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(54) Expansion valve

(57) A body 4 of an expansion valve accommodating
a valve section 2 is formed, using forming dies, such as
die-casting dies, integrally with an inlet port 5, an outlet
port 6, and an external thread 16, to connect a power
element 3. The forming process forms the external thread

16, the inlet port 5, the outlet port 6, a valve hole 7, a hole
8 for receiving a valve element 9 and set value-adjusting
members (10, 11), and a hole 12 for receiving a shaft 13
extending between the power element 3 and the valve
element.
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Description

[0001] The invention relates to a mounting structure
according to the preamble of claim 1, more particularly
for mounting an expansion valve in a refrigeration cycle
of an automotive air conditioner.
[0002] In general, a refrigeration cycle of an automo-
tive air conditioner comprises a compressor that com-
presses refrigerant, a condenser that condenses the
compressed refrigerant, a receiver that temporarily
stores refrigerant and separates the condensed refriger-
ant into a gas and a liquid, an expansion valve that throt-
tles and expands the liquid refrigerant obtained by gas/
liquid separation, and an evaporator that evaporates the
refrigerant expanded by the expansion valve. The ex-
pansion valve is implemented e.g. by a thermostatic ex-
pansion valve.
[0003] A known thermostatic expansion valve (JP-A-
2002-2002-115938) configured to sense the temperature
and pressure of refrigerant at the outlet of an evaporator
and to control the refrigerant flow rate to the evaporator
includes a body with a first passage between a receiver
and the evaporator, and a second return passage be-
tween the evaporator and a compressor. A valve section
in the first passage controls the flow rate. A power ele-
ment in the body at a location on the second passage
side senses the temperature and pressure in the second
passage, and controls the valve lift. The body is made
by cutting an extrusion-moulded blank of an aluminium
alloy into a prism-like block to prepare a half-finished solid
part. The first and second passages, and a power ele-
ment connection portion are formed, by cutting. The cut-
ting process takes much time, degrades the yield from
the material, and increases the manufacturing costs.
[0004] JP-A-10-267470 proposes a blow extrusion
moulded body. When the second passage is simple and
straight, the second passage simultaneously is formed
by extrusion moulding. This omits a hole-forming process
by cutting the second passage, saves material of the alu-
minium alloy, and is an improvement of the manufactur-
ing efficiency of the body to some extent. However it is
required to extrude the aluminium alloy in a fixed extrud-
ing direction and hence it can be applied only to a straight
shape without a varying cross-section. This technique
cannot be applied to the formation of a first passage in
the intermediate portion of which the valve section is in-
tegrally formed. At ends of the first and second passages,
sealing surfaces for sealing members are to be formed
for pipes leading to the compressor, the receiver, and
the evaporator. The sealing surfaces are formed as in-
creased-diameter portions and cannot be formed by ex-
trusion moulding. There is no other way than to perform
cutting when forming these portions. For these reasons
the saving of material and the improvement of the man-
ufacturing efficiency as achieved are not sufficient. When
cutting is performed on an end of the blow extension
moulded second passage it is not easy to align the axis
of the passage formed by the extrusion moulding and the

rotational axis during the cutting process. Therefore,
when a sealing portion is formed by a tool, such as a drill,
the axis of the tool can become offset from the axis of
the passage, so that off-centred load can be applied to
the tool and the body during the cutting process, which
can cause a trouble in cutting. A juncture between the
body and the power element has a screwing structure,
which needs to thread a portion of the body. This also
degrades the manufacturing efficiency and increases
manufacturing costs.
[0005] It is an object of the present invention is to im-
prove the manufacturing efficiency of a body of and to
reduce the manufacturing cost of an expansion valve.
[0006] This object is achieved by the features of claim
1.
[0007] The expansion valve passes introduced refrig-
erant through a valve section in the body to throttle and
expand the refrigerant. The body accommodating the
valve section is formed integrally with a thread part for
connecting a power element by using forming dies. In
the thus formed body an inlet port, an outlet port, a hole
for receiving therein a valve element and a set value-
adjusting member, a valve hole, a hole for receiving
therein a member that transmits an actuating force de-
pendent on temperature sensed by the power element
to the valve element, and the thread part for having the
power element connected thereto are formed integrally
with the body. This is advantageous in that it is no longer
necessary to subject the body to further fabrication steps,
and hence it is possible to improve the manufacturing
efficiency of the body, provide a higher yield from mate-
rial, and reduce the manufacturing cost of the expansion
valve.
[0008] Further, in the power element as well, by form-
ing a housing that is connected to the thread part formed
on the body, in a one-turn thread configuration such that
an inner peripheral edge of a central opening thereof is
continuously displaced in an axial direction over an angle
range of smaller than 360 degrees, the housing can be
simply formed by pressing. This makes it unnecessary
to carry out thread cutting steps, and hence it is possible
to further reduce the manufacturing cost of the expansion
valve.

Brief description of the drawings:

[0009]

Fig. 1 is a cross-section of an expansion valve (first
embodiment),

Fig. 2 is a schematic explanatory view illustrating an
essential part of the method of making a body
of the expansion valve,

Fig. 3A is a plan view of the body,
Fig. 3B is a font view of the body,
Fig. 4 is a cross-section of an example of mounting

the expansion valve,
Fig. 5 is a section on line A-A of Fig. 4.
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Fig. 6 is a cross-section of a mounted state of a sec-
ond embodiment,

Fig. 7 is a section on line B-B of Fig. 6.
Fig. 8 is a cross-section of a mounted state of a third

embodiment,
Fig. 9 is a view of the third embodiment from an inlet

port side.
Fig. 10 is a cross-section of a mounted state of a

fourth embodiment,
Fig. 11 is a section on line C-C of Fig. 10.

[0010] An expansion valve 1 in Fig. 1 (first embodi-
ment) comprises a valve section 2 and a power element
3. The valve section 2 includes a body 4. The body 4 has
sides integrally formed with a high-pressure, high-tem-
perature refrigerant inlet port 5 connected to a receiver
of the refrigeration cycle, and a low-temperature, low-
pressure refrigerant outlet port 6 connected to an evap-
orator. In a central body portion there is formed a valve
hole 7 between the inlet and outlet ports 5, 6. The valve
hole 7 extends in a direction orthogonal to the axes of
the inlet and outlet ports 5, 6. The body 4 has a hole 8,
larger in diameter than the valve hole 7 that extends
downward from the valve hole 7 through the body 4 in
the direction of the axis of the valve hole 7. The hole 8
contains a valve element 9, triangular in cross-section.
The valve element 9 is urged by a spring 10 in valve
closing direction. The spring 10 is received by a spring-
receiving member 11 press-fitted in the opening of the
hole 8. The load of the spring 10 is adjusted by the press-
fitting depth of the spring-receiving member 11 in the
opening of the hole 8, to adjust a set value of the expan-
sion valve 1. The body 4 is also formed with a hole 12,
slightly smaller in diameter than the valve hole 7. The
hole 12 extends upward from the valve hole 7 through
the body 4 in the direction of the axis of the valve hole 7.
The hole 12 contains a shaft 13 integrally formed with
the valve element 9. The shaft 13 has a reduced-diameter
portion 13a facing a the inlet port 5, defining a refrigerant
passage from the inlet port 5 into the valve hole 7. A
circumferential groove in the periphery of a of the shaft
13 within the valve hole 12 contains a V-packing 14 for
preventing that high-pressure refrigerant leaks via a
clearance between the shaft 13 and the body 4 from the
inlet port 5 to the power element 3. A protruding hollow
cylindrical guide 15 is formed on a central part of an upper
portion of the body 4 for guiding the shaft 13. An external
thread 16 is formed on the outer periphery of the guide 15.
[0011] The power element 3 comprises an upper hous-
ing 17, a lower housing 18 (thick metal discs), a dia-
phragm 19 made of a flexible metal sheet partitioning a
space enclosed by the housings 17 and 18, and a disc
20 on the side of the diaphragm 19 facing the valve sec-
tion 2. The power element 3 is formed by welding the
peripheral edges of the upper housing 17, the lower hous-
ing 18, and the diaphragm 19 to each other e.g. by TIG
welding. This defines a temperature-sensing chamber
enclosed by the upper housing 17 and the diaphragm

19. The temperature-sensing chamber is filled with sat-
urated vapour gas via a gas introducing hole 21 formed
in the upper housing 17. The gas introducing hole 21 is
closed by a metal ball 22 e.g. by resistance-welding. The
temperature-sensing chamber has to sense the temper-
ature of refrigerant coming from the evaporator.
[0012] The lower housing 18 has gas-passing holes
25 and an open central portion integrally formed with a
hollow cylindrical hub 23. The hub 23 has an internal
thread fitting on the external thread 15. The gas-passing
holes 25 lead refrigerant from the evaporator into a space
below the diaphragm 19. The amount of introduced re-
frigerant is adjusted by either changing the size of each
gas-passing hole or by varying the number of gas-pass-
ing holes.
[0013] An end face of the shaft 13 protruding from the
body 4 abuts via the disc 20 against the lower surface of
the diaphragm 19 to transmit displacements of the dia-
phragm 19 to the valve element 9.
[0014] The body 4 is formed by die-casting a metal, to
dispense with mechanical machining such as cutting.
[0015] The body 4 in Fig. 4 can be made by die-casting
of an aluminium alloy, a zinc alloy, or another metal. In
the present embodiment, there e.g. is used an aluminium
alloy die-casting apparatus including a first die 30, a sec-
ond die 40, and a third die 50. The first die 30 and the
second die 40 are actuated by an actuator, not shown,
in horizontal directions in Fig. 2. The third die 50 is actu-
ated by an actuator, not shown, in vertical directions.
[0016] The first die 30 on a side opposed to the second
die 40 has a cavity 31 forming the portion of the body 4
with the inlet port 5. Within the cavity 31, a port and pas-
sage-forming portion 32 protrudes toward the second die
40, for forming the inlet port 5, and further, a thread-form-
ing portion 33 forms half of the external thread 16. The
second die 40 on a side opposed to the first die 30 has
a cavity 41 for forming the portion of the body 4 with the
outlet port 6. Within the cavity 41, an outlet port passage-
forming portion 42 protrudes toward the first die 30, and
a thread-forming portion 43 forms the other half of the
external thread 16. The third die 50 has a cavity 51 form-
ing the portion of the body 4 where the spring-receiving
member 11 will be press-fitted. Within the cavity 51, a
hole-forming portion 52, a valve hole-forming portion 53,
and a hole-forming portion 54 are protruding upward for
forming the hole 8, the valve hole 7, and the hole 12. The
first to third dies 30, 40, 50 are formed in opposed sur-
faces with injection passage-forming grooves, not
shown, for pouring in molten aluminium alloy, and ex-
haust passage-forming grooves, not shown, for evacu-
ating the cavities 31, 41, and 51, and with insertion holes
for inserting tools for releasing the casting from the dies.
[0017] In making the body 4, molten aluminium alloy
is poured via the injection holes into the tightly fastened
die set of the first to third dies 30, 40, 50. The aluminium
alloy may be an Al-Si-Cu alloy having excellent castabil-
ity. After the molten alloy has solidified, the third die 50
is pulled downward and then the first and second dies
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30, 40, 40 are separated from each other. The first and
second dies 30, 40 are moved in horizontal directions
while causing inserted releasing tools to be pushed
against the casting. Configuring the dies as a three-way
separable structure, the body 4 can be formed integrally
with the inlet port 5, the outlet port 6, the valve hole 7,
the holes 8 and 12, and the external thread 16.. Due to
the three-way separable structure of the dies the respec-
tive axes of the inlet and outlet ports 5, 6 can be identical
or parallel with each other. The hole 8, the valve hole 7,
and the hole 12 are disposed on the same axis in a di-
rection orthogonal to the direction of the axes of the ports
5, 6, and, such that they have respective inner diameters
sequentially reduced in the mentioned order.
[0018] The dies, the die apparatus may comprise a
plurality of sets of first to third dies 30, 40, 50 in parallel
with each other, which all are simultaneously operated
in the three directions. This allows to easily construct a
die-casting apparatus which permits a plurality of cast-
ings to be obtained at any given time.
[0019] The die-cast body 4 in Figs 3A, 3B has a hollow
cylindrical part 5a defining the inlet port 5 and extending
in the direction of separating the first die 30, a hollow
cylindrical part 6a defining the outlet port 6 and extending
in the direction of separating the second die 40, and a
hollow cylindrical part 8a defining the hole 8 and a guide
15 defining the hole 12, extending in the direction of sep-
arating the third die 50. The external thread 16 on the
outer periphery of the guide 15 is a partial thread in which
portions of an outer peripheral surface of the guide 15
facing in directions at right angles to the respective di-
rections of separating the first and second dies 30, 40
are not threaded, and comprise a thread portion 16a
formed on an outer peripheral portion facing in the direc-
tion of separating the first die 30 and a thread portion 16b
formed on an outer peripheral portion in the direction of
separating the second die 40. In the present embodi-
ment, the body 4 is shown with an extending part 4a
extended in a direction at right angles to the respective
directions of separating the first and second dies 30, 40,
serving to position the expansion valve 1 when incorpo-
rated in the refrigeration cycle later.
[0020] The expansion valve 1 in Figs 4 and 5 is mount-
ed in a return low-pressure pipe between the evaporator
60 and the compressor, such that the expansion valve 1
is accommodated in the pipe in its entirety. The connec-
tion of the inlet port 5 to a high-pressure pipe 61 through
which condensed liquid refrigerant is supplied and the
connection of the outlet port 6 via which the expanded
refrigerant is delivered to an inlet pipe 62 of the evapo-
rator 60 are also established within the return low-pres-
sure pipe.
[0021] The evaporator 60 in Fig. 4 is integrally formed
with a casing 64 e.g. by furnace brazing, such the casing
64 surrounds the inlet pipe 62 and a refrigerant outlet
port 63. An end of the low-pressure pipe 65 is welded to
a joint 66 (via a portion indicated by a black triangle), and
the joint 65 is hermetically connected to the casing 64 by

a pipe clamp 67. The low-pressure pie 65 and the high-
pressure pipe 61 commonly form a double pipe with the
high-pressure pipe 61 coaxially arranged within the low-
pressure pipe 65. A juncture between the inlet port 5 and
the high-pressure pipe 61, a juncture between the outlet
port 6 and the inlet pipe 62, and a juncture between the
casing 64 and the joint 66 are sealed by respective O-
rings. The expansion valve 1 carries a heat insulation
cover 68 made of resin or rubber attached to cover the
power element 3.
[0022] The expansion valve 1 is positioned in Fig. 5 in
the centre of the casing 64. The extended part 4a of the
body 4 and the heat insulation cover 68 have respective
outer contours fitting into the inner shape of the casing 64.
[0023] The expansion valve 1 is mounted as follows:
As the evaporator 60 and the casing 64 are integrally
welded such that the inlet pipe 62 of the evaporator 60
protrudes into the casing 64, first, an O-ring is fitted on
the inlet pipe 62, and then the expansion valve 1 is
pushed into the casing 64 until the inlet pipe 62 is fitted
in the outlet port 6. An O-ring is fitted on the inlet port 5
of the expansion valve 1 in advance, or at this time. The
inlet port 5 then is positioned such that it can be fitted in
the high-pressure pipe 61, and the joint part 66 having
O-rings fitted beforehand in respective grooves formed
by bending the end portion of the joint part 66 is pushed
into the casing 64. Finally, a connecting portion of the
casing 64 and that of the joint part 66 are connected by
the pipe clamp 67.
[0024] The inlet port 5 is connected to the high-pres-
sure pipe 61, and the outlet port 6 is connected to the
inlet pipe 62 of the evaporator 60. Because the expansion
valve 1 is accommodated in the low-pressure return pipe
from the evaporator 60, together with the juncture to the
high-pressure pipe 61 the entire arrangement is leakag-
esafe. Even if a minute amount of high-pressure refrig-
erant leaks out via the O-ring at the juncture, the leaked
out refrigerant will remain in the low-pressure return pipe
but cannot leak out into the atmosphere.
[0025] When an automotive air conditioner is in stop-
page, saturated vapour gas filling the temperature-sens-
ing chamber of the power element 3 is condensed. The
pressure of the gas is low, the diaphragm 19 is displaced
inward, and the expansion valve 1 is in the fully closed
state.
[0026] When the automotive air conditioner is started
now refrigerant is sucked-in by the compressor, and
hence pressure within the low-pressure pipe 65 drops.
The power element 3 senses this. The diaphragm 19 is
displaced outward to lift the valve element 9. Refrigerant
compressed by the compressor is condensed by a con-
denser, and liquid refrigerant obtained by gas/liquid sep-
aration in the receiver is supplied through the high-pres-
sure pipe 61 to the inlet port 5 of the expansion valve 1.
Arrows in the figures indicate respective flow directions.
The high-temperature, high-pressure liquid refrigerant is
expanded while passing through the expansion valve 1
and flows out from the outlet port 6 as low-temperature,
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low-pressure gas-liquid mixture refrigerant. The refriger-
ant is supplied through the inlet pipe 62 to the evaporator
60, and is evaporated in the evaporator 60 to flow out
from the refrigerant outlet 63. The refrigerant delivered
from the evaporator 60 is returned to the compressor via
the casing 64 and the low-pressure pipe 65.
[0027] The space enclosed by the diaphragm 19 of the
power element 3 and the lower housing 18 communi-
cates via the gas-passing holes 25 with the inside of the
casing 64, so that while refrigerant from the evaporator
60 is passing through the casing 64, some of the refrig-
erant is introduced into the space within the power ele-
ment 3, and the temperature of the introduced refrigerant
is detected by the power element 3. In the early stage
after the start of the automotive air conditioner, the tem-
perature of the refrigerant returning from the evaporator
60 is high due to heat exchange with high-temperature
air in a vehicle compartment. The pressure within the
temperature-sensing chamber becomes high. The dia-
phragm 19 actuates the valve element 9 in valve opening
direction. The expansion valve 1 is fully opened.
[0028] As the temperature of refrigerant from the evap-
orator 60 becomes lower, the pressure within the tem-
perature-sensing chamber also becomes lower. Accord-
ingly, the diaphragm 19 controls the expansion valve 1
in valve closing direction to control the flow rate. At this
time, the expansion valve 1 detects the temperature at
the outlet of the evaporator 60, and controls the flow rate
to the evaporator 60 such that the refrigerant maintains
a predetermined degree of superheat.
[0029] Since the power element 3 is disposed in the
low-pressure return pipe from the evaporator 60 the tem-
perature could immediately be detected by the entire
power element 3. For this reason, the power element 3
would have a very short temperature-sensing time con-
stant, and the response to a change in the temperature
of refrigerant would be so sensitive as to perform an ex-
cessive feedback correction on the operation of the valve
section 2, which can result in a periodic pressure variation
(hunting). To eliminate this inconvenience, the provided
heat insulation cover 68 somewhat blocks the heat trans-
fer to the upper housing 17 to increase the temperature-
sensing time constant.
[0030] The expansion valve 1 a in Figs 6, 7 (second
embodiment) differs from the first embodiment, in that in
the body 4 the respective axes of the inlet port 5 and the
outlet port 6 are orthogonal to each other. This body 4 is
also formed by a die-casting apparatus having a three-
way separable die structure. The first die 30 forms the
extended part 4a and the thread portion 16a of the ex-
ternal thread 16. The valve element 9, the spring 10 urg-
ing the valve element 9 in the valve closing direction, and
the spring-receiving member 11 for receiving the spring
10 are disposed within the outlet port 6 of the body 4.
[0031] The expansion valve 1 a is advantageous in a
case where it is arranged such that the longitudinal di-
rection of the double pipe formed by the high-pressure
pipe 61 and the low-pressure pipe 65 extending from an

engine room where the compressor is disposed to the
vehicle compartment where the evaporator 60 is dis-
posed is substantially at right angles to directions in which
the inlet pipe 62 of the evaporator 60 and the refrigerant
outlet port 63 open.
[0032] Therefore, the return low-pressure pipe con-
taining the expansion valve 1 a is bent at a right angle.
More specifically, the evaporator 60 is integrally formed
with the inlet pipe 62 and a connecting part 64a by furnace
brazing. The casing 64 is connected to the connecting
part 64a by the pipe clamp 67, and the joint part 66 is
welded to an upper portion of the casing 64. The joint
part 66 is connected to the low-pressure pipe 65 by the
pipe clamp 67.
[0033] The body 4 has an outer shape in which extend-
ed parts 4a are extended in respective three directions
up to the vicinity of the inner surface of the casing 64
(Fig. 7). This facilitates positioning the expansion valve
1 a, when inserting it into the casing 64 and connecting
the outlet port 6 to the inlet pipe 62.
[0034] The expansion valve 1 b in Figs 8, 9 (third em-
bodiment) has a different construction of the juncture be-
tween the power element 3 and the body 4. The power
element 3 of the expansion valves 1 and 1 a has the
internal thread 24 in the inner periphery of the hub 23
extended outward from the central opening of the lower
housing 18. The internal thread 24 is formed by tapping
or pressing the hub 23 after the lower housing 18 is
formed by pressing. Therefore, the configuration of the
power element 3 of the expansion valves 1 and 1 a re-
quires fabrication for forming the internal thread 34. In
contrast, the power element 3 of the expansion valve 1b
in Figs 8, 9 is configured such that the internal thread 24
is simultaneously formed when the lower housing 18 is
formed by pressing.
[0035] The inner periphery of the central opening of
the lower housing 18 is formed with a thread such that
the thread has a cut-out in an angle range of about 60
degrees within the whole circumference, and is continu-
ously displaced in axial direction over a remaining angle
of about 300 degrees. The axial displacement between
the ends of the thread assumed to be formed over an
angle range of 360 degree is substantially equal to the
thread pitch of the external thread 16 on the guide 15.
This means that the central opening of the lower housing
18 has a one-turn thread structure. This allows to form
the lower housing 18 by pressing in its entirety, including
the internal thread 24, and by combining it with the body
4 formed by die-casting without requiring other fabrica-
tion steps. Thus the cost of the expansion valve 1 can
be further reduced.
[0036] In the expansion valve 1 b, the power element
3 does not have protruding portions. For this reason, the
heat insulation cover 68 is simplified in shape. The upper
housing 17 has a generally outwardly inflating shape. A
central portion including the gas introducing hole 21 de-
fines a recess, such that the metal ball 22 does not pro-
trude beyond the outermost surface of the upper housing
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17.
[0037] The expansion valve 1 b is mounted within the
casing 64 integrally formed with the evaporator 60. The
inlet pipe 62 of the evaporator 60 connected to the outlet
port 6 is formed by recessing a plate forming a header
part of the evaporator 60 such that the hollow cylindrical
part 6a of the outlet port 6 is fitted therein. The low-pres-
sure pipe 65 is directly connected to the casing 64 at an
expanded end and by using a pipe clamp 67. The con-
nection is performed by fixing the casing 64 and a backup
ring 69 by the pipe clamp 67, in a state where the backup
ring 69 holds the casing 64, the low-pressure pipe 65,
and the O-ring, on the atmosphere side.
[0038] In the expansion valves 1, 1 a, and 1b (first to
third embodiments) the valve element 9 acts in valve
opening direction when the inlet port 5 receives high-
pressure refrigerant. In the expansion valve 1 c in Figs
10, 11 (fourth embodiment) the valve element 9 is acting
in valve closing direction when high-pressure refrigerant
is received at the inlet port 5. Inside the body 4 the inlet
port 5 and the hole 8 receiving the valve element 9 com-
municate with each other, and the hole 12 receiving the
shaft 13 and the outlet port 6 communicate with each
other. In short, the fourth embodiment is configured such
that the relation between the inlet port 5 and the outlet
port 6 is inverted compared to the first embodiment.
[0039] In the expansion valve 1 c, the configuration of
the juncture between the power element 3 and the body
4 is also changed. At the power element 3 of the expan-
sion valves 1 and 1 a the hub 23 formed with the internal
thread 24 protrudes outward from the central opening of
the lower housing 18. However, in the expansion valve
1 c the hub 23 is formed by bending inward the inner
periphery of the central opening of the lower housing 18,
and the inner peripheral surface of the bent portion of the
hub 23 is formed with the interior thread. This reduces
the overall height of the expansion valve 1 c to reduce
the total size. Further, the internal thread 24 can be pref-
erably formed by rolling. The rolled internal thread is eas-
ier to form than a pressed thread. This reduces the cost
of fabrication.
[0040] The heat insulation cover 68 on the power ele-
ment 3 is integrally formed with fixing legs 68a by resin-
moulding. Although not shown, each fixing leg 68a has
a hook at an end. The hook engages at a stepped portion
of the body 4 to fix the heat insulation cover 68.
[0041] The manner of mounting the expansion valve
1 c is modified compared with the cases of the first to
third embodiments. In the first and third embodiments,
not only the high-pressure pipe 61 and the low-pressure
pipe 65 but also the inlet pipe 65 and the casing 64 are
formed by a double pipe, respectively. The expansion
valve 1, 1 a, and 1b is mounted in an intermediate portion
of the double pipe. In contrast, in the expansion valve 1
c the pipe upstream of and the low-pressure pipe 65
downstream of the evaporator are separate pipes, and
the expansion valve 1 c is mounted in the intermediate
portions of the pipes.

[0042] The inlet pipe 62 extending from the evaporator
and the low-pressure pipe 65a have their ends integrally
joined to the casing 64 e.g. by welding, and the end of
the high-pressure pipe 61 opposed to that of the inlet
pipe 62 and the end of the low-pressure pipe 65b op-
posed to that of the low-pressure pipe 65a are rigidly
joined to a disc-shaped joint part 66 by welding. The cas-
ing 64 and the joint part 66 are connected by the pipe
clamp 67. The pipe extending from the evaporator to the
compressor passes refrigerant lower in density than re-
frigerant flowing through the pipe extending to the evap-
orator, and hence has a larger diameter than the pipe
extending to the evaporator. Therefore, in the junctures
where the pipes are connected, the respective sizes of
the casing 64, the joint 66, and the pipe clamp 67 are
increased according to the diameters of the associated
pipes. The low-pressure pipe 65b connected to the joint
66 has a foremost joint portion with a flatted shape (Fig.
11) to prevent the size of the joint 66 from becoming
larger. The foremost end of the low-pressure pipe 65a
connected to the casing 64 also has a flatted shape.
[0043] Although in the first to fourth embodiments, the
body 4 is described to be formed by die-casting of an
aluminium alloy, it may instead be formed by injection
moulding of a resin or the like by using the three-way
separable dies structure. The material of the resin body
may be a polyphenylene sulfide (PPS) which has excel-
lent heat resistance, good mechanical properties, etc.
The resin has a material mixed therein which makes
noise generated inside the body difficult to be transmitted
to the outside.
[0044] In the expansion valve, noise is generated when
refrigerant flows through the narrow gap between the
valve seat and the valve element. The flow noise is ex-
ternally emitted as an unusual sound, but if the material
of the body is an aluminium alloy, the sound insulation
and sound absorption effects thereof are high enough to
prevent the externally emitted noise from being consid-
ered troublesome. However, when the material of the
body is a resin, the sound insulation and sound absorp-
tion effects thereof are not so high compared with the
aluminium alloy. In view of this, a material, higher in den-
sity than the resin, such as a metal powder or metal fibres
of iron, brass, or copper, is mixed in the resin. As a con-
sequence, energy of flow noise produced from the valve
section is damped by the metal power or metal fibres
within the body, which makes it possible to reduce sound
pressure level of flow noise emitted from the body.

Claims

1. An expansion valve (1, 1 a, 1b, 1 c) that passes in-
troduced refrigerant through a valve section (2) in a
body (4) to throttle and expand the refrigerant,
characterised in that the body (4) accommodating
the valve section (2) is formed in forming dies (30,
40, 50) integrally with a thread part (16) for connect-

9 10 



EP 1 865 275 A2

7

5

10

15

20

25

30

35

40

45

50

55

ing a power element (3).

2. The expansion valve according to claim 1, charac-
terised in that in the body (4) an axis of an inlet port
(5) and an axis of an outlet port (6) either are identical
or are parallel to each other, that a first hole (8) for
receiving a valve element (9) and a set value-adjust-
ing member (11), a valve hole (7), and a second hole
(12) for receiving a member (13) that transmits an
actuating force dependent on temperature sensed
by the power element (3) to the valve element (9),
are arranged on a common axis which is orthogonal
to the axis of the inlet port (5) or to the axis of the
outlet port (6), that the respective diameters of he
holes (8, 12) are reduced step-wise in the mentioned
order, and that the thread part (16) is formed on an
outer periphery of a hollow cylindrical part (15) de-
fining the second hole (12).

3. The expansion valve according to claim 2, charac-
terised in that the thread part (16) is formed as a
partial thread in which portions of an outer peripheral
surface of the hollow cylindrical part (15) facing in
directions perpendicular to an identical surface or
parallel surfaces including the axis of the inlet port
(5), the axis of the outlet port (6), and an axis of the
valve hole (7), are not threaded.

4. The expansion valve according to claim 1, charac-
terised in that in the body (4) an axis of an inlet port
(5) and an axis of an outlet port (6) are orthogonal
to each other and have a common plane including
the axes or as viewed from a direction perpendicular
to parallel planes respectively including the axes,
that the inlet port (5) or the outlet port (6), a valve
hole, and a hole for receiving a member transmitting
an actuating force dependent on temperature
sensed by the power element (3) to the valve element
have a common axis, that the respective diameters
of the holes are reduced step-wise in a mentioned
order, and that the thread part (16) is formed on an
outer periphery of a hollow cylindrical part defining
one of the holes.

5. The expansion valve according to claim 4, charac-
terised in that the thread part (16) is formed as a
partial thread in which portions of an outer peripheral
surface of the hollow cylindrical part facing in direc-
tions perpendicular to an identical surface or parallel
surfaces including the axis of the inlet port (5), the
axis of the outlet port (6), and an axis of the valve
hole, are not threaded.

6. The expansion valve according to claim 1, charac-
terised in that the power element (3) has a one-turn
thread (24) formed along an inner peripheral edge
of a central opening of a housing (18) on a side where
said thread part (16) is connected, and that the one

turn thread (24) is continuously displaced in axial
direction over an angle range of less than 360 de-
grees.

7. The expansion valve according to claim 1, charac-
terised in that the power element (3) has a hub (23)
formed by bending inward an inner periphery of a
central opening of a housing (18) on a side where
the thread part (16) is connected, and that an inner
peripheral surface of the hub (23) is threaded.

8. The expansion valve according to claim 1, charac-
terised in that the body (4) is formed by die-casting
a metal, using dies (30, 40, 50) having a three-way
separable structure as the forming dies.

9. The expansion valve according to claim 1, charac-
terised in that the body is formed by resin casting,
using dies having a three-way separable structure
as the forming dies.

10. The expansion valve according to claim 9, charac-
terised in that the resin is mixed with a metal powder
or metal fibres, larger in density than the resin.

11. The expansion valve according to claim 1, charac-
terised in that the expansion valve (1, 1a, 1b, 1c)
is a thermostatic expansion valve in which the body
(4) and the power element (3) are disposed within a
low-pressure pipe (65) extending from an evaporator
(60) to a compressor, that a connection of an inlet
port (5) to a high-pressure pipe (61) through which
high-pressure refrigerant is supplied, and a connec-
tion of an outlet port (6) to an evaporator inlet pipe
(62) through which expanded refrigerant is delivered
to the evaporator (60), are established within the low-
pressure pipe (65).

12. The expansion valve according to claim 11, charac-
terised in that an outer housing (17) of the power
element (3) is at least partly covered by a heat insu-
lation cover (68).
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