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(54) Cryogenic refrigerator coupling structure

(57)  For providing a refrigerator coupling structure
for enabling attaching/detaching and re-cooling of the re-
frigerator in a short time-period, by suppressing a heat
movement from the refrigerator at the room temperature
to an object to be cooled, which is cooled down to cryo-
genic temperature when attaching a cryogenic refriger-
ator thereon, while suppressing a volume of heatinvasion

into the object to be cooled, it has a heat contact portion
(12,72) having a flexible portion (11) at least in a part
thereof, which is coupled with a cold stage of the cryo-
genic refrigerator (1), wherein on an outer peripheral por-
tion of this heat contact portion is provided a heat con-
tracting ring (5), which has a heat contraction rate larger
than that of the heat contact portion.
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Description
BACKGROUND OF THE INVENTION

[0001] The present invention relates to an apparatus
for using a cryogenic refrigerator, and it relates to a re-
frigerator coupling structure for enabling attaching/de-
taching of a refrigerator under a condition of cooling an
object to be cooled down to the cryogenic temperature,
in particular, in a cryo-cooled superconducting magnet.
[0002] The cryo-cooled superconducting magnet for
cooling the superconducting magnet by the cryogenic
refrigerator has a remarkable characteristic that there is
no necessity of liquid helium. Because of no necessity
of the liquid helium, there is no need of energy consump-
tion in a process for producing the liquid helium, and this
enables an advancement of energy saving. Such cryo-
cooled superconducting magnet, because it can achieve
a cryogenic environment, easily, by only pushing down
one (1) piece of button, but without supplying the liquid
helium thereto, is expected to be applied into various
technical fields, for example, a magnetic levitation train,
measurement of physical properties under circumstanc-
es of strong magnetic field, magnetization and magnetic
separation, etc.

[0003] The cryogenicrefrigerator for achieving the cry-
ogenic environment without using the liquid helium there-
in must be conducted with maintenances thereon, peri-
odically, because of the structural problems, which will
be mentioned hereinafter. Thus, it is said that, on a Gif-
ford-McMahon (GM) type refrigerator, which is applied,
in general, in the cryo-cooled superconducting magnet,
the maintenances must be conducted, for example, one
(1) time per a year or every 15,000 hours. This is caused
due to friction accompanying the reciprocal movement
of a displacer, which executes compression/expansion
and heat-exchange within the cryogenic refrigerator, and
the parts rubbed must be exchanged. Because of gradual
deterioration of purity of helium gas, which is filled up
within the cryogenic refrigerator, it is also necessary to
replace the helium gas.

[0004] Forexecuting maintenance of the cryogenic re-
frigerator, it is necessary to increase temperature of that
cryogenic refrigerator up to the room temperature, once.
The time-duration for increasing temperature can be
shortened through heating by a heater; however, there
is a problem that it also increases temperature the object
to be cooled, which is unified with the cryogenic refriger-
ator in one body. Also, heat capacity of the object to be
cooled, which is coupled with a cold stage of the cryo-
genic refrigerator, is larger than the heat capacity of the
cryogenic refrigerator itself, and there is a problem that
the time-duration for increasing the temperature when
the cryogenic refrigerator and the object to be cooled are
unified in one body. Further, since cooling must rely on
only the cooling capacity of the cryogenic refrigerator,
there is also other problem that, for the system having
the longer time-duration for increasing temperature, the
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cooling time thereof is longer.

[0005] Within the cryo-cooled superconducting mag-
net for cooling the obj ect to be cooled by only the cryo-
genic refrigerator, because of a possibility that tempera-
ture of the object to be cooled increases when executing
maintenance on the cryogenic refrigerator, and that it is
notin the condition of superconducting, there is necessity
of demagnetizing the magnetic field, which is generated
by the superconducting magnet. Accordingly, during the
maintenance, it cannot show or exhibit the function as
the magnet. For achieving re-magnetization thereof as
early as possible, it is necessary to bring the increase of
temperature of the superconducting magnet to be small,
and also to cool it, again, down to the excitable temper-
ature thereof in a short time-period.

[0006] The cooling structure of the refrigerator, accord-
ing to the conventional cryogenic refrigerator, is shown
in Fig. 7. The cryogenic refrigerator 1 is attached on a
vacuum container 3, wherein the object 20 to be cooled
and a heat shield 4 are cooled by a second cold stage 2
and a first cold stage 7. Peripheries of the object 20 to
be cooled and the heat shield 4 are in the vacuum con-
dition, so as to suppress an amount of movement of heats
from the vacuum container 3 of the room temperature.
[0007] When conducting the maintenance on the cry-
ogenic refrigerator 1, it must be separated from, upon
contacting surfaces between the second cold stage 2 of
the cryogenic refrigerator 1 and the object to be cooled,
and between the first cold stage 7 and the heat shield 4.
For brining the peripheries of the cryogenic refrigerator
1 into the atmospheric pressure in that instance, a vac-
uumwall 31 is provided surrounding the cryogenic refrig-
erator 1. Parts of the object 20 to be cooled and the heat
shield 4 are also utilized as a part of the vacuum container
3.

[0008] The maintenance methods for dissolving such
problems can be divided into two (2), roughly.

[0009] Afirstmethod isthatof separating the cryogenic
refrigerator from the obj ect to be cooled, physically. In
the Patent Publication 1, the cryogenic refrigerator is in
contact with the object to be cooled, thermally, in the form
of suppressing it on that object, wherein the cryogenic
refrigerator and the object to be cooled can be separated
from each other, through loosing or releasing screws of
a portion of room temperature. Also, in the Patent Pub-
lication 2, by loosing or releasing the screws, coupling
the cryogenic refrigerator and the object to be cooled,
from the portion of room temperature, the cryogenic re-
frigerator can be separated from the object to be cooled.
Further, inthe Patent Publication 3, a spring configuration
is applied to coupling portions between the cryogenic re-
frigerator and the object to be cooled. In any one of those
methods, it is characterized that the cryogenic refrigera-
tor and the object to be cooled are separated while main-
taining the object to be cooled in the cryogenic temper-
ature condition, as it is.

[0010] Asasecond method can be considered a meth-
od of increasing temperature of only the cryogenic refrig-
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erator under the condition the cryogenic refrigerator and
the objectto be cooled are coupled with each other. Thus,
the cryogenic refrigerator and the object to be cooled are
separated, thermally, with applying a so-called a thermal
switch therein, and the temperature of only the cryogenic
refrigerator is increased. Since the displacer and so on
are exchanged within the cryogenic refrigerator after an
increase of the temperature, there is no necessity of re-
placing the main body of the refrigerator.

[0011] In the Patent Document 2, as a heat transfer
medium, helium gas is filled up between the cryogenic
refrigerator and the object to be cooled, and it is used as
the thermal switch. By discharging the helium gas, the
thermal coupling (or, heat connection) is extinguished
between the cryogenic refrigerator and the object to be
cooled, and then only the temperature of the cryogenic
refrigerator can be increased.

<Prior Art Documents>
<Patent Documents>
[0012]

[Patent Document 1] Japanese Patent Laying-Open
No. Hei 9-287838 (1997);

[Patent Document 2] Japanese Patent Laying-Open
No. 2004-294041 (2004);

[Patent Document 3] Japanese Patent Laying-Open
No. Hei 1-196479 (1989); and

[Patent Document 4] Japanese Patent Laying-Open
No. 2002-252111 (2002).

BRIEF SUMMARY OF THE INVENTION

[0013] Although various patents are already proposed,
in relation to the maintenances of the refrigerator, how-
ever each one of them has a problem(s) to be dissolved,
respectively.

[0014] In the Patent Document 1 mentioned above is
disclosed that the rotation speed of the cooling fan is
controlled by the inverter, however no disclosure is made
inrelation to the controlwhen aninverter trip is generated.
[0015] Withthe technology descried in the Patent Doc-
ument 1, since the object to be cooled is in contact with,
applying pressure on the surface thereof, it must has the
structure for enduring such surface pressure thereon,
i.e., increasing the cross-section area of a supporting por-
tion, there is a problem that an amount of heats invading
into the object to be cooled comes to be large. With the
technology descried in the Patent Document 2, it is nec-
essary to bring the cold stage of the cryogenic refrigerator
and the object to be cooled to be in contact with each
other, thermally, before cooling the cryogenic refrigera-
tor, and there is a problem that the temperature of the
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object to be cooled increases due to the heat capacity of
the refrigerator. With the technology described in the Pat-
ent Document 3, the refrigerator of the room temperature
and the object to be cooled, which is cooled down to the
cryogenic temperature, are in the form of being thermally
in contact with each other, there is a problem that the
temperature of the object to be cooled increases due to
the heat capacity of the refrigerator. With the technology
described in the Patent Document 4, because of neces-
sity of the time-period for increasing the temperature of
the cryogenic refrigerator up to the room temperature,
there is a problem that a long time-period is necessary
for executing the maintenance on the refrigerator.
[0016] An object, according to the present invention,
is to provide a refrigerator coupling structure for enabling
detaching and re-cooling of a refrigerator in a short time-
period, by suppressing an increase of temperature of a
superconducting magnet, and also by suppressing the
movement of heats from the refrigerator of the room tem-
perature to the object to be cooled, which is cooled down
to the cryogenic temperature, when attaching the cryo-
genic refrigerator, for shortening the time-period neces-
sary for the maintenance and the re-cooling,in the cryo-
cooledsuperconducting magnet.

[0017] Foraccomplishing the object mentioned above
is applied such structures as is described in the claims,
which will be mentioned later, for example. According to
the present invention, there are included plural numbers
of means for dissolving the problems mentioned above,
and if listing up an example thereof, for dissolving the
problem(s) mentioned above, a first feature of the cou-
pling structure for a cryogenic refrigerator, according to
the present invention, lies in that it has a heat contact
portion being coupled with a cold stage of the cryogenic
refrigerator, and that a heat contracting ring having a heat
contraction rate larger than that of the heat contact por-
tion is provided on an outer peripheral portion of this heat
contact portion. With this, the contracting ring having a
large volume of heat contraction fastens an inside of the
heat contact portion, and thereby obtaining preferable
heat contact with the coupling portion between the heat
contact portion and a cooling object.

[0018] Also, a second feature of the present invention
lies in that, the heat contact portion is in contact with a
flexible portion. With provision of the flexible portion, itis
easy for the heat contact portion to change a position or
an angle thereof, and thereby obtaining preferable heat
contact between the heat contact portion and the cou-
pling portion of the cooling object.

[0019] Also, athird feature of the present invention lies
in that, the heat contact portion is divided in a peripheral
direction thereof. The heat contact portion is divided, and
the heat contracting ring provided on an outer periphery
of the heat contact portion is cooled down, thereby to
contract ; thereby fastening the heat contact portion. With
this, it is possible to obtain the preferable heat contact
between the heat contact portion and the coupling portion
of the cooling object.
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[0020] Also, a fourth feature of the present invention
lies in that, the heat contact portion, being in contact with
the cold stage of the cryogenic refrigerator, thermally,
produces a clearance between the heat contact portion
and the cooling target, when the cold stage of the cryo-
genic refrigerator is at the roomtemperature. No heat
contact is established between the cryogenic refrigerator
at the room temperature and the cooling object under the
condition of cryogenic temperature, and this prevents a
heat capacity of the cryogenic refrigerator at the room
temperature from moving into the cooling object under
the condition of cryogenic temperature.

[0021] Also, a fifth feature of the present invention lies
in that, the heat contact portion and the heat contracting
ring, being thermally coupled with the cold stage of the
cryogenic refrigerator, are cooled down, by starting the
cryogenic refrigerator after maintenance; thereby, the
heat contracting ring 5 shrinks due to the thermal con-
traction, and then the coupling portion and the coupling
portion of the cooling obj ect are automatically in contact
with each other, thermally. With this, under the condition
that the temperature of the cold stage of the cryogenic
refrigerator is high, the heat contact portion, being ther-
mally coupled with the cold stage of the cryogenic refrig-
erator, and the coupling portion of the cooling object are
in the non-contact condition; thereby, itis possible to sup-
press a heat invasion from the cold stage having high
temperature into the coupling portion of the cooling ob-
ject, and also to suppress an increase of temperature of
the cooling object down to the lowestlimit. Accompanying
with lowering of temperature of the cold stage of the cry-
ogenic refrigerator, the heat contracting ring, being cou-
pled with the heat contact portion, thermally contracts,
gradually, and therefore the heat contact portion and the
coupling portion of the cooling object are automatically
in contact with each other, thermally.

[0022] With provision of the coupling structure of the
cryogenic refrigerator according to the present invention,
the movement of heats from the cryogenic refrigerator,
being in the condition of the room temperature when
maintenance is carried out thereon, to the cooling object,
and the temperature of the cooling object is kept at the
cryogenic temperature.

[0023] In the process of cooling the cryogenic refrig-
erator, the heat transfer means, being in contact with the
cryogenic refrigerator, thermally, due to heat contraction
of the heat contracting ring, and the cooling object auto-
matically come into contact with each other, thermally.
With such thermal contact between the heat transfer
means and the cooling object under the condition where
the heat transfer means is cooled by the cryogenic re-
frigerator, it is possible to suppress an increase of tem-
perature of the cooling object down to the lowest limit.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF
THE DRAWING

[0024] Those and other objects, features and advan-
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tages of the present invention will become more readily
apparent from the following detailed description when
taken in conjunction with the accompanying drawings
wherein:

Fig. 1 is a cross-section view of a coupling portion
of a cryogenic refrigerator, for showing a first em-
bodiment of the present invention;

Fig. 2 is a detailed cross-section view of the coupling
structure of the cryogenic refrigerator on a second
cold stage, according to the first embodiment;

Figs. 3A and 3B are cross-section views when see-
ing the coupling structure of the cryogenic refriger-
ator, according to the first embodiment;

Fig. 4 is a detailed cross-section view of the coupling
structure of the cryogenic refrigerator on the second
cold stage, according to a second embodiment of
the present invention;

Fig. 5is a detailed cross-section view of the coupling
structure of the cryogenic refrigerator on a first cold
stage, according to a third embodiment of the
present invention;

Fig. 6 is a detailed cross-section view of the coupling
structure of the cryogenic refrigerator on the first cold
stage, according to a fourth embodiment of the
present invention;

Fig. 7 is a cross-section view for showing the con-
ventional coupling structure of the refrigerator; and

Fig. 8 is a view for showing an example of a thermal
contraction rate of main constituent materials (edited
by Hiroyasu HAGIWARA, "An Outline of Low Tem-
perature Engineering",Tokyo DenkiUniversity Pub-
lishing Office, published July, 1999, P292).

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0025] Hereinafter, embodiments according to the
present invention will be fully explained by referring to
the attached drawings.

<Embodiment 1>

[0026] Fig. 1is a cross-section view of a coupling por-
tion of cryogenic refrigerator, for showing a first embod-
iment of the present invention.

[0027] A cryogenic refrigerator 1 is attached on a vac-
uum container 3, and has such a structure that an object
20 to be cooled (hereinafter, "a cooling object 20") and
a heat shield 4 are cooled by a second cold stage 2 and
a first cold stage 7. Peripheries of the cooling object 20
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andthe heat shield 4 are brought in the vacuum condition,
so as to suppress an amount of heats transferring from
the vacuum container 3, which has the room tempera-
ture, to be small. When maintaining the cryogenic refrig-
erator 1, itis necessary to separate the second cold stage
2 of the cryogenic refrigerator 1 and the cooling object
20, from the contact surface thereof, and the first cold
stage 7 and the heat shield 4 from the contact surface
thereof, respectively. In thatinstance, since the periphery
of the cryogenic refrigerator 1 is changed from the vac-
uum condition to the atmospheric pressure, a vacuum
wall 31 is provided surrounding the cryogenic refrigerator
1. Parts of the cooling object 20 and the heat shield 4 are
also utilized as a part of the vacuum container 3.
[0028] The cryogenic refrigerator 1 is, for example, the
GM type refrigerator, and has the first cold stage 7 and
the second cold stage 2 for generating cold. The first cold
stage 7 is cooled down between 30K and 80K. Also, the
second cold stage 2 is cooled down to 30K, or lower than
that.

[0029] The cooling object, which is cooled on the first
cold stage 7 of the cryogenic refrigerator 1 is mainly the
heat shield 4. This heat shield 4 receives radiation from
the vacuum container 3 at the room temperature. For
reducing an amount of radiation received by the heat
shield 4, a heat insulating material, such as, so-called a
laminated heat insulating material, not shown in the fig-
ure, is provided between the heat shield 4 and the vac-
uum container 3. The heat shield 4 is utilized, for exam-
ple, as a thermal anchor for a current reed, not shown in
the figure, and is also applied for suppressing the heat
transfer to be small, transferring from the current reed to
the cooling object.

[0030] On the second cold stage 2 of the cryogenic
refrigerator 1, cooling is made on the cooling object 20,
which operates under the cryogenic temperature envi-
ronment. The cooling object 20 is, for example, a super-
conducting magnet or equipment applying SQID therein.
This can be also applied other equipments utilizing the
cryogenic temperature environment.

[0031] The cooling object 20, which is cooled on the
second cold stage of the cryogenic refrigerator 1, has a
coupling portion 21, and cools the cooling object 20 down
to the cryogenic temperature through cooling the cou-
pling portion 21 on the second cold stage 2 of the cryo-
genic refrigerator 1.

[0032] The heat shield 4, which is cooled on the first
cold stage 7 of the cryogenicrefrigerator 1, has a coupling
portion 72, and is able to cool the heat shield 4 down to
the cryogenic temperature through cooling the coupling
portion 72 on the first cold stage 7 of the cryogenic re-
frigerator 1.

[0033] The cryogenic refrigerator 1 is fixed on the vac-
uum container 3. The vacuum container 3 is able to bring
an inside thereof into a vacuum condition, i.e., an air in-
side is discharged to vacuum by a vacuum pump not
shown in the figure. The surrounding of the cryogenic
refrigerator 1 defines an enclosed space 32, different
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from a vacuum tank surrounding the cooling object 20,
by a vacuum wall 31 functioning as a partition. When
removing, the cryogenic refrigerator 1 is removed while
brining the enclosed space 32 into the atmospheric pres-
sure. In this instance, the enclosed space 32 is filled up
with the helium gas, and thereby preventing it from con-
densation/forming dew within the cryogenic temperature
portion.

[0034] On the second cold stage 2 are coupled, ther-
mally, at least a flexible portion 11 at one (1) place and
a thermal or heat contact portion 12 with the cooling ob-
ject. In the similar manner, on the first cold stage are
coupled, thermally, at least a flexible portion 71 at one
(1) place and a coupling portion 72, being the heat contact
portion with the cooling object. The flexible portions 11
and 71 are made from a material having high thermal
conductivity, such as, oxygen free copper or high purity
aluminum, etc., for example. The flexible portions 11 and
71 are made up, by combining or bundling stranded wires
of oxygen free copper or high purity aluminum, for exam-
ple, and has high thermal conductivity, as well as, high
flexibility.

[0035] The heat contact portion 12 and the heat con-
tact portion 72 are manufactured from copper or alumi-
num, having high thermal conductivity. The heat contact
portion 12 and the flexible portion 72 are coupled with,
thermally. In the similar manner, the heat contact portion
72 and the flexible portion 71 are coupled with, thermally.
[0036] On outer periphery of the heat contact portion
12 is provided a heat contracting ring 5. Also, on outer
periphery of the heat contact portion 72 is provided a
heat contracting ring 51. Both the heat contracting rings
5 and the heat contact portion 72 are manufacture from
fluoro-resin, such as, Teflon (®)), etc., or a high molecular
compound (a high-polymer), such as, nylon (®)), etc., for
example. And, on the heat contracting rings 5 and 51 are
provided heaters 6 and 61, respectively, neighboring
therewith. By means of the heat contracting ring 51, the
heat contact portion 72 and a coupling portion 91 are
fasten tightly.

[0037] By referring to Fig. 2, explanation will be made
on the function of each element when attaching the re-
frigerator, about the second cold stage of the cryogenic
refrigerator 1. Fig. 2 is a detailed cross-section view of
the coupling structure of the cryogenic refrigerator on the
second cold stage, according to the first embodiment.
[0038] The second cold stage 2 is thermally coupled
with the heat contact portion 12, through at least a part
of the flexible portion 11. The heat contact portion 12 has
the structure of being divided in the peripheral direction
thereof, and each of the heat contact portions divided
has the structure of being movable in a radial direction
thereof. On outer periphery of the heat contact portion
12 are provided the heat contracting ring 5 and the heater
6. The heat contact portion 12 and the heat contracting
ring 5 are so shaped that they are coupled with, thermally,
at least in a part of the heat contact portions, which are
divided in the peripheral direction.
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[0039] Suchdesigningis made thatacertain clearance
can be produced between the heat contact portion 12,
which is thermally coupled with the second cold stage 2
through the flexible portion 11, and the coupling portion
21, when the heat contact portion 12 is in the condition
of the room temperature. Accordingly, under the condi-
tion that the cryogenic refrigerator 1 at the room temper-
ature is attached thereon, the heat contact portion 12 on
the second cold stage and the coupling portion 21 are in
the condition of non-contact with, and therefore no move-
ment of heats is generated directing from the cold stage
2 at the room temperature to the coupling portion 21.
[0040] Afterattaching the cryogenic refrigerator 1 ther-
eon, if lowering the temperature of the second cold stage
2, gradually, by operating the cryogenic refrigerator 1,
the temperature of the heat contact portion 12, which is
thermally coupled with the second cold stage 2, is also
lowered down, gradually. And also, the temperature of
the heat contracting ring 5, which is attached on the outer
periphery of the heat contact portion 12, is lowered down.
[0041] The heat contracting ring 5 is larger in the ther-
mal contraction rate than the heat contact portion 12 of
the second cold stage, in particular, when it is cooled
down to the cryogenic temperature. Fig. 8 is a view for
showing a relationship between volumes of thermal con-
traction rates of main constituent materials (extraction
from "An Outline of Low Temperature Engineering" ed-
ited by Hiroyasu HAGIWARA, Tokyo Denki University
Publishing Office, published July, 1999, P292).

[0042] For example, in case where the heat contact
portion is made of copper, it contracts by 0.3% under the
condition of being cooled down to about 50K, comparing
to that when it is at the room temperature; but on the
contrary, where the heat contracting ring 5 or 51 is made
of nylon, it contracts by 1.4% under the condition of being
cooled down to 50K, comparing to that at the room tem-
perature, and where it is made of Teflon (®), it contracts
by 2.0% under the condition of being cooled down to 50K,
comparing to that at the room temperature.

[0043] Although the heat contact portion 12 thermally
contracts accompanying with lowering down of the tem-
perature thereof, but since the volume of the heat con-
traction of the heat contracting ring 5 is larger than that
of the heat contact portion 12, the heat contracting ring
5 fastens the heat contact portion 12 tight, gradually. Ac-
companying with this heat contact, the movement of
heats is produced, directing from the cryogenic refriger-
ator 1 to the cooling object 20, if the temperature of the
cryogenic refrigerator 1 is high; however, since the cry-
ogenic refrigerator 1 is in contact with, thermally, under
the condition of being fully cooled down, the volume of
the heat movementis small, and it is possible to suppress
an increase of temperature of the cooling object 20 to be
small.

[0044] Next, by referring to Figs. 1 and 2, explanation
will be given on a process for removing or detaching the
refrigerator.

[0045] For separating the coupling portion 21 under
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the cryogenic temperature condition from the second
cold stage 2 of the cryogenic refrigerator 1, the heater 6
attached on the outer periphery of the heat contracting
ring 5 is heated up. Because of an increase of tempera-
ture of the heat contracting ring 5, the volume of heat
contraction of the heat contracting ring 5 comes to be
small, and therefore a clearance is generated between
the heat contact portion 12 and the coupling portion 21,
which are fastened tight by the heat contracting ring 5.
In the similar manner, for separating the coupling portion
91 under the cryogenic temperature condition from the
first cold stage 7 of the cryogenic refrigerator 1, the heater
61 attached on the outer periphery of the heat contracting
ring 5 is heated up. Because of an increase of tempera-
ture of the heat contracting ring 51, the volume of heat
contraction of the heat contracting ring 51 comes to be
small, and therefore a clearance is generated between
the heat contact portion 72 and the coupling portion 91,
which are fastened tight by the heat contracting ring 51.
[0046] Atthe time-point when the clearances are gen-
erated on both the first cold stage 7 and the second cold
stage 2 of the cryogenic refrigerator 1, the cryogenic re-
frigerator 1 can be removed from.

[0047] Figs. 3A and 3B are cross-section views when
seeing a heat transfer means on the second cold stage
2,i.e. , the heat contact portion 12 and the heat contract-
ing ring 5, from the above. The heat contact portion 12
is divided in the peripheral direction thereof. The heat
contact portion 12 is in contact with the coupling portion
21 locating at a center thereof. On the outer periphery of
the heat contact portion 12 are provided the heat con-
tracting ring 5 and the heater 6.

[0048] Fig. 3A shows the positional relationship be-
tween the heat contact portion 12 and the coupling por-
tion 21 of the cooling object before cooling the cold stages
of the cryogenic refrigerator, i.e., under the condition of
the room temperature. Under the condition of the room
temperature, there is the clearance between the heat
contact portion 12 and the coupling portion 21, and there-
fore no movement of heats is produced from the heat
contact portion 12 at the room temperature to the cou-
pling portion 21 under the condition of cryogenic temper-
ature. Due to this, it is possible to suppress an increase
of temperature of the cooling object when coupling the
refrigerator.

[0049] Fig. 3B shows the positional relationship be-
tween the heat contact portion 12 and the coupling por-
tion 21 after cooling the cold stages of the cryogenic re-
frigerator. By means of the second cold stage 2 of the
cryogenic refrigerator, the heat contact portion 12, the
heat contracting ring 5 and the heater 6 are cooled down
to the cryogenic temperature. The heat contracting ring
5 contracts, thermally, due to the fact of being cooled
down to the cryogenic temperature. The heat contracting
ring 5 shortens a peripheral length through the thermal
contraction thereof, and it shrinks in the radial direction.
For example, in case of a ring made of Teflon (®) having
aninner diameter of 50 mm, the peripheral length is short-
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en by 2% through the thermal contraction down to 50K.
This means that the diameter come to be small, 4 9 mm.
Because of shrinkage of the heat contracting ring 5 on
the diameter thereof, the heat contracting ring 5 is in the
form of fastening the heat contact portion 12, and thereby
the heat contact portion 12 and the coupling portion 21
are in contact with each other, thermally.

<Embodiment 2>

[0050] Fig. 4 is the detailed cross-section view of the
coupling structure of the cryogenic refrigerator on the
second cold stage, according to a second embodiment
of the present invention. Explanation will be given only
on a part(s) differing from the firstembodiment mentioned
above.

[0051] A heat transfer means 122 has such structure
that it supports the heat contracting ring 5 on both sur-
faces, e.g. , from an inner side and an outer side thereof.
A sticking or closely contacting condition is established
between the heat transfer means 122 and the heat con-
tracting ring 5, and when the temperature of the second
cold stage 2 of the cryogenic refrigerator 1 increases,
there can be produced an effect that the outer periphery
of the heat contracting ring 5 separates the heat contact
portion.

<Embodiment 3>

[0052] Fig. 5 is the detailed cross-section view of the
coupling structure of the cryogenic refrigerator on the first
cold stage, according to a third embodiment of the
present invention. By referring to Fig. 5, explanation will
be given on the coupling structure of the cryogenic re-
frigerator on the first cold stage 7 of the cryogenic refrig-
erator 1.

[0053] The first cold stage 7 is coupled with, thermally,
at least the heat contact portion 72 through a part of the
flexible portion 71. The heat contact portion 72 has the
structure of being divided in the peripheral direction
thereof, and each of the heat contact portions divided
has the structure of being movable in a radial direction.
On the outer periphery are provided the heat contracting
ring 51 and the heater 61. The heat contact portion 72
and the heat contracting portion 51 are in such form that
they are coupled with, thermally, at least a part of the
heat contact portions, which are divided in the peripheral
direction.

[0054] Suchdesigningis madethatacertainclearance
can be produced between the heat contact portion 72,
which is thermally coupled with the first cold stage 7
through the flexible part 71, and the coupling portion 91,
when the heat contact portion 72 is in the condition of
the room temperature. Accordingly, under the condition
that the cryogenic refrigerator 1 at the room temperature
is attached thereon, the heat contact portion 72 on the
first cold stage and the coupling portion 91 are in the
condition of non-contact with, and therefore no move-
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ment of heats is generated directing from the cryogenic
refrigerator 1 at the room temperature to the coupling
portion 91.

[0055] After attaching the cryogenic refrigerator 1 ther-
eon, if lowering the temperature of the first cold stage 7,
gradually, by operating the cryogenic refrigerator 1, the
temperature of the heat contact portion 72, which is ther-
mally coupled with the first cold stage 2, is also lowered
down, gradually. And also, the temperature of the heat
contracting ring 51, which is attached on the outer pe-
riphery of the heat contact portion 72, is lowered down.
[0056] The heat contracting ring 51 is largerinthe ther-
mal contraction rate than the heat contact portion 72 of
the first cold stage, in particular, when it is cooled down
to the cryogenic temperature. Although the heat contact
portion 72 thermally contracts accompanying with low-
ering down of the temperature thereof, but since the vol-
ume of the heat contraction of the heat contracting ring
51 is larger than that of the heat contact portion 72, the
heat contracting ring 51 fastens the heat contact portion
72 tight, gradually. Accompanying with this heat contact,
the movement of heats is produced, directing from the
cryogenic refrigerator 1 to the heat shield 4, if the tem-
perature of the cryogenic refrigerator 1 is high; however,
since the cryogenic refrigerator 1 is in contact with, ther-
mally, under the condition of being fully cooled down, the
volume of the heat movement is small, and it is possible
to suppress an increase of temperature of the heat shield
to be small.

[0057] Next, similarly, by referring to Fig. 5, explana-
tion will be given on a process for removing or detaching
the refrigerator.

[0058] For separating the coupling portion 71 under
the cryogenic temperature condition from the first cold
stage 7 of the cryogenic refrigerator 1, the heater 61 at-
tached on the outer periphery of the heat contracting ring
51 is heated up. Because of an increase of temperature
of the heat contracting ring 51, the volume of heat con-
traction of the heat contracting ring 51 comes to be small,
and therefore a clearance is generated between the heat
contact portion 72 and the coupling portion 91, which are
fastened tight by the heat contracting ring 51. In the sim-
ilar manner, for separating the coupling portion 91 under
the cryogenic temperature condition from the first cold
stage 7 of the cryogenic refrigerator 1, the heater 61 at-
tached on the outer periphery of the heat contracting ring
51 is heated up. Because of an increase of temperature
of the heat contracting ring 51, the volume of heat con-
traction of the heat contracting ring 51 comes to be small,
and therefore a clearance is generated between the heat
contact portion 72 and the coupling portion 91, which are
fastened tight by the heat contracting ring 51. At the time-
point when the clearances are generated on both the first
cold stage and the second cold stage of the cryogenic
refrigerator, the cryogenic refrigerator 1 can be removed
from.
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<Embodiment 4>

[0059] Fig. 6 is the detailed cross-section view of the
coupling structure of the cryogenic refrigerator on the first
cold stage 7, according to a fourth embodiment of the
present invention.

[0060] A heat transfer means 78 has such structure
that it supports the heat contracting ring 51 on both sur-
faces, e.g. , from an inner side and an outer side thereof.
A sticking or closely adhering condition can be estab-
lished between the heat transfer means 78 and the heat
contracting ring 51, and when the temperature of the first
cold stage 7 of the cryogenic refrigerator 1 increases,
there can be produced an effect that the outer periphery
of the heat contracting ring 51 separates the heat contact
portion 78.

[0061] However, the present invention should not be
restricted to the embodiments mentioned above, but may
includes various modifications. For example, the embod-
iments mentioned above are explained in details thereof
for the purpose of easy understanding of the present in-
vention, but should not be limited, necessarily, to that
having all the constituent elements explained in the
above. Also, it is possible to replace a part (s) of the
constituent elements of a certain embodiment by the con-
stituent elements of other embodiment, or to add the con-
stituent elements of other embodiment to the constituent
elements of a certain embodiment. And, itis also possible
to add/delete/replace other constituent element (s), with
respect to a part of the constituent elements of each em-
bodiment.

[0062] Also, with each structure, function, processing
portion, processing means, etc., which are mentioned
above, a part or all of those may be achieved by, for
example, hardware, through designing an integrated cir-
cuit, or so on. Or, each structure or function mentioned
above may be achieved by software, through interpreting
a program for achieving the respective functions by a
processor, for example. Information of the program, a
table (s) or a file (s), etc., for achieving each function,
may be disposed in a recording device, such as, a mem-
ory, a hard disk, or a SSD (Solid Stage Drive), or on a
recording medium, such as, an IC card, a SD card, a
DVD, etc.

[0063] The presentinvention may be embodied in oth-
er specific forms without departing from the spirit or es-
sential feature or characteristics thereof. The presentem-
bodiment(s) is/are therefore to be considered in all re-
spects as illustrative and not restrictive, the scope of the
invention being indicated by the appended claims rather
than by the forgoing description and range of equivalency
of the claims are therefore to be embraces therein.

Claims

1. A coupling structure for a cryogenic refrigerator (1)
in a cryogenic storage container, comprising:
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a vacuum container (3), which stores a cooling
object (20) in an inside thereof;

a heatshield (4), which is provided between said
cooling object (20) and said vacuum container
(3)

a cold stage, which is configured to cool said
cooling obj ect (20) and said heat shield (4) down
to cryogenic temperature; and

a cryogenic refrigerator (1), which is coupled
with said vacuum container (3) through a cou-
pling structure, further having in said coupling
structure:

a heat contact portion, which is coupled with
said cold stage; and

a heat contracting ring, which is provided
on an outer peripheral portion of said heat
contact portion and also has a thermal con-
traction rate larger than that of said heat
contact portion.

The coupling structure in the cryogenic storage con-
tainer, as described in the claim 1, wherein

said cold stage has afirst cold stage (7) and a second
cold stage (2), and further having:

a coupling portion between said heat shield (4)
and the first cold stage (7) of said cryogenic re-
frigerator (1), and a coupling portion between
said cooling object (20) and the second cold
stage (2) of said cryogenic refrigerator (1), and
further having, in said two (2) coupling portions;
and

heat contact portions (12, 72) coupled with the
first cold stage (7) of said cryogenic refrigerator
(1) and the second cold stage (2) of said cryo-
genic refrigerator (1), respectively, wherein the
heat contracting ring (5, 51) having the thermal
contraction rate larger than that of said heat con-
tact portion is provided on the outer peripheral
portion of said heat contact portion (12, 72).

The coupling structure in the cryogenic storage con-
tainer, as described in the claim 1 or 2, wherein
said heat contact portion has a flexible portion (11,
71) at least a part thereof.

The coupling structure in the cryogenic storage con-
tainer, as described in any of claims 1 to 3, wherein
said heat contact portion is divided in peripheral dic-
tion thereof.

The coupling structure in the cryogenic storage con-
tainer, as described in any one of claims 1 to 4,
wherein

a clearance is produced between the first cold stage
(7) of said cryogenic refrigerator (1) and said heat
shield (4) when the cryogenic refrigerator (1) is at
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room temperature, and the heat contracting ring (51)
contracts, thermally, in a process where the first cold
stage (7) of the cryogenic refrigerator (1) reaches to
a condition of the cryogenic temperature, whereby
the heat contact portion (72) and the heat shield (4)
are in thermal contact with each other, automatically.

The coupling structure in the cryogenic storage con-
tainer, as described in any one of claims 1 to 5,
wherein

a clearance is produced between the second cold
stage (2) of said cryogenic refrigerator (1) and said
cooling object (20) when the cryogenic refrigerator
(1) is at room temperature, and the heat contracting
ring (5) contracts, thermally, in a process where the
second cold stage (2) of the cryogenic refrigerator
(1) reaches to a condition of the cryogenic temper-
ature, whereby the heat contact portion (12) and the
cooling object (20) are in thermal contact with each
other, automatically.

A cryogenic storage container having the coupling
structure of the cryogenic storage container, as de-
scribed in any one of claims 1 to 6.
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