugthey hi s
time, the bar-code readers nounted to the work table read the

bar - code of aohmprisersbeath tubes\psgriothinfodhe inpestiondieles of the para ansk theamposar es
the identification 15 managenent nunber fromthe bar-code readers

W th the i destrringiasisliedoused sagstmbe ableterrassithiongirihe sheathtybes. appar at us,
and output the indication in the case where the both are matched to
one another. After the confirmation of this indication, an operator
takes the target anmpoule out fromthe anmpoul e storing tool. [0016]
20Therefore, it is possible t@FREECDORTHEINVENTIONpr onptly carry out
the identification of the anmpoule storing tools and anpoul es, and to
prevent the confuf0os] of the anpoule storing tools and anpoul es.

In addition, a series of the operations such as pulling out and the
insertion of the AsgedihEtosheiresdst iieation MeCariddntdcRidh nhjiadeentGiinbger
head of the handling robot Thus, 25 the burden of an operator is

reduced, anth it tkasiampbile isSnpul iy By Rt aphrddid, fe gRseritk bl B heddlihglE
DRAW NGS

10 robot operates and pulls out the ampoule storing tool that stores the target ampoule,
inserts it into the ampoule-putting-in/out work hole, and shove it until the target ampoule
is exposed from the opening edge of the ampoule-putting-in/out work hole, and then
stops. At this time, the bar-code readers mounted to the work table read the bar-code of
the ampoule. Meanwhile, the control apparatus compares the identification

15  management number from the bar-code readers with the identification management
number from the input apparatus, and output the indication in the case where the both are
matched to one another.  After the confirmation of this indication, an operator takes the
target ampoule out from the ampoule storing tool.

[0016]

20 Therefore, it is possible to automatically and promptly carry out the
identification of the ampoule storing tools and ampoules, and to prevent the confusion of
the ampoule storing tools and ampoules.

In addition, a series of the operations such as pulling out and the insertion of the

ampoule storing tool are carried out by the gripper head of the handling robot. Thus,

25  the burden of an operator is reduced, and workability is improved.
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'[0017]  Fig..lis an entire schematic block di agram showi ng
an exanple of the 5 cryopreservation apparatus of ‘the present

I nventi on. Fig. 2 is a schematic perspective view show ng an
exanpl e of the ayopreservation vessel, which is partially cut out, in
the cryopreservati on apparatus of the present invention. Fi g.

3 is a schematic block di agram showi ng an exanpl e of the equi pnent
for 10 supplying a lowtenperature |iguwefied gas to the
cryopreservation vessel in the cryopreservation apparatus of the
present invention. Fig. 4 is a schematic cross-sectional

di agram showi ng an exanpl e of the caﬁ and sheath tubes in the

cryopreservation appar at (FRIBF DERERIFISONQF THE DR VORICGS

Fig. 5is a schematic explanatory diagram showi ng an exanpl e of the
anpoul e 15 storirM§¥%ol in the present invention. Fig. 6is a
schematic plan view showi ng the anpoul e-putting-in/out work hole in
the present i nverHig.drisan entire schétagic block diagramchewnng axexpinple of thew showi ng
an exanpl e of the cryopreservation apparatus of the present

i nventi oh. 20Bpmserditips appamtisefitie presohk myemionshowi ng t he state where

t he pipping pieces grip the handle portion of the anpoule storing

tool in the presdiig. 2iinysohtinadc pekspective view showiithanaamplepétiepect i ve vi ew
showi ng an exanple of a cryopreservation vessel, which is partially
cut out, acegbptiesegvation véyselj which s | aﬂalgrfcutdn@, @ﬁe@fyopﬁ&lrvaﬁah bsfparatus Of

DESCRI PTI ON OF THE REFERENCE SYMBOLS [ 0018]
the present invention.
Fig. 3 is a schematic block diagram showing an example of the equipment for
10 supplying a low-temperature liquefied gas to the cryopreservation vessel in the
cryopreservation apparatus of the present invention.
Fig. 4 is a schematic cross-sectional diagram showing an example of the cap and
sheath tubes in the cryopreservation apparatus of the present invention.
Fig. 5 is a schematic explanatory diagram showing an example of the ampoule
15  storing tool in the present invention.
Fig. 6 is a schematic plan view showing the ampoule-putting-in/out work hole in
the present invention,
Fig, 7 is a schematic plan view showing an example of the cryopreservation
apparatus of the present invention.
20 Fig. 8 is a schematic diagram showing the state where the gripping pieces grip
the handle portion of the ampoule storing tool in the present invention.
Fig. 9is a schematic perspective view showing an example of a
cryopreservation vessel, which is partially cut out, according to the invention of the prior
application.

25



11Cryopreservati on vessel 12House 513Handling robot 14Vessel body
15Cap 16Anpoul e storing tool 17Sheath tube 1029l nsertion hol e
29aAnpoul e- putting-in/out work hole 31Support pillar 34Anpoul e
storing section 36Anpoul e 1538aWrk tabl e 42Robot body 43l nput
appar atus 44Control apparatus

9
DESCRIPTION OF THE REFERENCE SYMBOLS

[0018]
11 Cryopreservation vessel
12 House

5 13 Handling robot

14 Vessel body
15 Cap
16 Ampoule storing tool
17 Sheath tube
10 29 Insertion hole
2%9a Ampoule-putting-in/out work hole
31 Support pillar
34 Ampoule storing section
36 Ampoule
15 382  Work table
42 Robot body
43 Input apparatus
44 Control apparatus
46 Bar-code reader

20 58 Gripper head

BEST MODE FOR CARRYING OUT THE INVENTION
[0019]
{Cryopreservation Device)

25 Fig. 1 to Fig. 8 shows one example of the cryopreservation device of the present



46Bar.-.code reader_2058G i pper head..BEST. MODE. FOR CARRYI NG.OUT THE ... .
| NVENTI ON [ 0019] (Cryopreservation Device) 25Fig. 1 to Fig. 8 shows
one exanple of the cryopreservation device of the present 10

i nventi on. As shown in Fig. I, this cryopreservation device is
schematically conprised of a cryopreservation vessel 11, a house 12
whi ch houses the cryopreservation vessel 11 and a handling robot 13
provi ded on the house 12. 5[ 0020] (Cryopreservation Vessel) As
shown in Fig. 2, the cryopreservation J@ssel 11 is conprised of a
vessel body , 14 .a cap 15, ampoule storing tools 16, and sheath tubes
17. 0VeNi9Rs yessel body 14 has a double structure forned of an
i nner vessel 18 and _.an 10_outer. vessel de of stai,nless steel

the like, and is 4 @Q@amgh{em?wm@m@q vige s sehematicallis comprise B%?ce

bet ween the inner vessel 18 and the outer vessel 19 is vacuum_  [0021]
cryopreservation vessel 11, a house 12 which houses the cryopreservation vessel 11 and a

handling robot 13 provided on the house 12.
5 [0020]
(Cryopreservation Vessel)
As shown in Fig. 2, the cryopreservation vessel 11 is comprised of a vessel body
14, a cap 15, ampoule storing tools 16, and sheath tubes 17.
The vessel body 14 has a double structure formed of an inner vessel 18 and an

10 outer vessel 19 made of stainless steel or the like, and is a vacuum thermal insulating

vessel in which a space between the inner vessel 18 and the outer vessel 19 is vacuum.
[0021]
A perforated plate 20 is mounted in the vicinity of the bottom portion of the
inner vessel 18 of the vessel body 14, and the inner vessel 18 is to be filled close to the

15 perforated plate 20 with the low-temperature liquefied gas such as liquefied nitrogen.
The opening diameter of the opening section of the inner vessel 18 is made slightly
smaller than the inner diameter of the body portion of the inner vessel 18, and the inner
vessel 18 is formed into a so-called waistless pan shape.

[0022]

20 Further, as shown in Fig. 3, a liquefied gas supply tube 21 for supplying or
supplementing a low-temperature liquefied gas into the vessel body 14 1s provided to the
cryopreservation vessel 11,  One end of the liquefied gas supply tube 21 passes through
the side wall portion of the house 12 and the side wall portion of the vessel body 14, to
extend close to the bottom portion of the inner vessel 18, and the other end thereof is

25  connected o a liquefied gas supply source 23 via a flow regulating valve 22.



A perforated plate 20 is mounted in the vicinity of the bottom
portion of the inner vessel 18 of the vessel body 14, and the inner
vessel 18 is to be filled close to the 15 perforated plate 20 with
the |l owtenperature |iquefied gas such as liquefied nitrogen. The
openi ng di aneter of the opening section of the inner vessel 18 is
made slightly smaller than the inner dianeter of the body portion of
the inner vessel 18, and the inner vesd&él 18 is forned into a

so-cal |l ed maistle@% ﬁan shape. [0022] 20Further, as shown in Fig. 3,
a liquefied gas suppl’y tube 21 for supplying or supplenenting a

I | fied I 14 | i ded

o LeTmeral e |t e BT Aot BB TR
tube 21 t h h..t he si.d | | i f.the.h 12 dth
(e 21, PRST SEHA BuRidR B 2R PRS0

bottom portion of the hnngr vessgl 18, and the_ pother end there(%f IS
25 connect edoV&mPeraRye dateand gasand s SRPGrRE fERIOT 2035epFing 4 empgigure of a

regulating valve_22. i [Q02 Mor eover, as shown ip Fig. 3,
the vessel a’amfph%ea?fhﬁH@SQ%&%SPﬁt?aqmawn%lége@ﬂleﬁsqnéoré&{;?és@d Wit h
a fluid level sensor 24 sensing a stored fluid |evel of the.
| ow t enper attpenittpdigdhe linyelipieat spky sowerySs iorconrisol 4PRinb et spply tims Aftang
tenperature of a 5 vapor phase in the vessel body 14. Detection
signals fro rﬁf{oﬁ%@épﬁlég gbthe lopytempeatyredicnefied gas to be supplied vt the gt bady
gas supply source 23, to control a point of supply time and an anount
suppl i ed of lthe | owtenperature |liquefied gas to be supplied into the
vessel body 14. [0024] 10The opening section of the inner vessel 18
of the vessel bodi®024 is configured to be closed so as to be openabl e
and closable with the cap 15. As shown in Fig. 2, the cap 15 has a
col umarllshape whBseopeningsectipragfdhesinner sesaghp® okthermesed! podshid is eondigersd tohe
openi ng di ameter of the opening section of the inner vessel 18. As
shown in Fi ge closed shes toche openabk and cpsableadthdlie wp K- shaghedn irpfier2, the aapd
26 and | ower board 27, and a thermal insulating

15 has a columnar shape whose outer diameter is approximately the same as the opening

diameter of the opening section of the inner vessel 18.  As shown in Fig, 4, the cap 15 is
comprised of disk-shaped upper board 26 and lower board 27, and a thermal insulating
15  body 28 made of a thermal insulating material such as an urethane resin foam
therebetween, to have a thickness of approximately 200 to 300 mm, that is high in
thermal insulation performance.
[0025]
A large number, for example 300 to 500, of insertion holes 29 passing through
20  the cap 15 in its thickness direction (in a vertical direction) are formed in the cap 15,
An inner diameter of the insertion hole 29 is set to approximately 15 to 25 mm,
[0026]
The cap is configured such that the sheath tubes 17 are inserted into all these
insertion holes 28. As shown in Fig. 4, the sheath tube 17 has a straight tube sﬁape with

25  anouter diameter of 15 to 25 mm, an inner diameter of 13 to 23 mm, and a length of 500



15 body 28 made of a thermal insulating material such as an urethane
resin foamtherebetween, to have a thickness of approximately 200 to
300 nun, that is high in thermal insulation performnce. [0025]

A |l arge nunber, for exanple 300 to 500, of insertion holes 29 passing
through 20 the cap 15 in its thickness direction (in a vertical
direction) are fornmed in the cap 15. An inner dianeter of the
insertion hole 29 is set to approxi mtdRy 15 to 25 mm [ 0026]

The cap is confjgured such_that the sheath fubes 17 are inserted jnto
AT Chose i oAb P msEegt Rae BesRr oot dosches SRR 7
has a straight tube shape V\n(tgp 25 an oyter dianmeter of 15 to 25 mm

an inner di ZEARRPRST Poraon thersef apgs sg Axtobe FERogRd Pighe unper sidesugfecepddier am
approxi mately, and the bottom portion thereof reaches the perforated

plate 20, arf@®&h upper portion thereof opens so as to be exposed on
t he upper side surface of the cap 15. The respective upper

! p,_ 15 .
portions of the shesespeetingapper portigpy ofthesbeatiniubssd 7cwlich Huclpthecap 15, are
conprised of resin pipes, and portions |ower than those are conprised
of st ai nl%essompeesd of eesinpinesnd Porbgns lower thap thoskare cfroprRed of stainless steel,
Further, a large nunber of small diameter gas permeable holes 30 are
' formed in teumiswpeley eshaddted s of the sheath tubes 17. 10A fudng cl aw
(not shown) for fixing the sheath tube 17 to the cap 15 is integrally
mounted to the tof@0p4rti on of the sheath tube 17, and the fixing claw
' 1s engaged with an engagi ng concave portion (not shown) forned in the
. upper edge (the uPpther, blagodhpr effsnial diamesegas pamehisit Rol2oB (afe foleeddap
' 15, to fix the sheath tube 17 to the cap 15, which causes the sheath
tube 17 to hke roectuelwallsofthe sieathinébesthe tinme of pulling up the 15
anpoul e storing tool 16.
10 A fixing claw (not shown) for fixing the sheath tube 17 to the cap 15 is
integrally mounted to the top portion of the sheath tube 17, and the fixing claw is
engaged with an engaging concave portion (not shown) formed in the upper edge (the
upper board 26) of the insertion hole 29 of the cap 15, to fix the sheath tube 17 to the cap
15, which causes the sheath tube 17 to be not pulled up at the same time of pulling up the
15  ampoule storing tool 16.
[0028]
{(Ampoule Storing Tool)
The ampoule storing tools 16 pass through in a movable manner in a vertical
direction in the sheath tubes 17.  As shown in Fig, 5, the ampoule storing tool 16 is
20  comprised of a support pillar 31 made of stainless steel, aluminum alloy, or the like, a
round-bar thermal insulating section 32 provided in the upper portion of the support
pillar 31, a handle portion 33 mounted to the upper portion of the thermal insulating
section 32, and a plurality, for example eight, of ampoule storing sections 34 which are
arrayed with intervals in a vertical direction of the support pillar 31.

25 [0029]



[ 0028] (Anpoule Storing Tool) The anpoule storing tools 16 pass

t hrough in a novable manner in a vertical direction in the sheath
tubes 17. As shown in Fig. 5, the anpoule storing tool 16 is 20
conprised of a support pillar 31 made of stainless steel, alum num
alloy, or the like, a round-bar thermal insulating section 32
provided in the upper portion of the sugport pillar 31, a handle
portion 33 mounted to the upper portiod3of the thermal insulating

section 32, and | uralit r examml e ej ght, . of oul e s in
sections 34 whi cﬁr}gersgppa??’trp ai &ﬁﬁ’@%%‘g#‘%e}‘?fu m@‘@%? Séﬁ%oﬂqtlgéag? %on
of the support pjl.lar.31. 25,0029 13, ., . The,s ot pillar, 31
hs' - ban” ShpRlo i SO R s Pida Gid mipe 35 ippraTioat B hublens By 1
be a circul ar arc .shape, and _.a qui de pi 35 i rovid to the | ower
o par t i dheade” T Bl minsTs B pissediol e 2oppile Shne el sm BTine &
storing tool 16 froqmfailin 0 be inserted into the ,cap 15 .affer

pul 1 i nS up RESEHRIYP esep Fée%@?g%ﬁeew%mﬁ@léﬁg%aﬂ e
storing section 34 on the | owernost end. Note that the_guide pipe 35
i s not néced@apYle forirgasrtiand4 on the lowermoa enthe rie hatiheguds niep depoton 32
I's formed such that its outer dianeter is substantially the sane as

the inner dingeeesedly requitethe sheath tube 17, and the length thereof in a
vertical direction is substantially the sanme as the thickness in a

vertical directi ofhedhermal inyuatiogpection 33 9 68wpd such that itsTrvéer diametenis

I nsul ating section 32 is configured such that its interior is nade of
a synt het i ¢ substsintially fbesams asthglimpssditmeter of thsishéad tobel % pusihe teagth thezaofl
its peripheral portion is forned of a resin foam such as a urethane
resin foam immwerfil firgghion is subiseantialy thexswe as the thickness in a vertical direction of

10 thecap 15,

[0030]

The thermal insulating section 32 is configured such that its interior is made of a
synthetic resin such as a glass fiber reinforced epoxy resin and its peripheral portion is
formed of a resin foam such as a urethane resin foam, and is high in thermal insulation

15  performance.

As shown in Fig. 5, the support pillar 31 is not located on the central axis of the
thermal insulating section, and the support pillar 31 is provided to be continued to the
side portion of the thermal insulating section 32.

[0031]

20 The ampoule storing section 34 has a bottomed cylindrical cup shape in which
one ampoule 36, in which a sample to be cryopreserved is encapsulated, is held and
stored, and is integrally provided with the side portion of the support pillar 31. The
intervals in the vertical direction of the ampoule storing section 34, are determined so as

to generate a gap of approximately 5 to 10 mm between the top portion of the ampoule

25 36 and the bottom portion of the ampoule storing section 34 thereabove when the
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15 performance. As shown in Fig.. 5 the support pillar 31 is
not |ocated on the central axis of the thermal insulating section,
and the support pillar 31 is provided to be continued to the side
portion of the thermal insulating section 32. [0031] 20The anpoul e
storing section 34 has a bottomed cylindrical cup shape in which one
anpoule 36, in which a sanple to be cryopreserved is encapsul ated, is
hel d and stored, and is integrally prot4ded with the side portion of
the support pillar 31. The intervals.,in the vertical direction of the
anpoul e st oRRGS & tsistorpddn the gmgonle piaiing sREiPRdA- as to generate a gap of
approximately 5 to 10 mm between the top portion of the anpoule 25 36
and the bottonlpdp9$5n of the anpoule storing section 34 thereabove
when the 14 anpoule 36 is stored in the anpoule storing section 34.
[0032] Further, tHthemiseampoue seinggedionff ironigured sughibatgisongr digrasier
that its outer diameter is slightly smaller than. the outer dianmeter
of the ther isdlightipsumatien the theenteralianger ofifhel thezmal inyulatinssdction 32Hadduppor t
pillar 31 such that its central axis is substantially matched to the
central &xi snwhied frethe supporbipilliand shicht thatdts setal axis I8 Qubstu@Gdg natched to the
Further, as shown in Fig. 2, a ring-shaped gasket 37 conprised of a
cushi oni ng reitet ixad ofshatheram! aswWaing geetion 32. ubber is fixed to the upper
end portion of the vessel body 10 14 of the cryopreservation vessel
11, and when the [©038)preservati on vessel 11 is housed at a stated
position of the house 12, the gasket 37 is pressed against the top
board 38 of the Hauher, dsihéwenelig.20a Fh@shaped gasket 37 comprised of a cushioning

material such as a sponge or rubber is fixed to the upper end portion of the vessel body
10 14 of the cryopreservation vessel 11, and when the cryopreservation vessel 11 is housed
at a stated position of the house 12, the gasket 37 is pressed against the top board 38 of
the house 12 (refer to Fig. 1).
[0034]
‘When the cryopreservation vessel 11 is housed in the house 12, the door of the
15  house 12 is opened to draw out a tray (not shown) stored in the house 12, and the
cryopreservation vessel 11 is placed on the tray to be pushed in the inside thereof.
‘When the cryopreservation vessel 11 reaches the stated position, the cryopreservation
vessel 11 is to be fixed so as to be slightly pulled upward, thereby causing the gasket 37
to come into firmly contact with the lower surface of the top board 38.
20 [0035]
As shown in Fig. 2, a gas venting pipe 39 is provided to pass through the
peripheral edge of the cap 15 of the cryopreservation vessel 11, and a gas venting valve
40 is mounted to the upper portion of the gas venting pipe 39. Thereby, it is possible to
extract a low-temperature liquefied gas vaporized in the vessel body 14 from the inside

25  of'the vessel body 14 and to be capable of maintaining the inside pressure of the vessel



[ 0034] When the cryopreservation vessel 11 is housed in the house 12,
t he door of the 15 house 12 is opened to draw out a tray (not shown)
stored in the house 12, and the cryopreservation vessel 11 is placed
on the tray to be pushed in the inside thereof. Wen the
cryopreservation vessel 11 reaches the stated position, the
cryopreservation vessel 11 is to be fixed so as to be slightly pulled
upwar d, thereby causing the gasket 37 16 cone into firmy contact
with the lower surface of the top board 38. 20[ 0035] As shown
inFig 2 °%§4%Fﬁh%giﬁvﬁe 39 is provided to pass through the

peri pheral edge of the cap 15 of the cryopreservation vessel 11, and
a gas venting val ¥838l0 i s nounted to the upper portion of the gas
venting pipe 39. Thereby, it is possible to extract_ a | owtenperature
li quefied gas vapdfthews n gt thepas sapoulsapiftinginopirerk hele 2Pais grovidsd i
the vessel body 14 and to be capable of maintaining the inside
pressure of thesriphkesal edge oftheisapl}S alfhewsyopresevetionaigesel Me. This036]

As shown in Fig. 2, the one anpoul e-putting-infout work hole 29a is
provi ded 5t o amipeulppnitingriye werkgwled9a isthe through Bole fuch hethe ingerpiohade 2t i on
vessel 11. This 5 anpoul e-putting-in/out work hole 29a is the through
hol e such agassing thromghrthe cap 16 dd s tR@knepndismtting (inha ertiphl diteetionjntd Svhich it s
t hi ckness direction (in a vertical direction), into which the anpoul e
st ori ng t oolthelsnpvalkesriogtool Yatakenlvet fodne i khdathitebel 17 Hyythd knadlbgrdbot dd)is
robot 13 is inserted. [0037] 10The inside of the inner vessel 18 of
the vessel Inosehgedl4 is filled wth a | owtenperature gas generated due
to the evaporation of sonme of the |owtenperature |iquefied gas as
descri bed above, @037t he | owtenperature gas passes through the gas
per meabl e hol es 30 of the sheath tube 17 to flow in the anpoul e

storing ool 16, Ti@ if0d of dVifinet hsel 1P OfthePesth bbBI 1d % Aliddhathadrpoul e
storing tool 16, which is brought into a frozen

low-temperature gas generated due to the evaporation of some of the low-temperature
liquefied gas as described above, and the low-temperature gas passes through the gas
permeable holes 30 of the sheath tube 17 to flow in the ampoule storing tool 16, to cool
down the ampoules 36 held in the ampoule storing tool 16, which is brought into a frozen
15  state.
Thereby, it is possible to store the large number of ampoules 36 in a frozen state,
to cryopreserve them.
Note that the ampoules 36 to be housed in the cryopreservation vessel 11 are
generally prior-frozen state ampoules. However, the ampoule 36 may be an ampoule in
20  another state.
[0038]
Further, bar-code labels which are recorded with information such as their
identification management numbers and the like are pasted onto the body portions of all

the ampoules 36 (not shown).

25 Regarding the identification management number, the first identification codes
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15st at e. Thereby, it is possible to store the | arge nunber of
anpoules 36 in a frozen state, to cryopreserve them Not e
that the anmpoules 36 to be housed in the cryopreservation vessel 11
are generally prior-frozen state anpoul es. However, the anpoul e 36
may be an anpoule in 20 another state. [0038] Further, bar-code
| abel s which are recorded with information such as their
identification managenent nunbers and tibe |i ke are pasted onto the
body portions of all the anmpqules 36 (not shown). 25Regarding the

i dent i fi cat i(6HSpEPiy drke At rASAEEMaY beFesnertively attackipd forthe Bandlsporivaedd of16
(for exanple, 1, 2, 3, and n), may be respectively attached to the
handl e por t itefFespseiivermppide piadngdedls J@orthg,wanth tibeol? ity whieh e ampagfe t he
sheath tubes 17 into which the anpoule storing tools 16 are inserted,
t he nunber &toripgtooksfam ipspried theammberaf dhei ampevletitode stored imegsh of Ge
storing tools 16 may be set to 8, and the second identification codes
of A B, C, aBwaielstprirmipols 6 may hesebtd & and theseepnytidentiffpaion cedes 6f 448, C,
descendi ng order. Then, it is possible to identify and manage one of
t he anpodl es",end Hheaylbesitsrhed todhe dight ampdules 36 imdesceadiag erdent Thenpités of
for exanple "2-B". [0039] In the cryopreservation vessel 11 having
such a st r ugbssitds toaddntifyopad manigerone6f thdvanoilea oy the besis GG ddentifimtirous ed
in one cryopreservation vessel 11 as conpared with the conventi onal

t echnol ogy. nkmagelrent nusibece foexampletidB*0of anpoul es to be stored in
each of the anpoule storing tools 16 is decreased, the nunber of
times of taking oif03%he anpoul es to the outside of the
cryopreservation vessel 11 at the tine of putting-in/out works is

greatly decr easedn thddrgdprdativatith vaielitl Hatieg aldl @ Bindfife, ialadRimbeh6e the
frequency of 15 frost formations onto the anpoules is reduced. [0040]
10 ampoules 36 can be housed in one cryopreservation vessel 11 as compared with the
conventional technology. Further, since the number of ampoules to be stored in each of
the ampoule storing tools 16 is decreased, the number of times of taking out the
ampoules to the ontside of the cryopreservation vessel 11 at the time of putting-in/out
works is greatly decreased, which brings about the advantage in that the frequency of
15  frost formations onto the ampoules is reduced.
[0040]
(House)
As shown in Fig, 1, the house 12 is a cubic box with a side of for example 1,000
mm, in which the cryopreservation vessel 11 can be housed, The house 12 is
20  configured such that a circular insertion hole is formed in the almost center of the top
board 38, so as to be capable of approaching the opening portion of the cryopreservation
vessel 11 in the house 12 via the insertion hole from the cutside.
Further, a portion of the top board 38, which is in the vicinity of the
ampoule-putting-in/out work hole 29a of the eryopreservation vessel 11, stretches out

25  toward the outside, and functions as the work table 38a.



(House) As shown in Fig. 1, the house 12 is a cubic box with a
side of for exanple 1,000 mm in which the cryopreservation vessel 11
can be housed. The house 12 is 20 configured such that a circul ar
insertion hole is formed in the al nost center of the top board 38, so
as to be capabl e of approaching the opening portion of the
cryopreservation vessel 11 in the house 12 via the insertion hole
fromthe outside. Further, a pdrftion of the top board 38,
which is in the vicinity of the anpoul e-putting-in/out work hole 29a
of the cryopreserU@ﬁﬂon vessel 11, stretches out 25 toward the
outside, and functions as the work table 38a. 17 [0041] )

Mor eover, as showMoreaver; a5 sheyvn ipiiég. bk weskiiahle Ha o1 e howe 1R dtpanipped | s
equi pped with the two bar-code readers 46, 46. These bar-code readers
46 i s pl acedvifyibe e bar-eqdgireaders 16,148  BhesobrArsodareadersbiinplaced Ivibe k hol e
29a of the cryopreservation vessel 11, 5 and reads a bar-code of a
bar - code | abédinigtaf herragonle-putiiag-anfprs siodk IRde 29 of the coprssarention wesieh 1,
tools 16 inserted into the anpoul e-putting-in/out work hole 29a. In

t hi s exarpl epd tdads dbmar-codedd abemebde inbel Attanhed folthecanposleSh of thatmiptide angl e
of 1000 to 1200 is formed by the two imaginary |ines which pass

t hr ough t he staing tdodsrl6codeed intocthe andbulermhttingdn/amyyouk kold89a, NG thisteatple,he
bar-code reader 46 is not limted to be set in two, and may be one.
10Mor eover, thybappede readersab amplichesudh that #d adgly 0T A0 16 120%¢s ikl Wyfthd he
house 12, it is possible to take the cryopreservation vessel 11
therein or ttseimitarslines edithiphe dirakb\de: eabl0B4bde(rkaBA4E 4 tRahgioyle 36.

Py

Note that the bar-code reader 46 is not limited to be set in two, and may be one.

10 Moreover, by open and close the door 41 formed in one side of the house 12, it
is possible to take the cryopreservation vessel 11 therein or thereout as deseribed above.

[0042]

(Handling Robot)

As shown in Fig. 1 and Fig, 7, the handling robot 13 is comprised of a robot

15  body 42, an input apparatus 43, and a control apparatus 44.

The frame 45, which is comprised of the four pillars at four corners and the four
beams bridging between the consecutive two of these four pillars, is provided on the
upper side of the house 12.  This frame 45 is equipped with the robot body 42.

[0043]

20 That is, a pair of parallel X-axis rails 51, 51 is horizontally attached to the frame
45. The X-axis rail 51 has a smooth round-bar shape for example, and those.are
respectively placed at one end edge of the frame 45 and the other end edge facing the one
edge.

A pair of X-axis trestles 52, 52 that each reciprocates the X-axis rail 51 is

25  mounted to the X-axis rails 51, 51, This X-axis trestle 52 is a hollow cylindrical
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As shown in Fig. 1 and Fig. 7, the handling robot 13 is conprised of
a robot 15 body 42, an input apparatus 43, and a control apparatus
44, The franme 45, which is conprised of the four pillars at four
conmers and the four beans bridgi ng between the consecutive two of
these four pillars, is provided on the upper side of the house 12.
This franme 45 is equi pped with the robot body 42. [0043] 20That is, a
pair of parallel X-axis rails 51, 51 ig48horizontally attached to the
frame 45. The X-axis_ rail 51 has a snooth round-bar shape for

exanpl e, andnembes anddhe Xraxisgaib 1 pastoy theough dhe hetlow pertiemef tb@@éld@thexen%
frame 45 and the_other end edge facing the one edge.

pair of X- axhdthe Reaxiy teastis sliges o148 1o recipiacateinithy Hews dsectipe X- axi s rai I
51 is 25 nmounted to the X-axis rails 51, 51. This X-axis trestle 52
is a hollow cylin@44dal 18 nenber, and the X-axis rail 51 passes

t hrough the hollow portion of the inside thereof, and the X-axis
trestle 52 sli desTworousd-bay shaped Jranis zils 58,53 phrileltasdck other aze biidgad so as

[ 0044] Two round-bar shaped Y-axis rails 53, 53 parallel to each

ot her aré brio chpeett the pais obXtagisdwstlee 62, S2heOpaY-exiofresde a4 ihet ecipotdtashd 2,
52. One Y-axis trestle 54 that reciprocates the pair of Y-axis rails
53, 53 i s npainbEPatiordils 63,[58iis modnted-tafiepait of Y-axibjls 58.53[ 0045]

The Y-axis trestle 54 is conprised of a pair of sliding bodies 55, 55
and a coupling bo@g4si6 connecting the pair of sliding bodies 55, 55.
10The sliding body 55 is conprised of a hollow cylindrical body, and

the Y-axis The Y-axis trestle 54 is comprised of a pair of sliding bodies 55, 55 and a
coupling body 56 connecting the pair of sliding bodies 55, 55.

10 The sliding body 55 is comprised of a hollow cylindrical body, and the Y-axis
rail 53 passes through the hollow portion of the inside thereof, and the sliding body 55
slides so as to reciprocate in the Y-axis direction. Thereby, the Y-axis trestle 54 as well
reciprocates in the Y-axis direction.

[0046]

15 As shown in Fig, 1, one Z-axis rail 57 is mounted to the Y-axis trestle 54 so as to
droop. The Z-axis rail 57 is configured such that its leading end portion extends close
1o the top board 38. A gripper head 58 is mounted so as to be movable up and down to
the Z-axis rail 57,

As shown in Fig, 8, a pair of gripping pieces 59, 59 for gripping the handle

20  portion 33 of the ampoule storing tool 16 is provided to the lower surface of the gripper
head 58,

The pair of gripping pieces 59, 59 is configured to come close to or be spaced
from each other, thereby making it possible to grip or release the handle portion 33,
In this example, the shape of the handle portion 33 is formed to be rectangular

25  columnar. For this reason, the direction of the ampoule storing section 34 of the
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rail 53 passes through the hollow portion of the inside thereof, and
the sliding body 55 slides so as to reciprocate in the Y-axis
direction. Thereby, the Y-axis trestle 54 as well reciprocates in the
Y-axis direction. [0046] 15As shown in Fig. 1, one Z-axis rail 57 is
mounted to the Y-axis trestle 54 so as to droop. The Z-axis rail 57
I's configured such that its |eading enﬂ portion extends close to the
top board 38. A gripper head 58 is nou ?ed so as to be novable up and
down to the aZmank Sofigd tool16-is difermitRWar thtifk 8f grping 1HRHahdiOborfibh PPby e

pi eces 59, 59 for gripping the handle 20 por%lon 33 of the anpodl e

storing toolgﬁgﬁng' Biet¥s 8Y) 9eshdlie dilketdnOVBansaEd BEGAAF ah 'ager%}_ PRgfndAead
58. The pair of gripping pieces 59, 59 is configured to cone close to

or be space . ' ' Q5SS € to grip or
rel ease the%ﬁgﬁﬁﬁggﬁe?%%%f&ﬁﬁﬁm@gﬂr%td’er?altp%gﬁd glgépe of the

handl e portion 33yhsnfornmed to be rectangular 25 columar. For this
reason, the direc |0A of the anpoule storing section 34 of the 19

handl e por 1 on_ad by PR fe A PATAR lpotish o sFEntls Rl Bublifee
defi ned he sid . h e t d
a bar - code a2 eaRbs Ty PR ARim L b ot oo BER R UehER T
Flo- 1 a by shapss | R9BORLIN BlaSi3atns: 9NNl SNt S ds,

which enables the gripper head 58 to move up and down along the Z-axis rail 57 and the

leg portion 61. A clamp 60 for gripping the lower end portion of the ampoule storing

10 tool 16 is provided to the lower end portion of the leg portion 61.  The upper portion
and the lower portion of the ampoule storing tool 16 pulled out from the cryopreservation
vessel 11 are respectively gripped by the clamp 60 and the pair of gripping pieces 59, 59.
For this reason, the ampoule storing tool 16 is prevented from sliding at the time of
moving, and it becomes easy to insert the ampoule storing tool 16 into the

15 ampoule-putting-infout work hole 292. Note that, in the case where the gripper head 58
comes close to the place above the cap 3 in order to pull out the ampoule storing tool 16,
the leg portion 61 comes down to the lower end of the Z-axis rail 57 and the clamp 60
opens, so as not to interrupt the operation of the gripping pieces 59, 59 of the gripper
head 58.

20 The leg portion 61 is not limited to the above-described example, and may be
directly mounted to the gripper head 58. In this case, the shape of the leg portion 61 is
formed into a shape which is extensible and shrinkable. Thereby, in the case where the
gripper head 58 comes close to the place above the cap 3 in order to pull out the ampoule
storing tool 16, the leg portion 61 shrinks above the cap 3 and the clamp 60 opens, so as

25  notto interrupt the operation of the gripping pieces 59, 59 of the gripper head 58,



i section. For this reason, it is possible to pu

to the Z-axis rail 57. This leg portion 61 is capable of noving up
and down along the Z-axis rail 57. An insertion hole for the |leg
portion 61 is fornmed in the gripper head 58, which enables the

gri pper head 58 to nove up and down along the Z-axis rail 57 and the
|l eg portion 61. A clanp 60 for gripping the | ower end portion of the
anpoul e storing 10 tool 16 is provided to the | ower end portion of
the leg portion 61. The upper portion &&d the |ower portion of the
anpoul e storing tgol. 1§ pulled out fromthe cryopreservatrpn_vesse

Il are.rospect | velSUGH RSRAPHA o LES ORGP Ehe AaTE OF & Thpi ng
pi eces 59, 59. For.this.reason, f.he anppul e stgring.togl 16_is, .

D event od f (B R FTRGY I BRanveblE oo YR alpne et e B BoleEhgyt ¢ o
insert the appoul e, stQring tool. 16 into the_ 15 anpoul e-put.t. ng-i n/ out
work hol e 294 CaRpvRere @31?%8?#&%&%@ e g HacegiPYsas SA3AROBET Comes
close to the place above the cap.,3 in_order to pull out the anpoul e
storing too|puﬁ6>?ttbﬁ@np%e%msi%1@1h%%6%@ms fdoy tadhy Igwesend pthe f
the Z-axis rail 57 and the clanp 60 opens, so as not to jnterrugt t he
oper at i or? ofZ-Hiera Sy gpd ergnpise et mgntemept ge oppratign of hsegrippiag pless 5989 The
| eg portion 61 is not limted to the above-descri bed exanple, and may
be direct|y ofdhereripperhead e gri pper head 58. In this case, the shape
of the leg portion 61 is formed into a shape which is extensible and
shrinkabl e. Therel®048lin the case where the gripper head 58 cones
close to the place above the cap 3 in order to pull out the anpoul e
storing tool 16, With theshopndestrinad Stucking, ihelesippdy bl IBliecapale &f femsly t he
clanp 60 opens, so as 25 not to interrupt the operation of the

gri ppi ng pi enesngif thelbreohxis Hiecctonspipeis theXaxis directiah), the Y-axis dibastivr) end
the clanp 60 may be directly nounted to the Z-axis rail 57. In this
case, th® cltnP-akl directionthethawudkispaze sqetiond Fdothis radsomdt it pessiBleaxjndl wpai |
57. Thereby, in the case where the gripper head 58 conmes close to the
pl ace above dnhthitgap o dftheinii@dile sBrifgobls Q8 holsb®inahPariidtessivatidngsskioa!
16, the clanp 60 comes down to the lower end of the 5 Z-axis rail 57
| and opens, s@Adagtheob nidde up txmladifrary pesitiper ati on of the gri pping

pi eces 59, 59 of the gripper head 58. [0048] Wth the

above-descri bed stidiGhdpatidnVE (B cHPRL heddSRGs RBtrbIfedbRPYRmPhshll@Ah Y
moving in the three-axis directions that is the X-axis direction, the

Y-axi s di r ecidofffol appilatds U4, Bl e ANbRing bp@stioh @ alibdldde Work space

| up an arbitrary one
of the afgoul e st@@hg]g tools 16 housed in the cryopreservation vessel
11 and further to nove up to an arbitrary position. Such an

1 operation of(O Dendi dreRadn q&%gS is controlled by a programinstalled
in a control apparatus ,, and”the followi ng operation is carried

} out. That is, the program is for executing a series of operations in which, when an

identification management number of an ampoule is input to the input apparatus 43, the
gripper head 58 pulls out the target ampoule storing tool 16 to hold its lower portion with

20  theclamp 60, and moves the ampoule storing tool 16 in this state up to the place
immediately above the ampoule-putting-in/out work hole 29a, and moreover, the gripper
head 58 inserts the ampoule storing tool 16 into the ampoule-putting-in/out work hole
29a, and stops when the target ampoule 36 comes {o the opening edge of the
ampoule-putting-infout work hole 29a,

25 [0050]



15[ 0049] (Operation of Handling Robot) That is, the programis
for executing a series of operations hi which, when an identification
managenent nunber of an anpoule is input to the input apparatus 43,
the gripper head 58 pulls out the target anpoule storing tool 16 to
hold its | ower portion with 20 the clanp 60, and noves the anpoul e
storing tool 16 in this state up to the place inmedi ately above the
anpoul e-putting-in/out work hole 29; a@dll noreover, the gripper head
58 inserts the anpoul.e stori.ng taqol into.the . .

anpoul e- put t i ng- i HSGEE-REPR-IR Bpaets P}'glﬁamg%fp S B RUekisearrigh put as
anpoul e 36 copes to the opening edge of the anpoul e-putting-in/out
work hol e 283l0%51 0050] 21 The take-out/put-in operation of the
anpoul e due to the robot is carried out as follows. First, since the
position of the cFisbFmesBepatitionpithesswpreservatiqn veseel b insthe housp L21s
slightly shifted by taking in or out the cryopreservation vessel 11
in sone casehghtlyshified by taking ixeopt the cryenressrvpfiancveassbll i gpme capepnit is
original point) of the gripper head 58 in each case. [00511

The ref ePendecessryip spis reigreneppoiy fanorigipalneinton diecaripperdieddds inweshicase.
three of the anmpoule storing tools 16, in which a specified one of

t he anpoul e storil®85kools 16 is pulled up to a predeterm ned position
fromthe cryopreservation vessel 11, the gripping 10 pieces 59, 59 of
the gripper head B8 rafersneapoid ist st iyhviagyipg suttoperntions forgwe o thive ofithadl e
portion 33 by the gripping pieces 59, 59, and the identification
managenent rampbde stofing thels A whieh 3 6pepified hee cfiiremipeule sorinptpoldétis on 34
exposed in this state is input to the control apparatus 44 to carry
out teachi ngullddhm tb d pretetbintmddi positiombag drentopressngion vessél N the grippinge
control apparatus 44 by use of an input apparatus 43 such as a

gr aphi ¢ jpanelieces13H50 sk grigpticiead 5Sara mEddro this susitiohao S the AghddSpornl

in which arbitrary reference points (two points) are provided to the

upper surf age bothelghippida piedds 50 5% MARCeifiction @fRSREMmehhukiber ofthe axi s
directions, and the positions of the respective anpoul e storing

ampoule 36 or the ampoule storing section 34 exposed in this state is input to the control
apparatus 44 to carry out teaching.  The identification management number is input to
the control apparatus 44 by use of an input apparatus 43 such as a graphic panel.

15 Further, there is a method for the setting as well in which arbitrary reference
points (two points) are provided to the upper surface of the cap 15 in advance with
respect to the X-Y axis directions, and the positions of the respective ampoule storing
tools 16 and the position of the reference points are memorized as their positional
relationships in the control apparatus 44 in advance. In the case where the

20  cryopreservation vessel 11 is shifted, the robot (which is visually confirmable by a laser
light) is returned to the reference points by fine-tuned driving, to memorize it again.
However, the setting method is not limited these methods.

Note that, with respect to the Z-axis, it is possible to handle a slight shift by
making the portion under the neck of the handle portion 33 longer,  Alternatively, the

25  height of the cryopreservation vessel 11 is adjusted by a level adjuster mounted under
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tools 16 and the position of the reference points are nenorized as
their positional Telationships in the control apparatus 44 in
advance. In the case where the 20 cryopreservation vessel 11 is
shifted, the robot (which is visually confirmable by a |aser |ight)
is returned to the reference points by fine-tuned driving, to
menorize it again. However, the settin% method is not limted these
nmet hods. Note that, wth respe ? to the Z-axis, it is

possi bl e t o fhaRetne vassall 1l OhicieMhilel it ssiBdo Rhtdnie iBhQﬂthblgzgﬁﬁn es
neck of the handle portion 33 Iongte?’r. Alter nativlfea{ai;, t he hegltﬂgi%t of

the cryopr esersdbkiihoviassst thddankii padio3s.ed by a level adjuster
nount ed under 22 foot of the vessel 11, which nmakes it possible to
mat ch the positi o[gog)j the gripping pieces 59, 59 to the position of
the handl e portion 33. [0052] Hereinafter, the operations in this
embodi ment wi || e/ Heche: 0Bl Y tpBpagement

nunber of an anpoule to be brought out s Input to the | nput

bt am Sthe gri puoR il RRRh Halfeotu AR B LSt QS RERbAS
j i e | ,11,
the T onar ot BB Bt abbSiene . e Bildar rblob3h ERELAR G BR-tRBRGr o

clanp 60, a

{0°10 e &%ﬂ%f%ﬁ%%ﬁhg?%%&%%ﬁ?ﬁ% i?b&%ﬁ%[ﬁfg f%%iﬂ?telﬁ?ﬁ#% Flaar
29a. 0 Nex i i 16. i .
otertod iLS?ﬁth%%ﬂ?@iﬁ%ﬁvfﬁgwg‘T?# 1&3?18?93%%1‘5’?{%3%0 1 : alaﬁfpﬁlﬂg tpol
i i .
e oot orte e, B ol ol 2 o simpotls S BHEE BCIG R IS BIOEE (05

anpoul e- put ti ng-J.n/ put rk hole 29a, the insertion of the anpoule
stori ng Yool™ Sﬁﬂgn%iﬁﬁﬂyamvemagwwrﬂm% o et keleast ored in
t he ampoul e storig&a tool 16 is to face the side of the work table
38a. Then, 9% two bar-code readers 46, 46 read a bar-code of
the anpoule 36, tQ transmt this identjfication managenment nunber to
the control app ar]gg:iy,sthq@pog@[mgpol 16 is inserted into the ampoule-putting-in/out

work hole 29a, and when a target ampoule 36 among the plurality of ampoules stored in
the ampoule storing tool 16 descends down to the opening edge of the

15  ampoule-putting-in/out work hole 29a, the insertion of the ampoule storing tool 16 is
stopped. At this time, the ampoule 36 stored in the ampoule storing tool 16 is to face
the side of the work table 38a.

Then, the two bar-code readers 46, 46 read a bar-code of the ampoule 36, to
transmit this identification management number to the control apparatus 44,

20 [0054]

In the conirol apparatus 44, the identification management number from the
bar-code readers 46, 46 is compared with the identification management mumber from the
input apparatus 43. In the case where the both are matched to one another, it is
confirmed that the ampoule is the target ampoule, which is indicated by an indicator lamp,

25  anindicator buzzer, or the like.
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us'44; thé"fdéﬁtiffcétidh nﬁnagéheni nunber .
fromthe bar-code readers 46, 46 is conpared with the identification
managenent nunber fromthe input apparatus 43. In the case where the
both are nmatched to one another, it is confirmed that the ampoule is
the target anpoule, which is indicated by an indicator |anp, 25 an

i ndi cator buzzer, or the like. 23 The operator confirns this
i ndi cation, and then takes out the targ¥t anpoule fromthe anpoul e
storing tool 16. .LOQ0O55]. Nex en the "take-out/put-in._c | etion
button® of the i ritebapahronres 8 trdichon, bR BafikésRil i} Pesfiidile, o
pull s out the oule storin ol 16 fromthe anpoul e-putting-in/out
work hol e 2&%&ﬁ§%F3W§%$¥E@F 1§ to the original position (where it

was) of the cryop[Bs,\%irvati on vessel 11. Then, the putting-out work is
t erm nat ed. te that, when the anpoule storing tool 16 is

inserted into the oriqgingl position of the cryopreservation vessel 11
or inserted into N vgﬁ*aﬁm E@’b—a&l Huﬁ@-epm@mn@%@ﬁ H Shcing apraranys fiade,
i nsertions can be snpother by form ng the shapes of the | ower portion
of the t Rer BEFSeRriseHpr i5d SYpills qshe whooulectonipBiul 16 BeBing ool 16
and the | ower portion of the guide pipe 35 into tapered shapes so as
to become t BPRAHES-PYtHEgIn{mEwpkIplePs.ad inserty itipfethesiginahpnsition Giheye it
[ 0056] 15When an anpoule is stored in the anpoule storing tool 16, in
the sane wayvadofthelersogresayation vessel d hp othes, the prsting=-nug workdsisouninatedt or i ng
tool 16 is pulled up fromthe cryopreservation vessel 11, to be
i nserted into théVaiserbetwaerpthe ampuyle stioring toohdt is insertes iz theriginahposisiopt y
anpoul e storing section 34 to be a target is exposed. In
thi s state, offhecryppemtatonessehl] or issededintortheanzpopletpugingn/oattvork hale
enpty 20 anpoul e storing section 34. [0057] At this tinme, the
bar - codd0r edfke Kimsedibsertibfs cand stoethérdry-fandeg the tmpdsed tHedowsdr@onivp ofifhe,
the identification nmanagenent nunber is transmtted to the control
appar at us 4heans insolatisy sechioni 32lof the ampoldeitofingtadlii6 andihe kgerpatiomefther
input to the input apparatus

guide pipe 35 into tapered shapes so as to become thinner than the respective body

portions (not shown).
[0056]

15 When an ampoule is stored in the ampoule storing tool 16, in the same way as
taking-out of an ampoule, the target ampoule storing tool 16 is pulled up from the
cryopreservation vessel 11, to be inserted into the ampoule-putting-in/out work hole 29a,
and the empty ampoule storing section 34 to be a target is exposed.

In this state, the operator manually stores the ampoule 36 into the empty
20  ampoule storing section 34,
[0057]
At this time, the bar-code readers 46, 46 read the bar-code atiached to the
ampoule, the identification management number is transmitted to the control apparatus
44 and compared with the identification management number input to the input apparatus

25 43, and it is confirmed whether or not the target ampoule is stored in the target ampoule
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not the target anpoule is
stored in the target ampoule 24 storing section 34. Wen the
operator knows the fact confirnmed by an indication as descri bed
above, the operator presses the "take-out/put-in conpletion button”
of the input apparatus 44. [0058] 5Then, the gripper head 58 of the
robot pulls out the anpoule storing togl 16 fromthe

anpoul e-putting-in/out work hole 29a, &hd inserts it into the
original posj.ti e ' V) .

Ut {1 ng- i - SSPREfefin 0 VIR Gaglol Phdvihotas Shitrkld EREMnckinar | e
wai ting positi ' t f: ' » L.on,
It can be cg%%ﬁ@%?%g&%ﬁ%Pﬁ%@gﬁgﬁg%ﬂ?%ﬁ%Fé%?ﬁ%lggggﬁ%%hggﬁgagggéﬁh?g

t he atnosph%h%n%ﬁq_frost i s adhered to the ampoul e storing tool 16
and the anpouies 36 stored therein while the anpule storing tool 16
I's conpletely taﬁggs ut fromthe insertion hole 29 of the
cryopreservation Ssel 11, and subsequently, inserted into the

| e- i ng-ig/ k .h . 15Ho h .at |
Dol woen Baki ng t FLPeR B HRBLiG) 1 BersPo LI e AP LA GoTFL Pt dipm

hole 29 and the insertion  jnto .th oyl.e-putting-in/ oyt work hole
Don i & car RSBy PRIV PRO M TBHOR T MG PR Povs of e
operation is quickly carri ﬁg Oﬂi[?, the time far, the, exgosure to the
at nospher e iF/ORYEFYAHORMSYIAL £ YhsRthe BtHRgrIR Biork is teenginglad.cpe! theiapppear dl y
to occur. 20Q[0060] For these reasons, there are very few probl ens
when the bameddciyms {0{Be ¥albiBgPestos. | s read by the bar-code reader
46, and the reada[B(i)Slgi]ty of the bar-code reader

10 According to the aforementioned operation, it can be considered that the
ampoule storing tool 16 is exposed to the atmosphere and frost is adhered to the ampoule
storing tool 16 and the ampoules 36 stored therein while the ampoule storing tool 16 is
completely taken out from the insertion hole 29 of the cryopreservation vessel 11, and
subsequently, inserted into the ampoule-putting-infout work hole 29a.

15 However, the operation between taking the ampoule storing tool 16 out from the
insertion hole 29 and the insertion into the ampoule-putting-in/out work hole 29a is
carried out by the handling robot 13.  Accordingly, the operation is quickly carried out,
the time for the exposure to the atmosphere is short, and the frost formation is
comparatively hardly to occur.

20 [0060]

For these reasons, there are very few problems when the bar-code of the
ampoule 36 is read by the bar-code reader 46, and the readability of the bar-code reader
46 itself is improved. Thus, the precise reading is possible.

[0061]

25 In this embodiment, as described above, the bar-code attached to the ampoule 36
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46 itself is inproved. Thus, the precise reading is possible. [0061]
25In this enbodi nent, as described above, the bar-code attached to
the anpoule 36 25 is certainly and unm stakably read by the bar-code
readers 46, 46. Therefore, it is possible to precisely confirmthat

t he anmpoul e taken out fromthe anpoule storing tool 16 or stored in
the anmpoul e storing tool 16 is the targ;t one, which nakes it
possi bl e to prevent confusion of anpoules. 5Further, a significant
part of t heigRgblyendwhistbly vty thObdi-codeteddafisiybC4d, aTherdfowiths f or
speci fying an anpoule is automatically perforned, which greatly

reduces a | gadinito preciRElf cartfim. thidt HRGRbolPaREVA: fro@ B arhduleRRIBRHRI 16
where an anpoule to be a target is stored in the 10 anpoul e storing

section 34 ifstbe@intRPRhpdaR stdridB tddf 164 13 ehedPQGhE v AIThAkSs f pAkibke t he
anpoul e existing in this portion is kept In a cooling state because a

great part QfeyideoAHUfampbAEd Ng tool 16 is located in the
cryopreservation vessel 11" Therefore, the frequency of applying

wast ef ul zheat to 200 i 'ﬁ}ﬁﬂ'i"ﬁﬁ r e
act ual c?yopr eserff/ugﬁ.ﬁ? on %ﬁ%‘&%ﬁgﬁ%@g&‘gﬁg e, t efg?%% esegl\%lté?i on
apparatus i | Hf‘ﬁ% : I 12
faces the s?v g&g% ga'pgn 0 a?%tﬁjdjro Iﬂg?ft u%%“%?ﬁ#@gﬁtﬁ%ﬁ |£art11}' g%tupe\%{rﬁ%d
hol e 29a iso'ghs (;,ata/rici nity of an operator. In particular, when the
cryopreservation vessel 11 is large-sized, it is inportant in terns

of workability tg@é ilce t he ampoul e-putting-in/out work hole 29a 20
in the vicinity Pg operator. [0064]

Moreover, even in the case where an ampoule {o be a target is stored in the

10 ampoule storing section 34 in the upper portion of the ampoule storing tool 16, the
ampoule existing in this portion is kept in a cooling state because a great part of the
ampoule storing tool 16 is located in the cryopreservation vessel 11. Therefore, the
frequency of applying wasteful heat to the ampoule is reduced,

[0063]

15 Further, in the actual cryopreservation operation of a sample, the
cryopreservation apparatus is configured such that the work table 38a of the house 12
faces the side of an operator and the ampoule-putting-infout work hole 29a is in the
vicinity of an operator. In particular, when the cryopreservation vessel 11 is large-sized,
it is important in terms of workability to place the ampoule-putting-in/out work hole 29a

20  inthe vicinity of an operator.

[0064]

Moreover, in the case of using a plurality of cryopreservation devices of the
present invention, the cryopreservation devices may be arrayed along a wall surface of a
room such as a laboratory. Even in such case, when the work table 38a, i.¢. the

25  ampoule-putting-in/out work hole 292 is placed on the near side of an operator,
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Moreover, in the case of using a plurality of cryopreservation
devices of the present invention, the cryopreservation devices my be
arrayed along a wall surface of a roomsuch as a |aboratory. Even in
such case, when the work table 38a, i.e. the 25

anpoul e-putting-in/out work hole 29a is placed on the near side of an
operator, 26 workability is good, the_gryopreservation devices can
be arrayed w thout spacing, and the sn& | installation space is

required. | NiJHSBRAs oO6d kileCcrBblekdvatioh QAR&RE can be arraMAGAERL Padith, khtfihe

present invention, it is possible to store a variety of biol ogical
sanpl es for @l GRAUARL spehedqileabl Y in respective research
institutes and nedical institutions in the biomedical field, nedical
field, pharmaceutical field, and livestock field. 10 27 (54)
CRYOPRESERVATI ON DEVI CE (57) [Cains] [Caim1]

INDUSTRIAL APPLICABILITY

5 [0065]

According to the present invention, it is possible to store a variety of biological
samples for a long period and stably in respective research institutes and medical
institutions in the biomedical field, medical field, pharmaceutical field, and livestock
field.

10



A cryopreservation device conprising: | 5a cryopreservation vessel ;. a
house whi ch houses the cryopreservation vessel; and a handling robot
provi ded on the house, wherein the cryopreservati on vessel
conprises a vessel body which holds a | owtenperature |iquefied gas,
a cap which closes an opening section @f the vessel body 10 and has a
plurality of insertion holes forned to pass through in a verti cal
direction,(9@Qj@ﬂj§ﬁﬁ§m§&@ngmgnnnags whi ch are housed so as to be
able to pass 'through the insertion holes of the cap, in which the
anpoul e stqybqghhﬂgls are each conprised of a support pillar and a
plurality of "anpoul’e storing sections which are attached to the
support pikthan as to be arrayed in a vertical direction of the
support pillTar, and an 15 anpoul e-putting-in/out work hole is forned

in the cap so aspt ogﬁﬁvgtgﬁggg&go&ﬁsﬁ@rti cal direction, t he
house is used to tdke the cryopreservation vessel therein or

thereq’uts, is adj gg&%ﬁgg-&g‘,&ﬁégpi ng section of the vessel body, and

has a work tabl e In t vicinity of the

anpoul e- put | ng- | Bl Al 18,30l rPBids20kE vBIding T obot compr i ses

a gripper head by e certarn anmpoul e storing tool is pulled

t f the i ti [ i | e- tti -in/ 1
o e e iR b ol B BEhdll Qublay armou o-put i ng- ) o
ampoul e- put ting- {b@/c%%gﬁ\gé}%on%iéﬂsc&ggﬁﬁIﬁg%sga%oaﬁmcﬁ hgaos i gi nal

insertion hole, an-n appar a an 1dentification

¢ ¢ . , c o _ ) .
ronder whi dRvantsraure Gaet B B Bolel ol iy st oPBEVRR Ay
28 identjfi i . - t
ampoul 010 arBReCRItER S Baral HOBEfr i @ gl inRitn XL AR Bedin 18

gri pper head on, the basis ,of, t I (R } madigher of
the bar - codd@roHe P?En%goro;sﬁlﬁghaaﬁggﬁ Sg #l]ré(‘g'fr%S ?%Iebhﬁqﬁglq%q%gg%r a% Us and
conpares the,identificati.on,managenent. f i

appar at us g‘%st"ﬁ%ﬁ &P- i“blgbﬁcﬂ fl}ecaﬂplgglﬁ ¥ ggﬂ rrgltr(l3 tea%ﬁ%%?dr %%1%%?% T
bar-c OO_'e ' ep?ﬂa%rahd a plurality of ampoule storing sections which are attached to the support pillar

so as to be arrayed in a vertical direction of the support pillar, and an

15  ampoule-putting-in/out work hole is formed in the cap so as to pass thronghina vertical
direction;

the house is used to take the cryopreservation vessel therein or thereout, is

adjacent to the opening section of the vessel bady, and has a work table provided in the
vicinity of the ampoule-putting-in/out work hole; and

20 the handling robot comprises a gripper head by which the certain ampoule
storing tool is pulled out from the insertion hole, inserted into the ampoule-putting-in/out
work hole, stopped 2t a predetermined position, pulled ont from the
amponle-putting-infout work hole, and inserted into the original insertion hole, an input
apparatus in which an identification management number of a certain ampoule fsinput, a

25  bar-code reader which is provided on the work table of the house and reads an



[Claim?21 The cryopreservation device according to claiml1l, wherein -~
the cryopreservation vessel further conprises sheath tubes inserted
into the insertion holes of the cap, and 10t he anpoul e storing tools
are housed so as to be able to pass tggough t he sheat h tubes.

jdentification management number of a bar-code attached to the ampoule, and a control
apparatus which controls a movement of the gripper head on the basis of the
identification management number of the bar-code of the certain ampoule from the input
apparatus and compares the identification management mumber from the input apparatus
5  with the identification management number from the bar-code reader.

[Claim 2]

The cryopreservation device according to claim 1, wherein

the cryopreservation vessel further comptises sheath tubes inserted into the
insertion holes of the cap, and

10 the ampoule storing tools are housed so as to be able to pass through the sheath

tubes.



