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DESCRIPTION

Title of Invention

Vv
EXPANDER AND AIR REFRIGERATING DEVICE WITH THE SAME

Technical Field

Embodiments of the present invention relate to an
expander comprising an XY separate crank mechanism

converts reciprocating motion into rotary motion or
rotary motion into reciprocating motion and transmi
the converted motion and an air refrigerating devic
comprising the expander.

Background Art

The air freezing technology was invented by Gorrie

et al. 140 years ago, and the world's first ice mak
started then. After that, the refrigeration effici

has been improved by using coolants such as ammonia

chlorofluocarbon. However, due to the problem of
global warming, the use of chlorofluocarbon, which
a high environmental problem index, has been inhibi

Under these circumstances, the air freezing
technology, which uses natural air for freezing, ha
been attracting attention again. Many of the expan
provided for such air freezing device employ a turb
There have been other types of the expanders propos
which form a cylinder piston member for cooling air
from a piston, a crosshead, a connecting rod and a
crank, which can reduce generation of heat by side
thrust loss. Further, air refrigeration by means o
the rotation-reciprocation conversion using a plane
gear has been developed.
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Summary of Invention
Technical Problem

The air refrigeration device employing the
turbine-type expander has a compression-expansion r
small as 2 to 3 and therefore need to be equipped w
a plurality of turbines of two stages or three stag
With such a structure, the entire device is large,
is difficult to be made smaller. Further, such an
expander entails drawbacks that it need to make the
rotation constant at high speed and is difficult to
adjust the temperature. Also, the turbine is easil
damaged and expensive. Unless the rotation speed o
the turbine is increased, the efficiency is low. A
the same time, because of the high-speed rotation,
turbine is easily damaged. If one blade of a turbi
is broken, other blades are always entangled and
broken, easily making the damage worse.

Such an expander which employs a piston, a
crosshead, a connecting rod and a crank becomes lar
and is difficult to be made smaller or be
multicylinder. Further, such an expander is operat
at a low speed of about 300 rpm, and it is difficul
increase its speed. Further, the efficiency is low

An expender which employs planetary gears has a

large gear loss, and operates in one stage, which
increases the size of the cylinder. Therefore, it
difficult to increase the volume. Further, the
expander is difficult to be made into a multicylind
type or increase its speed. Instead of making a
multicylinder reduction, usually, expanders of the
type are simultaneously operated, which increases t
size and degrades the efficiency.

The present invention has been proposed in view of

the above, an object thereof is to provide an expan
which can convert and transmit motions with high
efficiency, and can be made smaller, and an air
refrigeration system comprising the same.

atio
ith
es.
and

- -,

the
ne

ge,

ed
tto

er

same
he

der



10

15

20

25

30

35

Solution to Problem

According to one of embodiments described herein,
an expander comprises:

a piston provided reciprocatively in a first
direction in a cylinder;

a crankshaft extending to intersects
perpendicularly a reference plane including a movin
axis in the first direction of the piston;

an XY-separation crank mechanism provided between
the piston and the crankshaft, which converts a
reciprocating motion of the piston and a rotary mot
of the crankshaft into one another, the XY-separati
crank mechanism comprising a support member
reciprocative in the first direction, and a crank
connection member provided reciprocatively on the
support member in a second direction perpendicular
the first direction, to which a crank of the cranks
is rotatably engaged, and a coupling member which
couples the piston and the support member so as to
reciprocate together with the piston and the suppor
member in the first direction,

a cylinder head provided on the cylinder to define
a first expansion/compression chamber between the
cylinder head and the piston, and including an inle
port and an outlet port which communicate to the fi
expansion/compression chamber;

a suction valve supported reciprocatively by the
cylinder head in a third direction, which opens/clo
the inlet port

a discharge valve supported reciprocatively by the
cylinder head in a fourth direction, which opens/cl
the outlet port;

an inlet-side valve mechanism which opens/closes
the suction valve; and

an outlet-side valve mechanism which opens/closes
the discharge valve. At least one of the inlet-sid
valve mechanism and the outlet-side valve mechanism
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comprises an XY separation drive mechanism.
Brief Description of Drawings

FIG. 1 is a block diagram schematically showing an
air refrigeration device including an expander
according to the first embodiment.

FIG. 2 is a perspective view showing an appearance
of the expander.

FIG. 3 is a perspective view showing a back side
of the expander.

FIG. 4 is a perspective view of the expander,
showing an internal structure thereof.

FIG. 5 is a front view of the expander.

FIG. 6 is a perspective view showing a crankshaft
of an XY-separation crank mechanism in the expander

FIG. 7 is a plan view of the crankshaft.

FIG. 8 is an exploded perspective view showing the
crankshaft and a crank connection plate.

FIG. 9 is a partially cutaway side view of a valve
mechanism of the expander.

FIG. 10 is a perspective view showing an XY-
separation valve mechanism.

FIG. 11 is a block diagram schematically showing
an air refrigeration device according to the second
embodiment.

FIG. 12 is a perspective view showing the
refrigerator of the air refrigeration device accord ing
to the second embodiment.

FIG. 13 is a side view of the refrigerator.

FIG. 14 is a side view of the refrigerator with a
cover being opened.

FIG. 15 is a side view schematically showing an
air refrigeration device according to the third
embodiment.

Mode for Carrying Out the Invention

Hereafter, an example of an expander including a
Z-mechanism XY-separation crank according to an
embodiment and an air refrigeration device includin g
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the same will now be described with reference to
drawings.

(First embodiment)

First, the overall structure of an air
refrigeration device will be described.

FIG. 1 is a block diagram schematically showing an

air refrigeration device including an expander
according to the first embodiment. As shown in thi
figure, an air refrigeration device 11 comprises a
compressor 12 with an entry-side filter 10 provided
an air-intake side, a primary cooler (heat exchange
14 connected to an exhaust side of the compressor 1
drier 16, a secondary cooler (heat exchanger) 18
connected to an exhaust side of the drier 16, an
expander 20 which cools the cold air sent from the
secondary cooler by adiabatic expansion, and a powe
generator 75 drivable with regenerative energy of t
expander 20. Between the secondary cooler 18 and t
expander 20, a control valve 21 is provided to adju
the flow of air. The exhaust side of the expander
is communicated to a refrigerator (freezer) 22 in
which, for example, items to be cooled, such as
perishable foods and frozen food, are accommodated.
Further, a part of the exhaust side of the expander
is connected to the secondary cooler 18 through a
control valve 23, and an exhaust side of the freeze
is further connected to the secondary cooler 18. T
filter 10, the compressor 12, the primary cooler 14
the drier 16, the secondary cooler 18 and the expan
20 may be placed either indoor or outdoor.

In the air refrigeration device 11, indoor or
outdoor natural air is taken through the filter 10
the compressor 12, where it is adiabatically compre
into high-temperature, high-pressure air of about 7
10 atmospheres, and then discharged from the compre
12. After the compression the high-temperature, hi
pressure air is sterilized by its own heat.
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Subsequently, the high-temperature, high-pressure a
is sent to the primary cooler 14, where it is coole
room temperature air to room temperature, and then
subjected to removal of water content by the drier
(chemical drier, a membrane dryer or the like) 16 i
moisture. Furthermore, the air is cooled to a nega
temperature zone by the secondary cooler 18, into |
temperature, high-pressure dry air of about 7 to

10 atmospheres. Here, the returning cold air from
freezer 22 and controlled cold air from the expande
can be used by the secondary cooler 18 to improve t
air cooling efficiency.

The low-temperature, high-pressure air sent from
the secondary cooler 18 is taken into the expander
where it is adiabatically expanded into a cold air
even lower temperature, for example, of -100°C. Th
cold air (positive-pressure cold air) is discharged
from the expander 20 to be supplied to the freezer
With this operation, the inside of the freezer 22 i
cooled to -80°C at a positive pressure. Excessive
air in the freezer 22 is returned to the secondary
cooler 18 and after passing the secondary cooler 18
is released to the atmosphere by the positive press

Next, the expander 20 according to this embodiment
will be described in detail.

FIG. 2 is a perspective view showing an appearance
of the expander, FIG. 3 is a perspective view showi
an appearance the expander from back side, FIG. 4 i
perspective view of the expander, showing an intern
structure thereof, and FIG. 5 is a front view of th
expander.

As shown in FIGS. 2 to 5, the expander 20
comprises a support frame 24, a cylinder 26 attache
onto the support frame 24, a cylinder head 28 fixed
the cylinder so as to close an upper end opening of
cylinder 26, a piston 30 arranged to be
ascendable/descendable (perpendicularly reciprocati
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in the cylinder 26, a plurality of valve mechanisms
provided in the cylinder 26 and the cylinder head 2
drive shaft (crankshaft) 50 rotatably supported by

support frame 24, and an XY-separation crank mechan

60 which converts the reciprocating motion of the
piston into a rotary motion to be transmitted to th
crankshaft.

The support frame 24 comprises a rectangular base

frame 25 including a pair of legs, a rectangular fi
base plate 27a detachably attached to a front side
the base frame 25 so as to close a front-side openi
of the base frame, a rectangular second base plate
fixed to a back side of the base frame so as to clo
back side opening of the base frame, and a pair of
support plates 31a and 31b to stand on an upper wal
the base frame 25 to face each other in parallel wi
an interval therebetween. The base frame 25 includ
bottom wall 25a and an upper wall 25b expanding
substantially horizontally, and two sidewalls 25c
expanding perpendicularly between the bottom wall 2
and the upper wall 25b, which are integrated as one
and a pair of legs 29 formed to have a flange shape
an lower end of each sidewall.

The cylinder 26 is fixed at substantially the
center of the upper wall 25b of the base frame 25 a
extends upwards from the base frame 25 in a vertica
direction. The cylinder head 28 is fixed to the up
end of the cylinder to cover the upper end opening
the cylinder 26. In this embodiment, the cylinder
has an outer shape of a prism, and interposed betwe
pair of support plates 31a and 31b to be supported
therebetween.

As shown in FIGS. 4 and 5, a partition 32 is
formed near the lower end of the cylinder 26 and th
lower-end side opening of the cylinder 26 is closed
the partition 32. In the cylinder 26, the cylindri
piston 30 is arranged to be slidable between the
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partition 32 and the cylinder head 28. A perimeter
the piston 30 is provided with a plurality of pisto

rings, and these piston rings are airtightly attach

to an inner circumferential surface of the cylinder

In the cylinder 26, a first expansion-compression
chamber 26a is defined by the piston 30 and the
cylinder head 28, and also a second expansion-
compression chamber is defined by the piston 30 and
partition 32. The piston 30 ascends and descends t
inside of the cylinder 26, that is, reciprocates in

shaft direction (Y-axis direction) of the cylinder

to increase and decrease the volume of the first
expansion-compression chamber 26a and that of the
second expansion-compression chamber 26b alternatel
thus establishing the so-called double-action pisto

The piston rod 34 is coupled with the piston 30,
or they are formed integrally as one unit. The pis
rod 34 extends from the piston 30 into the base fra
25 while passing through a circular first through-h
36a formed in the partition 32 and a circular secon
through-hole 36b formed at a center of the upper wa
25b of the base frame 25. The piston rod 34 is for
to be coaxial with the cylinder 26 so as to extend
the vertical direction. Further, for example, two
gaskets 37 are engaged to the first through-hole 36
the partition 32, and the piston rod 34 is airtight
put through the rod gaskets 37.

Between the upper end of the cylinder 26 and the
cylinder head 28 and between the lower end of the
cylinder 26, and the base frame 25, thermal insulat
members, for example, thermal-insulating sheets 38
fluoro-resin are arranged, respectively. The heat-
insulating sheets 38 insulate against heat propagat
from the exterior, for example, from the cylinder-h
28 side or the base frame 25 side to the cylinder 2
maintain the cylinder 26 at low temperature.

As shown in FIGS. 2 to 5, the crankshaft 50
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extends in a direction perpendicularly intersecting
referential plane including a central axis (a movin
shaft, Y-axis) of the piston 30. In this embodimen
both axial ends of the crankshaft 50 are rotatably
supported by a first bearing 38a attached to the fi
base plate 27a of the support frame 24 and a second
bearing 38b attached to the second base plate 27b,
respectively. Thus, the crankshaft 50 is located a
substantially a center of the base frame 25 to exte

in an direction perpendicularly intersecting the fi

and second base plates 27a and 27b, and is rotatabl
supported by the support frame 24 around an axis
perpendicularly intersecting the central axis of th
piston 30.

Note that an end of the crankshaft 50 projects
outward from the first base plate 27a, and a large-
diameter output wheel (flywheel) 52 is attached
coaxially to the projecting end. The other end of
crankshaft 50 projects outward from the second base
plate 27b and a driving pulley 53 is attached coaxi
to the projecting end. Thus, the output wheel 52 a
the driving pulley 53 rotate together with the
crankshaft 50.

FIG. 6 is a perspective view showing the
crankshaft and the crank wheel, FIG. 7 is a plan vi
of the crankshaft and the crank wheel, and FIG. 8 i
exploded perspective view showing the crankshaft an
crank connection plate.

As shown in FIGS. 4 to 8, two crank webs (a crank
arm and a counter weight) 54a and 54b are fixed in
middle portion of the crankshaft 50, and further a
crank wheel 57 which acts equivalently as a crankpi
fixed between the crank webs 54a and 54b. The cent
axis of the crank wheel 57 is located in parallel t
the crankshaft 50 and also eccentrically with respe
to the central axis of the crankshaft. Counterweig
of the crank webs 54a and 54b are arranged to oppos
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the crank wheel 57 by 180 degrees. The crank wheel
and the crank webs 54a and 54b are arranged in the
frame 25 and they are eccentrically rotate around t
crankshaft 50 according to the rotation of the
crankshaft 50.

Note that with use of a large-diameter crank wheel

as the crankpin, a large amount of eccentricity can
created at the end of the crank wheel, and thus the
moving stroke of the piston, which will be describe
later, can be enlarged.

As shown in FIGS. 4, 5 and 8, the Z-mechanism XY-

separation crank mechanism 60 is provided between t
piston 30 and the crankshaft 50 to convert the Y-ax
reciprocating motion in of the piston 30 into the

rotary motion of the crankshaft 50 mutually and vis
versa, to be transmitted. In the expander 20 of th
embodiment, a driving force is input to the piston

by the pressurized air expanding within the cylinde
26, and the piston 30 reciprocates along the Y-axis
The Z-mechanism XY-separation crank mechanism 60
converts the reciprocating motion of the piston 30,
which is the driving input, into the rotary motion

be transmitted to the crankshaft 50, thereby applyi

the rotating output to the crankshaft 50.

The XY separation crank mechanism 60 comprises a
support member (L-type combinatory member) 62 provi

to be reciprocative along the Y-axis in the referen
plane including the central axis (moving shaft, Y-a

of the piston 30, and a crank connection member (cr
connection plate) 64 attached to the support member
SO as to be reciprocative in a second direction (X-
axis) intersecting perpendicularly with the Y-axis
direction in the reference plane, and a coupling me
66 which couples the piston 30 and the support memb
62 with each other. The moving central shaft (Y-ax
direction) of the support member 62, the moving cen
shaft (X-axis direction) of the crank connection me
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64, and the moving central shaft (Y-axis direction)
the coupling member 66 are located in the reference
plane.

The support member 62 is formed into, for example,
an L shape and includes a first support portion 62a
extending in the Y-axis direction and a second supp
portion 62b extending in the X-axis direction from
end (here, the upper end) of the first support port
62a. A firstlinear slider 67a is fixed to the fir
support portion 62a, and a guiderail 68a is fixed t
inner surface of one of the sidewalls 25c of the ba
frame 25 to extend in the Y-axis direction. The fi
linear slider 67a is reciprocatively supported and
guided to the guiderail 68a. Thus, the first suppo
portion 62a is supported by the base frame 25
reciprocatively in the Y-axis.

A guiderail 68b extending in the X-axis direction
is being fixed to the second support portion 62b of
support member 62. Two second linear sliders 67b a
attached to the crank connection member 64 so as to
arranged along the X-axis. The second linear slide
67b are reciprocatively supported and guided to the
guiderail 68b. Thus, the crank connection member 6
supported by the support member 62 reciprocatively
along the X-axis. Note that a balance weight (stop
63 is fixed to the extending end (the end opposite
the first support portion) of the second support
portion 62b.

The first and the second linear sliders 67a and
67b may include ball bearings built therein and
rotatably contacting the guiderails, respectively.

The crank connection member 64 is formed, for
example, into substantially a ring shape and includ
circular through-hole 70. The crank connection mem
64 is formed dividable into a first half portion 64
and a second half portion 64b with a dividing surfa
65 including the center of the through-hole 70, and
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second half portion 64b is fixed to the first half
portion 64a with a screw or the like. The second
linear sliders 67b in pair are fixed to a flat part
the first half portion 64a.

The crank wheel 57 of the crankshaft 50 is put
through the through-hole 70 of the crank connection
member 64 so as to be rotatable via a bearing such
ball bearing or plain bearing 71. Thus, the crank

connection member 64 was engaged with the crankshaf

to connect the crankshaft 50 and the support member
together.

The coupling member 66 is formed to have a slender

coupling rod, for example, and one end thereof is
coupled with the piston rod 34 through a support pi
and the other end is coupled with the second suppor
portion 20b of the support member 62. In this
embodiment, the coupling member 66 is integrated wi
the support member 62 as one unit. The coupling me
66 extends coaxially with the central axis (moving
shaft) of the piston 30. The coupling member 66
reciprocates integrally with the support member 62
along the Y-axis to reciprocate the piston 30 along
Y-axis.

The expander 20 including the Z-mechanism XY-

separation crank mechanism 60 with the above-descri
structure operates as follows. That is, as the pis

30 reciprocates along the Y-axis by expansion of th
compressed air introduced to the cylinder 26, the
reciprocating motion is transmitted to the support
member 62 through the piston rod 34 and the couplin
member 66 and is separated into a Y-axial movement
an X-axial movement by the XY-separation crank
mechanism 60. More specifically, the support membe
is reciprocated together with the crank connection
member 64 along the Y-axis by the first linear slid
67a, and the crank connection member 64 is reciproc
along the X-axis by the second linear slider 67b.
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Thus, the crank wheel 57 rotates eccentrically arou
the crankshaft 50 to apply a rotating output to the
crankshaft 50.

As shown in FIGS. 2 and 3, for example, the power
generator 75 is attached to an outer surface of the
sidewall 25c of the base frame 25. An input shaft
of the power generator 75 is engaged with the outpu
wheel 52 via a plurality of pulleys or a row of pul
91. The rotating output of the crankshaft 50 rotat
the output wheel 52 and is input into the power
generator 75 via the row of pulleys 91. In other
words, the input shaft 75a of the power generator 7
rotated to generate power.

Next, the valve mechanism of the expander 20 will
be described.

As shown in FIGS. 4 and 5, the cylinder head 28
includes a first inlet port 42a and a first outlet
42b which communicate to the first expansion-
compression chamber 26a of the cylinder 26. Respec
ends of the first inlet port 42a and the first outl
port 42b are opened a bottom surface of the cylinde
head 28 and the other ends thereof are opened to th
both sides of the cylinder head 28, respectively.
Further, the partition 32 of the cylinder 26 includ
second inlet port 44a and a second outlet port 44b
communicating to the second expansion-compression
chamber 26b of the cylinder 26. Respective ends of
second inlet port 44a and the second outlet port 44
are opened to a top surface of the partition 32 and
other ends are opened to the front surface face sid
the cylinder 26, respectively.

The valve mechanism of the expander 20 comprises a
first inlet-side XY-separation valve mechanism 46 w
opens/closes the first inlet port 42a, a first outl
side valve mechanism 48 which opens/closes the firs
outlet port 42b, a second inlet-side XY-separation
valve mechanism 54 which opens/closes the second in
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port 44a and a second outlet-side valve mechanism 5
which opens/closes the second outlet port 44b.

FIG. 9 is an enlarged side view of the cylinder
head, the first inlet-side XY-separation valve
mechanism and the first outlet-side valve mechanism
and FIG. 10 is a perspective view showing the first
inlet-side XY-separation valve mechanism.

As shown in FIGS. 4, 5, 9 and 10, the first inlet-
side XY-separation valve mechanism 46 comprises a
suction valve (for example, a mushroom valve) 72a
guided to be ascendable/descendable in the Y-axis
direction (third direction) by a valve guide 70a, w
opens/closes an opening of the first inlet port 42a
the side of the first expansion-compression chamber
264, a coiled spring (for example, helical compress
spring) 74a which urges the suction valve 72a towar
the close position side, and an XY-separation drive
mechanism 77 coupled with a stem-extending end of t
suction valve 72a, which drives the suction valve 7
to open/close. The stem of the suction valve 72a i
airtightly put through a ceiling 76a and projects
upward from the cylinder head 28.

The XY-separation drive mechanism 77 comprises a

Y-axis separation slider (combinatory member) 78a f
to the stem extending end of the suction valve 72a
movable in the Y-axis direction together with the
suction valve 72a as one unit, a fulcrum hinge 80a
provided to stand on the cylinder head 28 and exten
the Y-axis direction, a rocker arm 82a swingably
supported by an extending end of the fulcrum hinge
an X-axis separation slider (power-point block) 84a
swingably supported by one end (power point) of the
rocker arm 82a, a cam follower (roller) 85a rotatab
supported by the other end (point of action) of the
rocker arm 82a, and a first air inlet cam 86a rotat
supported by the support frame 24 and rotatably
contacting the cam follower 85a.
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The Y-axis separation slider 78a is formed into,
substantially, a rectangular block shape, and inclu
side surfaces expanding in the Y-axis direction and
top surface expanding in the X-axis direction. The
axis linear slider 87a extending in the Y-axis
direction is fixed on the side surface of the Y-axi
separation slider 78a or it is formed integrally wi
the Y-axis separation slider 78a as one unit. The
axis guiderail 88a extending in the X-axis directio
fixed to the top face of the Y-axis separation slid
78a. Further, the Y-axis guiderail 90a extending i
the Y-axis direction is fixed on a side surface of
fulcrum hinges 80a, which opposes the Y-axis separa
slider 78a. The Y-axis linear slider 87a of the Y-
separation slider 78a is guided and supported by th
axis guiderail 90a so as to be slidable along the Y
axis. Furthermore, the X-axis linear slider 92a is
fixed to the bottom surface of the X-axis separatio
slider 84a, which opposes the Y-axis separation sli
78a, or it is formed integrally with the X-axis
separation slider 84a as one unit. The X-axis line
slider 92a is guided and supported by the X-axis
guiderail 88a of the Y-axis separation slider 78a s
to be slidable in the X-axis direction.

Note that the Y-axis linear slider 87a and the X-
axis linear slider 92a may each include a built-in
bearing rotatably contacting the respective guidera

The extending end portion (upper end portion) of
the fulcrum hinges 80a is curved towards the Y-axis
separation slider 78a (XC-axis separation slider 84
side) with respect to the Y-axis direction. Theref
the rocker arm 82a is swingably supported by the
fulcrum hinge 80a on a power-point side with respec
the longitudinal central portion, that is, on a sid
the X-axis separation slider 84a. For this reason,
distance L1 between the power point (the cam follow
and the fulcrum is set to be sufficiently greater t
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a distance L2 of the fulcrum and power point (engag
position of the X-separation slider 84a and the roc
arm 82a) (L1 > L2). Thus, a large leverage ratio
(L1/L2) is obtained for the rocker arm 82a, and wit
comparatively small power action at the point of
application, the X-axis separation slider 84a, the
axis separation slider 78a, and the suction valve 7
can be easily pulled up.

A first inlet-side coupler 93a is fitted to an
inlet-side end opening of the inlet port 42a. A pi
(supply line) from the secondary cooler 18 is conne
to the first inlet-side coupler 93a to guide low-
temperature, high-pressure air to the first inlet p
42a from the secondary cooler 18.

For closing, the first suction valve 72a is urged
by the coil spring 74a so as to descend and tightly
attach to the seat (valve seat) of the first inlet
42a, thereby closing the first inlet port 42a. The
first air inlet cam 86a rotates to push the cam
follower 85a of the rocker arm 82a downward at a
predetermined timing. The rocker arm 82a pivots
clockwise around the fulcrum, whereas the X-axis
separation slider 84a pivots upwards. Thus, the X-
separation slider 84a pulls up the Y-axis separatio
slider 78a and the suction valve 72a upwards along
Y-axis, and simultaneously slides in the X-axis
direction with respect to the Y-axis separation sli
78a. That is, the rotating motion of the X-axis
separation slider 84a is divided into a Y-axis move
and an X-axis movement and only the Y-axis movement
transmitted to the Y-axis separation slider 78a. T
the Y-axis separation slider 78a and the first suct
valve 72a reciprocate along the Y-axis by the Y-axi
linear slider 87a to open/close the first inlet por
42a.

Note that if the first air inlet cam 86a further
rotates, the cam follower 85a is brought into rotat
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contact with a small-diameter portion of the first
inlet cam 86a to reduce the pressure by the air inl
cam 86a. Therefore, with the urging force of the c
spring 74a, the first suction valve 72a and the Y-a
separation slider 78a are moved downward in the Y-a
direction to close the first inlet port 42a.
Meanwhile, the rocker arm 82a pivots in the counter
clockwise direction, and the X-axis separation slid
84a moves downward together with the Y-axis separat
slider 78a, while sliding in the to X-axis directio

As shown in FIGS. 4, 5 and 9, the first exhaust
side valve mechanism 48 includes a discharge valve
example, a mushroom valve) 96a ascendably/descendab
guided along the Y-axis (third direction) by a valv
guide 94a embedded in the cylinder head 28. A stem
the discharge valve 96a is airtightly put through t
ceiling 95a so as to project upwards from the cylin
head 28. The discharge valve 96a ascends/descends
the Y-axis direction to open/close the end opening
the first outlet port 42b, which is on the side of
first expansion-compression chamber 26a.

The first exhaust-side valve mechanism 48 includes
a slide drive mechanism 98 coupled with a coiled sp
(for example, helical compression spring) 97a which
urges the discharge valve 96a towards the close
position side and with the stem extending end of th
discharge valve 96a, to open/close the discharge va
96a. The slide drive mechanism 98 comprises a Y-ax
slider 100a fixed to the stem extending end of the
discharge valve 96a to moves in the Y-axis directio
integrally with the discharge valve 96a as one unit
cam follower (roller) 102a rotatably attached to th
axis slider 100a, a slide holder 104a provided to s
on the cylinder head 28 and extend in the Y-axis
direction, and a first outlet cam 105a rotatably
supported by the support frame 24 and rotatable
contacting the cam follower 102a.
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The Y-axis slider 100a is formed into
substantially a rectangular block shape and include sa
side surface expanding in the Y-axis direction. A Y-
axis linear slider 106a expanding in the Y-axis
direction is fixed on a side surface of the Y-axis
slider 100a or is formed integrally with the Y-axis
slider 100a as one unit. Further, a Y-axis guidera il

108a extending in the Y-axis direction is fixed on a
side surface of the slide holder 104a, which oppose S
the Y-axis slider 100a. The Y-axis linear slider 1 06a
of the Y-axis slider 100a is slidably guided and

supported by the Y-axis guiderail 108a in the Y-axi S
direction. The Y-axis linear slider 106a may inclu de a
built-in ball bearing rotatably contacting the Y-ax is

guiderail 108a.
Note that a first exhaust-side coupler 109a is
fitted to an outlet-side end opening of the first

outlet port 42b. A pipe (discharge line) is connec ted
to the first exhaust-side coupler 109a to send
therethrough the cold air discharged from the expan der

20 to the freezer 22.
For closing, the first discharge valve 96a and the

Y-axis slider 100a are urged by the coil spring 97a an
thus the first discharge valve 96a ascends and tigh tly
attaches to the seat (valve seat) of the first outl et

port 42b, thereby closing the first outlet port 42a
The first outlet cam 105a rotates to push the cam
follower 102a of the Y-axis slider 100a downward at a
predetermined timing. Thus, the Y-axis slider 100a
slides downward along the Y-axis to move the first
discharge valve 96a downward along the Y-axis
therewith, to open the first outlet port 42b.
If the first outlet cam 105a further rotates, the
cam follower 102a is brought into rotatable contact
with a small-diameter portion of the first outlet ¢ am
105a. Therefore, with the urging force of the coil
spring 97a, the first discharge valve 96a and the
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Y-axis slider 100a are moved upward along the Y-axi
and the first discharge valve 96a closes the first
outlet port 42b.

As shown in FIGS. 4 and 5, the second inlet-side
XY-separation valve mechanism 54 which opens/closes
second inlet port 44a has a structure similar to th
of the first inlet-side XY-separation valve mechani
46 described above except the following. That is,
first inlet-side XY-separation valve mechanism 46 h
the so-called vertical structure in which the first
suction valve and the Y-axis separation slider
ascend/descend along the Y-axis, whereas the second
inlet-side XY-separation valve mechanism 54 has the
called horizontal structure in which the second suc
valve and the separation slider reciprocate along t
X-axis.

More specifically, the second inlet-side XY-
separation valve mechanism 54 comprises a second
suction valve (for example, a mushroom valve) 72b
guided reciprocatively along the X-axis (the fourth
direction) by the valve guide, to open/close the en
opening of the second inlet port 44a, on the side o
the second expansion-compression chamber 26b, a coi
spring (for example, a compression spring) 74b whic
urges the second suction valve 72b toward the close
position side, and an XY separation drive mechanism
coupled with the stem extending end of the second
suction valve 72b, to open/close the second suction
valve 72b. The stem of the second suction valve 72
airtightly put through the ceiling 76b, to project
side of the cylinder 26.

The XY separation drive mechanism comprises an X-

axis separation slider (combinatory member) 78b fix
to the stem extending end of the second suction val
72b so as to be movable along the X-axis therewith
one unit, a fulcrum hinge 80b provided to stand on
cylinder 26 and extend in the X-axis direction, a
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rocker arm 82b swingably supported by the extending
of the fulcrum hinge 80b, a Y-axis separation slide
(power point block) 84b swingably supported by one
(power point) of the rocker arm 82b, a cam follower
(roller) 85b rotatably supported by the other end
(point of application) of the rocker arm 82b and a
second air inlet cam 86b rotatably supported by the
support frame 24 and rotatably contacting the cam
follower 85b.

The X-axis linear guide of the X-axis separation
slider 78b is guided and supported slidably along t
X-axis by an X-axis guiderail attached to the fulcr
hinge 80b. The Y-axis linear slider of the Y-axis
separation slider 84b is guided and supported slida
along the Y-axis by a Y-axis guiderail of the X-axi
separation slider 78b.

A second inlet-side coupler 93b (see FIG. 2) is
fitted to the inlet-side end opening of the second
inlet port 44a. A pipe (supply line) from the
secondary cooler 18 described above is connected to
this second inlet-side coupler 93b and low-temperat
high-pressure air is guided to the inlet port 44a f
the secondary cooler 18.

The second inlet-side XY-separation valve
mechanism 54 which has the above-described structur
operates in a similar fashion to that of the first
inlet-side XY-separation valve mechanism 46 describ
above, to open/close the second inlet port 44a.

As shown in FIG. 4 and FIG. 5, the second outlet-

side valve mechanism 56 which opens/closes the seco
outlet port 44b has a stricture similar to that of

first outlet-side valve mechanism 48 described abov
But, the first outlet-side valve mechanism 48 has t
so-called vertical structure in which the first

discharge valve and the Y-axis slider ascend/descen
along the Y-axis, whereas the second outlet-side va
mechanism 56 has the so-called horizontal structure
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which the second discharge valve and the X-axis sli
reciprocate along the X-axis.

More specifically, the second outlet-side XY-
separation valve mechanism 56 comprises a second
discharge (for example, a mushroom valve) 96b guide
reciprocatively along the X-axis (the fourth direct
by the valve guide embedded in the cylinder 26. Th
stem of the discharge valve 96b is airtightly put
through the ceiling, to project to a side of the
cylinder 26. The discharge valve 96b reciprocates
along the X-axis to open/close the end opening of t
second outlet port 44b, located on the side of the
second expansion-compression chamber 26b.

The second outlet-side valve mechanism 56
comprises a coiled spring (for example, a compressi
spring) 97b which urges the discharge valve 96b tow
the close position side, and a slide drive mechanis
coupled with the stem extending end of the discharg
valve 96b to open/close the discharge valve 96b. T
slide drive mechanism comprises an X-axis slider 10
fixed to the stem extending end of the discharge va
96b to be movable along the X-axis integrally with
discharge valve 96b as one unit, a cam follower
(roller) rotatably attached to the X-axis slider 10
a slide holder 104b provided to stand on the cylind
26 so as to extend in the X-axis direction and a se
outlet cam 105b rotatably supported by the support
frame 24 and rotatably contacting the cam follower.
The X-axis linear slider of the X-axis slider 100b
guided and supported slidably along the X-axis by t
X-axis guiderail provided in the slide holder 104b
extend in the X-axis direction.

A second outlet-side coupler 109b (see FIG. 2) is

fitted to the outlet-side end opening of the second
outlet port 44b. A pipe (discharge line) is connec

to the second outlet-side coupler 109b to send
therethrough the cold air discharged from the expan
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20 to the freezer 22.

The second outlet-side valve mechanism 56 having
the above-described structure operates in a similar
manner to that of the first outlet-side valve mecha
48 described above, to open/close the second outlet
port 44b.

As shown in FIGS. 2 to 5, a plurality of camshafts
are rotatably attached to the support frame 24, and
various cams described above are attached to the
camshafts, respectively. More specifically, a firs
inlet camshaft 110a and a first outlet camshaft 112
are supported rotatably by a pair of support plates
and 31b of the support frame 24. The first inlet
camshaft 110a and the first outlet camshaft 112a ar
provided above the cylinder head 28 to be parallel
each other. The first air inlet cam 86a is fixed t
the first inlet camshaft 110a so as to rotate
integrally with the camshaft as one unit. The firs
outlet cam 105a is fixed to the first outlet camsha
112a so as to rotate integrally with the camshatft a
one unit.

One end portion of the first inlet camshaft 110a
and one end portion of the first outlet camshaft 11
project from the support plate 31b toward the back
side. A first driven pulley 124a and a second driv
pulley 124b are attached to these end portions,
respectively, to be rotatable integrally with the
camshafts as one unit.

A second inlet camshaft 110b and a second outlet
camshaft 112b are rotatably supported by the pair o
support plates 31a and 31b of the support frame 24.
The second inlet camshaft 110b and the second outle
camshaft 112b are provided respectively in both sid
of the cylinder 26 to be in parallel to each other.

The second air inlet cam 86b is fixed to the second
inlet camshaft 110b so as to rotate integrally with
camshaft as one unit. The second outlet cam 105b i
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fixed to the second outlet camshaft 112b so as to
rotate integrally with the camshaft as one unit.

One end portion of the second inlet camshaft 110b
and one end portion of the second outlet camshaft 1
project from the support plate 31b toward the back
side. A third driven pulley 124c and a fourth driv
pulleys 124d are attached to these end portions,
respectively, to be rotatable integrally with the
camshafts as one unit

A plurality of tension pulleys 126 are rotatably
attached to the back side of the support plate 31b,
the back side of the second base plate 27b. A loop
like timing belt 128 is fasten over first to fourth
driven pulleys 124a to 124d, four tension pulleys 1
and a passive belt pulley 53 attached to the
crankshaft.

When the driving pulley 53 rotates along with the
crankshaft 50, the first to fourth driven pulleys 1
to 124d are rotated synchronously by the timing bel
128. Thus, the first and second inlet camshafts 11
and 110b and the first and second outlet camshafts
and 112b rotate, and along with these camshatfts, th
first and second air inlet cams 86a and 86b and the
first and second outlet cams 105a and 105b rotate t
open/close the valves of the respective valve
mechanisms at a predetermined cycle and timing.

According to the expander 20 having the structure
described above, the crankshaft 50 is rotated with
motor or the like, which is not shown in the drawin
at the time of start up, to ascend/descend the pist
30. For example, as shown in FIG. 5, when the pist
30 ascends to an upper dead center, the first sucti
valve 72a is opened to supply the low-temperature,
high-pressure air from the first inlet port 42a int
the first expansion-compression chamber 26a. After
first suction valve 72a is closed, as the piston 30
descends toward a lower dead center, the volume of
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first expansion-compression chamber 26a increases
gradually, and accordingly, the low-temperature, hi
pressure air inside adiabatically expands. Thus, t
air is cooled to a cryogenic temperature of -80

to -100°C. When the piston 30 moves from the lower
dead center toward the upper top dead center, the f
discharge valve 96a is opened and the cooling air (
air) in the first expansion-compression chamber 26a
pushed with the piston 30, to be discharged to the
from the first outlet port 42b and the first discha
coupler 109a. The discharged cooling air is emitte
into the freezer 22 through the pipe to cool the in

of the freezer 22.

In the meantime, when the piston 30 moved to the
lower dead center, the second suction valve 74b is
opened to supply the low-temperature, high-pressure
to the second expansion-compression chamber 26b fro
the second inlet port 44a. After the second suctio
valve 74b is closed, as the piston 30 ascends towar
the upper dead center, the volume of the second
expansion-compression chamber 26b increases gradual
and accordingly, the low-temperature and high-press
inside adiabatically expands. Thus, the air is coo
to a cryogenic temperature of -80 to -100°C. When
piston 30 moves from the lower dead center toward t
upper dead center, the second discharge valve 96b i
opened, and the cooling air (cold air) in the secon
expansion-compression chamber 26b is pushed with th
piston 30 to be discharged to the pipe from the sec
outlet port 44b and the second inlet coupler 109b.
discharged cooling air is emitted into the freezer
through the pipe to cool the inside of the freezer

Part of the cold air discharged from first and
second outlet ports 42b and 44b is sent to the
secondary cooler 18 through the control valve 23.

After the start of the expander 20, the piston 30
is driven by the low-temperature, high-pressure air
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and its reciprocating motion is converted into rota
motion with the XY separation crank mechanism 60, t
rotate the crankshaft 50. That is, the crankshaft

is rotated by the expansive power of high-pressure
and the power generator 75 is driven by this turnin
force to obtain the regenerative power.

According to the expander 20 having the structure

as described above, the reciprocating motion of the
piston can be converted into rotary motion by the X
separation crank mechanism, to be transmitted to th
crankshaft. Therefore, as compared to the mechanis
using a swinging connecting rod (coupling rod) or a
slider crank, the side thrust loss (friction loss)
vibration of the piston or cylinder can be greatly
suppressed. Since there is no friction loss, the
vibration can be suppressed to low, thereby enablin
high-speed operation. At the same time, there is n
heat loss by the side thrust loss, thereby making i
possible to significantly improve the efficiency, a
also to easily make the structure smaller. Accordi
to this embodiment, with use of the double-acting
pistons and cylinders, the volume becomes twice as
to have a better efficiency, and therefore an effec
3 times higher than usual cases can be expected.
Even if double-acting piston and cylinder are
used, the power is transmitted by the Z-mechanism X
separation crank mechanism and the direct-acting
connection member. But the cylinder part and the ¢
part can be detached from each other, and therefore
is easy to provide a thermal insulator in a gap
therebetween, thereby making it possible to minimiz
the heat transfer. Thus, the heat loss can be redu
further to improve the efficiency even further.
Moreover, with use of double-acting piston and
cylinder, the space factor is reduced to a half,
thereby making it easy to make the expander smaller

With use of an XY-separation valve mechanism as
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the valve mechanism, the side thrust acting on the
valve can be eliminated to be able to reduce the he
loss caused by friction loss and avoid deformation
the valve by the side thrust itself. The valve
operations an exact linear motion by the linear gui
of the valve-opening/closing directions, and thus t
valve and the valve seat tightly attach to each oth
with precision, thereby improving the sealing
properties and realizing a precise opening-and-clos
operation. Further, the valve mechanism can achiev
high efficiency and excellent durability. When the
working oil of the valve also serves as lubricating
oil, it is easy to stop unnecessary rotation of the
valve, and the valve can be easily made into a type
solenoid-type electromagnetic mechanism.

Thus, with the XY-separation valve mechanism, the
cooling air can be supplied and discharged precisel
and at high speed with high sealing properties. Th
the expansion rate and air cooling efficiency of th
expander can be further improved. For example, it
also easy to make the compression-expansion ratio
10 times higher or more, and therefore the cooling
by -100°C can be achieved by one stage.

Compared to the turbine-type expander, the
expander of this embodiment can obtain a larger
expansion ratio, and therefore various adjustment
mechanisms including the bypass can be simplified.
Further, the device can be freely designed from a
large- to a small-size type. The rotation of the
expander can be arbitrarily changed to be able to
easily adjust the temperature. It can be manufactu
at low cost and rigid as compared to the turbine ty

The expansion work of the expander is recoverable
as regeneration energy with a power generator, for
example. Since the expansion energy can be used as
load at a ratio of 1 : 1, the energy can be collect
substantially 100% while generating the cold air.
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example, with an expander having 700W of shaft
horsepower, it has been actually monitored that a
recovery power of 500W was achieved.

With the Z-mechanism XY-separation crank mechanism

and the XY-separation valve mechanism, the piston a
valve can be operated in a perfect parallel motion.
Therefore, when using a small piston of about 30 mm
diameter (@) or a large-sized piston of 500 mm
diameter, excellent sealing properties can be achie
thereby realizing a lossless and efficient operatio
Moreover, it is easy to remodel it into a multistag
type, achieving high flexibility to arbitrarily rem

into a 2-, 3- or 8-cylinder type. Further, since t

is no side thrust loss, it is possible to manufactu

the piston and the valve easily from ceramics. Wit
ceramics, it is possible to reduce the weight of th
device and also improve the thermal insulating
properties.

With the expander of this embodiment, it is
possible to simplify the structure as compared to t
conventional air refrigeration device, thereby maki
it possible to provide a low-cost air refrigeration
device. For producing a general-use room air
conditioner, the chiller is no longer necessary ins
the air conditioner, but only an air outlet for mix
air with the room temperature air is required, ther
making it possible to miniaturize the air condition

According to the air refrigeration device of this
embodiment, when the compressor pressurizes to 1 MP
the room-temperature air become to have 200°C, and
the viruses and bacteria in the air can be easily
destroyed for sterilization. Since the sterilizati
of viruses and bacteria is easy, a clean room can b
easily prepared. For operating rooms or semiconduc
factories, the filter can be miniaturized, thereby
making it possible to reduce the total cost. Furth
since the cold air is discharged from the expander
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the freezer, the inside of the freezer has a positi
pressure and therefore the air does not enter the
freezer from the exterior. Therefore, if the freez

is formed to have such a simple structure, a suffic
refrigeration function can be exhibited. Thus, the
manufacturing cost of the freezer can be significan
reduced.

Next, an air refrigeration device according to
another embodiment will now be described. Note tha
this embodiment described below, the same structura
parts as those of the first embodiment will be
designated by the same referential symbols, and
detailed descriptions therefor will be omitted.

Mainly, different aspects from those of the first
embodiment will be explained in detail.

(Second embodiment)

FIG. 11 is a block diagram schematically showing

an air refrigeration device according to the second
embodiment. As shown in this figure, according to
second embodiment, an air refrigeration device 11
comprises a compressor 12 with an entry-side filter
provided in an air-intake side, a primary cooler (h
exchanger) 14 connected to an outlet side of the
compressor 12, a drier 16, a secondary cooler (heat
exchanger) 18 connected to an outlet side of the dr
16, an expander 20 which cool the cold air sent fro
the secondary cooler by adiabatic expansion and a
refrigerating unit 200 connected to an outlet side
the expander 20. That is, the second embodiment
comprises a refrigerating unit 200 in pace of a fre
and the cold air discharged from the expander 20 is
directly supplied to the refrigerating unit 200.

The expander 20 has a structure similar to that of

the first embodiment described above.

In the air refrigeration device 11, indoor or
outdoor natural air is taken through the filter 10
the compressor 12, where it is adiabatically compre
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into high-temperature, high-pressure air of about 7
10 atmospheres, and then discharged from the compre
12. After the compression the high-temperature, hi
pressure air is sterilized by its own heat.
Subsequently, the high-temperature, high-pressure a
is sent to the primary cooler 14, where it is coole
room temperature air to room temperature, and then
subjected to removal of water content by the drier
(chemical drier, a membrane dryer or the like) 16 i
moisture. Furthermore, the air is cooled down to a
negative temperature zone by the secondary cooler 1
into low-temperature, high-pressure dry air of abou

to 10 atmospheres.

The low-temperature, high-pressure air sent from
the secondary cooler 18 is taken into the expander
where it is adiabatically expanded into a cold air
even lower temperature, for example, of -100°C. Th
cold air (positive-pressure cold air) is discharged
from the expander 20 to be supplied to the
refrigerating unit 200. Excessive cold air in the
refrigerating unit 200 is allowed pass therethrough
then, it is released out to the space where the uni
placed (working room).

Next, the refrigerating unit 200 according to this
embodiment will be described in detail.

FIG. 13 is a perspective view showing a
refrigerating unit, and FIG. 14 is a side view of t
refrigerating unit of FIG. 12.

As shown in FIGS. 12 and 13, the refrigerating
unit 200 comprises a belt conveyor 202, which is a
conveying line which convey, for example, items to
cooled, such as perishable foods and frozen foods,

a cooler 203 placed to cover at least a part of the
belt conveyor 202. The cooler 203 comprises two
support stands 208 and 210 set on both sides of the
belt conveyor 202 and a cooling cover 204 pivotably
supported by the support stand 210 with a hinge 212
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The cooling cover 204 is pivotably supported betwee
cooling position to cover the belt conveyor 202 as
shown in FIG. 13 and an open position to uncover th
belt conveyor 202 as shown in FIG. 14.

In the cooling cover 204, a plurality of current
plates 206 are formed. A plurality of, for example
two supply holes 216a and 216b are formed in the
cooling cover 204 and the air-blow fans 214a and 21
are provided in the supply holes, respectively.
Further, air-pipes 220a and 220b are connected to t
supply holes 216a and 216b, respectively. The air-
pipes 220a and 220b are formed flexibly and connect
respectively to the first outlet-side coupler 109a
the second outlet-side coupler 109b of the expander
described above, through a discharge line.

The cold air discharged from the expander 20 is
supplied into the cooling cover 204 through the air
pipes 220a and 220b and is further blown onto items
be cooled, on the belt conveyor 202 by the air-blow
fans 214a and 214b. Thus, the cooling air of -80
to -100°C is directly applied to the items to be
cooled, to be able to freeze the items immediately.

Further, the cooling cover 204 is pivotable to the

open position. For cleaning, the cooling cover 204
opened, and the inner side of the cover, the upper
surface of the belt conveyor 202 and the like can b
easily cleaned.

According to the air refrigeration device having
the structure described above, items to be cooled c
be easily frozen using the refrigerating unit 200 w
has a comparatively simple structure. Further, the
location of the refrigerating unit 200 may not
necessarily be in the freezer or freezer compartmen
but it may be freely installed. In addition, the
second embodiment can exhibit an effect similar to
of the first embodiment.
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(Third embodiment)

FIG. 15 schematically shows an air refrigeration

device according to the third embodiment. As shown
this figure, the air refrigeration device comprises

expander 20 which has the same structure as that of
first embodiment, a compressor 12, an engine 300, a

heat exchanger 306 and a power generator 75 connect

with an output side of the expander 20.

In this embodiment, the compressor 12 has the same

structure as that of the expander 20 except that th
timing for opening/closing of the valve mechanisms
48, 54, and 56 is set appropriately so that it can
exhibit the function as a compressor.

The engine 300 has the same structure as that of

the expander 20. The engine 300 comprises a first
ignition plug 302 which ignites the first expansion

compression chamber of the cylinder 26 and a second

ignition plug 304 which ignites the second expansio
compression chamber of the cylinder 26. Further, t
timing for opening/closing of the valve mechanisms
48, 54, and 56 is set appropriately so that it can
exhibit the function as an engine.

The crankshaft 50 of the expander 20 is
selectively connected to the power generator 75 by
first clutch 308. The power generator 75 is
selectively connected to the crankshaft 50 of the
engine 300 by a second clutch 310. Further, the ou
shaft (crankshaft 50) of the compressor 12 is
selectively connected to the crankshaft 50 of the
engine 300 by a third clutch 312. The heat exchang
306 is connected to an outlet side of the engine 30
An electric apparatus, for example, a lighting
apparatus 320 is connectable to the power generator

The air refrigeration device having the structure
described above can be operated in various modes by

switching the first to third clutches 308, 310 and

When the first clutch 308 is on, the second clutch
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310 is off and the third clutch 312 is on, the air
refrigeration device simultaneously generates power
while in the air refrigeration mode. More

specifically, the low-temperature, high-pressure ai
supplied from the compressor 12 to the expander 20,
where cryogenic air is generated to be discharged.
Simultaneously, with the regenerative energy of the
expander 20, the power generator 75 is driven to
generate power. The generated power is supplied to
lighting apparatus 320, for example. Further, by
driving the engine 300, the compressor 12 can be dr
by using the output of the engine 300.

When the first clutch 308 is off, the second
clutch 310 is on and the third clutch 312 is off, t
air refrigeration device operates in a power genera
mode. More specifically, the power generator 75 is
driven by the output of the engine 300 to generate
power. When electrical power is required but the
freezing or refrigeration is not, the priority can
given to the power.

With some other heat sources including a boiler
and the like in the above-described structure, both
cooling and warming can be performed efficiently.
Therefore, when the air refrigeration device of thi
embodiment is added to a conventional type of co-
generator unit, the cooling, warming and power
generation can be performed all at high efficiency.
Alternatively, a power generator may be attached to
expander which has a Z-mechanism XY-separation

mechanism, and a power generator may be attached al

to the engine 300. The power generator can be hand
as a load approximately equivalent to a flywheel,
unless the electromagnet is turned off and the load
not applied. But by switching with clutches, the
equipment can be miniaturized. If the system inclu
two power generators, the degree of freedom is furt
improved.
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According to the air refrigeration device, 2.5 Kw
is generated per cooling device, and there are thre
sets of cooling device, which makes a total of 7.5
by which the heat source for the gas, etc. of the
engine 300 and the compressor 12 can be saved. Sin
2.5 Kw is generated automatically, when consuming 1
a difference of 1.5 Kw of electricity can be sold t
utility.

For example, in oil-producing countries, gas can
be converted directly into cooling and power
generation. Here, if there are 100,000 houses, 75
can be saved per unit, and 250,000 Kw is generated,
which is equivalent to one unit of nuclear power pl
of one million Kw. Furthermore, the GDP value (glo
warming index) is decreased from 8500 of
chlorofluocarbon to 1, which is significantly
advantageous for global environment.

Such cooling or cooling area is not only for
ordinary households, but can improve the efficiency
a wide range of industries including the semiconduc
manufacture and the electrochemical fields.

The present invention is not limited to the
embodiments described above but the constituent
elements of the invention can be modified in variou
manners without departing from the spirit and scope
the invention. Various aspects of the invention ca
also be extracted from any appropriate combination
plurality of constituent elements disclosed in the
embodiments. Some constituent elements may be dele
in all of the constituent elements disclosed in the
embodiments. The constituent elements described in
different embodiments may be combined arbitrarily.

In the XY-separation crank mechanism, the support
member or the support portion which reciprocatively
supports a crank connection member is not limited t
linear slider, but some other support structures ma
employed. In place of the linear slider, a dovetai
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slide support structure may be used. Further, a
magnetic levitation system such as a linear motor
mechanism can also be introduced to the linear guid
the XY separation crank mechanism. In this case, a
further high speed driving can be achieved. The
expander is not limited to a 1-cylinder type, but m
be a 2- or more cylinder type. The expander is not
limited to the so-called vertical type, but may be
horizontal type in which the cylinder and piston ar
arranged horizontally.

e of

ay

of a



10

15

20

25

30

35

35

CLAIMS

1. An expander comprising:

a piston provided reciprocatively in a first
direction in a cylinder;

a crankshaft extending to intersects
perpendicularly a reference plane including a movin
axis in the first direction of the piston;

an XY-separation crank mechanism provided between
the piston and the crankshaft, which converts a
reciprocating motion of the piston and a rotary mot
of the crankshaft into one another, the XY-separati
crank mechanism comprising a support member
reciprocative in the first direction, and a crank
connection member provided reciprocatively on the
support member in a second direction perpendicular
the first direction, to which a crank of the cranks
is rotatably engaged, and a coupling member which
couples the piston and the support member so as to
reciprocate together with the piston and the suppor
member in the first direction,

a cylinder head provided on the cylinder to define
a first expansion/compression chamber between the
cylinder head and the piston, and including an inle
port and an outlet port which communicate to the fi
expansion/compression chamber;

a suction valve supported reciprocatively by the
cylinder head in a third direction, which opens/clo
the inlet port

a discharge valve supported reciprocatively by the
cylinder head in a fourth direction, which opens/cl
the outlet port;

an inlet-side valve mechanism which opens/closes
the suction valve; and

an outlet-side valve mechanism which opens/closes
the discharge valve,

wherein

at least one of the inlet-side valve mechanism and
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the outlet-side valve mechanism comprises an XY
separation drive mechanism.

2. The expander of claim 1, wherein

the XY separation drive mechanism comprises a
first hinge member attached to the cylinder head, a
rocker arm pivotably attached to this first hinge
member, a Y-axis separation slider coupled with the
suction valve and supported by the first hinge memb
reciprocatively in the third direction, an X-axis
separation slider supported pivotably by one end of
rocker arm and coupled with the Y-axis separation
slider reciprocatively in a direction perpendicular
intersecting the third direction and a cam contacti
another end of the rocker arm to swing the rocker a

3. The expander of claim 1, wherein

the support member comprises a first support part

prolonged in the first direction, and a second supp
part prolonged in the second direction from the fir
support part, and is formed in the shape of an L
character, and the first support part is supported
the direction slide block of first.

4. The expander of claim 3, wherein

the crank connection member is attached to the
second slider slidable in the second direction, and
crank part of the crankshaft is rotatably supported
the crank connection member.

5. The expander of any one of claims 1 to 4,
wherein

the cylinder includes a partition opposing the
cylinder head with a gap therebetween, and defining
second expansion/compression chamber between the
partition and the piston, and a second inlet and a
second outlet which communicate to the second
expansion/compression chamber, and

which further comprises:

a second inlet-side valve mechanism including a
second suction valve which opens/closes the second
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inlet; and

a second outlet-side valve mechanism including a
second discharge valve which opens/closes the secon d
outlet.

6. The expander of claim 5, wherein

the coupling member which couples the piston and
the support member with each other extends to be
airtightly put through the partition.

7. The expander of claim 5, wherein

at least one of the second inlet-side valve
mechanism and the second outlet-side valve mechanis m
comprises an XY-separation drive mechanism.

8. An air refrigerating device comprising:

a compressor which pressurizes and cools air;

an expander of any one of claims 1 to 7, which
takes in pressurized air discharged from the compre ssor
and cools and discharges the pressurized air.

9. The air refrigerating device of claim 8,
further comprising a refrigerating unit which appli es
the cold air discharged from the expander to an ite m to
be frozen, and freezes the item.

10. The air refrigerating device of claim 9,
wherein

the refrigerating unit comprises a cooling
covering provided to cover the item to be frozen, a nd
an air-pipe which guides the cooling air discharged
from the expander into the cooling cover.

11. The air refrigerating device of claim 10,
wherein

the cooling cover is pivotally supported between
a cooling position where the item to be frozen is
covered and an open position where the item is
uncovered.

12. The air refrigerating device of claim 8,
further comprising a power generator, an engine, a
first clutch which connects the expander and the po wer
generator together, a second clutch which connects the
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engine and the power generator and a third clutch w hich
connects the compressor and the engine.



