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Description
[0001] Thisapplicationisonthe basis of Japanese Pat-
ent Application No. 2010-112976, the contents of which

are hereby incorporated by reference.

Background of the Invention

Field of the Invention

[0002] The present invention relates to a flow path
switching valve for switching a flow path of a refrigerant
used in a refrigeration cycle of an air conditioner or the
like.

Description of the related art

[0003] Conventionally, inthe air conditioner, by switch-
ing the flow path of the refrigerant of the refrigeration
cycle, air cooling and heating operations are switched.
In such a refrigeration cycle, a compressor, two heat ex-
changers for a condenser and an evaporator, and a flow
path switching valve for switching the flow path of the
refrigerant disposed in the compressor and two heat ex-
changers are used.

[0004] For example, such a flow path switching valve
is disclosed in JP, A, 2009-68695 (Patent document 1).
In this flow path switching valve, a piston main body
formed by joining two pistons and a main valve body is
received in a tubular valve housing (valve main body),
and the main valve body is slid relative to a valve seat in
the valve housing in an axial direction to switch the flow
path of the refrigerant passing though a plurality of pipes.
When switching the flow path, a differential pressure be-
tween a pressure of the refrigerant in a main valve cham-
ber between two pistons and a pressure of the refrigerant
of a sub valve chamber outside of the pistons moves the
piston main body.

[0005] Further, in the flow path switching valve dis-
closed in the patent document 1, when the piston main
body is moved, a second valve body (ball) disposed at
the piston is in contact with the valve seat provided at an
end cap of the valve housing, and by blocking an exhaust
pipe provided at the valve seat, the pressures of the main
valve chamber at a high pressure side and of the sub
valve chamber at a low pressure side are equalized to
reduce the differential pressure acting on a packing of
the piston. In this way, even when a super high pressure
refrigerant such as CO, is used, durability of the piston
is maintained.

[Patent Document 1] JP, A, 2009-68695

[0006] In the flow path switching valve of the patent
document 1, a circular slope portion is provided around
a packing of the piston. A sectional shape of the slope
portion is gradually closer to an inner wall of the valve
housing as the slope portion extends to an end of the
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valve housing. Then, while the main valve chamber is in
a high pressure, and the sub valve chamber is in a low
pressure, when the pressures of the main valve chamber
and the sub valve chamber are equalized after the sec-
ond valve body blocks the exhaust pipe, the high pres-
sure refrigerant at the main valve chamber leaks into the
sub valve chamber from a space between the slope por-
tion of the packing and the inner wall of the valve housing.
Therefore, there is a problem that it is difficult to smoothly
equalize the pressure between the main valve chamber
and the sub valve chamber.

[0007] An object of the present invention is to solve
the above-described problem, and to surely equalize the
pressure between the main valve chamber and the sub
valve chamber after the main valve body is moved, and
improve the durability of the piston, in the flow path
switching valve receiving two pistons and the main valve
body in a joint manner in the tubular valve housing for
switching the flow path of the refrigerant passing through
a plurality of pipes by sliding the main valve body relative
to the valve seat due to the differential pressure of the
refrigerant between the main valve chamber inside the
piston and the sub valve chamber outside the piston.

Summery of the Invention

[0008] In order to attain the object, according to the
present invention, there is provided a flow path switching
valve for switching a flow of a refrigerant receiving two
pistons joined together in a tubular valve housing dis-
posed on an axial line of the valve housing, said two
pistons partitioning the valve housing into a center main
valve chamber to which a high pressure pipe is connected
and two sub valve chambers at both sides of the main
valve chamber,

wherein a main valve seat connected to a low pressure
pipe and two switching pipes is disposed in the main valve
chamber, and a main valve body slidable in the axial di-
rection relative to the main valve seat is connected to the
piston,

wherein by introducing a high pressure refrigerant into
any one of the two sub valve chambers, and by reducing
a pressure of the other sub valve chamber, the piston
and the main valve body are moved to the sub valve
chamber side due to a differential pressure between the
sub valve chamber of which pressure is reduced and the
main valve chamber,

whereby with a concave portion of the valve body, the
low pressure pipe alternatively communicates with any
one of the two switching pipes, and the other switching
pipe communicates with the high pressure pipe via the
main valve chamber to switch the flow of the refrigerant,
wherein sub valve seats projected toward the main valve
chamber and in which an exhaust path for the refrigerant
is opened in the valve housing are formed at both ends
of the valve housing,

wherein a pressure equalizing path for communicating
the main valve chamber with the sub valve chamber is
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formed on the axial line corresponding to the sub valve
seat, and a sub valve is arranged in the pressure equal-
izing path for switching open/close of the pressure equal-
izing path by moving the sub valve in an axial line direction
relative to the pressure equalizing path, and

wherein when the piston finishes moving to the sub valve
chamber of which pressure is reduced, the sub valve of
the piston closes an opening of the sub valve seat at the
sub valve chamber side, and the sub valve seat abuts
on the sub valve to open the pressure equalizing path,
thereby the pressures between the sub valve chamber
of which pressure is reduced and the main valve chamber
is equalized via the pressure equalizing path.

[0009] Preferably, the piston includes a packing con-
tacting an inner wall of the valve housing, and a sloped
portion extending circularly at the center of the valve
housing is formed on an outer periphery of the packing.
Further, a sectional shape of the sloped portion is grad-
ually closer to the inner wall of the valve housing as the
sloped portion extends toward the center of the valve
housing.

Effect of the invention

[0010] According to the flow path switching valve of
the present invention, when the piston finishes moving
to the sub valve chamber of which pressure is reduced,
the sub valve of the piston closes the opening of the sub
valve seat at the sub valve chamber side. Therefore, the
reduction of the pressure in the sub valve chamber is
stopped, and the sub valve seat abuts on the sub valve
to open the pressure equalizing path, thereby the refrig-
erant flows from the main valve chamber to the sub valve
chamber via the pressure equalizing path. Thus, the dif-
ferential pressure between the main valve chamber and
the sub valve chamber is equalized smoothly. Thus, be-
cause a pressure load acting on a sealing member of the
pistonis eliminated when the piston is not moved, a creep
deformation of the sealing member is prevented. Further,
a stress deformation of a member composing the piston
is prevented. Accordingly, the flow path switching valve
of the presentinvention is particularly suitable for a super
high pressure refrigerant such as CO, refrigerant.
[0011] According to the preferable flow path switching
valve of the present invention, in addition to the effect
described above, when the pressure of the sub valve
chamber is reduced, the high pressure refrigerant at the
main valve chamber presses the sloped portion of the
packing of the piston positioned between the pressure-
reduced sub valve chamber and the high pressure main
valve chamber toward the inner wall of the valve housing.
Therefore, this packing can surely seal the pressure-re-
duced sub valve chamber and the main valve chamber,
and the piston and the main valve body is surely moved.
[0012] These and other objects, features, and advan-
tages of the presentinvention will become more apparent
upon reading of the following detailed description along
with the accompanied drawings.
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Brief Description of the Drawings

[0013]

Fig. 1is a schematic view showing a flow path switch-
ing valve, a pilot valve, and a refrigeration cycle ac-
cording to an embodiment of the present invention;
Fig. 2 is a main part sectional view of the flow path
switching valve according to the embodiment;

Figs. 3A, 3B are a main part operation explanatory
view of the flow path switching valve according to
the embodiment;

Fig. 4 is a main part sectional view of the pilot valve
according to the embodiment;

Figs. 5A, 5B are a timing chart showing a driving
example of the pilot valve according to the embodi-
ment; and

Fig. 6 is a main part sectional view showing another
example of a piston of the flow path switching valve
according to the embodiment.

Detailed Description of the Preferred Embodiments

[0014] Next, an embodiment of the present invention
will be explained. Fig. 1 is a schematic view showing a
flow path switching valve, a pilot valve, and a refrigeration
cycle according to the embodiment. A flow path switching
valve 10 of this embodiment is a four way switching valve.
This flow path switching valve 10 is connected to a pilot
valve 20 with a pipe. In the flow path switching valve 10,
a valve housing 1 is a tubular shape, and composed of
a cylindrical cylinder 11 and two disk-shaped caps 12,
12. The caps 12, 12 are attached to the cylinder 11 by
welding or the like so as to close ends of the cylinder 11.
A center axis of the cylinder 11 and the caps 12, 12 is an
axis line L1 of the valve housing 1. Thin circular concav-
ities 121 are formed at the cylinder 11 side of the caps
12, 12.

[0015] Two pistons 2, 2 disposed on the axis line L of
the valve housing 1 and joined together with a joining
member 3 are received in the valve housing 1. In this
way, an inside of the valve housing 1 composed of an
inside of the cylinder 11 and circular concavities 121, 121
of the caps 12, 12 is partitioned by the two pistons 2, 2
into a center main valve chamber 11A and two sub valve
chambers 12A, 12A disposed at both sides of the main
valve chamber 11A.

[0016] A main valve seat 4 is disposed at the center
of the main valve chamber 11A, and a main valve body
5 sliding in the axis line L1 direction of the valve housing
1 is disposed on the main valve seat 4. E port 4a, S port
4b, and C port 4c arranged in a straight line in the axis
line L1 direction of the valve housing 1 are formed in the
main valve seat 4. E joint pipe 13a, S joint pipe 13b, C
joint pipe 13c are respectively attached to E port 4a, S
port 4b, and C port 4c. Further, D port 11a is formed at
a position facing the main valve seat 4 disposed at the
center of the cylinder 11. D joint pipe 13d is attached to
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D port 11a. Incidentally, E joint pipe 13a and C joint pipe
13c correspond to a switching pipe, S joint pipe 13b cor-
responds to a low pressure pipe, and D joint pipe 13d
corresponds to a high pressure pipe. In this way, the main
valve chamber 11A is connected to D joint pipe 13d as
the high pressure pipe, and the main valve seat 4 is con-
nected to the low pressure pipe and two switching pipes.
[0017] Avalve bodyfitting hole 3ais formed at the cent-
er of the joining member 3, and transparent holes 3b, 3c
are formed at both sides of the valve body fitting hole 3a.
The main valve body 5 is fitted into the valve body fitting
hole 3a, and held with a little play in the axial line L di-
rection relative to the joining member 3. When the pistons
2, 2 are moved, the main valve body 5 is slid on the main
valve seat 4 together with the joining member 3 and
stopped at one of predetermined left or right positions.
[0018] The main valve body 5 is made by insert-mold-
ing abowl-shaped metal plate 51 with aresin-made mem-
ber 52. A main valve concavity 5A is formed on an inside
of the metal plate 51. The main valve body 5 communi-
cates the S port 4b and the E port 4a via the main valve
concavity 5A at a left end position shown in Fig. 1. At this
time, the C port 4c is communicated with the D port 11a
mainly viathe transparent hole 3c in the main valve cham-
ber 11A. Further, the main valve body 5 communicates
the S port 4b and the C port 4c via the main valve con-
cavity 5A at aright end position in Fig. 1. At this time, the
E port 4a is communicated with the D port 11a mainly
via the transparent hole 3b in the main valve chamber
11A.

[0019] The S joint pipe 13b is connected to an inlet of
a compressor 30 via a low pressure pipe 14a, and the D
joint pipe 13d is connected to an outlet of the compressor
30 via a high pressure pipe 14b. The C joint pipe 13c is
connected to an indoor unit 50 via a pipe 14c, and the E
joint pipe 13a is connected to an outdoor unit 40 via a
pipe 14d. The outdoor unit 40 and the indoor unit 50 are
connected to each other with a pipe 14e via a throttle unit
60. The refrigeration cycle is formed by a route composed
of the C joint pipe 13c, the outdoor unit 40, the throttle
unit 60, the indoor unit 50, and the E joint pipe 13a, and
by a route composed of the S joint pipe 13b, the com-
pressor 30, and the D joint pipe 13d.

[0020] Then, the pilot valve 20 switches the position
of the main valve body 5 of the flow path switching valve
10 as described later. The high pressure refrigerant com-
pressed by the compressor 30 flows from the D joint pipe
13d via the D port 11a to the main valve chamber 11A,
and in a cooling operation of Fig. 1, the high pressure
refrigerant flows from the C port 4c to the outdoor unit
40. Further, in a heating operation when the main valve
body 5 is switched, the high pressure refrigerant flows
from the E port 4a to the indoor unit 50. Namely, in the
cooling operation, the refrigerant discharged from the
compressor 30 is circulated from the C joint pipe 13c via
the outdoor unit 40, the throttle unit 60, the indoor unit
50, to the E joint pipe 13a. The outdoor unit 40 works as
a condenser, and the indoor unit 50 works as an evapo-
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rator to cool the air. Further, in the heating operation, the
refrigerant is circulated inversely. The indoor unit 50
works as the condenser, and the outdoor unit 40 works
as the evaporator to heat the air.

[0021] Asubvalve seat 122 projected toward an inside
of the cylinder 11 at the center of the circular concavity
121 (on the axial line L1) is formed on each of caps 12,
12. Further, an exhaust path 12a penetrating from a side
of the cap 12 to an end 122a of the sub valve seat 122
is formed on each of caps 12, 12. Guiding pipes 15f, 15g
are respectively connected to the exhaust paths 123,
12a.

[0022] In Fig. 1, the pilot valve 20 includes two elec-
tromagnetic actuators. This pilot valve 20 has a block-
shaped valve housing 61, and two plunger cases 62, 62
are air-tightly fixed to the valve housing 61. Further, ad-
sorbers 63, 63 are air-tightly fixed to ends of the plunger
cases 62, 62. Further, a plunger 65 is disposed in the
plunger cases 12, 12. Electromagnet coils 72, 72 wound
around bobbins 71, 71 are disposed on outer peripheries
of the adsorbers 63, 63 and the plunger cases 62, 62.
When the electromagnet coils 72, 72 are excited, aninner
end wall of the adsorber 63 becomes a magnetic adsorp-
tion surface relative to the plunger 65.

[0023] A high pressure joint pipe 64d, a low pressure
joint pipe 64b, and two switching joint pipes 64a, 64c are
attached to the valve housing 61. The high pressure joint
pipe 64d is connected to the D joint pipe 13d of the four
way switching valve 10 by a guiding pipe 14f, and the
low pressure joint pipe 64b is connected to the S joint
pipe 13b of the four way switching valve 10 by a guiding
pipe 14g. Further, the switching joint pipes 64a, 64c are
respectively connected to guiding pipes 15f, 15g of the
four way switching valve 10. Incidentally, the high pres-
sure joint pipe 64d, the low pressure joint pipe 64b, the
switching joint pipes 64a, 64c, and the guiding pipes 14f,
149, 14h, 14i can be made by the same material.
[0024] Fig. 4 is a sectional view showing in detail a
main part of the pilot valve 20. A cylindrical pilot valve
chamber 61A is formed in the valve housing 61. The
plunger cases 62, 62 are fitted into both ends of the pilot
valve chamber 61A coaxially with an axial line L2. The
plunger cases 62, 62 are a cylindrical shape. Further, a
pilot valve seat 66 is attached between the plunger cases
62, 62 in the pilot valve chamber 61A. A pilot valve body
67 sliding in an axial line L2 direction is provided on the
pilot valve seat 66. A pilot switching port 61a, a pilot low
pressure port 61b, and a pilot switching port 61c are ar-
ranged in a line in the axial line L2 direction in the pilot
valve seat 66. The switching joint pipe 64a, the low pres-
sure joint pipe 64b, and the switching joint pipe 64c are
respectively attached to the pilot switching port 61a, the
pilot low pressure port 61b, and the pilot switching port
61c. Further, a pilot high pressure port 61d is formed at
a position opposite to the pilot valve seat 66 in the middle
of the valve housing 61. The high pressure joint pipe 64d
is attached to the pilot high pressure port 61d.

[0025] The plunger 65 is disposed in the plunger cases
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62, 62 in a manner penetrating the pilot valve chamber
61A. The plunger 65 is in a substantially cylindrical shape,
and includes a small diameter portion 651 at the center
side, and large diameter portions 652, 652 on both sides
of the small diameter portion 651, and aligned with inner
walls of the plunger cases 62, 62. Further, the plunger
65 includes a D-cut surface 65a which is partially cut
parallel to the axial line L2. This D-cut surface 65a faces
the pilot valve seat 66. A valve body holding hole 65b is
drilled from the D-cut surface 65a in the center of the
small diameter portion 651. A communicating hole 65c
is formed opposite to the D-cut surface 65a from the valve
body holding hole 65b. The pilot valve body 67 and a coil
spring 68 are disposed in the valve body holding hole 65b.
[0026] A pilotconcavity 67ais formed on the pilot valve
body 67 at the pilot valve seat 66 side. The pilot valve
body 67 makes the pilot switching port 61a and the pilot
low pressure port 61b communicate with each other via
the pilot concavity 67a at a left end position in Fig. 4. At
this time, the pilot switching port 61¢c communicates with
the pilot high pressure port 61d via the pilot valve cham-
ber 61A and a circumference of the small diameter por-
tion 651. Further, the pilot valve body 67 makes the pilot
switching port 61c and the pilot low pressure port 61b
communicate with each other via the pilot concavity 67a
at a right end position in Fig. 4. At this time, the pilot
switching port 61a communicates with the pilot high pres-
sure port 61d via the pilot valve chamber 61A and a cir-
cumference of the small diameter portion 651.

[0027] Inthis manner, in the pilot valve 20, by energiz-
ing the electromagnet coil 72, the plunger 65 is adsorbed
onto the adsorber 63 to move the pilot valve body 67
straight along the axial line L2. Thus, by switching a con-
dition that the high pressure refrigerant is supplied to the
left side sub valve chamber 12A of the four way switching
valve 10 from the pilot switching port 61a, and the pres-
sure of the right side sub valve chamber 12A is reduced,
and a condition that the high pressure refrigerant is sup-
plied to the right side sub valve chamber 12A of the four
way switching valve 10 from the pilot switching port 61c,
and the pressure of the left side sub valve chamber 12A
is reduced, the flow path of the refrigeration cycle is
switched.

[0028] Incidentally, the pilot valve body 67 is pressed
onto a pilot valve seat 66 by the coil spring 68, thereby
a sealing property between the pilot valve body 67 and
the pilot valve seat 66 isincreased. Further, the pilot valve
seat 66 is a metallic member, and the pilot valve body
67 is a resin-made member. Therefore, due to a plastic
property of the pilot valve body 67, the sealing property
between the pilot valve body 67 and the pilot valve seat
66 is further increased. This high sealing property is ef-
fective, in particular, when the super high pressure CO,
is used as the refrigerant.

[0029] Figs. 5A, 5B are a timing chart showing an ex-
ample of an energizing control to the two electromagnet
coils 72, 72. In Fig. 1, the left side electromagnet coil 72
is defined as "coil A", and the right side electromagnet
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coil 72 is defined as "coil B". As shown in Fig. 5A, when
the coil A is energized (ON), the coil B is not energized
(OFF). Thereby, the pilot valve body 67 is moved to the
left side position (the coil A side). Then, the pilot high
pressure port 61d and the pilot switching port 61c com-
municate with each other, and the pilot switching port
61a and the pilot low pressure port 61b communicate
with each other. Then, even when the coil A is not ener-
gized (OFF), the position of the pilot valve body 67 is
maintained. Next, while the coil A is not energized, when
the coil B is energized (ON), the pilot valve body 67 is
moved to the right side position (the coil B side). Then,
the pilot high pressure port 61d and the pilot switching
port 61a communicate with each other, and the pilot
switching port 61c and the pilot low pressure port 61b
communicate with each other. Then, even when the coil
B is not energized (OFF), the position of the pilot valve
body 67 is maintained. Incidentally, as shown in Fig. 5B,
after the electromagnet coil 72 is energized to switch the
position of the pilot valve body 67, a holding voltage may
be applied to the electromagnet coil 72 until the next
switching is occurred.

[0030] According to the pilot valve 20 of this embodi-
ment, the plunger 65 holding the pilot valve body 67 is
disposed in the two plunger cases 62, 62 attached to the
valve housing 61. The pilot valve body 67 is slidable on
the pilot valve seat 66 connected to a plurality of joint
pipes together with the plunger 65 in the axial line L2
direction. The adsorbers 63, 63 are air-tightly fixed to the
ends of the plunger cases 62, 62. The electromagnet
coils 72, 72 are respectively provided on the outer pe-
ripheries of the adsorbers 63, 63 and the plunger cases
62, 62. When any one of the electromagnet coils 72, 72
is energized and the other is not energized, the plunger
65 is adsorbed onto the adsorber 63, thereby the flow
paths of the refrigerant in the pipes are switched with the
pilot valve body 67.

[0031] The pilotvalve 20 of this embodiment is superior
to, for example, a pilot valve disclosed in JP, A,
H08-170865. According to this conventional pilot valve,
a pilot valve body is moved to one side by energizing an
electromagnetic actuator, and the pivot valve body is
moved to the other side by not energizing the electro-
magnetic actuator, and by a biasing force of a spring.
Therefore, because of a high differential pressure of the
refrigerant acting on the pilot valve body, when the pilot
valve body is moved, a large driving force of the electro-
magnetic actuator and a large spring force are needed.
Further, the spring force blocks the driving force of the
electromagnetic actuator, and an efficiency of the ad-
sorbing force is reduced.

[0032] On the contrary, according to the pilot valve 20
of this embodiment, the spring is not used, and two facing
electromagnet actuators are provided. By switching the
two electromagnet actuators reciprocally, the pilot valve
body on which high differential pressure acts can be
moved without an efficiency reduction due to the spring
force, and with small-sized low-cost electromagnetic ac-
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tuators. Further, when the differential pressure is gener-
ated on the pilot valve body, because when the coil is
not energized (OFF), the position of the pilot valve body
is maintained, a latching mechanism is realized to im-
prove the energy-saving property. Further, according to
the conventional pilot valve, when the adsorption force
is reduced with a low voltage, a magnetic noise_is_gen-
erated duetoabalance betweenthe electromag-
netic force and the spring force. However, according to
the pilot valve 20 of this embodiment, because the spring
is not used, the magnetic noise is reduced.

[0033] In this manner, the high pressure refrigerant
flowing into the pilot valve 20 from the high pressure joint
pipe 64d flows out from the switching joint pipe 64a or
64c. This high pressure refrigerant is supplied to the left
or right side sub valve chamber 12A in the four way
switching valve 10. At this time, the right or left side sub
valve chamber 12A of the flow path switching valve 10
communicates with the low pressure side via the low
pressure joint pipe 64b. In this manner, owing to the pilot
valve 20, in the four way switching valve 10, one sub
valve chamber is in high pressure, and the other sub
valve chamber is in low pressure. Incidentally, the high
pressure refrigerant is always supplied to the main valve
chamber 11A. Therefore, the differential pressure be-
tween the low pressure at the sub valve chamber 12A
and the high pressure at the main valve chamber 11A
acts on the piston 2 at the low pressure sub valve cham-
ber side, and mainly due to this differential pressure, the
piston 2 and the main valve body 5 is moved to the low
pressure sub valve chamber 12A side to switch the po-
sition of the main valve body 5.

[0034] Here, in Fig. 1, pistons 2, 2 are mirror symmet-
rical. Hereinafter, a detailed structure of the right side
piston 2 will be explained with reference to Fig. 2. The
piston 2 includes a fixed disk 21 fixed to the joining mem-
ber 3, a flat spring 22, a packing 23, a circular stopper
plate 24, a sub valve 25, and a coil spring 26. They are
coaxially disposed relative to the axial line L1.

[0035] The flat spring 22 is made of an elastically de-
formable thin metal plate, and integrally includes a circu-
lar disk portion 221 and a sloped biasing portion 222. An
outer diameter of the disk portion 221 is substantially the
same as the fixed disk 21. The sloped biasing portion
222 is formed in a ring shape, and disposed on a whole
outer edge of the disk portion 221. The sloped biasing
portion 222 is extended from the outer edge of the disk
portion 221 toward the center of the cylinder 11 (valve
housing 1). Namely, as the sloped biasing portion 222 is
extended toward the center of the valve housing 1, a
sectional shape of the sloped biasing portion 222 is closer
to aninner wall of the valve housing 1. The sloped biasing
portion 222 is sloped relative to both the axial line L1
direction and a radial direction.

[0036] The packing 23 is made of synthetic resin, and
integrally includes a circular disk portion 231 and a sloped
portion 232. An outer diameter of the disk portion 231 is
substantially the same as the fixed disk 21. The sloped
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portion 232 is formed in a ring shape, and disposed on
a whole outer edge of the disk portion 231. The sloped
portion 232 is extended from the outer edge of the disk
portion 231 toward the center of the cylinder 11 (valve
housing 1). Namely, as the sloped portion 232 is extend-
ed toward the center of the valve housing 1, a sectional
shape of the sloped portion 232 is closer to an inner wall
of the valve housing 1. The sloped biasing portion 232
is sloped relative to both the axial line L1 direction and
the radial direction.

[0037] Thus, the flat spring 22 and the packing 23 are
formed in the substantially same shape, and the flat
spring 22 is disposed inside of the packing 23. By holding
the disk portion 221 and the disk portion 231 between
the fixed disk 21 and the stopper plate 24, the flat spring
22 and the packing 23 are fixed. The elastically deform-
able flat spring 22 is slid on the inner wall of the valve
housing 1 at an end of the sloped biasing portion 222
away from the disk portion 221 via the sloped portion 232
of the packing 23. Further, an elastically restoring force
is generated by the flat spring 22 for biasing the sloped
portion 232 of the packing 23 away from the inner wall
of the valve housing 1 toward the inner wall of the valve
housing 1. Further, in a state that the flat spring 22 is
assembled in the valve housing 1 (cylinder 11), the end
of the sloped biasing portion 222 away from the disk por-
tion 221 pushes the sloped portion 232 of the packing 23
toward the inner wall of the valve housing 1. Thereby,
the packing 23 surely seals the piston 2 on an inner cir-
cumference of the cylinder 11 with regard to the high
pressure refrigerant in the main valve chamber 11A.
[0038] In the each piston 2, circular holes 21a, 22a,
23a, and 24a are respectively formed on the centers of
the fixed disk 21, the flat spring 22, the packing 23, and
the stopper plate 24. Further, a circular hole 3d is formed
at the fixed disk 21 side of the joining member 3, and the
circular hole 3d of the joining member 3 communicates
with the transparent hole 3b (transparent hole 3c at the
right side) via a path 3e. Among them, diameters of the
hole 3d of the joining member 3, the hole 21a of the fixed
disk 21, the hole 22a of the flat spring 22, and the hole
23a of the packing 23 are substantially the same, and a
diameter of the hole 24a of the stopper plate 24 is smaller
than them. A pressure equalizing path is composed of
these holes 21a, 22a, 23a, 24a, and 3d. The sub valve
25 is disposed with a gap on outer peripheries of the
holes 21a, 22a, 23a, 24a, and 3d.

[0039] The sub valve 25 is composed of a cylindrical
large diameter portion 251, a cylindrical small diameter
portion 252, and a cylindrical boss portion 253. The large
diameter portion 251 is inserted into the holes 21a, 223,
23a, and the small diameter portion 252 is inserted into
the hole 24a. Further, the coil spring 26 is fitted into the
boss portion 253 in the hole 3d of the joining member 3.
The sub valve 25 is pushed toward the cap 12 by the coil
spring 26. A step end wall 25a is formed between the
large diameter portion 251 and the small diameter portion
252.
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[0040] An operation of the sub valve 25 is described
below. When the low pressure is introduced into one sub
valve chamber 12A, and the differential pressure is gen-
erated between the main valve chamber 11A and the one
sub valve chamber, the whole piston 2 including the sub
valve 25 is moved toward the low pressure sub valve
chamber (cap 12). Then, when the stopper plate 24 abuts
on the cap 12, the piston 2 is stopped. In a process of
movement of the piston 2, firstly, an end (small diameter
portion 252) of the sub valve 25 contacts the sub valve
seat 122. At this time, the exhaust path 12a disposed on
the sub valve chamber 12A is closed. Even after the end
of the sub valve 25 contacts the sub valve seat 122, the
piston 2 is still moved because the differential pressure
between the main valve chamber 11A and the sub valve
chamber 12A overcomes the biasing force of the coil
spring 26. The piston 2 keeps on moving until the stopper
plate 24 abuts on the cap 12. In this moving interval, a
gap is always generated between the step end wall 25a
of the sub valve 25 and the stopper plate 24. Therefore,
the refrigerant flows from the main valve chamber 11A
to the sub valve chamber 12A via the gap to equalize the
pressure. When the pressure in the main valve chamber
11A and the pressure inthe 12A are equalized, the piston
2 is stopped at a position where the biasing force of the
coil spring 26 and a frictional force between the piston 2
and the inner periphery of the cylinder 11 stay in balance.
Incidentally, when the pressure of the opposite sub valve
chamber 12A is reduced from this condition, and the pis-
ton 2 is removed from the cap 12, due to the biasing force
of the coil spring 26, while the sub valve 25 still contacts
the sub valve seat 122, the stopper plate 24 abuts on the
step end wall 25a. Then, the piston 2 including the sub
valve 25 is moved.

[0041] Figs. 3A and 3B are an explanatory view for
explaining an operation of the sub valve 25 and the pres-
sure equalizing path composed of the holes 21a, 223,
23a, 24a, 3d. Fig. 3A shows a condition that the sub valve
25 is separated from the sub valve seat 122, and corre-
sponds to a process that the main valve body 5 is moved
to the right side in Fig. 1, or a process that the main valve
body 5 is moved to the left side from the center of the
valve housing 1. At this time, the step end wall 25a of the
sub valve 25 abuts on the stopper plate 24, and closes
the path between the hole 24a of the stopper plate 24
and the hole 23a of the packing 23 and the hole 21a of
the fixed disk 21. Namely, the pressure equalizing path
is in a closed condition.

[0042] Fig. 3B corresponds to a condition shownin Fig.
2 where the sub valve 25 abuts on the sub valve seat
122. At this time, the small diameter portion 252 of the
sub valve 25 closes the exhaust path 12a of the sub valve
seat 122, and the stopper plate 24 is separated from the
step end wall 25a of the sub valve 25. Thereby, the hole
24a of the stopper plate 24, the hole 23a of the packing
23, the hole 21a of the fixed disk 21, and the hole 3d of
the joining member 3 communicate with each other.
Namely, the pressure equalizing path is in an open state.
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Thereby, as shown by a dotted arrow in Fig. 3B, the high
pressure refrigerant in the main valve chamber 11A flows
into the sub valve chamber 12A via the transparent hole
3b (Fig. 2) of the joining member 3, the path 3e, the hole
3d, the hole 21a of the fixed disk 21, the hole 22a of the
flat spring 22, the hole 23a of the packing 23, and the
hole 24a of the stopper plate 24. Then, because the ex-
haust path 12a of the sub valve seat 122 is closed, the
pressure inthe main valve chamber 11A and the pressure
in the sub valve chamber 12A are equalized, and the flow
of this refrigerant is stopped.

[0043] In this manner, the pressure in the main valve
chamber 11A and the pressure in the sub valve chamber
12A are rapidly equalized via the pressure equalizing
path. Therefore, a condition where the refrigerant pres-
sure does not affect the packing 23 rapidly comes. Ac-
cording to this embodiment, as the sloped portion 232 of
the packing 23 is extended from the outer edge of the
disk portion 231 toward the center of the cylinder 11, and
the sectional shape of the sloped portion 232 is closer to
an inner wall of the valve housing 1. Therefore, the high
pressure of the main valve chamber 11A is surely main-
tained.

[0044] Fig. 6 shows another embodiment of the piston,
the same elements in Fig. 2 are identified with the same
reference numerals, and duplicated explanation is omit-
ted. In this piston 2’, a disk-shaped stopper plate 27 is
fixed to the joining member 3, and a ring-shaped packing
28 sliding on an inner wall of the cylinder 11 is fitted into
an outer periphery of the stopper plate 27. Further, a
large hole 27a corresponding to the large diameter por-
tion 251 of the sub valve 25, and a small hole 27b cor-
responding to the small diameter portion 252 are formed
on the center of the stopper plate 27. The sub valve 25
is disposed with a gap in the large hole 27a and the small
hole 27b. The large hole 27a and the small hole 27b
compose the pressure equalizing path. When the sub
valve 25 abuts on the sub valve seat 122, and the stopper
plate 27 is moved to abut on the cap 12, during this move-
ment, an end wall between the large hole 27a and the
small hole 27b is separated from the step end wall 25a
of the sub valve 25 to open the pressure equalizing path.
Further, from this condition, when the stopper plate 27
is removed from the cap 12, the stopper plate 27 abuts
on the step end wall 25a to close the pressure equalizing
path. These operations of the sub valve 25 and the pres-
sure equalizing path are the same as the above described
embodiment.

[0045] The above described embodimentis particular-
ly efficient when the refrigerant (liquid) is the carbon di-
oxide which is used in high pressure. However, various
refrigerant such as HCFC (Hydrochlorofluorocarbon) or
HFC (hydrofluorocarbon) may be used. Further, accord-
ing to the present invention, a ball shaped valve may be
used as the sub valve 25. Further, a flat spring may be
used instead of the coil spring 26.

[0046] Although the present invention has been fully
described by way of example with reference to the ac-
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companying drawings, it is to be understood that various
changes and modifications will be apparent to those
skilled in the art. Therefore, unless otherwise such
changes and modifications depart from the scope of the
present invention hereinafter defined, they should be
construed as being included therein.

Claims

1. A flow path switching valve for switching a flow of a
refrigerant receiving two pistons joined togetherin a
tubular valve housing disposed on an axial line of
the valve housing, said two pistons partitioning the
valve housing into a center main valve chamber to
which a high pressure pipe is connected and two sub
valve chambers at both sides of the main valve
chamber,
wherein a main valve seat connected to a low pres-
sure pipe and two switching pipes is disposed in the
main valve chamber, and a main valve body slidable
in the axial direction relative to the main valve seat
is connected to the piston,
wherein by introducing a high pressure refrigerant
into any one of the two sub valve chambers, and by
reducing a pressure of the other sub valve chamber,
the piston and the main valve body are moved to the
sub valve chamber side due to a differential pressure
between the sub valve chamber of which pressure
is reduced and the main valve chamber,
whereby with a concave portion of the valve body,
the low pressure pipe alternatively communicates
with any one of the two switching pipes, and the other
switching pipe communicates with the high pressure
pipe via the main valve chamber to switch the flow
of the refrigerant,
wherein sub valve seats projected toward the main
valve chamber and in which an exhaust path for the
refrigerantis opened in the valve housing are formed
at both ends of the valve housing,
wherein a pressure equalizing path for communicat-
ing the main valve chamber with the sub valve cham-
ber is formed on the axial line corresponding to the
sub valve seat, and a sub valve is arranged in the
pressure equalizing path for switching open/close of
the pressure equalizing path by moving the sub valve
in an axial line direction relative to the pressure
equalizing path, and
wherein when the piston finishes moving to the sub
valve chamber of which pressure is reduced, the sub
valve of the piston closes an opening of the sub valve
seatatthe sub valve chamber side, and the sub valve
seat abuts on the sub valve to open the pressure
equalizing path, thereby the pressures between the
sub valve chamber of which pressure is reduced and
the main valve chamberis equalized via the pressure
equalizing path.
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2.

The flow path switching valve as claimed in claim 1,
wherein the piston includes a packing contacting an
inner wall of the valve housing, and a sloped portion
extending circularly at the center of the valve housing
is formed on an outer periphery of the packing, and
wherein a sectional shape of the sloped portion is
gradually closer to the inner wall of the valve housing
as the sloped portion extends toward the center of
the valve housing.
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FIG. 2
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