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(57) A displacement control valve of a variable dis-
placement inclined plate-type compressor, the displace-
ment control valve controlling the discharge displace- F IG 2A
ment of the compressor by opening and closing a com- "
munication path between a discharge chamber and a
crank chamber. The displacement control valve has a

valve hole formed in the communication path and always \
communicating with the discharge chamber, avalve body \

for opening and closing the valve hole, a support hole 1

provided coaxially with the valve hole, a support rod sli- 123 < / /121
dably inserted into the support hole and connected to the N \ \/120
valve body, an electromagnetic solenoid for driving the 124 — d N

valve body, and a pressure sensing chamber for intro- N N 125
ducing a suction pressure or crank chamber pressure of 126 — [ N N 2
the compressor into the end section of the support rod 122_\\4 N \ \/

which is on the side opposite to the side of the valve body.
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Description

Technical Field of the Invention

[0001] The present invention relates to a displacement control valve of a variable displacement inclined plate-type
compressor, and specifically, relates to a displacement control valve incorporated into a variable displacement inclined
plate-type compressor which is suitable for use in a refrigeration cycle of an air conditioning system for vehicles.

Background Art of the Invention

[0002] Patent Document 1 discloses a displacement control valve of a variable displacement inclined plate-type com-
pressor for controlling a discharge displacement of the compressor by opening and closing a valve hole formed in a
communication path between a discharge chamber and a crank chamber of the compressor, the displacement control
valve including the valve hole always communicating with the crank chamber, a valve body for opening and closing the
valve hole, and an electromagnetic solenoid for driving the valve body. In the displacement control valve disclosed in
this Patent Document 1, a force applied to the valve body at the time of valve closing is represented by the following
equation (1). The following equation (1) stands on the premise that the crank chamber pressure decreases down to a
pressure almost equal to a suction pressure at the time of valve closing.

F=f(1)-fs+@d-Ps)Sv+1fs' (1)

Where,

f(1) : electromagnetic force of the electromagnetic solenoid

fs : urging force of a releasing spring of the electromagnetic solenoid
Pd : discharge pressure

Ps : suction pressure

Sv : cross-sectional area of the valve hole

fs’ : urging force of a spring for pressing the valve body

Patent Document 1: JP-A-7-286581

Disclosure of the Invention

Problems to be solved by the Invention

[0003] However, there are the following problems in the displacement control valve disclosed in the above-described
Patent Document 1.

When the valve body is closed, because a pressure difference between the discharge pressure Pd and the suction
pressure Ps urges the valve body in a direction of valve closing, in order to forcibly open the valve body by degaussing
of the electromagnetic solenoid, it is necessary to set the urging force fs of the releasing spring of the electromagnetic
solenoid at a value of (Pd-Ps)Sv+fs’ or more. In order to forcibly open the valve body in a region with a high discharge
pressure Pd, itis necessary to use a releasing spring with a great spring force fs, and it is necessary to generate a great
electromagnetic force for exciting the electromagnetic solenoid and attracting a movable core against the spring force
Fs of the releasing spring, and whereby, the electromagnetic solenoid becomes large.

[0004] Paying attentiontothe above-described problems, an object of the presentinventionisto provide a displacement
control valve of a variable displacement inclined plate-type compressor, which can be made smaller than that disclosed
in Patent Document 1.

Means for solving the Problems

[0005] To achieve the above-described object, a displacement control valve of a variable displacement inclined plate-
type compressor according to the present invention is provided as a displacement control valve for controlling a discharge
displacement of the compressor by opening and closing a communication path between a discharge chamber and a
crank chamber of the compressor. The displacement control valve comprises a valve hole formed in the communication
path and always communicating with the discharge chamber, a valve body for opening and closing the valve hole, a
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support hole provided coaxially with the valve hole, a support rod slidably inserted into the support hole and connected
to the valve body, an electromagnetic solenoid for driving the valve body, and a pressure sensing chamber for introducing
a suction pressure or crank chamber pressure of the compressor into an end section of the support rod which is on a
side opposite to a side of the valve body.

[0006] In this displacement control valve, a force F applied to the valve body at the time of valve closing is represented
by the following equation (2). The following equation (2) stands on the premise that the crank chamber pressure decreases
down to a pressure almost equal to a suction pressure at the time of valve closing.

F=1(1)-fs% (Pd - Ps) x (Sv - Sr) @)

Where,

f(1) : electromagnetic force of the electromagnetic solenoid

fs : urging force of a releasing spring of the electromagnetic solenoid
Pd : discharge pressure

Ps : suction pressure

Sv : cross-sectional area of the valve hole

Sr : cross-sectional area of the support rod

Where, the "=" in the equation (2) is "-" when Sv>Sr, and "+" when Sv<Sr.

[0007] Insuch adisplacement control valve according to the present invention, in order to forcibly open the valve body
by degaussing of the electromagnetic solenoid, the force fs of the releasing spring of the electromagnetic solenoid may
be set at (Pd-Ps)x(Sv-Sr) or more. This spring force (Pd-Ps)x(Sv-Sr) is clearly smaller than the spring force (Pd-Ps)
Sv+fs’ required for the displacement control valve in the aforementioned Patent Document 1. Therefore, the displacement
control valve according to the present invention can be made smaller than the displacement control valve of Patent
Document 1.

[0008] In the displacement control valve according to the present invention, it is preferred that a cross-sectional area
of the valve hole is set nearly equal to but greater than a cross-sectional area of the support rod. Thus, if the cross-
sectional area of the valve hole is set nearly equal to but greater than the cross-sectional area of the support rod, the
discharge pressure operates in a valve opening direction at the time of valve closing. Therefore, by degaussing of the
electromagnetic solenoid, the valve body is surely opened by the urging force of the releasing spring.

[0009] Further, in the displacement control valve according to the present invention, it is preferred that a contact part
of the valve hole with the valve body is made of a hard material. By making the contact part of the valve hole with the
valve body, that is, the valve seat, from a hard material, abrasion of the valve seat due to repeated contact of the valve
body may be suppressed.

[0010] Further, in the displacement control valve according to the present invention, it is preferred that the valve hole
and the support hole are integrally formed by a hard material. By forming the valve hole and the support hole from a
hard material, abrasion of the valve seat due to repeated contact of the valve body and abrasion of the support hole due
to repeated slide of the support rod may be suppressed. By forming the valve hole and the support hole integrally, the
structure of the displacement control valve may be simplified as compared with a case where both are formed separately.
[0011] Moreover, in the displacement control valve according to the present invention, it is preferred that a valve
housing formed with the valve hole and the support hole and containing the valve body and the support rod is made
from a resin or an aluminum alloy. Thus, by making the valve housing from a resin or an aluminum alloy, the weight of
the displacement control valve may be reduced.

Effect according to the Invention

[0012] In the displacement control valve of a variable displacement inclined plate-type compressor according to the
present invention, the force of the releasing spring of the electromagnetic solenoid required for forcibly opening the valve
body can be made smaller than the force of the releasing spring required in the displacement control valve of Patent
Document 1. Therefore, the displacement control valve according to the present invention can be made smaller than
the displacement control valve of Patent Document 1.

Brief explanation of the drawings

[0013]
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[Fig. 1] Fig. 1 is a vertical sectional view of a variable displacement inclined plate-type compressor having a dis-
placement control valve according to a first embodiment of the present invention.

[Fig. 2] Figs. 2A and 2B are vertical sectional views of the displacement control valve according to the first embod-
iment, Fig. 2A shows a valve closing condition, and Fig. 2B shows a valve opening condition.

[Fig. 3] Fig. 3A is a vertical sectional view of a displacement control valve according to a modification of the first
embodiment, and Fig. 3B is an enlarged, partial, vertical sectional view thereof.

[Fig. 4] Fig. 4A is a vertical sectional view of a displacement control valve according to another modification of the
first embodiment, and Fig. 4B is an enlarged, partial, vertical sectional view thereof.

[Fig. 5] Figs. 5A and 5B are vertical sectional views of a displacement control valve according to a second embodiment
of the present invention, Fig. 5A shows a valve closing condition, and Fig. 5B shows a valve opening condition.

Explanation of symbols

[0014]

1: variable displacement inclined plate-type compressor
2, 3: displacement control valve

17: crank chamber

21: suction chamber

22: discharge chamber

26: concave portion

100, 200: valve part

101, 201: valve housing

102, 203: pressure sensing chamber
103, 202: valve chamber

105, 206: support hole

106, 205: valve hole

109, 209: valve body

111, 211: support rod

120, 220: electromagnetic solenoid

The Best mode for carrying out the Invention

[0015] Hereinafter, desirable embodiments of a displacement control valve of a variable displacement inclined plate-
type compressor according to the present invention will be explained referring to figures.

First Embodiment

[0016] Figs. 1 and 2 depict a variable displacement inclined plate-type compressor having a displacement control
valve according to a first embodiment of the present invention. As depicted in Fig. 1, a variable displacement inclined
plate-type compressor 1 has a main shaft 10, a rotor 11 fixed to main shaft 10, and an inclined plate 12 supported by
main shaft 10 at a condition capable of changing its inclination angle. Inclined plate 12 is connected to rotor 11 via a link
mechanism 13 allowing the change of the inclination angle of inclined plate 12, and rotates synchronously with rotor 11
and main shaft 10. Piston 15 is engaged with inclined plate 12 via a pair of shoes 14 sliding on the periphery of inclined
plate 12. Piston 15 is inserted into a cylinder bore 16a formed in a cylinder block 16. A plurality of pistons 15 are disposed
around main shaft 10 at an interval with each other in the circumferential direction.

[0017] A crank chamber 17 containing main shaft 10, rotor 11 and inclined plate 12 is formed by cylinder block 16 and
front housing 18. Main shaft 10 extends to outside through front housing 18. A shaft seal member 19 is disposed for
sealing the through portion of main shaft 10 in front housing 18. A pulley 20 is fixed at a tip portion of main shaft 10. In
a case where variable displacement inclined plate-type compressor 1 is a compressor used for a refrigeration cycle of
an air conditioning system for vehicles, pulley 20 is connected, for example, to an engine (not shown) via a belt (not shown).
[0018] A cylinder head 23 forming a suction chamber 21 and a discharge chamber 22 is disposed at a position on a
side of cylinder block 16 opposite to the side of front housing 18. Suction chamber 21 is connected to an evaporator
(not shown), which is provided in an external circuit, for example, a refrigeration cycle of an air conditioning system for
vehicles, via a suction port (not shown). Discharge chamber 22 is connected to a condenser (not shown), which is
provided in an external circuit, for example, a refrigeration cycle of an air conditioning system for vehicles, via a discharge
port (not shown).

[0019] A valve plate 24 formed with suction hole 21a and discharge hole 22a communicating with cylinder bore 16a
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is provided between cylinder block 16 and cylinder head 23. A discharge valve and a suction valve (not shown) are
attached to the valve plate 24. Crank chamber 17 and suction chamber 21 are communicated with each other via an
orifice hole 24a formed on valve plate 24.

[0020] Front housing 18, cylinder block 16, valve plate 24 and cylinder head 23 are integrally fastened by a plurality
of through bolts 25 disposed at intervals along the circumference with a center of main shaft 10.

[0021] A displacement control valve 2 for controlling the discharge displacement of variable displacement inclined
plate-type compressor 1 is fitted into and fixed in a concave portion 26 which is formed in cylinder head 23 at a position
adjacent to discharge chamber 22. As shown in Figs. 1 and 2, displacement control valve 2 has a valve part 100 and
an electromagnetic solenoid 120 connected to valve part 100.

[0022] Valve part 100 has a cylindrical valve housing 101. Three closed spaces 27a, 27b and 27c¢ are defined around
valve housing 101 by two O-rings 101a and 101b tightly fitted onto the periphery of valve housing 101 and one O-ring
120a tightly fitted onto the periphery of the case of electromagnetic solenoid 120.

[0023] In valve housing 101, a lateral partition wall 104 is formed for dividing the inside space of valve housing 101
into a pressure sensing chamber 102 on one end side and a valve chamber 103 on the other end side. On lateral partition
wall 104, a support hole 105 communicating with pressure sensing chamber 102 and a valve hole 106 communicating
with valve chamber 103 are formed. Support hole 105 and valve hole 106 are disposed on the same axis and commu-
nicated with each other. A communication hole 107 extending in the radial direction through lateral partition wall 104 is
formed in lateral partition wall 104 passing through the communicating portion between support hole 105 and valve hole
106.

[0024] Pressure sensing chamber 102 communicates with suction chamber 21 via closed space 27a and a commu-
nication path 23a formed in cylinder head 23. Communication hole 107 always communicates with discharge chamber
22 via closed space 27b and a communication path 23b formed in cylinder head 23. Valve hole 106 communicating with
communication hole 107 always communicates with discharge chamber 22. Valve chamber 103 communicates with
crank chamber 17 via a communication hole 108 formed in valve housing 101, closed space 27c¢, a communication path
23c formed in cylinder head 23 and communication path 16b formed in cylinder block 16.

[0025] A valve body 109 for opening and closing valve hole 106 is disposed in valve chamber 103. A small-diameter
rod 110 extending from valve body 109 is inserted into valve hole 106 at a movable condition with a gap. A support rod
111 integrally formed with the end portion of small-diameter rod 110 is slidably inserted into support hole 105. Valve
part 100 is formed by a series of structures from valve housing 101 to support rod 111.

[0026] Electromagnetic solenoid 120 has a case 121. The end portion of valve chamber 103 side of valve housing
101 is press fitted into one end of case 121. As aforementioned, O-ring 120a for forming closed space 27c is fitted onto
the periphery of the one end portion of case 121.

[0027] Electromagnetic solenoid 120 has a fixed core 122 disposed in case 121, a movable core 123 disposed facing
its one end to one end of fixed core 122, a releasing spring 124 for urging movable core 123 in a direction apart from
the fixed core, an electromagnetic coil 125 surrounding fixed core 122 and movable core 123, and a rod 126 extending
from movable core 123 through fixed core 122 at a condition capable of being floated. This rod 126 is formed integrally
with valve body 109. The rod insertion hole formed in fixed core 122 and a space for containing movable core 123 are
communicated with valve chamber 103, and is in a condition of the same pressure as that in valve chamber 103.
[0028] Next, the operation of displacement control valve 2 will be explained.

As shown in Fig. 2A, when electromagnetic coil 125 is excited, movable core 123 is moved toward fixed core 122 against
the urging force of releasing spring 124, and valve body 109 closes valve hole 106. By this closing, the communication
path between discharge chamber 22 and crank chamber 17, which is formed by communication path 23b, closed space
27b, communication hole 107, valve hole 106, valve chamber 103, communication hole 108, closed space 27¢, com-
munication path 23c and communication path 16b, is closed. Therefore, the high-pressure refrigerant gas in discharge
chamber 22 is not supplied into crank chamber 17. Since orifice path 24a has an area enough to exhaust blow-by gas,
which leaks from cylinder bore 16a to crank chamber 17 when piston 15 compresses refrigerant gas in cylinder bore
164, into suction chamber 21, the crank chamber pressure gradually decreases. When the crank chamber pressure
decreases, the inclination angle of the inclined plate increases, and the discharge displacement of variable displacement
inclined plate-type compressor 1 increases.

[0029] When electromagnetic coil 125 is degaussed, as shown in Fig. 2B, movable core 123 moves in a direction
apart from fixed core 122 by the urging force of releasing spring 124, and valve body 109 opens valve hole 106. By this
opening, the high-pressure refrigerant gas in discharge chamber 22 is supplied into crank chamber 17 through the
communication path formed by communication path 23b, closed space 27b, communication hole 107, valve hole 106,
valve chamber 103, communication hole 108, closed space 27c, communication path 23c and communication path 16b.
By this supply of the high-pressure refrigerant gas, the crank chamber pressure elevates, the inclination angle of the
inclined plate decreases, and the discharge displacement of variable displacement inclined plate-type compressor 1
decreases.

[0030] Thus, the discharge displacement of variable displacement inclined plate-type compressor 1 is controlled to
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be changed by the excitation and the degaussing of electromagnetic coil 125.

[0031] Indisplacement control valve 2, a force F applied to valve body 109 at the time of valve closing is represented
by the following equation (2). The following equation (2) stands on the premise that the pressure in crank chamber 17
decreases down to a pressure almost equal to a suction pressure at the time of valve closing and the pressure in valve
chamber 103 is applied to the portion around movable core 123.

F=1(1)-fs+ (Pd-Ps) x (Sv-Sr) 2)

Where,

f(1) : electromagnetic force of the electromagnetic solenoid

fs : urging force of the releasing spring of the electromagnetic solenoid
Pd : discharge pressure

Ps : suction pressure

Sv : cross-sectional area of the valve hole

Sr : cross-sectional area of the support rod

Where, in the equation (2), the "£" becomes "-" when Sv>Sr, and the "=" becomes "+" when Sv<Sr.

[0032] Insuchadisplacementcontrolvalve 2,in order to forcibly open valve body 109 by degaussing of electromagnetic
solenoid 120, the force fs of releasing spring 124 of the electromagnetic solenoid may be set at (Pd-Ps)x(Sv-Sr) or more.
This spring force (Pd-Ps)x(Sv-Sr) is clearly smaller than the spring force (Pd-Ps)Sv+fs’ required for the displacement
control valve in the aforementioned Patent Document 1. Therefore, by using a small and weak releasing spring 124,
displacement control valve 2 can be made smaller than the displacement control valve of Patent Document 1.

[0033] Where, pressure sensing chamber 102 may be communicated with crank chamber 17 instead of suction cham-
ber 21.

[0034] Inthe above-described displacement control valve 2, itis preferred that the cross-sectional area Sv of the valve
hole is set nearly equal to but greater than the cross-sectional area Sr of the support rod. By setting the cross-sectional
area Sv of the valve hole nearly equal to but greater than the cross-sectional area Sr of the support rod, the discharge
pressure Pd operates in a valve opening direction at the time of valve closing. Therefore, by degaussing of the electro-
magnetic solenoid 120, valve body 109 is surely opened by the urging force of releasing spring 124.

[0035] As shown in a modification depicted in Fig. 3, in the above-described displacement control valve 2, a structure
may be employed wherein a ring member 112 made of a stainless-group material as a hard material is press fitted into
lateral partition wall 104, and a contact part of valve hole 106 with valve body 109 is formed by the ring member 112.
By forming the contact part of valve hole 106 with valve body 109, that is, the valve seat, from the stainless-group material
which is a hard material, abrasion of the valve seat due to repeated contact of valve body 109 may be suppressed.
[0036] Further, as shown in another modification depicted in Fig. 4, a structure may be employed wherein a ring
member 113 of a stainless-group material, formed on its wall with a through hole 113a communication with communication
hole 107, is press fitted into lateral partition wall 104, and valve hole 106 and support hole 105 are integrally formed. By
forming valve hole 106 and support hole 105 from the stainless-group material which is a hard material, abrasion of the
valve seat due to repeated contact of valve body 109 and abrasion of support hole 105 due to repeated slide of support
rod 111 may be suppressed. By integrally forming valve hole 106 and support hole 105 by ring member 113, the structure
of displacement control valve 2 may be simplified as compared with a case where both are formed separately.

[0037] Moreover, valve housing 101 may be made from a resin or an aluminum alloy. By making valve housing 101
from a resin or an aluminum alloy, the weight of displacement control valve 2 may be reduced.

Second Embodiment

[0038] Fig. 5 shows a displacement control valve of a variable displacement inclined plate-type compressor according
to a second embodiment of the present invention. As shown in Fig. 5, a displacement control valve 3 comprises a valve
part 200 and an electromagnetic solenoid 220 connected to valve part 200.

[0039] Valve part 200 has a cylindrical valve housing 201. Three closed spaces 27d, 27e and 27f are defined around
valve housing 201 by two O-rings 201a and 201b tightly fitted onto the periphery of valve housing 201 and one O-ring
220a tightly fitted onto the periphery of the case of electromagnetic solenoid 220.

[0040] In valve housing 201, a lateral partition wall 204 is formed for dividing the inside space of valve housing 201
into a valve chamber 202 on one end side and a pressure sensing chamber 203 on the other end side. On lateral partition
wall 204, a valve hole 205 communicating with valve chamber 202 and a support hole 206 communicating with pressure
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sensing chamber 203 are formed. Valve hole 205 and support hole 206 are disposed on the same axis and communicated
with each other. A communication hole 207 extending in the radial direction through lateral partition wall 204 is formed
in lateral partition wall 204 passing through the communicating portion between valve hole 205 and support hole 206.

[0041] Pressure sensing chamber 203 communicates with suction chamber 21 or crank chamber 17 via a communi-
cation hole formed in valve housing 201, closed space 27d and a communication path (not shown) formed in cylinder
head 23. Communication hole 207 communicates with discharge chamber 22 via closed space 27e and communication
path 23b formed in cylinder head 23. Valve hole 205 communicating with communication hole 207 always communicates
with discharge chamber 22. Valve chamber 202 communicates with crank chamber 17 via closed space 27f, a commu-
nication path (not shown) formed in cylinder head 23, and a communication path (not shown) formed in cylinder block 16.
[0042] A valve body 209 for opening and closing valve hole 205 is disposed in valve chamber 202. A small-diameter
rod 210 extending from valve body 209 is inserted into valve hole 205 at a movable condition with a gap. A support rod
211 integrally formed with the end portion of small-diameter rod 210 is slidably inserted into support hole 206. Valve
part 200 is formed by a series of structures from valve housing 201 to support rod 211.

[0043] Electromagnetic solenoid 220 has a case 221. The end portion of pressure sensing chamber 203 side of valve
housing 201 is press fitted into one end of case 221. As aforementioned, O-ring 220a for forming closed space 27d is
fitted onto the periphery of the one end portion of case 221.

[0044] Electromagnetic solenoid 220 has a fixed core 222 disposed in case 221, a movable core 223 disposed facing
its one end to one end of fixed core 222, a releasing spring 224 for urging movable core 223 in a direction apart from
the fixed core, an electromagnetic coil 225 surrounding fixed core 222 and movable core 223, and a rod 226 extending
from movable core 223. This rod 226 is formed integrally with support rod 211. The space forming the end portion of
support rod 211 at the side apart from valve body 206 via rod 226 and containing movable core 223 is communicated
with pressure sensing chamber 203. Therefore, the pressure in pressure sensing chamber 203, namely, the suction
pressure or the crank chamber pressure is applied to movable core 223.

[0045] In displacement control valve 3, a force F applied to valve body 209 at the time of valve closing is same as the
force F applied to valve body 109 at the time of valve closing in displacement control valve 2 of the first embodiment.
Therefore, by using a small and weak releasing spring 224, displacement control valve 3 can be made smaller than the
displacement control valve of the aforementioned Patent Document 1.

Industrial Applications of the Invention

[0046] The presentinvention can be applied broadly for displacement control valves of variable displacement inclined
plate-type compressors.

Claims

1. A displacement control valve of a variable displacement inclined plate-type compressor for controlling a discharge
displacement of said compressor by opening and closing a communication path between a discharge chamber and
a crank chamber of said compressor, said displacement control valve comprising:

a valve hole formed in said communication path and always communicating with said discharge chamber;

a valve body for opening and closing said valve hole;

a support hole provided coaxially with said valve hole;

a support rod slidably inserted into said support hole and connected to said valve body;

an electromagnetic solenoid for driving said valve body; and

a pressure sensing chamber for introducing a suction pressure or crank chamber pressure of said compressor
into an end section of said support rod which is on a side opposite to a side of said valve body.

2. The displacement control valve of a variable displacement inclined plate-type compressor according to claim 1,
wherein a cross-sectional area of said valve hole is set nearly equal to but greater than a cross-sectional area of
said support rod.

3. The displacement control valve of a variable displacement inclined plate-type compressor according to claim 1 or
2, wherein a contact part of said valve hole with said valve body is made of a hard material.

4. The displacement control valve of a variable displacement inclined plate-type compressor according to any of claims
1 to 3, wherein said valve hole and said support hole are integrally formed by a hard material.
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The displacement control valve of a variable displacement inclined plate-type compressor according to any of claims
1 to 4, wherein a valve housing formed with said valve hole and said support hole and containing said valve body
and said support rod is made from a resin or an aluminum alloy.
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