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(54) HORIZONTAL SCROLL COMPRESSOR
(67)  Acompressor 100 includes a hermetic vessel 1
formed with an oil reservoir 13; a fixed scroll 2 configured
to constitute a portion of a fluid compression mechanism
20, the fixed scroll 2 being arranged in the hermetic ves-
sel 1; a reed valve 10 configured to open and close a
discharge port 2a of the fixed scroll 2, the reed valve 10
being arranged on a back surface of the fixed scroll 2; a
valve cover 4 configured to cover the reed valve 10, the
valve cover 4 being arranged on a back surface side of

FIG. 1

100

the fixed scroll 2; a capacity control mechanism 50 con-
figured to guide a refrigerantin the course of compression
to alow-pressure side through a plurality of capacity con-
trol ports 51 formed in the fixed scroll 2; and an injection
mechanism 60 configured to inject a liquid refrigerant to
one of a plurality of compression chambers through a
single injection port 61 formed in the fixed scroll 2, the
plurality of compression chambers being formed by the
scroll member 2c of the fixed scroll 2.
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Description
Technical Field

[0001] The present invention relates to a horizontal
scroll compressor that is mounted as an element of a
refrigeration cycle that constitutes, for example, an air-
conditioning apparatus, a refrigeration apparatus, and
the like, and that compresses a refrigerant.

Background Art

[0002] A horizontal scroll compressor has hitherto ex-
isted. As such ahorizontal scroll compressor, a horizontal
scroll compressor is disclosed that includes a capacity
control mechanism that includes, in a fixed-scroll base-
plate portion, a bypass hole that is capable of bypassing
a portion of a compressed fluid from a portion before
being in communication with the outlet port of a compres-
sion chamber, a valve that opens and closes the bypass
hole, and a discharge hole from which the fluid from the
bypass hole from the portion before being in communi-
cation with the outlet portis discharged to a low-pressure
portion, and a float valve that opens and closes the dis-
charge port provided in the central portion of the base
plate (see Patent Literature 1, for example).

Citation List
Patent Literature

[0003] PatentLiterature 1: Japanese Unexamined Pat-
ent Application Publication No. 4-298693 (page 4, Fig. 1)

Summary of Invention
Technical Problem

[0004] In the horizontal scroll compressor described in
Patent Literature 1, since the temperature of the com-
pression chamber becomes high when a heating opera-
tion is carried out under a low outdoor air state, an injec-
tion mechanism, which injects a liquid refrigerant in a
spiral manner, is typically provided to prevent damages
caused by pressing a scroll member. Furthermore, in
conventional horizontal scroll expanders, since the ver-
tical motion of a float valve intensifies due to increase in
pressure difference when under a high-compression ra-
tio operation, a reed valve, whose lifting of the valve is
constant and vertical motion is stable having one end of
the reed valve supported, is typically provided. However,
in conventional horizontal scroll compressors, internal
space allowing all the specified components to be con-
figured on the back surface side of the fixed scroll cannot
be obtained, and there is a problem in that all of the spec-
ified components cannot be configured.

[0005] In particular, when a horizontal scroll compres-
sor is mounted on a vehicle such as a train, since size
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restriction is further added, obtaining internal space be-
comes even more difficult for conventional horizontal
scroll compressors.

[0006] The present invention addresses to solve the
above problems and an object thereof is to provide a
horizontal scroll compressor that is mounted with the
reed valve, the capacity control mechanism, and the in-
jection mechanism without increasing their sizes.

Solution to Problem

[0007] A horizontal scroll compressor according to the
present inventionincludes a hermetic vessel formed with
an oil reservoir; a fixed scroll configured to constitute a
portion of a fluid compression mechanism along with an
orbiting scroll including a scroll member, the fixed scroll
including a scroll member and being arranged in the her-
metic vessel; a reed valve configured to open and close
a discharge port of the fixed scroll, the reed valve being
arranged on a back surface of the fixed scroll; a valve
cover configured to cover the fixed scroll along with the
reed valve, the valve cover being arranged on a back
surface side of the fixed scroll; a capacity control mech-
anism configured to guide a refrigerant in the course of
compression to a low-pressure side through a plurality
of capacity control ports formed in the fixed scroll; and
an injection mechanism configured to inject a liquid re-
frigerant to one of a plurality of compression chambers
through a single injection port formed in the fixed scroll,
the plurality of compression chambers being formed by
the scroll member of the orbiting scroll and the scroll
member of the fixed scroll. The valve cover is formed
with a first through hole that is in communication with the
discharge port of the fixed scroll, second through holes
that are in communication with the plurality of capacity
control ports formed in the fixed scroll, and a third through
hole that is in communication with the injection port
formed in the fixed scroll. The capacity control mecha-
nism is connected to the capacity control ports formed in
the fixed scroll through the second through holes. The
injection mechanism is connected to the injection port
formed in the fixed scroll through the third through hole.
Advantageous Effects of Invention

[0008] The horizontal scroll compressor according to
the present invention can be equipped with a reed valve,
a capacity control mechanism, and an injection mecha-
nism without increasing the size of the horizontal scroll
compressor. Accordingly, the horizontal scroll compres-
sor according to the present invention can be mounted
even if space is limited and the high compression ratio
operation can be achieved.

Brief Description of Drawings
[0009]

[Fig. 1] Fig. 1 is a longitudinal sectional view illus-
trating an explanatory configuration of a horizontal
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scroll compressor according to Embodiment of the
present invention.

[Fig. 2] Fig. 2 is an exploded perspective view illus-
trating an outline of a portion of a fluid compression
mechanism of the horizontal scroll compressor ac-
cording to Embodiment of the present invention in
an exploded state.

[Fig. 3] Fig. 3is aschematic enlarged view illustrating
an enlarged valve cover portion of the horizontal
scroll compressor according to Embodiment of the
present invention.

[Fig. 4] Fig. 4 is a graph for describing a steady op-
eration range of the horizontal scroll compressor ac-
cording to Embodiment of the present invention.
[Fig. 5] Fig. 5 is a schematic perspective view illus-
trating a portion of the configuration of the back sur-
face side of the fixed scroll of the horizontal scroll
compressor according to Embodiment of the present
invention.

[Fig. 6] Fig. 6 is an explanatory diagram for describ-
ing a position where an injection port of the horizontal
scroll compressor according to Embodiment of the
present invention is formed.

[Fig. 7] Fig. 7 illustrates explanatory diagrams for
describing the position where the injection port of the
horizontal scroll compressor according to Embodi-
ment of the present invention is formed.

[Fig. 8] Fig. 8 is an explanatory diagram for describ-
ing a diameter of the injection port of the horizontal
scroll compressor according to Embodiment of the
present invention.

Description of Embodiment

[0010] Embodiment of the invention will be described
below with reference to the drawings.

[0011] Fig. 1is alongitudinal sectional view illustrating
an explanatory configuration of a horizontal scroll com-
pressor (hereinafter, referred to as a compressor 100)
according to Embodiment of the present invention. Fig.
2 is an exploded perspective view illustrating an outline
of a portion of a fluid compression mechanism 20, which
is illustrated in Fig. 1, in an exploded state. Fig. 3 is a
schematic enlarged view illustrating an enlarged valve
cover 4 portion illustrated in Fig. 1. A configuration and
an operation of the compressor 100 will be described
with reference to Figs. 1 to 3. Note that the dimensional
relationships of the components in the subsequent draw-
ings including Fig. 1 may be different from the actual
ones. Furthermore, a horizontal scroll compressor is a
compressor in which the shaft direction of a main shaft
is oriented laterally (a direction inclined in a predeter-
mined angle with respect to the vertical direction).
[0012] The compressor 100 is mounted as an element
of a refrigeration cycle that constitutes, for example, a
refrigeration apparatus such as arefrigerator or afreezer,
or a refrigeration cycle apparatus such as a vending ma-
chine, an air-conditioning apparatus, or a water heater,
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and is used to compress a refrigerant. The compressor
100 draws in a working fluid, such as a refrigerant, that
circulates in the refrigeration cycle, discharges the work-
ing fluid after compressing the working fluid into a high-
temperature high-pressure state. Furthermore, in the
compressor 100, a reed valve 10, a capacity control
mechanism 50, and an injection mechanism 60 are in-
cluded inside a hermetic vessel 1 without any increase
in size.

[0013] Note thatin Fig. 1, a horizontal scroll compres-
sor that is in a inclined state in which one end side (the
fluid compression mechanism 20 side) of a main shaft 7
is arranged at a higher position than the other end side
(an oil reservoir 13 side) of the main shaft 7 is illustrated
as an example. However, the main shaft 7 may be in-
clined 90 degrees with respect to the vertical direction
so that the horizontal scroll compressor is arranged in a
horizontal manner.

[Configuration of Compressor 100]

[0014] The compressor 100 includes, as its main ele-
ments, the hermetic vessel 1, the fluid compression
mechanism 20, a motor 30, a first frame 8, an Oldham
ring 9, and the main shaft 7. The hermetic vessel 1 is a
pressure vessel and constitutes the outer wall of the com-
pressor 100. The fluid compression mechanism 20 and
the motor 30 are housed inside the hermetic vessel 1.
Asiillustrated in Fig. 1, the fluid compression mechanism
20 is arranged on the discharge side of the hermetic ves-
sel 1 and the motor 30 is arranged on the oil reservoir 13
side of the hermetic vessel 1.

[0015] The first frame 8 is fixed to the inner circumfer-
ential surface of the hermetic vessel 1 and rotatably sup-
ports an orbiting scroll 3 in the shaft direction. Further,
the first frame 8 rotatably supports, in the radial direction,
the main shaft 7 that transmits the driving force generated
by the motor 30 to the fluid compression mechanism 20.
The Oldham ring 9 is a component that prevents the or-
biting scroll 3 from rotating. The main shaft 7 is a com-
ponent that transmits the driving force generated by the
motor 30 to the fluid compression mechanism 20.
[0016] Notethatthe bottom portion of the hermetic ves-
sel 1 is the oil reservoir 13 that stores lubricant oil. Fur-
thermore, a suction-side pipe 103 for drawing in the work-
ing fluid and a discharge-side pipe 104 for discharging
the working fluid are connected to the hermetic vessel 1.
[0017] The fluid compression mechanism 20 has a
function of compressing the working fluid such as a re-
frigerant gas that has been drawn in from the suction-
side pipe 103 and discharging the working fluid inside
the hermetic vessel 1 into a discharge space 105. The
working fluid that has been discharged into the discharge
space 105 is discharged from the discharge-side pipe
104 to the outside of the compressor 100. The motor 30
exerts a function of driving the orbiting scroll 3 that con-
stitutes the fluid compression mechanism 20 so that the
fluid compression mechanism 20 compresses the work-
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ing fluid. In other words, the motor 30 drives the orbiting
scroll 3 through the main shaft 7 so that the working fluid
is compressed in the fluid compression mechanism 20.
[0018] A fixed scroll 2 and the orbiting scroll 3 are ar-
ranged in a combined manner in the fluid compression
mechanism 20. The fixed scroll 2 is arranged on the dis-
charge side and the orbiting scroll 3 is arranged on the
oil reservoir 13 side. The fixed scroll 2 is formed with a
scroll member 2c that is a scroll protrusion erected on
one of the surfaces. Furthermore, the orbiting scroll 3 is
also formed with a scroll member 3a that is a scroll pro-
trusion erected on one of the surfaces. The orbiting scroll
3 and the fixed scroll 2 are installed inside the hermetic
vessel 1 while the scroll member 3a and the scroll mem-
ber 2c are meshed together. Compression chambers
108, whose capacities relatively change, are formed be-
tween the scroll member 3a and the scroll member 2c.
[0019] The fixed scroll 2 is fixed to a second frame 40
with bolts or the like (not shown). A discharge port 2a
that discharges the working fluid that has been com-
pressed and that has become high in pressure is formed
in a central portion of a base plate of the fixed scroll 2.
The working fluid that has been compressed and that
has become high in pressure is discharged into the dis-
charge space 105 provided on the discharge side (the
right side of the drawing) of the fixed scroll 2. Further-
more, the back surface (the surface on the discharge
space 105 side) of the base plate of the fixed scroll 2 is
provided with a valve seat 2b to which the reed valve 10
is attached.

[0020] In addition, a protrusion 2d that is protruded to-
wards the valve cover 4 side is formed on the periphery
of the discharge port 2a (the portion in communication
with the valve seat 2b is open) on the back surface side
of the fixed scroll 2. The protrusion 2d is fitted into a
through hole 4a of the valve cover 4 such that positioning
of the fixed scroll 2 and the valve cover 4 is facilitated.
In other words, the protrusion 2d functions as a guide
when the valve cover 4 is installed. Accordingly, not only
the ease of assembly of the fixed scroll 2, a packing 5,
and the valve cover 4 is increased but also assembling
accuracy thereof can be increased. Note that a recess
in which the protrusion 2d fits in may be preferably formed
around the through hole 4a of the valve cover 4. Further-
more, the formation of a locking portion or alock receiving
portion in a portion of the protrusion 2d or in a portion of
the recess allows the positioning to be carried out even
more securely.

[0021] Furthermore, capacity control ports 51 and an
injection port 61 are formed in the fixed scroll 2 so as to
penetrate through the fixed scroll 2. Additionally, the base
plate of the fixed scroll 2 is made as thin as possible to
achieve downsizing of the compressor 100. Note that the
position where the injection port 61 is formed will be de-
scribed later in detail with reference to Figs. 6 and 7.
[0022] Avalve presser 11 appliesload to the reed valve
10 that is installed in the valve seat 2b. In other words,
the reed valve 10is driven when a pressure of a specified
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value or higher is transmitted through the compressed
refrigerant and opens the discharge port 2a. Further-
more, a valve cover 4 that is installed on the back surface
side of the fixed scroll 2 covers the reed valve 10. The
valve presser 11 is intended to reduce fatigue fracture of
the reed valve 11.

[0023] A valve cover 4 for supplying the high-pressure
fluid, which has exited the discharge port 2a, to the dis-
charge-side pipe 104 while preventing the high-pressure
fluid from leaking into the low-pressure space is provided
on the back surface side of the fixed scroll 2. The through
hole 4a that is in communication with the discharge port
2a of the fixed scroll 2 is formed in a central portion of
the valve cover 4. Furthermore, through holes 4c that are
in communication with the capacity control ports 51
formed in the fixed scroll 2 and a through hole 4d that is
in communication with the injection port 61 are formed
inthe valve cover4. In addition, valve seats 4b are formed
on the back surface (surface on the discharge side) of
the valve cover 4. The valve seats 4b are provided with
the capacity control mechanism 50 that guides the com-
pressed refrigerant to the suction side. A pipe (a capacity
control pipe 52) that guides the discharge pressure of
the capacity control mechanism 50 is brazed to the her-
metic vessel 1.

[0024] The capacity control mechanism 50 includes a
plurality of capacity control ports 51 that are formed in
the fixed scroll 2, capacity-control-mechanism bodies 55
that are provided with valves and springs and that are
mounted on the valve seats 4b of the valve cover 4, a
bypass pipe 53 that connects the plurality of capacity-
control-mechanism bodies 55 to each other, the capacity
control pipe 52 that is connected midway of the bypass
pipe 53, and the through holes 4c that is formed in the
valve cover 4. This capacity control mechanism 50 has
afunction of controlling the capacity control operation by
opening and closing the fluid discharge ports (the through
holes 4c that are formed in the valve cover 4) with the
valves provided in the capacity-control-mechanism bod-
ies 55. Note that it is only sufficient to have at least two
capacity control ports 51. The position of each of the ca-
pacity control ports 51 and the number thereof are de-
termined in accordance with the operating range of the
compressor 100.

[0025] The capacity control mechanism 50 carries out
the capacity control operation by bypassing the refriger-
ant that is in the course of compression to the suction
side. Specifically, during a full-load operation, the capac-
ity control mechanism 50 applies the high-pressure re-
frigerant to each of the valves provided in the capacity-
control-mechanism bodies 55 as a back pressure to
press the valves against the fixed scroll 2 such that the
plurality of capacity control ports 51 are shut off, such
that the refrigerant that has flowed into the compression
chambers 108 is entirely guided into the compression
port 2a, and such that the refrigerant does not return to
the low-pressure side. On the other hand, during a light-
load operation, the capacity control mechanism 50 does



7 EP 2 759 707 A1 8

not apply the high-pressure refrigerant to each of the
valves provided in the capacity-control-mechanism bod-
ies 55 such thatthe valves are lifted from the compression
chambers 108 with springs or the like, and such that the
portion of the refrigerant that has flowed into the com-
pression chambers 108 leaks into the low-pressure side
through the plurality of capacity control ports 51. Accord-
ingly, the capacity is set to correspond to the load.
[0026] Furthermore, an injection pipe 62 is attached to
the through hole 4d of the valve cover 4 that is in com-
munication with the injection port 61. Along with the in-
jection port 61, the injection pipe 62 constitutes an injec-
tion mechanism 60 from which a liquid refrigerant flows
into the compression chamber 108. Note that the injec-
tion pipe 62 is brazed to the hermetic vessel 1.

[0027] The injection mechanism 60 includes the injec-
tion port 61 that is formed in the fixed scroll 2, the injection
pipe 62 that is attached to the through hole 4d formed in
the valve cover 4, and the through hole 4d that is formed
in the valve cover 4. The injection mechanism 60 has a
function of carrying out injection of (injecting) the liquid
refrigerant into the compression chambers 108 that is
formed in the fluid compression mechanism 20. Further-
more, the injection mechanism 60 is configured to in-
crease the volume (density) of the refrigerant in the com-
pression chamber 108 and cool the fluid compression
mechanism 20.

[0028] The packing 5 is provided between the fixed
scroll 2 and the valve cover 4 so as to perform sealing
between the discharge port 2a of the fixed scroll 2 and
the valve cover 4. The packing 5 is formed with through
holes 5b that are in communication with the capacity con-
trol ports 51 formed in the fixed scroll 2 and a through
hole 5c¢ that is in communication with the injection port
61. Furthermore, the packing 5 is formed with a through
hole 5a at a position corresponding to the position of the
valve seat 2b of the fixed scroll 2 so as to penetrate
through the packing 5.

[0029] The orbiting scroll 3 performs an orbital and re-
volving motion relative to the fixed scroll 2 without any
rotational motion. A solid cylindrical shaped orbiting scroll
boss portion 118 is formed in a substantially central por-
tion of the surface (hereinafter, referred to as a thrust
surface 119) on other side of the scroll member 3a form-
ing surface of the orbiting scroll 3. The orbiting scroll boss
portion 118 is fitted into (engaged to) an eccentric hole
7a that is provided at one end (end portion on the fluid
compression mechanism 20 side) of the main shaft 7 that
will be described later. Note that the orbiting scroll 3 is
slidable through a thrust bearing portion of the thrust sur-
face 119.

[0030] The first frame 8 is press fitted and fixed to the
second frame 40 and rotatably supports the orbiting scroll
3. Furthermore, a through hole is formed in a central por-
tion of the first frame 8 for the main shaft 7 to penetrate
therethrough. This through hole functions as amain bear-
ing that rotatably and pivotally supports the portion of the
main shaft 7 on the fluid compression mechanism 20
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side. Furthermore, an oil discharge hole that penetrates
through the first frame 8 from the thrust surface 119 of
the orbiting scroll 3 to the motor 30 side in the shaft di-
rection may be preferably formed in the first frame 8.
Additionally, an accommodation space for accommodat-
ing the Oldham ring 9 is formed in the first frame 8. Note
that the space in which the orbiting scroll boss portion
118 of the eccentric hole 7a of the main shaft 7 is accom-
modated is the rocker bearing 3b.

[0031] The Oldham ring 9 is arranged, for example,
between the orbiting scroll 3 and the first frame 8 and
carries out afunction such as restricting rotational motion
while allowing orbital motion of the orbiting scroll 3. In
other words, the Oldham ring 9 functions as a rotation
prevention mechanism of the orbiting scroll 3. Claws are
formed on one of the surfaces of the Oldham ring 9, and
accommodation spaces that accommodate the claws of
the Oldham ring 9 are formed on one of the surfaces of
the orbiting scroll 3 and one of the surfaces of the first
frame 8. The claws of the Oldham ring 9 are accommo-
dated in the accommodation spaces and the claws are
made to slide in the accommodation spaces; accordingly,
rotational motion of the orbiting scroll 3 is restricted while
orbital motion of the orbiting scroll 3 is allowed.

[0032] The motor 30 broadly includes a stator 30a that
is fixed to and supported by the hermetic vessel 1 and a
rotor 30b that generates torque by combination with the
stator 30a, which are housed in the hermetic vessel 1.
The stator 30a is configured by implementing a winding
(not shown) with a plurality of phases to a laminated iron
core (not shown). The rotor 30b is maintained with a pre-
determined gap with the inner wall surface of the stator
30a and is rotatably driven upon start of energization of
the stator 30a, and rotates the main shaft 7. Note that,
although not illustrated in Fig. 1, wiring is applied to the
fluid compression mechanism 20 side of the stator 30a
that is included in the electric motor.

[0033] The main shaft 7 is fixed to and supported by
the rotor 30b, and one of the ends (eccentric hole 7a) is
joined to the orbiting scroll boss portion 118. The main
shaft 7 rotates in accordance with the rotation of the rotor
30b and revolves the orbiting scroll 3. The eccentric hole
Tathat s rotatably fitted to the orbiting scroll boss portion
118 is formed on one of the ends of the main shaft 7.
Furthermore, an oil feeding passage 7b that penetrates
through the main shaft 7 in the shaft direction is formed
inside the main shaft 7. The oil feeding passage 7b serves
as a passage of the lubricant oil that is stored in the oil
reservoir 13. The lubricant oil that is accumulated in the
oil reservoir 13 is drawn up by driving of an oil pump or
the like that is driven in association with the rotation of
the main shaft 7, flows through the oil feeding passage
7b, and is supplied to various sliding portions (the main
bearing, the rocker bearing 3b, the thrust bearing, and
the like) of the fluid compression mechanism 20.

[0034] The second frame 40 is fixed to the hermetic
vessel 1 in order to support a portion of the main shaft 7
on the other end side. The second frame 40 is fixed onto
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the inner circumferential surface of the hermetic vessel
1, and a through hole (a sub bearing) for rotatably and
pivotally supporting the main shaft 7 is formed in a central
portion of the second frame 40.

[0035] The suction-side pipe 103 is connected to the
compressor 100 and draws in the working fluid into the
hermetic vessel 1 from between the fluid compression
mechanism 20 and the motor 30. The suction-side pipe
103 is configured to be opened to the low-pressure space
inside the hermetic vessel 1. The discharge-side pipe
104 is connected to the compressor 100 and discharges
the working fluid that has been compressed in the fluid
compression mechanism 20. The discharge-side pipe
104 is configured to be opened to the discharge space
105 that becomes high in pressure in the hermetic vessel
1.

[Regarding Fixed Scroll 2, Reed Valve 10, Valve Cover
4, Capacity Control Mechanism 50, and Injection Mech-
anism 60]

[0036] Referring to Fig. 2, the configuration of each of
the fixed scroll 2, the reed valve 10, the valve cover 4,
the capacity control mechanism 50, and the injection
mechanism 60 will be described in detail. Fig. 2(a) illus-
trates a state in which the fixed scroll 2 is viewed from
the orbiting scroll 3 side, and Fig. 2(b) illustrates an ex-
ploded state of the fixed scroll 2, the reed valve 10, the
valve cover 4, the capacity control mechanism 50, and
the injection mechanism 60. Note that in Fig. 2(b), the
valve presser 11 and the packing 5 are also illustrated.
[0037] As described above, the discharge port 2a is
formed in the fixed scroll 2 so as to penetrate through
the fixed scroll 2. Furthermore, the valve seat 2b is formed
on the back surface of the fixed scroll 2. The valve seat
2b is configured by forming a recess in a portion of the
back surface side of the fixed scroll 2. Furthermore, the
valve seat 2b is in communication with the discharge port
2a. The protrusion 2d that protrudes towards the valve
cover 4 side is formed in the periphery of the discharge
port 2a on the back surface side of the fixed scroll 2. In
addition, the capacity control ports 51 and the injection
port 61 are formed in the fixed scroll 2 so as to penetrate
through the fixed scroll 2.

[0038] The reed valve 10 can be used in operations
with high compression ratio and reliability can be im-
proved so that fatigue fracture does not occur. As de-
scribed above, the reed valve 10 is attached to the valve
seat 2b that is formed in the fixed scroll 2. Load is applied
with the valve presser 11 to the reed valve 10 that is
attached to the valve seat 2b.

[0039] As described above, the valve cover 4 is pro-
vided on the back surface side of the fixed scroll 2 and
covers the fixed scroll 2 along with the reed valve 10 that
is attached to the valve seat 2b formed in the fixed scroll
2. The through hole 4a is formed in the valve cover 4 so
as to penetrate through the valve cover 4. The through
hole 4a is open to the high-pressure space 104 inside
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the hermetic vessel 1. When the valve cover 4 is attached
to the fixed scroll 2, the through hole 4a of the valve cover
4 becomes in communication with the discharge port 2a
of the fixed scroll 2. Accordingly, by attaching the valve
cover 4 to the fixed scroll 2, the valve cover 4 guides the
high-pressure fluid that has come out from the discharge
port 2a to the discharge-side pipe 104 without any leak-
age to the low-pressure space.

[0040] Furthermore, as described above, the through
holes 4c that are in communication with the capacity con-
trol ports 51 formed in the fixed scroll 2 and the through
hole 4d that is in communication with the injection port
61 are formed in the valve cover 4 so as to penetrate
through the valve cover 4. In other words, when the valve
cover 4 is attached to the fixed scroll 2, not only the
through hole 4a becomes in communication with the dis-
charge port 2a but the through holes 4c become in com-
munication with the capacity control port 51 and the
through hole 4d becomes in communication with the in-
jection port 61. Note that the recess-shaped valve seats
4b to which the capacity-control-mechanism bodies 55
are attached are formed in the periphery of the through
holes 4c of the valve cover. Furthermore, a protrusion 4e
thatprotrudes towards the discharge space 105 is formed
in the periphery of the through hole 4a of the valve cover
4.

[0041] The capacity control mechanism 50 includes
the plurality of capacity control ports 51 formed in the
fixed scroll 2, the capacity-control-mechanism bodies 55
that are in communication with the plurality of capacity
control ports 51 formed in the fixed scroll 2 through the
through holes 4c that are formed in the valve cover 4,
the bypass pipe 53 connecting the capacity-control-
mechanism bodies 55 to each other, the capacity control
pipe 52 that is connected midway of the bypass pipe 53,
and the through holes 4c that connect the capacity control
ports 51 and the capacity-control-mechanism bodies 55.
[0042] The injection mechanism 60 includes the injec-
tion port 61 formed in the fixed scroll 2, the injection pipe
62 that is in communication with the injection port 61
formed in the fixed scroll 2 through the through hole 4d
formed in the valve cover 4, and the through hole 4d that
connects the injection port 61 and the injection pipe 62.
[0043] Referring to Fig. 3, a state in which the fixed
scroll 2, the reed valve 10, the valve cover 4, the capacity
control mechanism 50, and the injection mechanism 60
are assembled will be described in detail. Note that in
Fig. 3, a portion of the fixed scroll 2, the reed valve 10,
the valve cover 4, a portion of the capacity control mech-
anism 50, and a portion of the injection mechanism 60
are illustrated in the area X.

[0044] The reed valve 10 is attached to the valve seat
2b thatis formed in the fixed scroll 2. As described above,
the reed valve 10 is one that can be used in operations
with high compression ratio; however, in order to achieve
operations with high compression ratio, the base plate
of the fixed scroll 2 needs to be made thick. However, if
the base plate of the fixed scroll 2 is made thick, the size
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of the compressor 100 is disadvantageously increased.
[0045] Accordingly, in the compressor 100, the back
surface side of the fixed scroll 2 is provided with the valve
cover 4. As described above, the valve cover 4 is provid-
ed onthe back surface side of the fixed scroll 2 and covers
the fixed scroll 2 along with the reed valve 10 that is at-
tached to the valve seat 2b formed in the fixed scroll 2.
In other words, the valve cover 4 has a function of rein-
forcing the strength of the fixed scroll 2, as well as a
function of securing the installation positions of the ca-
pacity-control-mechanism bodies 55 that constitutes the
capacity control mechanism 50. Therefore, by providing
the valve cover 4, there will be no need for another com-
ponent positioned between the fixed scroll 2 and each of
the capacity control mechanism 50 and the injection
mechanism 60 to fix the capacity control mechanism 50;
and the base plate of the fixed scroll 2 can be made thin.

[Operation of Compressor 100]

[0046] Now, an operation of the compressor 100 will
be described briefly.

[0047] Therotor30bis rotated by receiving torque from
the rotating magnetic field generated by the stator 30a.
In association with this, the main shaft 7 that is fixed to
the rotor 30b is rotatably driven. The orbiting scroll 3 is
engaged to the eccentric hole 7a of the main shaft 7. The
rotation prevention mechanism of the Oldham ring 9 con-
verts the rotational motion of the orbiting scroll 3 into an
orbital and revolving motion. With the rotation and drive
ofthe main shaft 7, the working fluid in the hermetic vessel
1 flows into one of the compression chambers 108 formed
of the scroll member 2c of the fixed scroll 2 and the scroll
member 3a of the orbiting scroll 3; accordingly, a suction
process is started.

[0048] When the working fluid is drawn into the com-
pression chamber 108, the process proceeds to a com-
pression process that reduces the capacity of the com-
pressor chamber 108 with the orbital and revolving mo-
tion of the decentered orbiting scroll 3. In other words, in
the fluid compression mechanism 20, when the orbiting
scroll 3 carries out the orbital and revolving motion, the
working fluid is taken in from the opening at the most
outer periphery of the scroll member 3a of the orbiting
scroll 3 and the opening at the most outer periphery of
the scroll member 2c of the fixed scroll 2, which serves
as the suction port. With the revolution of the orbiting
scroll 3, the working fluid is gradually compressed while
moving towards the center portion. Note that the refrig-
erant in a low-pressure state that has circulated through
the refrigeration cycle is made to flow into the hermetic
vessel 1 from the suction-side pipe 103.

[0049] Next, the working fluid that has been com-
pressed in the compression chamber 108 proceeds to a
discharge process. In other words, the working fluid pass-
es through the discharge port 2a of the fixed scroll 2,
passes through the reed valve 10 and the valve cover 4,
and is discharged to the outside of the hermetic vessel
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1 from the discharge-side pipe 104 via the discharge
space 105. The refrigerant, which is in a high-tempera-
ture high-pressure state, that has been discharged from
the discharge-side pipe 104 of the compressor 100 first
flows into a condenser that constitutes the refrigeration
cycle, then, circulates through the various components
constituting the refrigeration cycle, and is drawn into the
compressor 100 again. After that, when energization of
the stator 30a is stopped, the compressor 100 stops.
[0050] When the motor 30 is driven, the main shaft 7
is rotated. In accordance with the rotation, an oil pump
(not shown) is driven, and the lubricant oil accumulated
in the oil reservoir 13 is drawn up, is made to flow through
the oil feeding passage 7b, and is supplied to the fluid
compression mechanism 20. The lubricant oil that has
lubricated each bearing flows into the accommodation
spaces of the Oldham ring 9 that are formed in the first
frame 8. Since an oil discharge hole is formed in each
accommodation space, the lubricant oil that has flowed
into each accommodation space is discharged from the
corresponding oil discharge hole.

[0051] When the capacity control mechanism 50 pro-
vided on the valve cover 4 is not driven and the compres-
sor 100 is operated at full capacity, by guiding the dis-
charge pressure to the capacity control pipe 52, valves
(not shown) that are one of the components of the ca-
pacity control mechanism 50 are pressed down, and the
fluid discharge ports of the capacity control mechanism
50 are closed. By performing the above, the fluid dis-
charge ports of the capacity control mechanism 50 is
closed, the refrigerant is made not to flow into the bypass
pipe 53 that constitute the capacity control mechanism
50, and the refrigerant that has been compressed in the
fluid compression mechanism 20 is discharged to the
outside of the compressor 1.

[0052] Furthermore, when the capacity control mech-
anism 50 is driven and an operation is carried out while
capacity control of the compressor 100 is performed, the
suction pressure is guided to the capacity control pipe
52 so that the valves are lifted by springs that are one of
the components of the capacity control mechanism 50,
the fluid discharge ports are opened, the bypass pipe 53
is made to be in communication, a portion of the refrig-
erant inside the compression chambers 108 is dis-
charged to the outside of the fixed scroll 2, and the ca-
pacity inside the compression chamber 108 is controlled.
[0053] In addition, when an operation that uses the in-
jection mechanism 60 is carried out, a liquid refrigerant
(a refrigerant that is in a state after condensation and
before decompression) that has a higher pressure than
the pressure inside the compression chambers 108 is
guided to the injection pipe 62, the liquid refrigerant is
made to flow into the compression chambers 108, the
volume of the refrigerant inside the compression cham-
ber 108 is increased, and the inside of the compression
chamber 108 is cooled. By performing the above, the
highly-compressed refrigerant that has been com-
pressed by the fluid compression mechanism 20 passes
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through the discharge port 2a, passes through the valve
cover 4 and the discharge-side pipe 104 after passing
through the reed valve 10, and is discharged to the out-
side of the compressor 100.

[Comparison with Conventional Technique]

[0054] Fig. 4 is a graph for describing a steady opera-
tion range of the compressor 100. A heater heating meth-
od has hitherto been largely adopted for heating opera-
tions of vehicles. In other words, scroll compressors be-
came to be used exclusively for cooling operations. Ac-
cordingly, there had been no need to consider heating
operations and there had been no need to actively pro-
vide injection mechanisms in scroll compressors. Fur-
thermore, since the compression ratio does not become
high during operation of such scroll compressors, there
had been no need to use a reed valve and a valve with
a simple structure (for example, a round valve or the like)
was sufficient enough. However, from the viewpoint of
environmental problems of recent years, a need for mak-
ing the scroll compressor mounted on a vehicle to also
execute a heating operation has been increasing.
[0055] However, when attempting to execute a heating
operation with a conventionally used scroll compressor,
lack of capacity in the heating operation region becomes
prominent (see Fig. 4), and since the operation becomes
high in compression ratio, many fatigue fracture occurred
in the valve with a simple structure. Therefore, the com-
pressor 100 is provided with an injection mechanism 60
so as to compensate for the lack of capacity in the heating
operation region and has adopted a reed valve 10 that
can withstand the operation with high compression ratio.
In addition to the above arrangement, the compressor
100 also adopts a capacity control mechanism 50.
[0056] In conventional scroll compressors, the dis-
charge valve is frequently driven during the operation
with high compression ratio. The reed valve can be used
in operations with high compression ratio and reliability
can be improved so that fatigue fracture does not occur.
The reed valve is typically configured with a shape illus-
trated in Fig. 1. Accordingly, an installing space for the
reed valve will be needed on the back surface (the dis-
charge side surface) of the fixed scroll. Furthermore, in
order to use the reed valve, other than the fixed scroll,
another component that covers the reed valve is sepa-
rately needed. In addition, this another component needs
to be formed with a through hole thatis in communication
with the discharge port of the fixed scroll; however, a
displacement may occur between the center of the dis-
charge port of the fixed scroll and the center of the through
hole of the another component when the fixed scroll is
fixed with bolts.

[0057] Typically, the capacity control mechanism
serves a role in reducing the capacity of the scroll com-
pression chamber by carrying out bypassing control of
the volume of the refrigerant in the compression cham-
ber. Accordingly, even when the scroll compressor is
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controlled at a constant speed, the performance of the
scroll compressor can be varied. Typically, the capacity
control mechanism is installed in the fixed scroll, and
when areed valve is used, another component that cov-
ers the reed valve is installed on the back surface of the
fixed scroll. Accordingly, when installing the reed valve
and the capacity control mechanism in the fixed scroll, a
different component is further separately needed for in-
stalling the capacity control mechanism. Therefore, the
size of the hermetic vessel needs to be made lager ac-
cordingly.

[0058] Typically, the injection mechanism increases
the refrigerant amount by carrying out an injection of (in-
jecting) a liquid refrigerant into the compression chamber
that is in the course of compression and serves arole in
securing the capacity (especially the heating capacity)
of the scroll compressor, as well as reducing the temper-
ature of the discharge refrigerant. Accordingly, the oper-
ation range of the scroll compressor can be increased.
However, the injection port needs to be opened to the
compression chamber at all times so that the injected
refrigerant is not bypassed to the suction space.

[0059] Whenthereedvalve,the capacity control mech-
anism, and the injection mechanism are all mounted in
a single hermetic vessel while taking the above into con-
sideration, the hermetic vessel becomes large in size in
order to secure the installation space of the another com-
ponent. Additionally, not only the installation space for
the capacity control mechanism is needed but also the
relation between the capacity control mechanism and the
another component needs to be considered, which also
leads to increase in size of the hermetic vessel. Concur-
rently, since the injection port is opened to the compres-
sion chamber at all times, positioning of the injection port
needs to be carried out with high accuracy. Note that,
needless to mention, there are other problems to be
solved such as improving the assembling accuracy, re-
ducing cost, and increasing reliability.

[0060] When the capacity control mechanism is con-
trolled electrically by use of a switching element or the
like, there is a case in which the electrical devices dis-
posed around the place where the scroll compressor is
installed are affected. When assuming that the scroll
compressor is mounted on a carriage of a train or the
like, it may not be possible to avoid a case in which pre-
cision machines, other than the refrigeration cycle appa-
ratus in which the scroll compressor acts as one of the
constituent devices, that are mounted in multiple num-
bers are affected and the reliability of the entire vehicle
is reduced. From the above point, it is requested that the
capacity control mechanism is mechanically controlled.
However, when attempting to mechanically control the
capacity control mechanism, in addition to the above de-
scribed problems, further increase in the size of the scroll
compressor is brought about. In such a case, the scroll
compressor cannot be applied for use on vehicle. Ac-
cordingly, the compressor 100 adopts a configuration de-
scribed below while considering the problems described



15 EP 2 759 707 A1 16

above.
[Specific Configuration of Compressor 100]
[0061]

(1) in the compressor 100, the reed valve 10, the
capacity control mechanism 50, and the injection
mechanism 60 are mounted in a single hermetic ves-
sel 1.

(2) As described above, the capacity control mech-
anism 50 is installed in the valve cover 4.

(3) The valve cover 4 is easily positioned with respect
to the fixed scroll 2 with the protrusion 2d that is
formed on the back surface of the fixed scroll 2.

(4) A single injection port 61 is provided at a position
that allows an injection to be carried out to each of
the two compression chambers 108.

(5) The injection port 61 is formed at a position that
is within 360 degrees (on the low pressure side as
much as possible) from the winding end of the scroll
member 2¢ and that does not interfere with the ca-
pacity control pipe 52 and the reed valve 10.

(6) The diameter of the injection port 61 is smaller
than the tooth thickness of the scroll member 3a (the
compression chambers 108 are not connected to
each other in order to reduce refrigerant leakage
loss).

(7) The base plate of the fixed scroll 2 is made as
thin as possible. Furthermore, the position of a bolt
hole 2e for fixing the reed valve 10 is on the outside
(a position in which the pressure difference is small
with the low pressure) with respect to the most outer
periphery of the scroll member 2¢ (reduction of leak-
age loss).

(Refrigerant and Refrigerating Machine Oil Used in Com-
pressor 100)

[0062] The type of refrigerant employed in the com-
pressor 100 is not limited in particular and any of a natural
refrigerant, such as carbon dioxide, a hydrocarbon, or
helium, an alternative refrigerant that does not contain
chlorine, such as HFC410A, HFC407C, or HFC404A, or
a fluorocarbon refrigerant that is used in existing prod-
ucts, such as R22 or R134a, may be used. Furthermore,
the type of refrigerating machine oil employed in the com-
pressor 100 is not limited in particular and, for example,
MEL32R (for refrigerators) or the like may be used.

(Forming Position of Injection Port 61)

[0063] Inthe compressor 100, capacity in the heating
range is secured with the injection mechanism 60. The
refrigerant that is injected in the compressor 100 is in a
state after condensation and before decompression, in
other words, the refrigerant is in a high-pressure liquid
state.
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[0064] Fig. 5is a schematic perspective view illustrat-
ing a portion of the configuration of the back surface side
of the fixed scroll 2. As illustrated in Fig. 5, the capacity-
control-mechanism bodies 55, the capacity control pipe
52, the bypass pipe 53, and the injection pipe 62 are
installed on the back surface side of the valve cover 4.
As described above, the injection pipe 62 is connected
to the injection port 61. The capacity-control-mechanism
bodies 55 are attached to the valve seat 4b of the valve
cover 4. The bypass pipe 53 connects the capacity-con-
trol-mechanism bodies 55 to each other. The capacity
control pipe 52 is connected midway of the bypass pipe
53. Accordingly, in the limited space of the back surface
side of the valve cover 4, the injection port 61 is formed
in a position that allows the injection pipe 62 to be directly
extended in the upper portion of the hermetic vessel 1.

[0065] Specifically, the injection port 61 is formed in a
position that allows the injection pipe 62 to directly extend
in the upper portion of the hermetic vessel 1 without in-
terfering with the capacity control pipe 52 (including the
bypass pipe 53), the reed valve 10, and a terminal box
(not shown, installed outside the upper portion of the her-
metic vessel 1). Note that, since the space on the back
surface side of the valve cover 4 is complicated, itis struc-
turally difficult to form two injection ports 61. Accordingly,
in the compressor 100, only one injection port 61 is
formed.

[0066] Figs. 6 and 7 are diagrams for describing the
forming position of the injection port 61. Fig. 8 is an ex-
planatory diagram for describing the diameter of the in-
jection port 61. The injection port 61 will be described
with reference to Figs. 6 to 8.

[0067] As described above, the refrigerant that is in-
jected in the compressor 100 is in a high-pressure state.
Accordingly, as shown in Fig. 6, the injection of the re-
frigerant is facilitated by installing the injection port 61 on
the low-pressure side (area A or area B illustrated in Fig.
6) that is near the compression starting point. Further-
more, the injection port 61 is formed with a single port
shape at a position that enables an injection to be carried
out to each of the two compression chambers 108 that
is formed by the combination of the scroll member 2c and
the scroll member 3a. Accordingly, as illustrated in Fig.
7, it can be understood that an injection is carried out to
each of the two compression chambers 108.

[0068] Furthermore, the injection port 61 is formed
within 360 degrees from the winding end of the scroll
member 2c. Within 360 degrees from the winding end of
the scroll member 2c indicates within an area 360 de-
grees spirally extended from the inlet side of the spiral
flow passage that is formed from the inlet side of the
refrigerant towards the center. By forming the injection
port 61 at such a position, an injection can be carried out
at an early stage in the course of the compression. In
other words, as illustrated in Fig. 7, even if the orbiting
scroll 3 revolves 360 degrees, the injection port 61 is in
communication with the compression chamber 10 that is
close to the suction side, and an injection can be carried
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out at an early stage in the course of the compression.
[0069] As described above, the diameter of the injec-
tion port 61 is to be smaller than the tooth thickness of
the scroll member 3a. Accordingly, the compressed re-
frigerant does not leak into the compression chamber
108 on the low-pressure side through the injection port
61. Therefore, leakage loss of the refrigerant can be ef-
ficiently reduced. On the other hand, if the diameter of
the injection port is larger than the tooth thickness of the
scroll member 3a, as illustrated in Fig. 8, the injection
port disadvantageously connects the two compression
chambers 108.

[Other Configurations]

[0070] Since the compressor 100 is a horizontal type,
the suction-side pipe 103 is positioned on the upper side
of the hermetic vessel 1 when the compressor 100 is
installed. Additionally, the suction port of the fixed scroll
2 is also positioned on the upper side when the compres-
sor 100 is installed. Accordingly, a countermeasure for
liquid compression of the liquid refrigerant can be
achieved. In other words, fatigue fracture, which occurs
when a liquid refrigerant enters the compression cham-
ber 108 and liquid compression is carried out, can be
suppressed.

[0071] As described above, since the compressor 100
is provided with the valve cover 4, the fixed scroll 2 can
be made thin. Accordingly, even if the capacity control
mechanism 50, the injection mechanism 60, and the reed
valve 10 are provided, the hermetic vessel 1 does not
become large. Furthermore, since the compressor 100
is provided with the valve cover 4, valve fracture due to
pressure difference during a high compression ratio op-
eration can be suppressed. Additionally, since the com-
pressor 100 is provided with the injection mechanism 60,
a heating operation under a low-outside air state can be
carried out. In other words, the compressor 100 does not
lead to size increase of the hermetic vessel 1 and allows
the capacity control mechanism 50, the injection mech-
anism 60, and the reed valve 10 to fully exert each of
their functions.

[0072] The compressor 100 is especially effective
when installing to a place, such as a vehicle, where in-
stallation space is limited. In other words, the compressor
100 can achieve size reduction and enables high com-
pression ratio operation; accordingly, even if the com-
pressor 100 is installed in a vehicle or the like, it is pos-
sible to supply the desired cooling capacity and heating
capacity.

Reference Signs List

[0073] 1 hermetic vessel, 2 fixed scroll, 2a discharge
port, 2b valve seat, 2c scroll member, 2d protrusion, 2e
bolt hole, 3 orbiting scroll, 3a scroll member, 3b rocker
bearing, 4 valve cover, 4a through hole (first through
hole), 4b valve seat, 4c through hole (second through
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hole), 4d through hole (third through hole), 4e protrusion,
5 packing, 5a through hole, 5b through hole, 5¢ through
hole, 7 main shaft, 7a eccentric hole, 7b oil feeding pas-
sage, 8 firstframe, 9 Oldhamring, 10 reed valve, 11 valve
presser, 13 oil reservoir, 20 fluid compression mecha-
nism, 30 motor, 30a stator, 30b rotor, 40 second frame,
50 capacity control mechanism, 51 capacity control port,
52 capacity control pipe, 53 bypass pipe, 55 capacity-
control-mechanism body, 60 injection mechanism, 61 in-
jection port, 62 injection pipe, 100 compressor, 103 suc-
tion-side pipe, 104 discharge-side pipe, 105 discharge
space, 108 compression chamber, 118 orbiting scroll
boss portion, 119 thrust surface.

Claims
1. A horizontal scroll compressor, comprising:

a hermetic vessel formed with an oil reservoir;
a fixed scroll configured to constitute a portion
of a fluid compression mechanism along with an
orbiting scroll including a scroll member, the
fixed scroll including a scroll member and being
arranged in the hermetic vessel;

areed valve configured to open and close a dis-
charge port of the fixed scroll, the reed valve
being arranged on a back surface of the fixed
scroll;

a valve cover configured to cover the fixed scroll
along with the reed valve, the valve cover being
arranged on a back surface side of the fixed
scroll;

a capacity control mechanism configured to
guide arefrigerant in the course of compression
to a low-pressure side through a plurality of ca-
pacity control ports formed in the fixed scroll; and
an injection mechanism configured to inject a
liquid refrigerant to one of a plurality of compres-
sion chambers through a single injection port
formed in the fixed scroll, the plurality of com-
pression chambers being formed by the scroll
member of the orbiting scroll and the scroll mem-
ber of the fixed scroll,

wherein the valve cover is formed with

a first through hole that is in communication
with the discharge port of the fixed scroll,
second through holes that are in communi-
cation with the plurality of capacity control
ports formed in the fixed scroll, and

athird through hole that is in communication
with the injection port formed in the fixed
scroll,

wherein the capacity control mechanism is con-
nected to the capacity control ports formed in
the fixed scroll through the second through
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holes, and

wherein the injection mechanism is connected
to the injection port formed in the fixed scroll
through the third through hole.

The horizontal scroll compressor of claim 1, wherein
a protrusion that protrudes towards a valve cover
side is provided on a rim of the discharge port of the
fixed scroll so as to fit into a through hole formed in
the valve cover.

The horizontal scroll compressor of claim 1 or 2,
wherein spiral flow passages spirally extend from
inlet sides of the refrigerant towards a center and the
injection port is formed within an area 360 degrees
spirally extended from the inlet sides.

The horizontal scroll compressor of any one of claims
1 to 3, wherein a diameter of the injection port is
smaller than a tooth thickness of the scroll member
of the orbiting scroll.
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