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(54) METHOD FOR DISASSEMBLING CRYOGENIC FREEZER

(57) There is provided a method for disassembling a
cryocooler including a housing (20) having a lower open-
ing (21), a lower cover that closes the lower opening (21),
a scotch yoke shaft (45) that is accommodated in the
housing (20) and extends out of the housing (20) by pen-
etrating the lower cover, and a scotch yoke guide (54)

that is removably provided in the housing (20) and guides
axial movement of the scotch yoke shaft (45), the method
including removing the lower cover from the housing (20),
and taking the scotch yoke guide (54) out of the housing
(20) from the lower opening (21).
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Description

Technical Field

[0001] The present invention relates to a method for
disassembling a cryocooler.

Background Art

[0002] A cryocooler including a drive motor, a scotch
yoke that converts rotation of the drive motor into linear
reciprocation, a housing to which the drive motor is at-
tached and which accommodates the scotch yoke, and
a guide that is provided in the housing to guide linear
reciprocation of the scotch yoke and to restrict tilting
around a rotation axis of the scotch yoke is known.

Citation List

Patent Literature

[0003] [PTL 1] Japanese Unexamined Patent Publica-
tion No. 2015-55374

Summary of Invention

Technical Problem

[0004] As a cryocooler is used in the field for many
years, a guide may be gradually abraded by sliding with
a scotch yoke. In particular, in a case where the scotch
yoke is formed of a metal material and the guide is formed
of a synthetic resin material, the abrasion of the guide is
likely to proceed. As the abrasion progresses, the guide
is difficult to fulfill its role.
[0005] An exemplary object of one aspect of the
present invention is to provide a method for disassem-
bling a cryocooler to replace a scotch yoke guide.

Solution to Problem

[0006] According to one aspect of the present inven-
tion, there is provided a method for disassembling a cry-
ocooler. The cryocooler includes a housing having a low-
er opening, a lower cover that closes the lower opening,
a scotch yoke shaft that is accommodated in the housing
and extends out of the housing by penetrating the lower
cover, and a scotch yoke guide that is removably provid-
ed in the housing and guides axial movement of the
scotch yoke shaft. The present method includes remov-
ing the lower cover from the housing, and taking the
scotch yoke guide out of the housing from the lower open-
ing.
[0007] Any combination of the components described
above and a combination obtained by switching the com-
ponents and expressions of the present invention be-
tween methods, devices, and systems are also effective
as an aspect of the present invention.

Advantageous Effects of Invention

[0008] According to the present invention, it is possible
to provide a method for disassembling a cryocooler to
replace a scotch yoke guide.

Brief Description of Drawings

[0009]

Fig. 1 is a diagram schematically showing a cryo-
cooler according to an embodiment.
Fig. 2 is a diagram schematically showing the cryo-
cooler according to the embodiment.
Fig. 3 is a diagram schematically showing the cryo-
cooler according to the embodiment.
Fig. 4 is a diagram schematically showing a disas-
sembled perspective view of a cold head drive unit
of the cryocooler according to the embodiment.
Fig. 5 is a diagram schematically showing a disas-
sembled perspective view of a main part of a motion
conversion mechanism of a cold head according to
the embodiment.
Figs. 6A and 6B are diagrams schematically showing
a scotch yoke guide according to the embodiment.
Fig. 7 is a diagram schematically showing a method
for disassembling the cryocooler according to the
embodiment.
Fig. 8 is a diagram schematically showing the meth-
od for disassembling the cryocooler according to the
embodiment.

Description of Embodiments

[0010] Hereinafter, an embodiment for carrying out the
present invention will be described in detail with refer-
ence to the drawings. In the description and the drawings,
the same or equivalent components, members, and proc-
esses are denoted by the same reference numerals, and
overlapping description is omitted as appropriate. The
scale and the shape of each of parts shown in the draw-
ings are set for convenience to make the description easy
to understand, and are not to be interpreted as limiting
unless stated otherwise. The embodiment is merely an
example and does not limit the scope of the present in-
vention. All features described in the embodiment or
combinations thereof are not necessarily essential to the
present invention.
[0011] Figs. 1 to 3 are diagrams schematically showing
a cryocooler 10 according to the embodiment. Fig. 1
shows an appearance of a cold head of the cryocooler
10, and Fig. 2 shows an internal structure of a low-tem-
perature section of the cold head. Fig. 3 shows an internal
structure of a drive unit of the cold head. The cryocooler
10 is usually installed in a vacuum container (not shown)
such that the low-temperature section is disposed inside
the vacuum container and the drive unit is disposed in a
surrounding environment (for example, a room temper-
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ature atmospheric pressure environment) outside the
vacuum container. As an example, the cryocooler 10 is
a two-stage Gifford-McMahon (GM) cryocooler.
[0012] The cryocooler 10 includes a compressor 12
and an expander 14. The compressor 12 is configured
to collect a working gas of the cryocooler 10 from the
expander 14, to pressurize the collected working gas,
and to supply the working gas to the expander 14 again.
The compressor 12 and the expander 14 constitute a
refrigeration cycle of the cryocooler 10, whereby the cry-
ocooler 10 can provide desired cryogenic cooling. The
expander 14 is also often referred to as a cold head. The
working gas is also referred to as a refrigerant gas, and
other suitable gases may be used although a helium gas
is typically used. For the sake of understanding, a flow
direction of the working gas is shown by an arrow in Fig. 1.
[0013] In general, both a pressure of a working gas
supplied from the compressor 12 to the expander 14 and
a pressure of a working gas collected from the expander
14 to the compressor 12 are considerably higher than
the atmospheric pressure, and can be called a first high
pressure and a second high pressure, respectively. For
convenience of description, the first high pressure and
the second high pressure are also simply called a high
pressure and a low pressure, respectively. Typically, the
high pressure is, for example, 2 to 3 MPa. The low pres-
sure is, for example, 0.5 to 1.5 MPa and is, for example,
about 0.8 MPa. For the sake of understanding, a flow
direction of the working gas is shown by an arrow.
[0014] The expander 14 includes a cryocooler cylinder
16, a displacer assembly (hereinafter, also referred to as
a displacer) 18, and a cryocooler housing (hereinafter,
also referred to as a housing) 20. The cryocooler cylinder
16 guides linear reciprocation of the displacer 18, and
forms an expansion chamber (32, 34) as an expansion
space for the working gas in a space with the displacer
18. The cryocooler cylinder 16 is fixed to the cryocooler
housing 20, whereby a casing of the expander 14 is con-
figured, and an airtight space for accommodating the dis-
placer 18 is formed inside the cryocooler cylinder 16.
[0015] In the present specification, in order to describe
a positional relationship between the components of the
cryocooler 10, for convenience, a side close to a top dead
center of the axial reciprocation of the displacer is de-
scribed as "upper", and a side close to a bottom dead
center is described as "lower". The top dead center is a
position of the displacer where a volume of an expansion
space is maximized, and the bottom dead center is the
position of the displacer where the volume of the expan-
sion space is minimized. Since a temperature gradient
is generated in which a temperature drops from the upper
side to the lower side in the axial direction during the
operation of the cryocooler 10, the upper side can be
referred to as a high temperature side and the lower side
can be referred to as a low temperature side.
[0016] The cryocooler cylinder 16 includes a first cyl-
inder 16a and a second cylinder 16b. As an example, the
first cylinder 16a and the second cylinder 16b are mem-

bers having a cylindrical shape, and the second cylinder
16b has a smaller diameter than the first cylinder 16a.
The first cylinder 16a and the second cylinder 16b are
coaxially disposed, and a lower end of the first cylinder
16a is rigidly connected to an upper end of the second
cylinder 16b.
[0017] The displacer assembly 18 includes a first dis-
placer 18a and a second displacer 18b, which are con-
nected to each other, and these move integrally. As an
example, the first displacer 18a and the second displacer
18b are members having a cylindrical shape, and the
second displacer 18b has a smaller diameter than the
first displacer 18a. The first displacer 18a and the second
displacer 18b are coaxially disposed.
[0018] The first displacer 18a is accommodated in the
first cylinder 16a, and the second displacer 18b is ac-
commodated in the second cylinder 16b. The first dis-
placer 18a can reciprocate in an axial direction along the
first cylinder 16a, and the second displacer 18b can re-
ciprocate in the axial direction along the second cylinder
16b.
[0019] As shown in Fig. 2, the first displacer 18a ac-
commodates a first regenerator 26. The first regenerator
26 is formed by filling a tubular main body of the first
displacer 18a with a wire mesh such as copper or other
appropriate first regenerator material. An upper lid por-
tion and a lower lid portion of the first displacer 18a may
be provided as separate members from the main body
of the first displacer 18a, and the upper lid portion and
the lower lid portion of the first displacer 18a may be fixed
to the main body by appropriate means such as fastening
or welding, whereby the first regenerator material may
be accommodated in the first displacer 18a.
[0020] Similarly, the second displacer 18b accommo-
dates a second regenerator 28. The second regenerator
28 is formed by filling a tubular main body of the second
displacer 18b with a non-magnetic regenerator material
such as bismuth, a magnetic regenerator material such
as HoCu2, or other appropriate second regenerator ma-
terial. The second regenerator material may be formed
in a granular shape. The upper lid portion and the lower
lid portion of the second displacer 18b may be provided
as separate members from the main body of the second
displacer 18b, and the lower lid portion of the upper lid
portion of the second displacer 18b may be fixed to the
main body by appropriate means such as fastening or
welding, whereby the second regenerator material may
be accommodated in the second displacer 18b.
[0021] The displacer 18 forms an upper chamber 30,
a first expansion chamber 32, and a second expansion
chamber 34 inside the cryocooler cylinder 16. The ex-
pander 14 includes a first cooling stage 33 and a second
cooling stage 35 for heat exchange with a desired object
or medium to be cooled by the cryocooler 10. The upper
chamber 30 is formed between the upper lid portion of
the first displacer 18a and the upper portion of the first
cylinder 16a. The first expansion chamber 32 is formed
between the lower lid portion of the first displacer 18a
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and the first cooling stage 33. The second expansion
chamber 34 is formed between the lower lid portion of
the second displacer 18b and the second cooling stage
35. The first cooling stage 33 is fixed to the lower portion
of the first cylinder 16a to surround the first expansion
chamber 32, and the second cooling stage 35 is fixed to
the lower portion of the second cylinder 16b to surround
the second expansion chamber 34.
[0022] The first regenerator 26 is connected to the up-
per chamber 30 through a working gas flow path 36a
formed in the upper lid portion of the first displacer 18a,
and is connected to the first expansion chamber 32
through a working gas flow path 36b formed in the lower
lid portion of the first displacer 18a. The second regen-
erator 28 is connected to the first regenerator 26 through
a working gas flow path 36c formed from the lower lid
portion of the first displacer 18a to the upper lid portion
of the second displacer 18b. In addition, the second re-
generator 28 is connected to the second expansion
chamber 34 through a working gas flow path 36d formed
in the lower lid portion of the second displacer 18b.
[0023] A first seal 38a and a second seal 38b may be
provided so that the working gas flow between the first
expansion chamber 32, the second expansion chamber
34 and the upper chamber 30 is guided to the first regen-
erator 26 and the second regenerator 28 rather than to
the clearance between the cryocooler cylinder 16 and
the displacer 18. The first seal 38a may be mounted to
the upper lid portion of the first displacer 18a to be dis-
posed between the first displacer 18a and the first cylin-
der 16a. The second seal 38b may be mounted to the
upper lid portion of the second displacer 18b to be dis-
posed between the second displacer 18b and the second
cylinder 16b.
[0024] As shown in Fig. 3, the cryocooler housing 20
includes a housing main body 22 having a lower opening
21 and a lower cover 24 that closes the lower opening
21. The lower opening 21 is formed on a lower surface
of the housing main body 22. As shown, a housing inter-
nal volume 20a formed by the housing main body 22 and
the lower cover 24 may be connected to a low pressure
side of the compressor 12 and maintained at a low pres-
sure.
[0025] The lower cover 24 partitions the housing inter-
nal volume 20a and a displacer accommodation space
(upper chamber 30) in the cryocooler cylinder 16. The
lower cover 24 has a disk shape as a whole, and more
specifically, has an upper large-diameter portion and a
lower small-diameter portion. A first sealing member 25a
is provided between the lower cover 24 and the cryocool-
er cylinder 16 in order to maintain airtightness of an in-
ternal volume of the cryocooler cylinder 16, and a second
sealing member 25b is provided between the lower cover
24 and the housing main body 22 in order to maintain
airtightness of the housing internal volume 20a. As
shown, the first sealing member 25a may be mounted to
the small-diameter portion of the lower cover 24, and the
second sealing member 25b may be mounted to the

large-diameter portion of the lower cover 24.
[0026] The lower cover 24 is removably fitted into the
lower opening 21, and an upper flange portion of the cry-
ocooler cylinder 16 is fastened to the housing main body
22 with a fastening member such as a bolt. In this way,
the lower cover 24 is interposed between the housing
main body 22 and the upper flange portion of the cryo-
cooler cylinder 16. The lower cover 24 is not fixed to the
housing main body 22 through fastening. Note that a
structure may be adopted in which the housing main body
22 and the lower cover 24 are fastened to each other
with a fastening member such as a bolt.
[0027] In addition, the expander 14 includes an ex-
pander motor 40, a rotary valve 42, and a motion con-
version mechanism 43. The expander motor 40 is at-
tached to the cryocooler housing 20, more specifically,
to a side surface of the housing main body 22. In order
to maintain the airtightness of the housing internal vol-
ume 20a, a sealing member (not shown) may be provided
on an attachment surface between the expander motor
40 and the housing main body 22.
[0028] The rotary valve 42 and the motion conversion
mechanism 43 are accommodated in the cryocooler
housing 20.
[0029] The expander motor 40 is provided in the ex-
pander 14 as a drive source for the displacer 18 and the
rotary valve 42. The expander motor 40 may be an ap-
propriate electric motor, and may be configured to rotate
a motor rotary shaft 40a at a constant rotational speed,
or may be capable of variably controlling the rotational
speed of the motor rotary shaft 40a.
[0030] The rotary valve 42 is configured to alternately
connect the high pressure side and the low pressure side
of the compressor 12 to the cryocooler cylinder 16 (that
is, the upper chamber 30, the first expansion chamber
32, and the second expansion chamber 34) and to peri-
odically switch between the intake and the exhaust of the
cryocooler cylinder 16.
[0031] The rotary valve 42 includes a valve rotor 42a
and a valve stator 42b, and the valve rotor 42a is in con-
tact with the valve stator 42b so as to rotate while sliding
with respect to the valve stator 42b. The valve rotor 42a
is supported to be rotatable with respect to the housing
main body 22, and the valve stator 42b is supported to
be unrotatable with respect to the housing main body 22.
An elastic body such as a spring for pressing the valve
stator 42b toward the valve rotor 42a in a direction of a
rotation axis of the valve rotor 42a may be interposed
between the valve stator 42b and the housing main body
22.
[0032] The cryocooler housing 20 is formed with a
housing internal flow path 20b for connecting the rotary
valve 42 to the upper chamber 30, and the valve rotor
42a and the valve stator 42b of the rotary valve 42 are
formed with a valve internal flow path to alternately con-
nect the housing internal flow path 20b to the high pres-
sure side of the compressor 12 and the housing internal
volume 20a. Various known forms can be adopted as the
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valve internal flow path, and details thereof will not be
described herein.
[0033] The motion conversion mechanism 43 is con-
figured to connect the expander motor 40 to the rotary
valve 42 and the displacer 18 so as to transmit the rotation
of the motor rotary shaft 40a to the rotary valve 42 and
convert the rotation into the linear reciprocation of the
displacer 18. An example of the motion conversion mech-
anism 43 will be described below. One rotation of the
motor rotary shaft 40a causes one reciprocation of the
displacer 18 via the motion conversion mechanism 43,
thereby periodically changing the volume of the expan-
sion space for the working gas. Simultaneously, one ro-
tation of the motor rotary shaft 40a causes one rotation
of the rotary valve 42 via the motion conversion mecha-
nism 43, thereby periodically changing the pressure of
the expansion space for the working gas.
[0034] In this way, the synchronized volume fluctuation
and pressure fluctuation are generated in the expansion
space to configure the refrigeration cycle of the cryocool-
er 10, whereby the cryocooler 10 can provide desired
cryogenic cooling. The first cooling stage 33 can be
cooled to a first cooling temperature, and the second
cooling stage 35 can be cooled to a second cooling tem-
perature lower than the first cooling temperature. The
first cooling temperature may be, for example, in a range
of about 10 K to about 100 K or in a range of about 20 K
to about 40 K. The second cooling temperature may be,
for example, about 20 K or lower, or about 10 K or lower,
or in a range of about 1 K to about 4 K.
[0035] Fig. 4 is a diagram schematically showing a dis-
assembled perspective view of a cold head drive unit of
the cryocooler 10 according to the embodiment. Fig. 5 is
a diagram schematically showing a disassembled per-
spective view of a main part of the motion conversion
mechanism 43 of the cold head according to the embod-
iment. An exemplary form of the motion conversion
mechanism 43 will be described with reference to Figs.
3 to 5.
[0036] The motion conversion mechanism 43 is a
scotch yoke in this embodiment, and includes a crank 44
having a crank pin 44a, a scotch yoke shaft 45, and a
crank pin bearing 46. The scotch yoke shaft 45 includes
a scotch yoke plate 45a, an upper rod 45b, and a lower
rod 45c. The scotch yoke shaft 45 may be formed of a
metal material such as stainless steel.
[0037] The crank 44 is fixed to the motor rotary shaft
40a. The crank pin 44a extends parallel to the motor ro-
tary shaft 40a at a position eccentric from the motor rotary
shaft 40a. The crank pin 44a extends from the crank 44
toward a side opposite to the motor rotary shaft 40a with
respect to the crank 44.
[0038] The scotch yoke plate 45a is a rectangular
plate-shaped member having a horizontally elongated
window 47.
[0039] The horizontally elongated window 47 extends
in the axial direction and in a direction perpendicular to
the motor rotary shaft 40a.

[0040] The crank pin bearing 46 is reliably disposed in
the horizontally elongated window 47. The crank pin
bearing 46 may be, for example, a roller bearing. An en-
gagement hole 46a that engages with the crank pin 44a
is formed at the center of the crank pin bearing 46, and
the crank pin 44a penetrates the engagement hole 46a.
[0041] On a side opposite to the crank 44 with respect
to the scotch yoke plate 45a, the valve rotor 42a of the
rotary valve 42 is disposed such that a center axis thereof
coincides with the motor rotary shaft 40a, and a tip of the
crank pin 44a penetrating the engagement hole 46a is
fixed to the valve rotor 42a.
[0042] The upper rod 45b extends upward from the
center of an upper frame of the scotch yoke plate 45a,
the lower rod 45c extends downward from the center of
a lower frame of the scotch yoke plate 45a, and the rods
are coaxially disposed. The scotch yoke plate 45a and
the upper rod 45b are accommodated in the cryocooler
housing 20, and the lower rod 45c extends out of the
cryocooler housing 20 by penetrating the lower cover 24.
A tip of the lower rod 45c is connected to the displacer
18 inside the cryocooler cylinder 16.
[0043] A first sliding bearing 48a is provided between
the upper rod 45b and the housing main body 22, and a
second sliding bearing 48b is provided between the lower
rod 45c and the lower cover 24. The housing main body
22 has a recessed portion for receiving the upper rod 45b
in an upper portion thereof, and the first sliding bearing
48a is disposed in the recessed portion to slidably support
the upper rod 45b in the axial direction. The lower cover
24 has a through-hole in a center portion thereof, and
the second sliding bearing 48b is disposed in the through-
hole to slidably support the lower rod 45c in the axial
direction. The second sliding bearing 48b is provided with
a seal portion such as a slipper seal or a clearance seal,
and is configured to be airtight. Therefore, the housing
internal volume 20a is isolated from the upper chamber
30. There is no direct gas flow between the housing in-
ternal volume 20a and the upper chamber 30.
[0044] A collar portion 50 is fixed to the tip of the lower
rod 45c connected to the displacer 18 by a fixing pin 49.
The collar portion 50 is a short tubular member into which
a tip of the displacer assembly 18 is inserted. A through-
hole is formed in the tip of the lower rod 45c and the collar
portion 50 in a direction perpendicular to the axial direc-
tion, and the collar portion 50 is fixed to the lower rod 45c
by fitting the fixing pin 49 into the through-hole.
[0045] The first displacer 18a has a lid portion 52a and
a main body 52b. The lid portion 52a is an upper lid of
the first displacer 18a, and has a disk shape. The lid
portion 52a is formed of a metal material such as an alu-
mite-treated aluminum alloy, or other material. The main
body 52b has a cylindrical shape, and includes a regen-
erator therein. The main body 52b is formed of a synthetic
resin material or other material, and may be formed of,
for example, a phenolic resin such as Bakelite. The
above-described working gas flow path 36a is formed by
penetrating the lid portion 52a and an upper end portion
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of the main body 52b in the axial direction. The above-
described first seal 38a may be interposed between out-
ermost peripheral portions of the lid portion 52a and the
main body 52b. The lid portion 52a and the main body
52b are fixed to each other by using, for example, a fas-
tening member such as a bolt, or by using, for example,
other methods such as adhesion.
[0046] A through-hole for receiving the tip of the lower
rod 45c and the collar portion 50 is formed in a center
portion of the lid portion 52a. The collar portion 50 has a
flange portion that expands outward in a radial direction
at a lower end portion thereof, and the flange portion is
interposed between the lid portion 52a and the main body
52b of the first displacer 18a, so that the lower rod 45c
and the collar portion 50 are connected to the first dis-
placer 18a. In this way, the displacer 18 is attached to
the scotch yoke shaft 45.
[0047] Therefore, when the expander motor 40 is driv-
en and the motor rotary shaft 40a is rotated, the crank
pin bearing 46 engaged with the crank pin 44a rotates in
a circular motion. In this case, the crank pin bearing 46
reciprocates in the horizontally elongated window 47 of
the scotch yoke plate 45a, and the scotch yoke shaft 45
and the displacer 18 reciprocate in the axial direction. In
this way, the expander motor 40 drives the axial move-
ment of the scotch yoke shaft 45.
[0048] Figs. 6A and 6B are diagrams schematically
showing the scotch yoke guide 54 according to the em-
bodiment. Fig. 6A schematically shows a cross section
of the housing main body 22 according to a cross section
taken along line A-A in Fig. 3, and Fig. 3B schematically
shows a part of a cross section taken along line B-B in
Fig. 6A.
[0049] In this embodiment, as shown, the scotch yoke
guide 54 is provided. The scotch yoke guide 54 is con-
figured to guide the axial movement of the scotch yoke
shaft 45 and to restrict the rotation around the axis of the
scotch yoke shaft 45.
[0050] The scotch yoke guide 54 includes a plurality
of (two in this example) pins 54a and 54b, and each pin
54a extends in the axial direction of the scotch yoke shaft
45. The pins 54a and 54b have a columnar shape, and
may be formed of, for example, a synthetic resin material
having excellent abrasion resistance, such as a fluorine-
based resin, or other material. The housing main body
22 has a plurality of (two in this example) pin insertion
holes 56 into which the plurality of pins 54a and 54b are
removably inserted, respectively. Accordingly, the scotch
yoke guide 54 is removably provided in the cryocooler
housing 20. As will be described below, the scotch yoke
shaft 45 and the scotch yoke guide 54 can be taken out
from the housing main body 22 through the lower opening
21 of the housing main body 22.
[0051] The scotch yoke guide 54 is disposed at a po-
sition different from the position of the lower rod 45c with
respect to the direction of the motor rotary shaft 40a that
drives the axial movement of the scotch yoke shaft 45,
and is adjacent to the scotch yoke plate 45a. In this em-

bodiment, the scotch yoke guide 54 is disposed to be
offset to the motor rotary shaft 40a side with respect to
the scotch yoke plate 45a and the lower rod 45c, but may
be disposed on the rotary valve 42 side.
[0052] A cylindrical side surface of each pin 54a of the
scotch yoke guide 54 is in contact with a side surface 58
of the scotch yoke plate 45a in which the horizontally
elongated window 47 is formed. One pin 54a is in contact
with the side surface 58 at a right frame portion of the
scotch yoke plate 45a, and the other pin 54a is in contact
with the side surface 58 at a left frame portion of the
scotch yoke plate 45a.
[0053] Therefore, the scotch yoke guide 54 can guide
the axial movement of the scotch yoke plate 45a on the
side surface of each pin 54a. In addition, the scotch yoke
guide 54 can restrict the rotation around the axis of the
scotch yoke shaft 45 by the pin 54a.
[0054] Figs. 7 and 8 are diagrams schematically show-
ing a method for disassembling the cryocooler 10 accord-
ing to the embodiment. First, as shown in Fig. 7, the ex-
pander motor 40 is removed from the cryocooler housing
20 (S10). A fastening member that fixes the expander
motor 40 to the cryocooler housing 20 is removed, and
the expander motor 40 is removed from the side surface
of the housing main body 22. The crank 44 may be re-
moved together with the expander motor 40. In addition,
a high-pressure pipe and a low-pressure pipe that are
attached to the cryocooler housing 20 are also removed.
[0055] Subsequently, the fixation between the cryo-
cooler housing 20 and the cryocooler cylinder 16 is re-
leased (S11). As described above, the housing main
body 22 is attached to the cryocooler cylinder 16 with the
fastening member, and the cryocooler housing 20 is re-
moved from the cryocooler cylinder 16 by removing the
fastening member. Thereafter, the cryocooler housing
20 is pulled up from the cryocooler cylinder 16. Whereby,
the displacer 18 can be pulled out from the cryocooler
cylinder 16 together with the cryocooler housing 20.
[0056] Next, the displacer 18 is removed from the
scotch yoke shaft 45 (S12). The fixation between the lid
portion 52a and the main body 52b of the first displacer
18a is released, and the main body 52b is removed from
the lid portion 52a. Further, the fixing pin 49 and the collar
portion 50 are removed from the lower rod 45c of the
scotch yoke shaft 45, and the lid portion 52a is also re-
moved (S13). In this way, before the lower cover 24 is
removed from the cryocooler housing 20, the displacer
18 is removed from the scotch yoke shaft 45. Then, the
lower cover 24 is removed from the cryocooler housing
20 (S13).
[0057] As shown in Fig. 8, the second sealing member
25b is removed from the housing main body 22 (S14).
For ease of understanding, in Fig. 8, the upper and lower
sides are reversed (that is, the lower opening 21 faces
upward). As described above, the second sealing mem-
ber 25b is interposed between the lower cover 24 and
the housing main body 22, and is disposed inside the
lower opening 21. The second sealing member 25b is
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taken out from the lower opening 21 that is opened again
by the lower cover 24 being removed from the housing
main body 22.
[0058] Subsequently, the scotch yoke shaft 45 is pulled
out of the cryocooler housing 20 from the lower opening
21 (S15). By taking out the scotch yoke shaft 45 before
taking out the scotch yoke guide 54, a work space for
removing the scotch yoke guide 54 can be made wider
in the cryocooler housing 20.
[0059] Then, the scotch yoke guide 54 is taken out of
the cryocooler housing 20 from the lower opening 21.
First, one pin 54a is taken out of the cryocooler housing
20 through the lower opening 21 (S16), and next, and
then the other pin 54b is also taken out of the cryocooler
housing 20 through the lower opening 21 (S17).
[0060] In this way, after the pins 54a and 54b are re-
moved, new pins 54a and 54b are attached. Thereafter,
the expander 14 is reassembled in the reverse order of
the above. In this way, the abraded scotch yoke guide
54 can be replaced with a new one. Accordingly, the ro-
tation around the axis of the scotch yoke shaft 45 can be
reliably prevented.
[0061] Although the present invention has been de-
scribed using specific words and phrases based on the
embodiment, the embodiment merely shows one aspect
of the principle and application of the present invention,
and various modifications and improvements can be
made within the scope of the present invention described
in claims.

Industrial Applicability

[0062] The present invention can be used in the field
of a method for disassembling a cryocooler.

Reference Signs List

[0063]

10 Cryocooler
21 Lower opening
24 Lower cover
40a Motor rotary shaft
45 Scotch yoke shaft
45a Scotch yoke plate
54 Scotch yoke guide
54a Pin
56 Pin insertion hole

Claims

1. A method for disassembling a cryocooler including
a housing having a lower opening, a lower cover that
closes the lower opening, a scotch yoke shaft that
is accommodated in the housing and extends out of
the housing by penetrating the lower cover, and a
scotch yoke guide that is removably provided in the

housing and guides axial movement of the scotch
yoke shaft, the method comprising:

removing the lower cover from the housing; and
taking the scotch yoke guide out of the housing
from the lower opening.

2. The method according to claim 1,
wherein the scotch yoke guide is configured to re-
strict rotation around an axis of the scotch yoke shaft.

3. The method according to claim 1 or 2,

wherein the scotch yoke shaft includes a scotch
yoke plate that is accommodated in the housing,
and a rod extending out of the housing by pen-
etrating the lower cover from the scotch yoke
plate, and
the scotch yoke guide is disposed at a position
different from a position of the rod with respect
to a direction of a motor rotary shaft that drives
the axial movement of the scotch yoke shaft,
and is adjacent to the scotch yoke plate.

4. The method according to any one of claims 1 to 3,
wherein the scotch yoke guide includes a plurality of
pins extending in an axial direction of the scotch yoke
shaft, and the housing has a plurality of pin insertion
holes into which the plurality of pins are removably
inserted, respectively.

5. The method according to any one of claims 1 to 4,
further comprising:
pulling the scotch yoke shaft out of the housing from
the lower opening before taking out the scotch yoke
guide.

6. The method according to any one of claims 1 to 5,
wherein the cryocooler includes a displacer attached
to the scotch yoke shaft, and
the method further comprises removing the displacer
from the scotch yoke shaft before removing the lower
cover from the housing.

7. The method according to claim 6,

wherein the cryocooler includes a cylinder fixed
to the housing and accommodating the displac-
er, and
the method further comprises

releasing the fixation between the housing
and the cylinder, and
pulling out the displacer from the cylinder
together with the housing.

8. The method according to any one of claims 1 to 7,
wherein the cryocooler includes a motor that is at-
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tached to the housing and drives the axial movement
of the scotch yoke shaft, and
the method further comprises removing the motor
from the housing.
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