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(54) VARIABLE-CAPACITY COMPRESSOR CONTROL VALVE

(57) Provided is a variable-capacity compressor con-
trol valve where a valve body can be easily machined
and the machining time and machining cost can be re-
duced without a decrease in the valve closing property
or a decrease in the slidability of the valve element due
to shaft misalignment. The valve body includes a support
member having formed therein a valve orifice and a guide
hole into which the valve elementis adapted to be slidably
fitted and inserted; and a body member having formed
therein a Ps inlet/outlet port, a Pd introduction port, and
a Pc inlet/outlet port. The support member is fixedly in-
serted into a recess hole provided in the body member.
In addition, a chip sealing portion (pocket portion) for
sealing chips of the body member and/or the support
member is provided between the body member and the
support member.

FIG. 1

[ Normal operation time
(Main valve element: Open,
Sub valve element: Closed) ]
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Description
CLAIM OF PRIORITY

[0001] The present application claims priority from
Japanese patent application JP 2015-244968 filed on
December 16, 2015, the content of which is hereby in-
corporated by reference into this application.

BACKGROUND
Technical Field

[0002] The presentinvention relates to a variable-ca-
pacity compressor control valve for use in an automotive
air conditioner or the like.

Background Art

[0003] Conventionally, a variable-capacity swash
plate compressor such as the one schematically shown
in FIG. 11 has been used as a compressor for an auto-
motive air conditioner. The variable-capacity swash plate
compressor 100 includes a rotating shaft 101 that is ro-
tationally driven by an on-vehicle engine, a swash plate
102 that is attached to the rotating shaft 101, a crank
chamber 104 in which the swash plate 102 is disposed,
a piston 105 that is reciprocated by the swash plate 102,
a discharge chamber 106 for discharging refrigerant
compressed by the piston 105, a suction chamber 107
for sucking refrigerant, an in-compressor release pas-
sage (fixed orifice) 108 for releasing a pressure Pc in the
crank chamber 104 to the suction chamber 107, and the
like.

[0004] Meanwhile, a control valve 1’ used for the afore-
mentioned variable-capacity compressor receives the
discharge pressure Pd from the discharge chamber 106
of the compressor 100 and is configured to control the
pressure Pc in the crank chamber 104 by controlling the
discharge pressure Pd in accordance with the suction
pressure Ps of the compressor 100. Such a control valve
1’ has, as the basic configuration, a valve body that in-
cludes a valve chamber with a valve orifice, a Ps intro-
duction port communicating with the suction chamber
107 of the compressor 100, a Pd introduction port ar-
ranged upstream of the valve orifice and communicating
with the discharge chamber 106 of the compressor 100,
and a Pc outlet port arranged downstream of the valve
orifice and communicating with the crank chamber 104
of the compressor 100; a valve element (valve stem) for
opening or closing the valve orifice; an electromagnetic
actuator with a plunger for moving the valve element in
the direction to open or close the valve orifice (in the
vertical direction); a pressure-sensitive chamber that re-
ceives the suction pressure Ps from the compressor 100
via the Ps introduction port; and a pressure-sensitive re-
action member that urges the valve element in the direc-
tion to open or close the valve orifice in accordance with
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the pressure in the pressure-sensitive chamber. The
valve element and the valve orifice form a valve unit in-
dicated by reference numeral 11’ in FIG. 11 (for example,
see Patent Document 1 below).

[0005] Inthe control valve 1’ with such a configuration,
when current is flowed through a solenoid portion includ-
ing a coil, a stator, an attractor, and the like of the elec-
tromagnetic actuator, the plunger is attracted by the at-
tractor, and along with this, the valve element is moved
in the direction to close the valve such that it follows the
plunger by the urging force of a valve closing spring.
Meanwhile, the suction pressure Ps introduced from the
compressor 100 via the Ps introduction portis introduced
into the pressure-sensitive chamber from an inlet/outlet
chamber via a gap formed between the plunger and a
guide pipe arranged around the outer periphery of the
plunger or the like. Then, the pressure-sensitive reaction
member (e.g., a bellows device) is expansively or con-
tractively displaced in accordance with the pressure (suc-
tion pressure Ps) in the pressure-sensitive chamber (con-
tracts if the suction pressure Ps is high, and expands if
it is low), and the displacement (urging force) is then
transmitted to the valve element, whereby the valve el-
ement portion of the valve element moves up or down
with respectto the valve orifice toregulate the valve open-
ing of the valve unit 11’. That is, the valve opening is
determined by the force of attracting the plunger with the
solenoid portion, the urging force (expansion or contrac-
tion force) that acts with the expansive or contractive dis-
placement of the pressure-sensitive reaction member,
the urging force of a plunger spring (valve opening spring)
and the valve closing spring. The pressure Pcin the crank
chamber 104 (hereinafter also referred to as a crank
chamber pressure Pc or simply referred to as a pressure
Pc) is controlled in accordance with the valve opening.
[0006] Inresponse to the aforementioned variable-ca-
pacity compressor, animproved variable-capacity swash
plate compressor, such as the one schematically shown
in FIGS. 12A and 12B, for example, has already been
proposed that is intended to reduce the time required to
increase the discharge capacity at the compressor actu-
ation time, and suppress or reduce a decrease in the
operation efficiency of the compressor at the normal con-
trol time.

[0007] A control valve 2’ used for such an improved
variable-capacity swash plate compressor 200 has a
valve element (valve stem) including a main valve ele-
ment and a sub valve element, and has an in-valve re-
lease passage 16’ in the main valve element. The control
valve 2’ basically has a valve body that includes a valve
chamber with a valve orifice, a Ps inlet/outlet port com-
municating with a suction chamber 107 of the compres-
sor 200, a Pd introduction port arranged upstream of the
valve orifice and communicating with a discharge cham-
ber 106 of the compressor 200, and a Pc inlet/outlet port
arranged downstream of the valve orifice and communi-
cating with a crank chamber 104 of the compressor 200;
a main valve element for opening or closing the valve
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orifice; an electromagnetic actuator with a plunger for
moving the main valve element in the direction to open
or close the valve orifice; a pressure-sensitive chamber
that receives the suction pressure Ps from the compres-
sor 200 via the Ps inlet/outlet port; and a pressure-sen-
sitive reaction member that urges the main valve element
in the direction to open or close the valve orifice in ac-
cordance with the pressure in the pressure-sensitive
chamber. Further, the in-valve release passage 16’ for
releasing the pressure Pc in the crank chamber 104 to
the suction chamber 107 of the compressor 200 via the
Ps inlet/outlet port is provided in the main valve element,
and the sub valve element for opening or closing the in-
valve release passage 16’ is also provided so that when
the plunger is continuously moved upward from the low-
est position by the attraction force of the electromagnetic
actuator, the sub valve element moves upward together
with the plunger while closing the in-valve release pas-
sage 16’, and the main valve element is also moved up-
ward so as to follow the sub valve element. Then, after
the valve orifice is closed by the main valve element, if
the plunger is further moved upward, the sub valve ele-
ment is configured to open the in-valve release passage
16’. The main valve element and the valve orifice form a
main valve unit indicated by reference numeral 11’ in
FIGS. 12A and 12B, while the sub valve element and the
in-valve release passage form a sub valve unit indicated
by reference numeral 12’ (for example, see Patent Doc-
ument 2 below).

[0008] At the normal control time (Pd — Pc control
time) of the control valve 2’ with such a configuration,
when current is flowed through a solenoid portion includ-
ing a coil, a stator, an attractor, and the like of the elec-
tromagnetic actuator, the plunger is attracted by the at-
tractor, and along with this, the sub valve element moves
upward integrally with the plunger, and following the
movement of the sub valve element, the main valve el-
ement is moved in the direction to close the valve by the
urging force of a valve closing spring. Meanwhile, the
suction pressure Ps introduced from the compressor 200
via the Ps inlet/outlet portis introduced into the pressure-
sensitive chamber from an inlet/outlet chamber via a hor-
izontal hole in the plunger or the like, and the pressure-
sensitive reaction member (e.g., a bellows device) is ex-
pansively or contractively displaced in accordance with
the pressure (suction pressure Ps) in the pressure-sen-
sitive chamber (contracts if the suction pressure Ps is
high, and expands if it is low), and the displacement (urg-
ing force) is then transmitted to the main valve element,
whereby the main valve element portion of the main valve
element moves up or down with respect to the valve or-
ifice to regulate the valve opening of the main valve unit
11°. That s, the valve opening is determined by the force
of attracting the plunger with the solenoid portion, the
urging force (expansion or contraction force) that acts
with the expansive or contractive displacement of the
pressure-sensitive reaction member, the urging force of
a plunger spring (valve opening spring) and the valve
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closing spring, and force that acts on the main valve el-
ement in the valve opening direction and in the valve
closing direction. The pressure Pc in the crank chamber
104 is controlled in accordance with the valve opening.
In such a case, the main valve element is always urged
upward by the urging force of the valve closing spring,
while the sub valve element is always urged downward
by the urging force of the valve opening spring. Thus, the
sub valve unit 12’ is closed and the in-valve release pas-
sage 16’ is blocked in the main valve element. Therefore,
there is no possibility that the crank chamber pressure
Pc may be released to the suction chamber 107 via the
in-valve release passage 16'.

[0009] In contrast, at the compressor actuation time,
current is flowed through the solenoid portion so that the
plunger is attracted by the attractor and the sub valve
element moves upward together with the plunger. Fol-
lowing the upward movement of the sub valve element,
the main valve element is moved in the direction to close
the valve by the urging force of the valve closing spring,
and after the valve orifice is closed by the main valve
element portion of the main valve element, the plunger
is further moved upward, whereby the sub valve element
opens the in-valve release passage 16’. Then, the crank
chamber pressure Pc is released to the suction chamber
107 via two passages that are an in-compressor release
passage 108 and the in-valve release passage 16’ (for
details, see Patent Document 2 below and the like).

RELATED ART DOCUMENTS
Patent Documents
[0010]
Patent Document 1: JP 2010-185285 A
Patent Document 2: JP 2013-130126 A
SUMMARY

[0011] By the way, in a variety of types of variable-
capacity compressor control valves descried above, the
entire valve body is typically produced from a material
with high hardness, such as stainless steel, to suppress
shaft misalignment between the valve orifice (valve seat
portion) and a guide hole (sliding portion) into which the
valve element is slidably fitted and inserted and thus en-
sure erosion resistance. In other words, the valve body
is composed of a single part produced from a material
with high hardness. Therefore, there have been problems
in that the valve body is difficult to machine and the cost
is increased.

[0012] The present invention has been made in view
oftheforegoing, and itis an object of the presentinvention
to provide a variable-capacity compressor control valve
where a valve body can be easily machined and the ma-
chining time and machining cost can be reduced without
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a decrease in the valve-closing property or a decrease
in the slidability of the valve element due to shaft mis-
alignment.

[0013] In order to achieve the aforementioned object,
a variable-capacity compressor control valve in accord-
ance with the presentinvention basically includes a valve
body including a valve chamber with a valve orifice, a Ps
inlet/outlet port communicating with a suction chamber
of a compressor, a Pd introduction port arranged up-
stream of the valve orifice and communicating with a dis-
charge chamber of the compressor, and a Pc inlet/outlet
port arranged downstream of the valve orifice and com-
municating with a crank chamber of the compressor; a
valve element adapted to open or close the valve orifice;
an electromagnetic actuator with a plunger for moving
the valve element in a direction to open or close the valve
orifice; a pressure-sensitive chamber adapted to receive
a suction pressure Ps from the compressor via the Ps
inlet/outlet port; and a pressure-sensitive reaction mem-
ber adapted to urge the valve element in the direction to
open or close the valve orifice in accordance with a pres-
sure in the pressure-sensitive chamber. The valve body
includes a support member and a body member, the sup-
port member having formed therein the valve orifice and
a guide hole into which the valve element is adapted to
be slidably fitted and inserted, and the body member hav-
ing formed therein the Ps inlet/outlet port, the Pd intro-
duction port, and the Pc inlet/outlet port. The support
member is fixedly inserted into a recess hole provided in
the body member.

[0014] In a preferred aspect, the recess hole includes
an upper large-diameter hole and a lower small-diameter
hole, the support member includes a fit-insertion portion
adapted to be inserted into the recess hole, the fit-inser-
tion portionincluding an upper large-diameter portion and
a lower small-diameter portion, and the support member
is fixedly inserted into the recess hole in at least one of
a posture in which the upper large-diameter portion is
fitted into the upper large-diameter hole or a posture in
which the lower small-diameter portion is fitted into the
lower small-diameter hole.

[0015] In a further preferred aspect, the support mem-
ber is fixedly inserted into the recess hole in a posture in
which the upper large-diameter portion is fitted into the
upper large-diameter hole and a gap is provided between
an inner periphery of the lower small-diameter hole and
an outer periphery of the lower small-diameter portion,
the valve orifice is located below a lower end of the lower
small-diameter portion, and the lower small-diameter
portion has formed therein a horizontal hole communi-
cating with the Pd introduction port of the body member
via the gap.

[0016] In another preferred aspect, the control valve
further includes a chip sealing portion between the body
member and the support member, the chip sealing por-
tion being adapted to seal chips of at least one of the
body member or the support member.

[0017] The chip sealing portion is preferably defined
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by an annular protrusion provided on one of a bottom
surface of the recess hole or an opposite surface of the
support member that is opposite the bottom surface of
the recess hole.

[0018] The chip sealing portion is preferably defined
by an annular protrusion provided on one of an upward
stepped surface of the recess hole that has a step formed
thereon or an opposite surface of the support member
thatis opposite the upward stepped surface of the recess
hole.

[0019] In a further preferred aspect, a tip end of the
annular protrusion has an acute angle.

[0020] In another preferred aspect, each of an inner
periphery of the recess hole and an outer periphery of
the fit-insertion portion, which is adapted to be inserted
into the recess hole, of the support member has a step
formed thereon, and the chip sealing portion is defined
by an annularinclined surface that is provided on a down-
ward stepped surface of the fit-insertion portion such that
the annular inclined surface abuts a corner on an inner
side of an upward stepped surface of the recess hole.
[0021] The support member is preferably formed of a
material with higher hardness than a material of the body
member.

[0022] In a preferred aspect, the support member is
formed of a stainless steel material, and the body mem-
ber is formed of one of an aluminum material, a brass
material, or a resin material.

[0023] According to the variable-capacity compressor
control valve in accordance with the present invention,
the valve body includes a support member having formed
therein a valve orifice and a guide hole into which the
valve elementis adapted to be slidably fitted and inserted;
and a body member having formed therein a Ps inlet/out-
let port, a Pd introduction port, and a Pc inlet/outlet port.
The support member is fixedly inserted into a recess hole
provided in the body member. That is, as the valve body
is composed of two parts that are the support member
and the body member, it is possible to easily machine
the valve body and effectively reduce the machining time
and the machining cost without a decrease in the valve-
closing property or a decrease in the slidability of the
valve element due to shaft misalignment.

[0024] In such a case, as long as the support member
is formed of a material with high hardness, such as a
stainless steel material, while the body memberis formed
of a material with low hardness, such as an aluminum
material, abrass material, or aresin material, itis possible
to more effectively suppress a decrease in the valve-
closing property and a decrease in the slidability of the
valve element due to shaft misalignment, and machine
the valve body more easily and also reduce the weight
of the valve body.

[0025] Further, as a chip sealing portion for sealing
chips of the body member and/or the support member is
provided between the body member and the support
member, it is possible to surely prevent operation fail-
ures, which would otherwise occur if chips (e.g., chips of
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the body member) that can be produced at the time of
insertion (assembly) of the support member into the re-
cess hole provided in the body member flow into the valve
as the chips are sealed by the chip sealing portion, even
when the body member and the support member are
formed of different materials, for example (e.g., when the
support member is formed of a material with high hard-
ness, such as a stainless steel material, while the body
member is formed of a material with low hardness, such
as an aluminum material, a brass material, or a resin
material).

BRIEF DESCRIPTION OF THE DRAWINGS
[0026]

FIG. 1 is a longitudinal sectional view showing the
first embodiment of the variable-capacity compres-
sor control valve in accordance with the present in-
vention in which the main valve element is in the
open position and the sub valve element is in the
closed position (at the normal control time).

FIG. 2 is a longitudinal sectional view showing the
first embodiment of the variable-capacity compres-
sor control valve in accordance with the present in-
vention in which the main valve element is in the
closed position and the sub valve element is in the
closed position (at the time of transition to compres-
sor actuation).

FIG. 3 is a longitudinal sectional view showing the
first embodiment of the variable-capacity compres-
sor control valve in accordance with the present in-
vention in which the main valve element is in the
closed position and the sub valve element is in the
open position (at the compressor actuation time).

FIGS. 4A to 4E are views each showing a plunger
used for the variable-capacity compressor control
valve in accordance with the present invention; spe-
cifically, FIG. 4A is a front view, FIG. 4B is a left-side
view, FIG. 4C is a bottom view, FIG. 4D is a sectional
view along the direction of the arrows X-X in FIG.
4A, and FIG. 4E is a sectional view along the direc-
tion of the arrows Y-Y in FIG. 4B.

FIG. 5 is an enlarged sectional view of the main part
showing a variation of a chip sealing portion shown
in FIG. 1.

FIG. 6 is a longitudinal sectional view showing the
second embodiment of the variable-capacity com-
pressor control valve in accordance with the present
invention in which the main valve element is in the
open position and the sub valve element is in the
closed position (at the normal control time).
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FIG. 7 is a longitudinal sectional view showing the
second embodiment of the variable-capacity com-
pressor control valve in accordance with the present
invention in which the main valve element is in the
closed position and the sub valve element is in the
closed position (at the time of transition to compres-
sor actuation).

FIG. 8 is a longitudinal sectional view showing the
second embodiment of the variable-capacity com-
pressor control valve in accordance with the present
invention in which the main valve element is in the
closed position and the sub valve element is in the
open position (at the compressor actuation time).

FIGS. 9A and 9B are enlarged sectional views of the
main part showing a variation of a chip sealing por-
tion shown in FIG. 5.

FIG. 10 is a longitudinal sectional view showing the
third embodiment of the variable-capacity compres-
sor control valve in accordance with the present in-
vention in which the main valve element is in the
open position and the sub valve element is in the
closed position (at the normal control time).

FIG. 11 is a view showing the circulation state of a
refrigerant pressure between a compressor and a
control valve of the first conventional art.

FIGS. 12A and 12B are views each showing the cir-
culation state of a refrigerant pressure between a
compressor and a control valve of the second con-
ventional art; specifically, FIG. 12A is a view at the
normal operation time and FIG. 12B is a view at the
compressor actuation time.

DETAILED DESCRIPTION

[0027] Hereinafter, embodiments of the presentinven-
tion will be described with reference to the drawings.

<First Embodiment>

[0028] FIGS. 1 to 3 are longitudinal sectional views
each showing the first embodiment of the variable-ca-
pacity compressor control valve in accordance with the
present invention. Specifically, FIG. 1 is a view in which
the main valve element is in the open position and the
sub valve element is in the closed position (at the normal
control time), FIG. 2 is a view in which the main valve
element is in the closed position and the sub valve ele-
ment is in the closed position (at the time of transition to
compressor actuation), and FIG. 3 is a view in which the
main valve element is in the closed position and the sub
valve element is in the open position (at the compressor
actuation time).

[0029] It should be noted that in the present specifica-
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tion, descriptions indicating the positions or directions,
such as upper, lower, top, bottom, left, right, front, and
rear, are used for the sake of convenience in accordance
with the drawings to avoid complexity in the description,
but such descriptions do not necessarily indicate the ac-
tual positions or directions when the control valve of the
present invention is incorporated into a compressor.
[0030] In addition, in each drawing, a gap formed be-
tween members, a clearance between members, and the
like may be depicted larger or smaller than their actual
dimensions to help understand the presentinvention and
also for the sake of convenience to create the drawing.
[0031] A control valve 1 in the shown embodiment has
a valve body 20 with a valve orifice 22; a valve element
10 with a main valve element 15 for opening or closing
the valve orifice 22; an electromagnetic actuator 30 for
moving the valve element 10 (main valve element 15) in
the direction to open or close the valve orifice (in the
vertical direction); and a bellows device 40 that serves
as a pressure-sensitive reaction member.

[0032] The electromagnetic actuator 30 includes a
bobbin 38, an energization coil 32 wound around the bob-
bin 38, a connector head 31 attached to the upper side
of the bobbin 38 with an attachment plate 39 interposed
therebetween, a stator 33 and an attractor 34 arranged
on the inner peripheral side of the coil 32, a guide pipe
35 whose upper end portion is joined by welding to the
outer periphery of the lower end portion (a step portion)
of the stator 33 and the attractor 34, a plunger 37 having
arecessed cross section and arranged vertically slidably
on the inner peripheral side of the guide pipe 35 below
the attractor 34, a cylindrical housing 60 externally ar-
ranged around the coil 32, and a holder 29 arranged be-
tween the lower end portion of the housing 60 and the
guide pipe 35 and adapted to fix them to the top of the
valve body 20. In the present example, the attractor 34
with a recessed cross section is integrally molded with
the inner periphery of the bottom of the cylindrical stator
33. Herein, a portion of the electromagnetic actuator 30
including the coil 32, the stator 33, the attractor 34, and
the like and excluding the plunger 37 is referred to as a
solenoid portion 30A.

[0033] A stator 65 in a short columnar shape is at-
tached to the top of the stator 33 by press fitting or the
like, and a pressure-sensitive chamber 45, which re-
ceives a suction pressure Ps in a compressor 100, is
formed between the stator 65 and the attractor 34 on the
inner peripheral side of the stator 33. The pressure-sen-
sitive chamber 45 has arranged therein the bellows de-
vice 40 that serves as a pressure-sensitive reaction
member and includes bellows 41, an upper stopper 42
in an inverted projection shape, a lower stopper 43 in an
inverted recessed shape, and a compression coil spring
44. Further, a top small-diameter portion 17d (an end
portion on the side opposite to a sub valve element por-
tion 17a) of a sub valve element 17 described below is
fitted and inserted in and supported by the recess of the
lower stopper 43, and acompression coil spring 46, which

10

15

20

25

30

35

40

45

50

55

urges the bellows device 40 in the direction to contract
the bellows device 40, is provided in a compressed state
between the lower stopper 43 and the attractor 34.
[0034] The plunger 37 has a cylindrical upper half por-
tion 37A and a columnar lower half portion 37B. Provided
in the center of the columnar lower half portion 37B is an
insertion hole 37b through which a waist portion 17b of
the sub valve element 17 that extends downward through
the attractor 34 and a top small-diameter portion 15f (de-
scribed in detail below) of the main valve element 15 are
inserted. The outer peripheral portion of the insertion hole
37b on the upper surface of the columnar lower half por-
tion 37B serves as a latch portion 37a to which an inter-
mediate large-diameter latch portion 17c of the sub valve
element 17 is latched.

[0035] In addition, a plunger spring (valve opening
spring) 47 constructed from a cylindrical compression
coil spring, which urges the sub valve element 17 and
the plunger 37 downward (in the direction to open the
valve), is provided in a compressed state between the
attractor 34 and the intermediate large-diameter latch
portion 17c¢ of the sub valve element 17 (plunger 37) so
that the sub valve element 17 (or the intermediate large-
diameter latch portion 17c¢ thereof) is pressed against the
plunger 37 by the plunger spring 47 and thus is caused
to move up or down with the plunger 37.

[0036] Further, as can be understood well from FIGS.
4A to 4E, the bottom of the columnar lower half portion
37B of the plunger 37 (a portion that is above the lower
end portion by a predetermined distance) has a cut-in
37twith an approximately semicircular shape in plan view
(in the horizontal direction) that is formed so as to overlap
the insertion hole 37b. On the side below the cut-in 37t
(i.e., at a portion between the cut-in 37t and the lower
end portion of the columnar lower half portion 37B), a slit
37s with approximately the same width as the hole diam-
eter of the insertion hole 37b is formed that extends lin-
early from the edge portion at the lower end of the co-
lumnar lower half portion 37B to the insertion hole 37b.
The height (in the vertical direction) of the cut-in 37t is
slightly larger than the height of a flanged latch portion
15k of the main valve element 15, and the height (in the
vertical direction) of the slit 37s is slightly smaller than
the height of the top small-diameter portion 15f of the
main valve element 15. The main valve element 15 is
movable in the vertical direction with respect to the plung-
er 37 (which will be described in detail below). The width
(in the horizontal direction) of the slit 37s is set slightly
largerthan the outside diameter of the top small-diameter
portion 15f of the main valve element 15 and smaller than
the outside diameter of the flanged latch portion 15k of
the main valve element 15 taking into consideration the
assembling properties and the like.

[0037] The valve element 10 has the main valve ele-
ment 15 and the sub valve element 17 arranged in the
vertical direction (along the direction of the axial line O).
[0038] The mainvalve element 15 arranged on the low-
er side has, sequentially arranged from the bottom side,
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a bottom fit-insertion portion 15b, a lower small-diameter
portion 15c¢, a main valve element portion 15a, an inter-
mediate small-diameter portion 15d, a top fit-insertion
portion 15e, the top small-diameter portion 15f, and the
flanged latch portion 15k. A stepped release through-
hole 16A forming part of an in-valve release passage 16
is provided in the center of the main valve element 15
such that it penetrates the center of the main valve ele-
ment 15 in the vertical direction, and the upper end por-
tion ofthe release through-hole 16A serves asasubvalve
seat portion 23 with/from which the lower end portion
(sub valve element portion) 17a of the sub valve element
17 ismoved into contact or away. The intermediate small-
diameter portion 15d of the main valve element 15 has
a plurality of horizontal holes 16s.

[0039] The top small-diameter portion 15f of the main
valve element 15 is loosely fitted in the insertion hole 37b
(or a portion below the cut-in 37tthereof), and the flanged
latch portion 15k of the main valve element 15 has a
larger diameter than that of the insertion hole 37b so that
when the plunger 37 is moved upward with respect to
the main valve element 15, the flanged latch portion 15k
is lathed to an inner flanged latch portion 37k that is
formed by the outer peripheral portion of the insertion
hole 37b, and thus, latching is achieved and slippage is
prevented.

[0040] The sub valve element 17 arranged above the
main valve element 15 has, sequentially arranged from
the bottom side, an inverted conical tapered portion 173,
which is moved into contact with or away from the sub
valve seat portion 23 that is the edge portion at the upper
end of the release through-hole 16A, the waist portion
17b having the intermediate large-diameter latch portion
17cformed thereon, a truncated conical portion 17e, and
a top small-diameter portion 17d that is inserted in and
supported by the recess of the lower stopper 43. The
tapered portion 17a serves as the sub valve element por-
tion that opens or closes the in-valve release passage
16. Herein, the sub valve seat portion 23 and the sub
valve element portion 17a form the sub valve unit 12. In
the present example, a portion below the intermediate
large-diameter latch portion 17c of the waist portion 17
is inserted into the insertion hole 37b of the plunger 37
with a small gap therebetween, and a portion above the
intermediate large-diameter latch portion 17c and below
the attractor (a portion arranged inside the cylindrical up-
per half portion 37A) has a slightly larger diameter than
those of the other portions.

[0041] The dimensions and the shape of each part
around the sub valve element 17 (e.g., a gap between
the waist portion 17b and the insertion hole 37b) are de-
signed such that even when the sub valve element 17 is
slightly tilted at a position where it has been moved up-
ward with respect to the main valve element 15 (i.e., a
position where the in-valve release passage 16 is open),
the lower end portion of the sub valve element portion (a
tapered portion) 17a in an inverted conical shape enters
the release through-hole 16A, and the sub valve element
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17 is thus aligned with the main valve element 15 by the
sub valve element portion 17a as the sub valve element
17 moves closer to the main valve element 15 (i.e., when
the sub valve element 17 closes the in-valve release pas-
sage 16). More specifically, the dimensions and the
shape of each part are designed such that part of the sub
valve element portion 17a in an inverted conical shape
is located in the release through-hole 16A when the sub
valve element 17 is at the highest elevated position with
respect to the main valve element 15 (see FIG. 3, in par-
ticular).

[0042] When the valve element 10 (the main valve el-
ement 15 and the sub valve element 17) and the plunger
37 are assembled, for example, the main valve element
15 is moved horizontally with respect to the plunger 37
so that the flanged latch portion 15k and the top small-
diameter portion 15f of the main valve element 15, which
has been assembled in advance to the valve body 20 (or
a guide hole 19 thereof), are inserted into the cut-in 37t
and the slit 37s of the plunger 37, respectively, and the
top small-diameter portion 15f is fitted and inserted into
the insertion hole 37b provided in the center of the plung-
er 37, and thereafter, the sub valve element 17 (or a
portion below the intermediate large-diameter latch por-
tion 17c thereof) may be inserted into the insertion hole
37b from above.

[0043] Meanwhile, the valve body 20 has a two-split
structure that includes a body member 20A having a fit
recess hole 20C in the center at the top thereof, and a
support member 20B that is fixedly inserted into the re-
cess hole 20C by press fitting or the like.

[0044] The support member 20B is produced from a
material with relatively high hardness, such as stainless
steel (SUS), and has a protruding stopper portion 24A
for defining the lowest position of the plunger 37, on the
upper side of a fit-insertion portion 24 that is fitted and
inserted in the recess hole 20C. In addition, the guide
hole 19 (an upper guide hole 19A) into which the top fit-
insertion portion 15e of the main valve element 15 is sl-
idably fitted and inserted is formed in the center of the
support member 20B such that it penetrates the support
member 20B in the vertical direction, and the lower end
portion of the upper guide hole 19A serves as the valve
orifice 22 (a valve seat portion) that is opened or closed
by the main valve element portion 15a of the main valve
element 15. Herein, the main valve element portion 15a
and the valve orifice 22 form a main valve unit 11. As the
support member 20B is produced from a material with
high hardness, such as stainless steel, as described
above, the specific gravity of the support member 20B is
also high.

[0045] The body member 20A is produced from a ma-
terial, such as aluminum, brass, or resin, that has rela-
tively low specific gravity (a material with relatively low
hardness) as compared to stainless steel and the like.
An inlet/outlet chamber 28 for the suction pressure Ps in
the compressor 100 is formed around the outer periphery
of the stopper portion 24A, and a plurality of Ps inlet/outlet
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ports 27 are formed around the outer peripheral side of
the inlet/outlet chamber 28 in a state in which the support
member 20B (or the fit-insertion portion 24 thereof) is
inserted in the recess hole 20C of the body member 20A.
The suction pressure Ps introduced into the inlet/outlet
chamber 28 from the Ps inlet/outlet ports 27 is introduced
into the pressure-sensitive chamber 45 via the slit 37s
and the cut-in 37t formed at the bottom of the plunger
37, a gap formed between the waist portion 17b of the
sub valve element 17 and the insertion hole 37b of the
plunger 37, agap 36 formed between the outer periphery
of the plunger 37 and the guide pipe 35, and the like.
[0046] Areceptionhole 18, which has alarger diameter
than those of the guide hole 19 and the main valve ele-
ment portion 15a and has a smaller diameter than that
of the recess hole 20C and is adapted to store the main
valve element portion 15a of the main valve element 15,
is provided continuously with the center of the bottom of
the recess hole 20C of the body member 20A, and the
guide hole 19 (a lower guide hole 19B) into which the
bottom fit-insertion portion 15b of the main valve element
15 is slidably fitted and inserted is formed in the center
of the bottom of the reception hole 18. A valve closing
spring 50 constructed form a conical compression coil
spring is provided in a compressed state between the
corner on the outer periphery of the bottom of the recep-
tion hole 18 and a stepped portion (terrace portion) 15g
provided on the outer periphery of the bottom of the main
valve element portion 15a of the main valve element 15.
Thus, with the urging force of the valve closing spring 50,
the main valve element 15 (or a step portion between the
top fit-insertion portion 15e and the top small-diameter
portion 15f thereof) is pressed against the plunger 37.
[0047] The inside of the reception hole 18 (a portion
below the valve orifice 22 of the support member 20B)
is the valve chamber 21. The valve chamber 21 has a
plurality of Pd introduction ports 25 communicating with
a discharge chamber 106 of the compressor 100. A ring-
like filter member 25A is arranged around the outer pe-
riphery of the Pd introduction ports 25 of the body mem-
ber 20A.

[0048] The lower end portion of the body member 20A
has a lid-like member 48, which functions as afilter, fixed
thereto by engagement, press fitting, or the like. A Pc
inlet/outlet chamber (inlet/outlet port) 26, which commu-
nicates with a crank chamber 104 of the compressor 100,
is provided on the side above the lid-like member 48 be-
low the main valve element 15. The Pc inlet/outlet cham-
ber (inlet/outlet port) 26 communicates with the Pd intro-
duction ports 25 via the release through-hole 16A — the
horizontal holes 16s — a gap between the bottom of the
upper guide hole 19A and the intermediate small-diam-
eter portion 15d — a gap between the valve orifice 22
and the main valve element portion 15a — the valve
chamber 21.

[0049] In this embodiment, as shown in the enlarged
view of FIG. 1, a chip sealing portion (pocket portion) 20P
for sealing chips (in particular, chips of the body member
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20A with relatively low hardness) that can be produced
during assembly of the body member 20A and the sup-
port member 20B is provided between the body member
20A and the support member 20B of the valve body 20.
[0050] Specifically, an annular protrusion 24B with an
acute-angled tip end is provided in a protruding manner
on the bottom surface (opposite surface) of the support
member 20B (or the fit-insertion portion 24 thereof) that
is opposite the bottom surface of the recess hole 20C.
Thus, when the fit-insertion portion 24 is inserted into the
recess hole 20C, the annular protrusion 24B is made to
abut the bottom surface of the recess hole 20C (in this
case, part of the annular protrusion 24B digs into the
bottom surface of the recess hole 20C as the annular
protrusion 24B is harder than the bottom surface of the
recess hole 20C). Therefore, chips (in particular, chips
of the body member 20A with relatively low hardness)
that are produced upon sliding of the recess hole 20C
(or the inner wall surface thereof) and the fit-insertion
portion 24 (or the outer peripheral surface thereof) with
respect to each other during assembly are stored in and
sealed by the chip sealing portion 20P that is defined by
the annular protrusion 24B and the corner on the outer
periphery of the bottom of the recess hole 20C.

[0051] Although FIG. 1 shows an example in which the
annular protrusion 24B that defines the chip sealing por-
tion 20P is formed on the fit-insertion portion 24 of the
support member 20B, it is also possible to form an an-
nular protrusion 20D that defines the chip sealing portion
20P on the bottom surface of the recess hole 20C of the
body member 20A (or the inner edge of the bottom sur-
face in the shown example) as shown in FIG. 5, for ex-
ample. In such case, as the annular protrusion 20D is
softer than the bottom surface of the fit-insertion portion
24, the annular protrusion 20D is made to abut the bottom
surface of the fit-insertion portion 24 in a state in which
part (the tip end portion) of the annular protrusion 20D is
bent, and the chip sealing portion 20P is defined by the
annular protrusion 20D and the corner on the outer pe-
riphery of the bottom of the recess hole 20C.

[0052] In addition, in this embodiment, the in-valve re-
lease passage 16 for releasing the pressure Pc in the
crank chamber 104 to a suction chamber 107 of the com-
pressor 100 via the Ps inlet/outlet ports 27 is formed by
the release through-hole 16A formed in the main valve
element 15, the cut-in 37t and the slit 37s provided in the
plunger 37, the inlet/outlet chamber 28, and the like. The
in-valve release passage 16 is adapted to be opened or
closed as the sub valve element portion 17a of the sub
valve element 17 is moved into contact with or away from
the sub valve seat portion 23 that is the upper end portion
oftherelease through-hole 16A ofthe main valve element
15.

[0053] Herein, in the control valve 1 in this embodi-
ment, when the plunger 37, the main valve element 15,
and the sub valve element 17 are at the lowest position
(when the bottom end surface of the plunger 37 abuts
the stopper portion 24A, the main valve unit 11 is in the
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fully open position, and the sub valve unit 12 is in the fully
closed position) as shown in FIG. 1, the clearance in the
vertical direction between the main valve element portion
15a of the main valve element 15 and the valve orifice
22 (valve seat portion) is represented by a first lift amount
Lv, and the clearance between the inner flanged latch
portion 37k of the plunger 37 and the flanged latch portion
15k of the main valve element 15 is represented by a
predetermined amount La. The maximum lift amount
(second lift amount) Lp of the plunger 37 (the lift amount
of from the lowest position to the highest position of the
plunger 37) corresponds to the first lift amount Lv + the
predetermined amount La.

[0054] Next, the operation of the control valve 1 with
the aforementioned configuration will be generally de-
scribed.

[0055] At the normal control time (Pd — Pc control
time), the lift amount of the plunger 37 is slightly greater
than the first lift amount Lv at the maximum, and at the
compressor actuation time (Pc — Ps control time), the
lift amount of the plunger 37 is the second lift amount Lp.
[0056] That is, at the normal control time (Pd — Pc
control time), when the solenoid portion 30A including
the coil 32, the stator 33, the attractor 34, and the like is
supplied with current and energized, the plunger 37 is
attracted by the attractor 34, and along with this, the in-
termediate large-diameter latch portion 17c of the sub
valve element 17 is latched to the latch portion 37a of
the plunger 37. Thus, the sub valve element 17 moves
upward integrally with the plunger 37, and following the
movement of the sub valve element 17, the main valve
element 15 is moved upward (in the direction to close
the valve) by the urging force of the valve closing spring
50. Meanwhile, the suction pressure Ps introduced into
the Ps inlet/outlet ports 27 from the compressor 100 is
introduced into the pressure-sensitive chamber 45 from
the inlet/outlet chamber 28 via the slit 37s and the cut-in
37t of the plunger 37 and the like, and the bellows device
40 (the inside thereof is at a vacuum pressure) is expan-
sively or contractively displaced in accordance with the
pressure (suction pressure Ps) in the pressure-sensitive
chamber 45 (contracts if the suction pressure Ps is high,
and expands if it is low), and the displacement is then
transmitted to the main valve element 15 via the plunger
37 and the sub valve element 17, whereby the valve
opening (the clearance between the valve orifice 22 and
the main valve element portion 15a) is regulated, and the
pressure Pc in the crank chamber 104 is controlled in
accordance with the valve opening. Along with this, the
inclination angle of the swash plate 102 and the stroke
of the piston 105 in the compressor 100 are controlled
to increase or decrease the discharge capacity.

[0057] Inthiscase,the mainvalve element 15is always
urged upward by the urging force of the valve closing
spring 50, while the sub valve element 17 is always urged
downward by the urging force of the valve opening spring
47. Therefore, the sub valve element portion 17ais in a
state of being pressed against the sub valve seat portion
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23 (the sub valve unit 12 is closed), and the in-valve re-
lease passage 16 is blocked in the main valve element
15. Therefore, there is no possibility that the crank cham-
ber pressure Pc may be released to the suction chamber
107 via the in-valve release passage 16.

[0058] In contrast, at the compressor actuation time,
the solenoid portion 30A is supplied with current and en-
ergized, and the plunger 37 is attracted by the attractor
34 so that the sub valve element 17 moves upward to-
gether with the plunger 37. Following such vertical move-
ment of the sub valve element 17, the main valve element
15is also moved upward and the valve orifice 22 is closed
by the main valve element portion 15a of the main valve
element 15. After that, the plunger 37 is further moved
upward, whereby the sub valve element 17 is caused to
openthein-valverelease passage 16. Thus, the pressure
Pc in the crank chamber 104 is released into the suction
chamber 107 via two passages that are an in-compressor
release passage 108 and the in-valve release passage
16.

[0059] Specifically, until the upward movement
amount of the plunger 37 reaches the first lift amount Lv,
the main valve element 15 moves in the direction to close
the valve such that it follows the upward movement of
the plunger 37 and the sub valve element 17 by the urging
force of the valve closing spring 50. Then, when the up-
ward movement amount reaches the first lift amount Lv,
the valve orifice 20 is closed by the main valve element
portion 15a of the main valve element 15 (the state shown
in FIG. 2), and the plunger 37 is further moved upward
by the predetermined amount La with the main valve unit
11 in the closed valve state (the state shown in FIG. 3).
In other words, after the upward movement amount of
the plunger 37 has reached the first lift amount Lv, the
sub valve element 17 is elevated by the predetermined
amount La until the inner flanged latch portion 37k of the
plunger 37 is latched to the flanged latch portion 15k of
the main valve element 15 (the first lift amount Lv + the
predetermined amount La = the second lift amount Lp).
In such a case, the main valve element 15 remains still
in the closed valve state. Thus, the sub valve element
portion 17a of the sub valve element 17 is lifted from the
sub valve seat portion 23 by the predetermined amount
La, whereby the in-valve release passage 16 is opened.
When the inner flanged latch portion 37k of the plunger
37 is latched to the flanged latch portion 15k of the main
valve element 15, neither the plunger 37 nor the sub valve
element 17 islifted any further even if the solenoid portion
30A generates an attraction force.

[0060] As described above, in the control valve 1 in
this embodiment, the valve body 20 includes a support
member 20B having formed therein the valve orifice 22
and the guide hole 19 into which the valve element 10 is
slidably fitted and inserted; and the body member 20A
having formed therein the Ps inlet/outlet ports 27, the Pd
introduction ports 25, and the Pc inlet/outlet port 26. The
support member 20B is fixedly inserted into the recess
hole 20C provided in the body member 20A. That is, as
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the valve body 20 is composed of two parts that are the
support member 20B and the body member 20A, it is
possible to easily machine the valve body 20 and effec-
tively reduce the machining time and the machining cost
without a decrease in the valve closing property or a de-
crease in the slidability of the valve element 10 due to
shaft misalignment.

[0061] In addition, as the support member 20B is
formed of a material with high hardness, such as a stain-
less steel material, while the body member 20A is formed
of a material with low hardness, such as an aluminum
material, abrass material, or aresin material, itis possible
to more effectively suppress a decrease in the valve clos-
ing property or a decrease in the slidability of the valve
element 10 due to shaft misalignment, and further facil-
itate the machining of the valve body 20 and reduce the
weight of the valve body 20.

[0062] In addition, as the chip sealing portion 20P for
sealing chips of the body member 20A and/or the support
member 20B is provided between the body member 20A
and the support member 20B, it is possible to surely pre-
vent operation failures, which would otherwise occur if
chips (e.g., chips of the body member 20A) that can be
produced at the time of insertion (assembly) of the sup-
port member 20B into the recess hole 20C provided in
the body member 20A flow into the valve as the chips
are sealed by the chip sealing portion 20P, even when
the support member 20B is formed of a material with high
hardness, such as a stainless steel material, and the body
member 20A is formed of a material with low hardness,
such as an aluminum material, a brass material, or a
resin material, for example.

<Second Embodiment>

[0063] FIGS. 6 to 8 are longitudinal sectional views
each showing the second embodiment of the variable-
capacity compressor control valve in accordance with
the present invention. Specifically, FIG. 6 is a view in
which the main valve element is in the open position and
the sub valve element is in the closed position (at the
normal control time); FIG. 7 is a view in which the main
valve element is in the closed position and the sub valve
element s in the closed position (at the time of transition
to compressor actuation), and FIG. 8 is a view in which
the main valve element is in the closed position and the
sub valve element is in the open position (at the com-
pressor actuation time).

[0064] The control valve 2 in the second embodiment
basically differs from the control valve 1 in the aforemen-
tioned first embodiment only in the configurations of the
valve body and the main valve element of the valve ele-
ment. Thus, configurations with the same functions as
those in the first embodiment are denoted by the same
reference numerals and the detailed description thereof
will thus be omitted. Hereinafter, only the differences will
be discussed in detail.

[0065] In the control valve 2 in this embodiment, the
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top fit-insertion portion 15e and the intermediate small-
diameter portion 15d of the main valve element 15 are
formed longer than those of the control valve 1 in the first
embodiment, while the lower small-diameter portion 15¢
and the bottom fit-insertion portion 15b on the lower side
of the main valve element portion 15a are omitted.

[0066] Inaddition, the fit-insertion portion 24 of the sup-
port member 20B of the valve body 20 has a step formed
thereon, and at a position below an upper large-diameter
portion 24a (an outer shape corresponding to the fit-in-
sertion portion 24 in the first embodiment), a lower small-
diameter portion 24b, which is longer than the upper
large-diameter portion 24a in the vertical direction, is pro-
vided, and at a lower end of the lower small-diameter
portion 24b, a flanged abutment portion 24c adapted to
abut the stepped portion (terrace portion) between the
recess hole 20C and the reception hole 18 of the body
member 20A is provided such that it protrudes outward.
[0067] Meanwhile, the recess hole 20C of the body
member 20A of the valve body 20 also has a step formed
thereon, and has an upper large-diameter hole 20Ca (an
outer shape corresponding to the recess hole 20C in the
first embodiment) into which the upper large-diameter
portion 24a is fitted and inserted, and a lower small-di-
ameter hole 20Cb into which the lower small-diameter
portion 24b is fitted and inserted, and further has a
stepped reception hole 18 for storing the main valve el-
ement portion 15a of the main valve element 15in a man-
ner continuous with the center of the bottom of the lower
small-diameter hole 20Cb. A valve closing spring 50 con-
structed from a conical compression coil spring is pro-
vided in a compressed state between the stepped portion
provided on the inner periphery of the reception hole 18
and the stepped portion (terrace portion) 15g provided
on the outer periphery of the bottom of the main valve
element portion 15a of the main valve element 15.

[0068] The inside of the reception hole 18 (a portion
below the valve orifice 22 of the support member 20B)
isthe valve chamber21. Herein, the lower small-diameter
hole 20Cb in the recess hole 20C has a plurality of Pd
introduction ports 25 communicating with the discharge
chamber 106 of the compressor 100. A ring-like filter
member 25A is arranged around the outer periphery of
the Pd introduction ports 25 thereof, and the lower small-
diameter portion 24b of the fit-insertion portion 24 (in-
stead of the intermediate small-diameter portion 15d of
the main valve element 15) has a plurality of horizontal
holes 25a communicating with the Pd introduction ports
25. The Pc inlet/outlet chamber (inlet/outlet port) 26,
which communicates with the crank chamber 104 of the
compressor 100, communicates with the Pd introduction
ports 25 via the valve chamber 21 — a gap between the
valve orifice 22 and the main valve element portion 15a
— a gap between the bottom of the guide hole 19 (upper
guide hole 19A) and the intermediate small-diameter por-
tion 15d — the horizontal holes 25 in the lower small-
diameter portion 24b— a gap between the lower small-
diameter portion 24b and the lower small-diameter hole
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20Cb (which will be discussed in detail below).

[0069] In addition, in this embodiment, the outer pe-
riphery of the upper large-diameter portion 24a abuts the
inner periphery of the upper large-diameter hole 20Ca
(that s, the upper large-diameter portion 24a is fitted into
(fits snugly inside) the upper large-diameter hole 20Ca),
and the support member 20B is fixedly inserted into the
recess hole 20C of the body member 20A in a posture
in which a small gap is provided between the outer pe-
riphery of the lower small-diameter portion 24b and the
inner periphery of the lower small-diameter hole 20Cb.
In addition, as shown in the enlarged view of FIG. 6, an
annular protrusion 24B with an acute-angled tip end is
provided in a protruding manner on the bottom surface
(opposite surface) of the upper large-diameter portion
24athatis opposite the stepped portion (upward stepped
surface) between the upper large-diameter hole 20Ca
and the lower small-diameter hole 20Cb. Chips that are
produced upon sliding of the recess hole 20C (or the
inner wall surface of the upper large-diameter hole 20Ca
thereof) and the fit-insertion portion 24 (or the outer pe-
ripheral surface of the upper large-diameter portion 24a
thereof) with respect to each other during assembly (in
particular, chips of the body member 20A with relatively
low hardness) are stored in and sealed by the chip sealing
portion 20P that is defined by the annular protrusion 24B
and the corner on the outer periphery of the bottom of
the upper large-diameter hole 20Ca.

[0070] Although FIG. 6 shows an example in which the
annular protrusion 24B that defines the chip sealing por-
tion 20P is formed on the upper large-diameter portion
24a of the fit-insertion portion 24 of the support member
20B, itis also possible to form an annular protrusion 24D
that defines the chip sealing portion 20P on the upward
stepped surface of the recess hole 20C of the body mem-
ber 20A as shown in FIG. 9A, for example (at the inner
edge of the stepped surface in the shown example). Al-
ternatively, as shown in FIG. 9B, for example, it is also
possible to, by forming an annular inclined surface 24C
at the inner edge of the stepped portion (downward
stepped surface) of the fit-insertion portion 24 that has a
step formed thereon (between the upper large-diameter
portion 24a and the lower small-diameter portion 24b),
and causing the annular inclined surface 24C to abut the
corner on the inner side of the stepped portion (upward
stepped surface) of the recess hole 20C, define the chip
sealing portion 20P by the annular inclined surface 24C
and the corner on the outer periphery of the bottom of
the upper large-diameter hole 20Ca of the recess hole
20C.

[0071] Though not shown, if the outer periphery of the
lower small-diameter portion 24b of the fit-insertion por-
tion 24 (the outer periphery of the flanged abutment por-
tion 24c in the shown example) abuts the inner periphery
of the lower small-diameter hole 20Cb of the recess hole
20C (that is, if the lower small-diameter portion 24b is
fitted into (fits snugly inside) the lower small-diameter
hole 20Cb), it is obviously possible to form an annular
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protrusion that defines the chip sealing portion 20P on
the bottom surface of the recess hole 20C (or the lower
small-diameter portion 20Cb thereof) or the bottom sur-
face (opposite surface) of the lower small-diameter por-
tion 24b of the support member 20B that is opposite the
bottom surface of the recess hole 20C.

[0072] Needless to say, the control valve 2 in the sec-
ond embodiment with the aforementioned configuration
can also obtain operational effects that are similar to
those of the control valve 1 in the first embodiment.

<Third Embodiment>

[0073] FIG. 10is alongitudinal sectional view showing
the third embodiment of the variable-capacity compres-
sor control valve in accordance with the presentinvention
in which the main valve element is in the open position
and the sub valve element is in the closed position (at
the normal control time).

[0074] The control valve 3 in the third embodiment ba-
sically differs from the control valve 2 in the second em-
bodiment only in the configuration of the valve element.
It should be noted that in the control valve 3 in the third
embodiment, the other configurations (e.g., the configu-
ration of the electromagnetic actuator) also differ from
those of the control valve 2 in the aforementioned second
embodiment. However, to avoid complexity of the de-
scription, configurations with the same functions as those
in the second embodiment are denoted by the same ref-
erence numerals and the detailed description thereof will
thus be omitted (for the detailed structure, see also Patent
Document 1, for example). Hereinafter, only the differ-
ences will be discussed in detail.

[0075] In the control valve 3 in the third embodiment,
the main valve element 15 and the sub valve element 17
of the valve element 10 are integrally formed, the release
through-hole in the main valve element 15 (and the in-
valve release passage accordingly) is omitted, and the
valve element 10 engages with the plunger 37 such that
the valve element 10 is vertically immovable with respect
to the plunger 37. When the plunger is moved upward
(in the valve-closing direction) upon energization of the
solenoid portion 30A of the electromagnetic actuator 30,
the inner flanged latch portion 37k provided at the bottom
of the plunger 37 engages with the flanged latch portion
15k of the valve element 10 provided above the inner
flanged latch portion 37k, whereby the valve element 10
is moved together with the plunger 37. It should be noted
that for the operation and function of the control valve 3,
see also Patent Document 1, for example.

[0076] Although the control valve 3 in the third embod-
iment with the aforementioned configuration cannot ob-
tain operational effects with the function of the in-valve
release passage, it is obviously possible to obtain oper-
ational effects that are similar to those of the control
valves 1 and 2 in the aforementioned first and second
embodiments.
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DESCRIPTION OF SYMBOLS

[0077]

1

2

10
11
12
15
15a
15k
16
17
17a
19
19A
19B
20
20A
20B
20C
20P
21
22
23
25
26
27
30
30A
37
37k
37s
37t
40

45
50
Lv
La

Lp

Claims

1.

Variable-capacity compressor control valve (first
embodiment)

Variable-capacity compressorcontrol valve (sec-
ond embodiment)

Variable-capacity compressor control valve
(third embodiment)

Valve element

Main valve unit

Sub valve unit

Main valve element

Main valve element portion

Flanged latch portion

In-valve release passage

Sub valve element

Sub valve element portion (tapered portion)
Guide hole

Upper guide hole

Lower guide hole

Valve body

Body member

Support member

Recess hole

Chip sealing portion

Valve chamber

Valve orifice

Sub valve seat portion

Pd introduction port

Pc inlet/outlet port

Ps inlet/outlet port

Electromagnetic actuator

Solenoid portion

Plunger

Inner flanged latch portion

Slit

Cut-in

Bellows device (pressure-sensitive reaction
member)

Pressure-sensitive chamber

Valve closing spring

First lift amount

Predetermined amount

Second lift amount

A variable-capacity compressor control valve com-
prising:

a valve body including a valve chamber with a
valve orifice, a Ps inlet/outlet port communicat-
ing with a suction chamber of a compressor, a
Pd introduction port arranged upstream of the
valve orifice and communicating with a dis-
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charge chamber of the compressor, and a Pc
inlet/outlet port arranged downstream of the
valve orifice and communicating with a crank
chamber of the compressor;

a valve element adapted to open or close the
valve orifice;

an electromagnetic actuator with a plunger for
moving the valve element in a direction to open
or close the valve orifice;

a pressure-sensitive chamber adapted to re-
ceive a suction pressure Ps from the compres-
sor via the Ps inlet/outlet port; and

a pressure-sensitive reaction member adapted
tourge the valve elementin the direction to open
or close the valve orifice in accordance with a
pressure in the pressure-sensitive chamber,
wherein

the valve body includes a support member and a
body member, the support member having formed
therein the valve orifice and a guide hole into which
the valve element is adapted to be slidably fitted and
inserted, and the body member having formed there-
in the Ps inlet/outlet port, the Pd introduction port,
and the Pc inlet/outlet port, and

the support member is fixedly inserted into a recess
hole provided in the body member.

2. The variable-capacity compressor control valve ac-
cording to claim 1, wherein

the recess hole includes an upper large-diame-
ter hole and a lower small-diameter hole,

the support member includes a fit-insertion por-
tion adapted to be inserted into the recess hole,
the fit-insertion portion including an upper large-
diameter portion and a lower small-diameter
portion, and

the support member is fixedly inserted into the
recess hole in at least one of a posture in which
the upper large-diameter portion is fitted into the
upper large-diameter hole or a posture in which
the lower small-diameter portion is fitted into the
lower small-diameter hole.

3. The variable-capacity compressor control valve ac-
cording to claim 2, wherein

the support member is fixedly inserted into the
recess holein aposture in which the upper large-
diameter portion is fitted into the upper large-
diameter hole and a gap is provided between an
inner periphery of the lower small-diameter hole
and an outer periphery of the lower small-diam-
eter portion, and

the valve orifice is located below a lower end of
the lower small-diameter portion, and the lower
small-diameter portion has formed therein a hor-
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izontal hole communicating with the Pd introduc-
tion port of the body member via the gap.

The variable-capacity compressor control valve ac-
cording to claim 1, further comprising a chip sealing
portion between the body member and the support
member, the chip sealing portion being adapted to
seal chips of at least one of the body member or the
support member.

The variable-capacity compressor control valve ac-
cording to claim 4, wherein the chip sealing portion
is defined by an annular protrusion provided on one
of a bottom surface of the recess hole or an opposite
surface of the support member that is opposite the
bottom surface of the recess hole.

The variable-capacity compressor control valve ac-
cording to claim 4, wherein the chip sealing portion
is defined by an annular protrusion provided on one
of an upward stepped surface of the recess hole that
has a step formed thereon or an opposite surface of
the support member that is opposite the upward
stepped surface of the recess hole.

The variable-capacity compressor control valve ac-
cording to claim 5 or 6, wherein a tip end of the an-
nular protrusion has an acute angle.

The variable-capacity compressor control valve ac-
cording to claim 4, wherein

each of an inner periphery of the recess hole
and an outer periphery of the fit-insertion portion,
which is adapted to be inserted into the recess
hole, of the support member has a step formed
thereon, and

the chip sealing portion is defined by an annular
inclined surface that is provided on a downward
stepped surface of the fit-insertion portion such
that the annular inclined surface abuts a corner
on an inner side of an upward stepped surface
of the recess hole.

The variable-capacity compressor control valve ac-
cording to any one of claims 1 to 8, wherein the sup-
port member is formed of a material with higher hard-
ness than a material of the body member.

The variable-capacity compressor control valve ac-
cording to claim 9, wherein

the support member is formed of a stainless
steel material, and

the body member is formed of one of an alumi-
num material, a brass material, or a resin mate-
rial.
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FIG. 1

[ Normal operation time
(Main valve element: Open,
Sub valve element: Closed) ]
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[ Time of transition to compressor

actuation
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(Main valve element: Closed,
Sub valve element: Closed) ]
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[ Compressor actuation time
(Main valve element: Closed,
Sub valve element: Open) ]
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FIG. 3
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FIG. 4A
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FIG. 4C
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FIG. 6

[ Normal operation time
(Main valve element: Open,
Sub valve element: Closed) ]
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[ Time of transition to compressor
actuation

(Main valve element: Closed,
Sub valve element: Closed) ]
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[ Compressor actuation time
(Main valve element: Closed,
Sub valve element: Open) ]
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FIG. 9A

FIG. 9B
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FIG. 10
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|
[ Normal operation time ; 3
(Main valve element: Open, - -
Sub valve element: Closed) ] :
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FIG. 11
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FIG. 12A

[Normal control time]

200

L 7’
16’
N
104
I N
/|
\
Pc
---------------- Ps | || .
1074 |« =i
) ) ]
\ ] T
108 102 101
FIG. 12B
[Compressor actuation time]
L
16’
1?5 104
] .
/ /
t \
Pc
» Ps || | |
107 <

7
/_-‘\_,__//
ML
FAR
\\_,/»—\

108 102 101

26




10

15

20

25

30

35

40

45

50

55

EP 3 184 817 A1

des

Européisches
Patentamt

European

Patent Office

ce européen
brevets

w

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 16 19 5697

Category

Citation of document with indication, where appropriate,
of relevant passages

Relevant
to claim

CLASSIFICATION OF THE
APPLICATION (IPC)

X

EP 2 410 220 A2 (FUJIKOKI CORP [JP])
25 January 2012 (2012-01-25)

* abstract; claim 1; figure 1 *

* paragraph [0019] *
* paragraphs [0025],
[0036] *

[0027], [0030] -

EP 2 426 358 A2 (FUJIKOKI CORP [JP])

7 March 2012 (2012-03-07)

* figures 1,2 *

* paragraphs [0030] - [0036], [0057] -
[0058] *

EP 1 707 811 A2 (TGK CO LTD [JP])

4 October 2006 (2006-10-04)

* figure 1 *

* paragraphs [0010] - [0014] *

US 2003/219344 Al (SAKAI TAKAYUKI [JP] ET
AL) 27 November 2003 (2003-11-27)

* figure 1 *

* paragraphs [0030], [0031] *

The present search report has been drawn up for all claims

1,9,10

1-10

1-10

1-10

INV.
FO4B27/18

TECHNICAL FIELDS
SEARCHED (IPC)

FO4B

Place of search

Munich

Date of completion of the search

18 May 2017

Examiner

Richmond, Robin

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

L : document cited for other reasons

& : member of the same patent family, corresponding
document

27




EP 3 184 817 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 16 19 5697

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

18-05-2017
Patent document Publication Patent family Publication
cited in search report date member(s) date
EP 2410220 A2 25-01-2012 EP 2410220 A2 25-01-2012
JP 2012026311 A 09-02-2012
KR 20120009398 A 01-02-2012
US 2012020814 Al 26-01-2012
EP 2426358 A2 07-03-2012 CN 102384056 A 21-03-2012
EP 2426358 A2 07-03-2012
JP 5878703 B2 08-03-2016
JP 2012211579 A 01-11-2012
KR 20120024478 A 14-03-2012
US 2012056113 Al 08-03-2012
EP 1707811 A2 04-10-2006  EP 1707811 A2 04-10-2006
JP 2006307828 A 09-11-2006
KR 20060105531 A 11-10-2006
US 2006218953 Al 05-10-2006
US 2003219344 Al 27-11-2003 DE 10323573 Al 08-01-2004
FR 2840033 Al 28-11-2003
JP 3911443 B2 09-05-2007
JP 2003343434 A 03-12-2003
KR 20030091798 A 03-12-2003
US 2003219344 Al 27-11-2003

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

28




EP 3 184 817 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

 JP 2015244968 A [0001] e JP 2013130126 A [0010]
« JP 2010185285 A [0010]

29



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

