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(54) SCREW COMPRESSOR

(57) A screw compressor includes a casing, a screw
rotor, a gate rotor, and a slide valve. The casing includes
an inner cylindrical portion having a hollow cylindrical
shape and housing the screw rotor, an intermediate inner
cylindrical portion having a hollow cylindrical shape such
that an inner circumferential wall of the intermediate inner
cylindrical portion faces an outer circumferential wall of
the inner cylindrical portion at an end portion of the casing
on one side in the axial direction of the rotating shaft, an
outer cylindrical portion having a hollow cylindrical shape
such that an inner circumferential wall of the outer cylin-
drical portion faces an outer circumferential wall of the
intermediate inner cylindrical portion at the end portion
of the casing on the one side in the axial direction of the
rotating shaft and formed in the axial direction of the ro-
tating shaft, a semicylindrical portion serving as a wall
portion forming a semicylindrical groove inside the inter-
mediate inner cylindrical portion, the semicylindrical por-
tion being formed integrally with the inner cylindrical por-
tion and the intermediate inner cylindrical portion and
housing the slide valve inside the semicylindrical portion,
and a protruding portion serving as a wall extending in a
radial direction of the rotating shaft and in the axial direc-
tion of the rotating shaft, the protruding portion protruding
from the outer circumferential wall of the intermediate
inner cylindrical portion at a position where the semicy-
lindrical portion and the intermediate inner cylindrical por-

tion are integrated to each other.
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Description

Technical Field

[0001] The present disclosure relates to a screw com-
pressor used for, for example, refrigerant compression
of a refrigerator.

Background Art

[0002] Some screw compressor includes one screw
rotor and two gate rotors. The screw rotor and the gate
rotors of such a screw compressor are accommodated
in a casing. The screw rotor has a helical groove referred
to as a screw groove. Such screw grooves mesh with
and are engaged with the paired gate rotors disposed in
radial directions of the screw rotor, thereby forming com-
pression chambers. A slide valve is disposed beside the
outer circumference of the screw rotor such that the slide
valve is movable in the rotational axis direction of the
screw rotor, and the internal volume ratio can be adjusted
by adjusting the discharge timing of the fluid compressed
in each of the compression chambers. In addition, by
shifting the timing of the completion of closure of the com-
pression chamber, the slide valve can also serve as a
capacity control mechanism that can adjust the compres-
sion capacity.
[0003] The casing of the screw compressor has a cy-
lindrical wall for housing the screw rotor and a semicy-
lindrical wall for housing the slide valve. The casing, with
the cylindrical wall, the semicylindrical wall, and a pair of
compression chambers, forms a flow passage of the
compressed refrigerant gas. High pressure is applied to
an inner wall of the casing of the screw compressor during
the operation of the compressor or a pressure resistance
test conducted in which the inside of the screw compres-
sor is pressurized. At this time, in the screw compressor,
for example, stress is concentrated locally on the semi-
cylindrical wall housing the slide valve because of the
applied pressure and plastically deforms the material,
and permanent strain may thereby remain in the casing
after the load is removed. As a result, in the screw com-
pressor, a gap cannot be kept constant in size between
the cylindrical wall that has been deformed into, for ex-
ample, an oval shape and the outer circumferential sur-
face of the screw rotor, and leakage of the refrigerant
gas from the compression chamber during the operation
of the compressor thereby increases. Thus, the perform-
ance of the compressor may be decreased.
[0004] Thus, there is proposed a method for reducing
the amount of deformation of the cylindrical wall due to
permanent strain by providing, prior to a finish processing
of the cylindrical wall of the casing, a preliminary pres-
surizing process in which a pressure larger than a design
pressure is applied (for example, refer to Patent Litera-
ture 1).

Citation List

Patent Literature

[0005] Patent Literature 1: Japanese Unexamined Pat-
ent Application Publication No. 2009-243412

Summary of Invention

Technical Problem

[0006] However, in the method of Patent Literature 1,
because the preliminary pressurizing test is conducted,
processes such as assembly of contour components, the
preliminary pressurizing test, and disassembly of the
contour components are required, and there may thus
be an increase in time and cost of manufacturing prod-
ucts. In addition, in the method of Patent Literature 1,
during the operation of the compressor, elastic deforma-
tion due to a pressure difference between the inside and
the outside of the compressor is inevitable, and the gap
between the outer circumferential surface of the screw
rotor and the cylindrical wall may thereby be widened.
[0007] The present disclosure has been made to solve
such above-described problems, and an object of the
present disclosure is to provide a screw compressor with
which plastic deformation caused by a pressure resist-
ance test or elastic deformation caused during the oper-
ation of the compressor can be prevented or reduced,
and permanent strain that remains in a casing after a
load is removed can be reduced.

Solution to Problem

[0008] A screw compressor according to an embodi-
ment of the present disclosure includes a casing forming
a contour, a screw rotor accommodated inside the casing
such that the screw rotor is movable and having an outer
circumferential wall having a helical groove, a gate rotor
accommodated inside the casing and having a tooth that
meshes with the helical groove of the screw rotor, and a
slide valve accommodated inside the casing and dis-
posed such that the slide valve is slidable in an axial
direction of a rotating shaft of the screw rotor. The casing
includes an inner cylindrical portion having a hollow cy-
lindrical shape and housing the screw rotor, an interme-
diate inner cylindrical portion having a hollow cylindrical
shape such that an inner circumferential wall of the in-
termediate inner cylindrical portion faces an outer cir-
cumferential wall of the inner cylindrical portion at an end
portion of the casing on one side in the axial direction of
the rotating shaft, an outer cylindrical portion having a
hollow cylindrical shape such that an inner circumferen-
tial wall of the outer cylindrical portion faces an outer
circumferential wall of the intermediate inner cylindrical
portion at the end portion of the casing on the one side
in the axial direction of the rotating shaft and formed in
the axial direction of the rotating shaft, a semicylindrical
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portion serving as a wall portion forming a semicylindrical
groove inside the intermediate inner cylindrical portion,
the semicylindrical portion being formed integrally with
the inner cylindrical portion and the intermediate inner
cylindrical portion and housing the slide valve inside the
semicylindrical portion, and a protruding portion serving
as a wall extending in a radial direction of the rotating
shaft and in the axial direction of the rotating shaft, the
protruding portion protruding from the outer circumferen-
tial wall of the intermediate inner cylindrical portion at a
position where the semicylindrical portion and the inter-
mediate inner cylindrical portion are integrated to each
other.

Advantageous Effects of Invention

[0009] With the screw compressor according to an em-
bodiment of the present disclosure, local stress concen-
tration on the semicylindrical portion is reduced because
of the rigidity of the protruding portion when internal pres-
sure is applied to the casing, and the inner cylindrical
portion and the intermediate inner cylindrical portion,
which are formed integrally with the semicylindrical por-
tion, are thereby prevented from being displaced. That
is, the roundness can be prevented from increasing.
Thus, with the screw compressor, when internal pressure
is applied to the casing, plastic deformation caused by a
pressure resistance test or elastic deformation caused
during the operation of the compressor can be prevented
or reduced, and permanent strain that remains in the cas-
ing after the load is removed can be reduced.

Brief Description of Drawings

[0010]

[Fig. 1] Fig. 1 is a front view of a screw compressor
according to Embodiment 1.
[Fig. 2] Fig. 2 illustrates schematically a configuration
of the screw compressor according to Embodiment
1 and is a sectional view at the position of line A-A
of Fig. 1.
[Fig. 3] Fig. 3 illustrates schematically another con-
figuration of the screw compressor according to Em-
bodiment 1 and is a sectional view at the position of
line A-A of Fig. 1.
[Fig. 4] Fig. 4 is a front view of the structure of an
end portion, on one side in the longitudinal direction,
of the screw compressor according to Embodiment
1.
[Fig. 5] Fig. 5 is a schematic side view illustrating
schematically a side face of the screw compressor
according to Embodiment 1.
[Fig. 6] Fig. 6 illustrates schematically the section of
the screw compressor according to Embodiment 1
at the position of line B-B in Fig. 2.
[Fig. 7] Fig. 7 illustrates the compression principle of
the operation of the screw compressor according to

Embodiment 1.
[Fig. 8] Fig. 8 is a conceptual view applied with the
analytical results of a part, of a casing of a screw
compressor according to a comparative example, on
which stress concentrates.
[Fig. 9] Fig. 9 is a conceptual view of a form of de-
formation of the casing of the screw compressor ac-
cording to the comparative example when a pressure
exceeding the design pressure is applied.
[Fig. 10] Fig. 10 illustrates schematically a configu-
ration of a screw compressor according to Embodi-
ment 2 and is a sectional view at the position of line
A-A of Fig. 1.
[Fig. 11] Fig. 11 is a front view of a screw compressor
according to Embodiment 3.
[Fig. 12] Fig. 12 illustrates schematically a configu-
ration of the screw compressor according to Embod-
iment 3 and is an enlarged sectional view at the po-
sition of line D-D of Fig. 11.
[Fig. 13] Fig. 13 is a schematic top view illustrating
schematically a top face of a casing of a screw com-
pressor according to Embodiment 4.
[Fig. 14] Fig. 14 is a schematic side view illustrating
schematically a side face of the casing of the screw
compressor according to Embodiment 4.
[Fig. 15] Fig. 15 is a schematic top view illustrating
schematically a top face of a casing of a screw com-
pressor according to Embodiment 5.
[Fig. 16] Fig. 16 is a schematic top view illustrating
schematically a top face of a casing of a screw com-
pressor according to Embodiment 6.
[Fig. 17] Fig. 17 is a schematic side view illustrating
schematically a side face of the casing of the screw
compressor according to Embodiment 6.
[Fig. 18] Fig. 18 is a schematic side view illustrating
schematically a side face of a casing of a screw com-
pressor according to Embodiment 7.

Description of Embodiments

[0011] Hereinafter, embodiments of the present disclo-
sure will be described with reference to the drawings.
Here, parts denoted by the same reference signs in the
following figures including Fig. 1 are the same or equiv-
alent to one another, and the same applies throughout
the entire description of the embodiments below. In ad-
dition, in each of the embodiments, the parts that are the
same or equivalent to the particulars described in a pre-
ceding embodiment are denoted by the same reference
signs, and description of the parts may be omitted. The
forms of the configuration elements represented in the
entirety of the description are merely examples, and the
configuration elements are not limited to the forms de-
scribed in the description. In addition, the following em-
bodiments may be partially combined, even when no
specification is provided, within the range where there is
no specific difficulty in combining the embodiments.
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Embodiment 1

(Description of Configuration of Screw Compressor)

[0012] Fig. 1 is a front view of a screw compressor 1
according to Embodiment 1. Fig. 2 illustrates schemati-
cally a configuration of the screw compressor 1 according
to Embodiment 1 and is a sectional view at the position
of line A-A of Fig. 1. Fig. 3 illustrates schematically an-
other configuration of the screw compressor 1 according
to Embodiment 1 and is a sectional view at the position
of line A-A of Fig. 1. Fig. 4 is a front view of the structure
of an end portion 2a, on one side in the longitudinal di-
rection, of the screw compressor 1 according to Embod-
iment 1. Fig. 5 is a schematic side view illustrating sche-
matically a side face of the screw compressor 1 according
to Embodiment 1. Note that, in Fig. 1, a slide-valve driving
mechanism 11 illustrated in Fig. 2 is removed for the pur-
pose of illustration of a wall of a casing 2. Regarding the
screw compressor 1, what makes Fig. 2 different from
Fig. 3 is a structure of protruding portions 25. The con-
figurations of the screw compressors 1 will be described
with reference to Figs. 1 to 5.
[0013] As Figs. 1 and 2 illustrate, the screw compres-
sor 1 includes the casing 2 forming the contour, a screw
rotor 3, gate rotors 6, and slide valves 10. The screw
compressor 1 further includes a motor 4, which drives
and rotates the screw rotor 3.
[0014] The casing 2 houses the screw rotor 3, the gate
rotors 6, and the slide valves 10 inside the casing 2. The
casing 2 further houses the motor 4 inside the casing 2.
As Figs. 1 and 4 illustrate, the casing 2 includes an inner
cylindrical portion 21, an intermediate inner cylindrical
portion 22, an outer cylindrical portion 23, semicylindrical
portions 24, and the protruding portions 25.
[0015] The inner cylindrical portion 21 has a hollow cy-
lindrical shape and houses the screw rotor 3 inside the
inner cylindrical portion 21. An inner circumferential wall
21a of the inner cylindrical portion 21 faces the screw
rotor 3 or a rotating shaft 5, which will be described later.
The inner cylindrical portion 21 is formed such that the
inner cylindrical portion 21 extends in an axial direction
AD of the rotating shaft 5.
[0016] As Fig. 4 illustrates, the inner cylindrical portion
21 has inside through holes 21c, which are through holes,
and, through the inside through holes 21c, the space de-
fined by the inner cylindrical portion 21 and the spaces
defined by the semicylindrical portions 24 communicate
with one another. The inner cylindrical portion 21 further
has a through hole (not illustrated) communicating with
spaces in which the gate rotors 6 is disposed.
[0017] At the end portion 2a on one side in the axial
direction AD of the rotating shaft 5, the intermediate inner
cylindrical portion 22 has a hollow cylindrical shape such
that an inner circumferential wall 22a of the intermediate
inner cylindrical portion 22 faces an outer circumferential
wall 21b of the inner cylindrical portion 21. The interme-
diate inner cylindrical portion 22 is formed such that the

intermediate inner cylindrical portion 22 extends in the
axial direction AD of the rotating shaft 5. A part of an
outer circumferential wall 22b of the intermediate inner
cylindrical portion 22 is exposed outside the casing 2 and
forms a part of the contour of the casing 2, between the
outer cylindrical portion 23 and a motor accommodation
portion 27, which will be described later. Note that the
above-described structure is one form of the casing 2,
and the casing 2 may have a structure in which the outer
circumferential wall 22b of the intermediate inner cylin-
drical portion 22 and the contour of the casing 2 are sep-
arated structures, and there may be a difference in di-
ameter between the outer circumferential wall 22b of the
intermediate inner cylindrical portion 22 and the contour
of the casing 2. The inner cylindrical portion 21 and the
intermediate inner cylindrical portion 22 form a cylindrical
portion 20. Thus, the cylindrical portion 20 has a hollow
cylindrical shape such that the cylindrical portion 20 ex-
tends in the axial direction AD of the rotating shaft 5.
[0018] At the end portion 2a on one side in the axial
direction AD of the rotating shaft 5, the outer cylindrical
portion 23 has a hollow cylindrical shape such that an
inner circumferential wall 23a of the outer cylindrical por-
tion 23 faces the outer circumferential wall 22b of the
intermediate inner cylindrical portion 22. The outer cylin-
drical portion 23 is formed such that the outer cylindrical
portion 23 extends in the axial direction AD of the rotating
shaft 5. The outer cylindrical portion 23 has a length
smaller than the length of the intermediate inner cylindri-
cal portion 22 in the axial direction AD of the rotating shaft
5. Note that the above-described structure is one form
of the casing 2, and the outer cylindrical portion 23 may
have, in the axial direction AD of the rotating shaft 5, a
length equal to or a length larger than the length of the
intermediate inner cylindrical portion 22. The outer cylin-
drical portion 23 includes a bottom wall portion 23c closer
to an end portion 2b on the other side than the end portion
2a on one side in the axial direction AD of the rotating
shaft 5, and the bottom wall portion 23c is connected to
the outer circumferential wall 22b of the intermediate in-
ner cylindrical portion 22.
[0019] The semicylindrical portions 24 each have a
semicylindrical shape such that the semicylindrical por-
tion 24 bulges outward from the inner cylindrical portion
21 in a radial direction RD of the rotating shaft 5, and an
apex portion 24a of the semicylindrical portion 24 is
formed integrally with the intermediate inner cylindrical
portion 22. The semicylindrical portions 24 are formed in
the cylindrical portion 20 formed by the inner cylindrical
portion 21 and the intermediate inner cylindrical portion
22.
[0020] The semicylindrical portions 24 are each a wall
portion forming a semicylindrical groove inside the inter-
mediate inner cylindrical portion 22. The semicylindrical
portions 24 are each formed integrally with the inner cy-
lindrical portion 21 and the intermediate inner cylindrical
portion 22 and each house the slide valve 10 inside the
semicylindrical portion 24. The semicylindrical grooves
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each serve as a slide-valve accommodation groove 24b.
The slide valves 10 are accommodated in the slide-valve
accommodation grooves 24b such that the slide valves
10 are slidable along the slide-valve accommodation
grooves 24b.
[0021] The semicylindrical portions 24 and the slide-
valve accommodation grooves 24b are each formed such
that the semicylindrical portion 24 and the slide-valve ac-
commodation groove 24b extend in the axial direction
AD of the rotating shaft 5. Sets of the semicylindrical por-
tions 24 and the respective slide-valve accommodation
grooves 24b are point symmetric about the rotating shaft
5 and formed at positions on both respective sides of the
screw rotor 3.
[0022] The protruding portions 25 are each a wall ex-
tending in a radial direction RD of the rotating shaft 5 and
in the axial direction AD of the rotating shaft 5 and pro-
trude from the outer circumferential wall 22b of the inter-
mediate inner cylindrical portion 22 at respective posi-
tions where the semicylindrical portions 24 and the inter-
mediate inner cylindrical portion 22 are integrated to each
other. That is, the protruding portions 25 are each formed
on the corresponding one of the bulging apex portions
24a of the semicylindrical portions 24 and extend outward
from the semicylindrical portions 24 in radial directions
RD of the rotating shaft 5. Note that, because the semi-
cylindrical portions 24 are formed in the cylindrical portion
20, the protruding portions 25 are formed, in the cylindri-
cal portion 20, on parts of the semicylindrical portions 24.
[0023] The protruding portions 25 are each a part of
the casing 2 and each have the same length as the sem-
icylindrical portions 24 in the axial direction AD of the
rotating shaft 5 as Fig. 2 illustrates. In addition, in a radial
direction RD of the rotating shaft 5, the length of the pro-
truding portions 25 to the inner circumferential wall 23a
of the outer cylindrical portion 23 is the maximum possible
length of the protruding portions 25.
[0024] A width W1 (refer to Fig. 1) of the protruding
portions 25 in a circumferential direction CD of the rotat-
ing shaft 5 is smaller than a length L1 (refer to Fig. 2) of
the protruding portions 25 in the axial direction AD of the
rotating shaft 5.
[0025] The protruding portions 25 may each have a
columnar shape or a rib shape. As Fig. 2 illustrates, such
columnar-shaped protruding portions 25 are each
formed such that, in a radial direction RD of the rotating
shaft 5, an end portion of the protruding portion 25 on
one side is formed integrally with the intermediate inner
cylindrical portion 22, and an end portion of the protruding
portion 25 on the other side is formed integrally with the
outer cylindrical portion 23. The columnar-shaped pro-
truding portions 25 are each formed such that the pro-
truding portion 25 connects the intermediate inner cylin-
drical portion 22 and the outer cylindrical portion 23 to
one another.
[0026] As Fig. 3 illustrates, such rib-shaped protruding
portions 25 are each formed such that, in a radial direction
RD of the rotating shaft 5, an end portion of the protruding

portion 25 on one side is formed integrally with the inter-
mediate inner cylindrical portion 22, and at least a part
of an end portion of the protruding portion 25 on the other
side faces the inner circumferential wall 23a of the outer
cylindrical portion 23.
[0027] The inside of the casing 2 is divided by a parti-
tion (not illustrated) into a low-pressure side, which is the
suction side of refrigerant, and a high-pressure side,
which is the discharge side of refrigerant. A space on the
low-pressure side serves as a low-pressure chamber 15
having a suction-pressure atmosphere. In addition, a
space on the high-pressure side serves as a high-pres-
sure chamber 16 having a discharge-pressure atmos-
phere. Note that, in the following description, in the axial
direction AD of the rotating shaft 5, the suction-pressure
side, which is one end side, may be referred to as an
axial-direction suction side, and the discharge-pressure
side, which is the other end side, may be referred to as
an axial-direction discharge side.
[0028] In a part of the casing 2 on the discharge-pres-
sure side, a discharge flow passage 7 and an inlet portion
7a, which is opened to the discharge flow passage 7, are
formed. The discharge flow passage 7 is formed by walls
forming the casing 2 and forms a part of the high-pressure
chamber 16. As Fig. 2 illustrates, the inlet portion 7a serv-
ing as an entrance part of the discharge flow passage 7
for the compressed refrigerant is formed in the semicy-
lindrical portions 24 and is formed such that the inlet por-
tion 7a faces the slide valves 10. An outlet portion 7b
serving as an exit part of the discharge flow passage 7
for the compressed refrigerant is formed between the
intermediate inner cylindrical portion 22 and the outer
cylindrical portion 23 in a radial direction RD of the rotat-
ing shaft 5. That is, the opening face of the inlet portion
7a faces in a radial direction RD of the rotating shaft 5,
and the opening face of the outlet portion 7b faces in the
axial direction AD of the rotating shaft 5.
[0029] Note that there may be an instance where the
casing 2 is subjected to a pressure resistance test in
which the inside of the casing 2 is pressurized. In the
pressure resistance test, a pressure exceeding the de-
sign pressure is applied to the casing 2.
[0030] Fig. 6 illustrates schematically the section of the
screw compressor 1 according to Embodiment 1 at the
position of line B-B in Fig. 2. The internal structure of the
casing 2 will further be described with reference to Figs.
2 and 6. The screw rotor 3 is accommodated inside the
casing 2 such that the screw rotor 3 is movable. The
screw rotor 3 has a columnar shape and has an outer
circumferential wall having plural screw grooves 3a,
which are helical grooves. The screw grooves 3a mesh
with and are engaged with a pair of gate rotors 6 disposed
in a radial direction RD from the screw rotor 3 and form
compression chambers 14. In the screw rotor 3, one end
is the suction side of fluid, and the other end is the dis-
charge side.
[0031] The screw rotor 3 is disposed around and fixed
to the rotating shaft 5 (refer to Fig. 2). A motor rotor 4b
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of the motor 4 is also fixed to the rotating shaft 5. The
screw rotor 3 is rotated with the rotation of the rotating
shaft 5 caused by the rotation of the motor rotor 4b fixed
to the rotating shaft 5. When the screw rotor 3 is driven
to rotate by the motor 4, the fluid in the low-pressure
space is sucked into the compression chambers 14 and
compressed, and the fluid that has been compressed in
the compression chambers 14 passes through a dis-
charge port 8, which will be described later, and is dis-
charged into the high-pressure space.
[0032] An end portion of the rotating shaft 5 on the
discharge side (on the AD1 side in Fig. 2) is supported
by a bearing housing 13 such that the end portion of the
rotating shaft 5 is movable. The bearing housing 13 sup-
ports the rotating shaft 5 with a main bearing 12 inter-
posed between the bearing housing 13 and the rotating
shaft 5. The bearing housing 13 is provided in the inner
cylindrical portion 21 at the end portion of the rotating
shaft 5 on the discharge side (on the AD1 side in Fig. 2).
In addition, an end portion of the rotating shaft 5 on the
suction side (on the AD2 side in Fig. 2) is supported by
a sub-bearing (not illustrated) such that the end portion
of the rotating shaft 5 is movable.
[0033] As Figs. 2 and 6 illustrate, the screw compres-
sor 1 includes two gate rotors 6. The two gate rotors 6
are point symmetric about the rotating shaft 5 and dis-
posed at positions on both respective sides of the screw
rotor 3. Each of the gate rotors 6 is accommodated inside
the casing 2 and includes gate-rotor teeth 6a, which mesh
with the screw grooves 3a, which are helical grooves of
the screw rotor 3.
[0034] The gate rotors 6 each have a disk shape and
each include the plural gate-rotor teeth 6a provided in
the outer circumferential surface of the gate rotor 6 and
arranged in the circumferential direction. The gate-rotor
teeth 6a of the gate rotors 6 mesh with the screw grooves
3a. Spaces surrounded by the gate-rotor teeth 6a of the
gate rotors 6, the screw grooves 3a, and the inner cir-
cumferential wall 21a of the inner cylindrical portion 21
of the casing 2 form the compression chambers 14 in
which refrigerant is compressed.
[0035] The compression chambers 14 are formed by
the screw rotor 3, the gate rotors 6, the casing 2, and the
slide valves 10, and a narrow gap is left between each
of the components. The compressed gas leaks from such
gaps during compression, and widening gaps thereby
cause reduction in the performance of the compressor.
In addition, during a normal operation, the slide valves
10 are moved by a load being exerted outward in radial
directions due to a difference in pressure between the
inside of the compression chambers 14 and the low-pres-
sure chamber 15, which is the low-pressure space. Thus,
widening of the gap between the screw rotor 3 and the
slide valves 10 causes reduction in the performance of
the compressor.
[0036] The plural compression chambers 14 are
formed at positions where the plural compression cham-
bers 14 are point symmetric about the center, in radial

directions RD, of the screw rotor 3. Note that the screw
compressor 1 may be of a type including one gate rotor
6, which meshes with one screw rotor 3 and thus forms
a compression chamber 14. The gate rotors 6 are each
supported by the corresponding one of gate-rotor sup-
ports 6b of metal at the side of the gate rotor 6 opposite
to the other side that faces the compression chambers
14 to resist the pressure of the compression chambers
14.
[0037] Each of the slide valves 10 is accommodated
inside the casing 2 and disposed such that a narrow gap
is ensured between the slide valve 10 and the outer cir-
cumference of the screw rotor 3. The slide valves 10 are
each disposed such that the slide valve 10 is slidable in
the axial direction AD of the rotating shaft 5 of the screw
rotor 3. The slide valves 10 each slide along the outer
circumferential surface of the screw rotor 3 in the axial
direction AD.
[0038] The slide valves 10 and the casing 2 are inte-
grated to each other and together form the compression
chambers 14. The slide valves 10 form the discharge
port 8, and the timing of opening of the discharge port 8,
that is, the timing at which the compression chambers
14 communicate with the discharge flow passage 7
changes depending on the positions of the slide valves
10.
[0039] In the screw compressor 1, the internal volume
ratio of the screw rotor 3 is adjusted by changing the
timing of opening of the discharge port 8 as described
above. The internal volume ratio refers to a value ob-
tained by dividing the volume of the compression cham-
bers 14 when suction is completed by the volume of the
compression chambers 14 when discharge is started.
[0040] The slide valves 10 each have a columnar
shape and each include a valve body portion 10c, a guide
portion 10a, and a coupling portion 10b. The valve body
portions 10c each face the screw rotor 3 and form the
compression chambers 14 together with the screw rotor
3. In addition, the valve body portions 10c have the dis-
charge port 8, which is a through hole passing through
in a radial direction RD of the rotating shaft 5. The dis-
charge port 8 allows the discharge flow passage 7 and
the compression chambers 14 to communicate with one
another at a position where the pressure of the compres-
sion chambers 14 is high, and the discharge port 8 forms
a flow passage through which refrigerant is moved from
the compression chambers 14 to the discharge flow pas-
sage 7.
[0041] The guide portions 10a each have a columnar
shape and each guide the movement of the correspond-
ing one of the valve body portions 10c. The guide portions
10a each have a guide surface facing the bearing housing
13. The coupling portions 10b each couple one of the
valve body portions 10c and the corresponding one of
the guide portions 10a to one another.
[0042] The slide-valve driving mechanism 11, which
causes the slide valves 10 to slide in the rotational axis
direction of the screw rotor 3, is disposed at an end portion
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of the screw rotor 3 on the opposite side from the motor
4. The slide valves 10 are connected to the slide-valve
driving mechanism 11 by use of a coupling rod 10d. The
slide-valve driving mechanism 11 allows the slide valves
10 to slide in the axial direction AD of the rotating shaft
5 of the screw rotor 3.
[0043] In the screw compressor 1, for example, two-
level adjustment of the internal volume ratio of the refrig-
erant gas that is compressed in the compression cham-
bers 14 is enabled by the slide-valve driving mechanism
11 causing the slide valves 10 to slide in the axial direction
AD. In addition, the slide-valve driving mechanism 11
can also serve as a capacity control mechanism that can
adjust the compression capacity by shifting the timing of
closure completion of the compression chambers 14, and
the compression capacity can be adjusted by the slide
valves 10 sliding in the axial direction AD.
[0044] Examples of a power source for the slide-valve
driving mechanism 11, which drives the slide valves 10,
include, but not limited to, power sources using gas pres-
sure, oil pressure, and, for example, a motor other than
a piston.
[0045] As Fig. 2 illustrates, the motor 4 includes a stator
4a inscribed in and fixed to the casing 2 and the motor
rotor 4b disposed inside the stator 4a. When the motor
4 is controlled by use of an inverter system, a controller
(not illustrated) controls the rotation frequency of the mo-
tor 4. The screw compressor 1 enables the adjustment
of the compression capacity by controlling the rotation
frequency of the motor 4. The screw rotor 3 and the motor
rotor 4b are both disposed on the same axis and both
fixed to the rotating shaft 5. The screw rotor 3 of the screw
compressor 1 is rotated by being driven by the motor 4.

(Description of Operation of Screw Compressor 1)

[0046] Fig. 7 illustrates the compression principle of
the operation of the screw compressor 1 according to
Embodiment 1. A suction stroke is illustrated in (a), a
compression stroke is illustrated in (b), and a discharge
stroke is illustrated in (c). Next, an operation of the screw
compressor 1 according to Embodiment 1 will be de-
scribed with reference to Fig. 7.
[0047] As Fig. 7 illustrates, the screw rotor 3 is rotated
by the motor 4 (refer to Fig. 2) through the rotating shaft
5 (refer to Fig. 2), and the gate-rotor teeth 6a thereby
move relatively to each other inside the compression
chambers 14. Thus, in the compression chambers 14,
the suction stroke, the compression stroke, and the dis-
charge stroke are counted as one cycle, and the cycle is
repeated. Here, each of the strokes will be described
while one of the compression chambers 14 illustrated by
dots in Fig. 7 is focused.
[0048] The state of the focused one of the compression
chambers 14 in the suction stroke is illustrated in (a). The
screw rotor 3 is driven by the motor 4, thereby rotating
in a direction of the solid-line arrow. Thus, as in (b), the
volume of the focused compression chamber 14 is re-

duced.
[0049] When the screw rotor 3 continues rotating, as
illustrated in (c), the focused compression chamber 14
comes to communicate with the discharge port 8 formed
in the valve body portions 10c of the slide valves 10.
Thus, the high-pressure refrigerant gas that has been
compressed in the focused compression chamber 14
passes through the inside through holes 21c, the dis-
charge port 8, and the inlet portion 7a (refer to Fig. 2),
flows into the discharge flow passage 7, passes through
the discharge flow passage 7, and is discharged outside
the compressor. Then, similar compression is performed
again at the back of the screw rotor 3. Due to the above-
described operation, the inside of the casing 2 is divided
into the low-pressure chamber 15, which is a low-pres-
sure space, and the high-pressure chamber 16, which is
a high-pressure space.

(Description of Load Applied to Casing)

[0050] As Figs. 2 and 4 illustrate, the screw compres-
sor 1 according to Embodiment 1 has the inside through
holes 21c provided in respective parts, of the inner cy-
lindrical portion 21 housing the screw rotor 3, at which
the slide valves 10 are disposed, and the respective parts
thus have no walls of the inner cylindrical portion 21. In
addition, the inner cylindrical portion 21 is connected to
the semicylindrical portions 24 housing the slide valves
10.
[0051] Fig. 8 is a conceptual view applied with the an-
alytical results of a part, of a casing 2 of a screw com-
pressor 1L according to a comparative example, on
which stress concentrates. Fig. 9 is a conceptual view of
a form of deformation of the casing 2 of the screw com-
pressor 1L according to the comparative example when
a pressure exceeding the design pressure is applied. The
screw compressor 1L according to the comparative ex-
ample is a compressor having no protruding portions 25
and has the same structure as the screw compressor
according to Embodiment 1 except for such absence of
the protruding portions 25.
[0052] As described above, a single screw compressor
is typically subjected to a pressure resistance test deter-
mined by the laws and regulations regarding high-pres-
sure gas. Such a pressure resistance test is conducted
on a contour component of the single screw compressor,
and the inside of the casing is applied with a pressure
exceeding a design pressure.
[0053] The results of the analysis conducted by the
inventors revealed that, in the screw compressor 1L ac-
cording to the comparative example, local stress concen-
tration on the semicylindrical portions 24 caused by in-
ternal pressure strains the inner cylindrical portion 21
when the pressure resistance test or the operation of the
compressor is performed. Parts P illustrated in Fig. 8 rep-
resent parts of the casing 2 to which local stress is ap-
plied.
[0054] Thus, when a pressure exceeding the design

11 12 



EP 4 361 444 A1

8

5

10

15

20

25

30

35

40

45

50

55

pressure is applied, in the screw compressor 1L accord-
ing to the comparative example, the shapes of the inter-
mediate inner cylindrical portion 22 and the inner cylin-
drical portion 21, which are integrated with the semicy-
lindrical portions 24, are also changed through the above-
described mechanism, and the roundness of each of the
intermediate inner cylindrical portion 22 and the inner
cylindrical portion 21 may thereby increase. The casing
2 is strained when the roundness of each of the interme-
diate inner cylindrical portion 22 and the inner cylindrical
portion 21 increases. For example, as Fig. 9 illustrates,
each of the inner cylindrical portion 21 and the interme-
diate inner cylindrical portion 22 of the screw compressor
1L according to the comparative example is deformed
into an oval shape whose minor radius is an axis con-
necting the center of the cylindrical portion 20 and each
of the centers of the semicylindrical portions 24 to one
another.

(Functions and Effects of Screw Compressor 1)

[0055] The casing 2 of the screw compressor 1 in-
cludes the protruding portions 25, which are each a wall
extending in a radial direction RD of the rotating shaft 5
and in the axial direction AD of the rotating shaft 5 and
protrude from the outer circumferential wall 22b of the
intermediate inner cylindrical portion 22 at respective po-
sitions where the semicylindrical portions 24 and the in-
termediate inner cylindrical portion 22 are integrated to
each other. As evidenced by comparing Figs. 4 and 8,
the positions where the semicylindrical portions 24 and
the intermediate inner cylindrical portion 22 are integrat-
ed to each other are equivalent to respective positions
of the parts P of the casing 2 to which local stress is
applied. That is, the positions where the protruding por-
tions 25 are formed is the respective positions of the parts
P in the casing 2 to which local stress is applied. Thus,
in the screw compressor 1, when internal pressure is
applied to the casing 2, the rigidity is ensured by the pres-
ence of the protruding portions 25, and the local stress
concentration on the semicylindrical portions 24 is there-
by reduced.
[0056] In the screw compressor 1, when internal pres-
sure is applied to the casing 2, the local stress concen-
tration on the semicylindrical portions 24 is reduced by
the protruding portions 25, and displacement of each of
the inner cylindrical portion 21, which is formed integrally
with the semicylindrical portions 24, and the intermediate
inner cylindrical portion 22 is thereby prevented or re-
duced. That is, each roundness is prevented from in-
creasing. Thus, in the screw compressor 1, when internal
pressure is applied to the casing 2, plastic deformation
caused by the pressure resistance test or elastic defor-
mation caused during the operation of the compressor
can be prevented or reduced, and permanent strain that
remains in the casing 2 after the load is removed can be
reduced.
[0057] In addition, in the screw compressor 1, when

internal pressure is applied to the casing 2, the roundness
of each of the inner cylindrical portion 21, which is formed
integrally with the semicylindrical portions 24, and the
intermediate inner cylindrical portion 22 is prevented from
increasing by the protruding portions 25. Thus, because
the gap between the intermediate inner cylindrical portion
22 or the cylindrical portion 20 and the outer cylindrical
portion 23 is prevented from widening in the screw com-
pressor 1, reduction of leak of the refrigerant gas that
leaks from the compression chambers 14 during the op-
eration of the compressor is enabled, and there can be
provided such a high-performance screw compressor.
That is, the gap between the cylindrical portion 20 and
the outer circumferential surface of the screw rotor 3 can
be kept constant in the screw compressor 1, and such a
high-performance screw compressor can thus be provid-
ed.
[0058] In addition, during the operation of the screw
compressor 1, a load is applied to the slide valves 10
such that the slide valves 10 move outward in radial di-
rections of the screw rotor 3 because of the pressure
from the compression chambers 14, and the slide valves
10 come into contact with the semicylindrical portions 24.
As a result, in the screw compressor 1L having no pro-
truding portions 25 according to the comparative exam-
ple, the gap between the outer circumferential surface of
the screw rotor 3 and the slide valves 10 widens. In con-
trast, in the screw compressor 1 according to Embodi-
ment 1, the degree of deformation of the inner cylindrical
portion 21 is prevented from increasing by the protruding
portions 25. Thus, in the screw compressor 1, the amount
of movement of the slide valves 10 in radial directions is
prevented or reduced, and the gap between the outer
circumferential surface of the screw rotor 3 and the slide
valves 10 can be prevented from widening.
[0059] In addition, with the screw compressor 1 having
the protruding portions 25, elastic deformation of the cy-
lindrical portion 20 caused by the internal pressure of the
casing 2 during the operation of the compressor can also
be prevented or reduced. Thus, the performance reduc-
tion of the screw compressor 1 due to widening of the
gap between the cylindrical portion 20 and the outer cir-
cumferential surface of the screw rotor 3 can be prevent-
ed or reduced. Or, with the screw compressor 1 having
the protruding portions 25, elastic deformation of the cy-
lindrical portion 20 caused by the internal pressure of the
casing 2 during the operation of the compressor can also
be prevented or reduced. Thus, with the screw compres-
sor 1, seizing of the screw rotor 3 with the casing 2 due
to narrowing of the gap between the cylindrical portion
20 and the outer circumferential surface of the screw rotor
3 can be prevented or reduced.
[0060] In addition, with the screw compressor 1 having
the protruding portions 25, the semicylindrical portions
24 of the casing 2 can also be prevented from being de-
formed. Thus, in the screw compressor 1, the amount of
movement of the slide valves 10, which are moved out-
ward in radial directions by the pressure of the compres-
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sion chambers 14 during the operation of the compres-
sor, is reduced. With the screw compressor 1 having the
protruding portions 25, because the amount of movement
of the slide valves 10 outward in radial directions can be
reduced, the gap between the outer circumferential sur-
face of the screw rotor 3 and the surface of the slide
valves 10 facing the outer circumferential surface of the
screw rotor 3 can be prevented from widening, and the
performance of the compressor can thereby be prevent-
ed from being decreased.
[0061] In addition, in each of the protruding portions
25, in radial directions RD of the rotating shaft 5, the end
portion on one side is formed integrally with the interme-
diate inner cylindrical portion 22, and at least a part of
the end portion on the other side faces the inner circum-
ferential wall 23a of the outer cylindrical portion 23. With
the screw compressor 1 having the protruding portions
25, the cylindrical portion 20 can be prevented from being
deformed during the operation of the compressor. More-
over, with the protruding portions 25 in which at least
each part of the end portion on the other side faces the
inner circumferential wall 23a of the outer cylindrical por-
tion 23, pressure loss generated by the protruding por-
tions 25 serving as resistance to refrigerant gas when
the refrigerant gas flows through the discharge flow pas-
sage 7 can be prevented from increasing, compared with
the protruding portions 25 whose each end portion on
the other side is coupled to and formed integrally with
the outer cylindrical portion 23 as in Fig. 2.
[0062] In addition, the protruding portions 25 each in-
clude, in a radial direction RD of the rotating shaft 5, the
end portion on one side formed integrally with the inter-
mediate inner cylindrical portion 22 and the end portion
on the other side formed integrally with the outer cylin-
drical portion 23, and the protruding portions 25 each
have a columnar shape connecting the intermediate in-
ner cylindrical portion 22 and the outer cylindrical portion
23 to one another. Thus, the casing 2 can ensure its
strength, and strains can further be prevented or reduced
compared with the configuration in which, in radial direc-
tions RD of the rotating shaft 5, the end portions of the
protruding portions 25 on one side are each formed in-
tegrally with the intermediate inner cylindrical portion 22,
and the end portions on the other side each face the inner
circumferential wall 23a of the outer cylindrical portion 23.
[0063] In addition, the protruding portions 25 each
have the same length as the semicylindrical portions 24
in the axial direction AD of the rotating shaft 5. Thus,
compared with a case where the protruding portions 25
each have a length smaller than the length of the semi-
cylindrical portions 24 in the axial direction AD of the ro-
tating shaft 5, the casing 2 can further ensure its strength,
and the cylindrical portion 20 can further be prevented
from being strained.

Embodiment 2

[0064] Fig. 10 illustrates schematically a configuration

of the screw compressor 1 according to Embodiment 2
and is a sectional view at the position of line A-A of Fig.
1. Note that the configuration elements having the same
functions and effects as the configuration elements of
the screw compressor 1 according to Embodiment 1 are
denoted by the same reference signs, and the description
of such configuration elements will be omitted. Differenc-
es from Embodiment 1 will be described in Embodiment
2, and the configurations that are not described in Em-
bodiment 2 are similar to the configurations of Embodi-
ment 1. In the screw compressor 1 according to Embod-
iment 2, the structure of the protruding portions 25 is fur-
ther specified.
[0065] The protruding portions 25 of the screw com-
pressor 1 according to Embodiment 2 each have a length
smaller than the length of the semicylindrical portions 24
in the axial direction AD of the rotating shaft 5. In Fig. 10,
a length L1 is the length of the protruding portions 25 in
the axial direction AD, and a length L2 is the length of
the semicylindrical portions 24 in the axial direction AD.

(Functions and Effects of Screw Compressor 1)

[0066] With the screw compressor 1 according to Em-
bodiment 2, during the operation of the compressor, the
cylindrical portion 20, which includes the intermediate
inner cylindrical portion 22 and the inner cylindrical por-
tion 21, can be prevented from being deformed, by the
protruding portions 25 having a length smaller than the
length of the semicylindrical portions 24. In addition, with
the screw compressor 1 according to Embodiment 2, dur-
ing the operation of the compressor, pressure loss gen-
erated by the protruding portions 25 serving as resistance
to refrigerant gas when the refrigerant gas flows through
the discharge flow passage 7 can be prevented or re-
duced, by the protruding portions 25 having a length
smaller than the length of the semicylindrical portions 24.
That is, the screw compressor 1 having the protruding
portions 25 can achieve, at the same time, prevention or
reduction of deformation of the cylindrical portion 20 and
prevention or reduction of pressure loss of the refrigerant
flowing through the discharge flow passage 7 during the
operation of the compressor, and such a high-perform-
ance screw compressor can thus be provided.

Embodiment 3

[0067] Fig. 11 is a front view of the screw compressor
1 according to Embodiment 3. Fig. 12 illustrates sche-
matically a configuration of the screw compressor 1 ac-
cording to Embodiment 3 and is an enlarged sectional
view at the position of line D-D of Fig. 11. In Fig. 12, each
of the solid-line arrows represents a direction in which
the high-pressure refrigerant gas discharged from each
of the compression chambers 14 flows. Note that the
configuration elements having the same functions and
effects as the configuration elements of the screw com-
pressors 1 according to Embodiments 1 and 2 are de-
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noted by the same reference signs, and the description
of such configuration elements will be omitted. Differenc-
es from Embodiment 1 or Embodiment 2 will be described
in Embodiment 3, and the configurations that are not de-
scribed in Embodiment 3 are similar to the configurations
of Embodiment 1 or Embodiment 2. In the screw com-
pressor 1 according to Embodiment 3, the structure of
the protruding portions 25 is further specified.
[0068] In the casing 2, in the axial direction AD of the
rotating shaft 5, a discharge-side end portion is the end
portion 2a on one side (refer to Fig. 2) on which refrigerant
is discharged, and a suction-side end portion is the end
portion 2b on the other side (refer to Fig. 2) on which
refrigerant is sucked. The protruding portions 25 of the
screw compressor 1 according to Embodiment 3 each
include a tapered portion 25a formed such that a width
W1 of the protruding portion 25 decreases from the dis-
charge-side end portion toward the suction-side end por-
tion. The protruding portions 25 may each be formed only
by the tapered portion 25a. That is, the protruding por-
tions 25 may each be formed such that the entirety of the
protruding portion 25 is tapered toward the upstream side
in a direction in which refrigerant flows.
[0069] Although the width of each of the protruding por-
tions 25 decreases gradually from the end on the down-
stream side of refrigerant gas in Fig. 12, only a part of
each of the protruding portions 25 on the upstream side
of the flow passage of refrigerant gas may be tapered.
For example, the protruding portions 25 may each have
a part having the width W1 that is uniform from the dis-
charge-side end portion toward the suction-side end por-
tion and each may have the tapered portion 25a in a distal
end part in a direction from the discharge-side end portion
toward the suction-side end portion. That is, the protrud-
ing portions 25 may each be formed such that only the
distal end part of the protruding portion 25 is tapered
toward the upstream side in the direction in which refrig-
erant flows.

(Functions and Effects of Screw Compressor 1)

[0070] With the screw compressor 1 according to Em-
bodiment 3, during the operation of the compressor, the
cylindrical portion 20, which includes the intermediate
inner cylindrical portion 22 and the inner cylindrical por-
tion 21, can be prevented from being deformed, by the
protruding portions 25 having the tapered portions 25a.
In addition, with the screw compressor 1 according to
Embodiment 2, during the operation of the compressor,
pressure loss generated by the protruding portions 25
serving as resistance to refrigerant gas when the refrig-
erant gas flows through the discharge flow passage 7
can be prevented or reduced, by the protruding portions
25 having the tapered portions 25a. That is, the screw
compressor 1 having the protruding portions 25 can
achieve, at the same time, prevention or reduction of de-
formation of the cylindrical portion 20 and prevention or
reduction of pressure loss of the refrigerant flowing

through the discharge flow passage 7 during the opera-
tion of the compressor, and such a high-performance
screw compressor can thus be provided.

Embodiment 4

[0071] Fig. 13 is a schematic top view illustrating sche-
matically a top face of the casing 2 of the screw com-
pressor 1 according to Embodiment 4. Fig. 14 is a sche-
matic side view illustrating schematically a side face of
the casing 2 of the screw compressor 1 according to Em-
bodiment 4. Note that the configuration elements having
the same functions and effects as the configuration ele-
ments of the screw compressors 1 according to Embod-
iments 1 to 3 are denoted by the same reference signs,
and the description of such configuration elements will
be omitted. Differences from Embodiments 1 to 3 will be
described in Embodiment 4, and the configurations that
are not described in Embodiment 4 are similar to the con-
figurations of Embodiments 1 to 3. In the screw compres-
sor 1 according to Embodiment 4, the structure of the
casing 2 is further specified.
[0072] The casing 2 of the screw compressor 1 accord-
ing to Embodiment 4 further includes outside protruding
portions 26, which are each a wall extending in a radial
direction RD of the rotating shaft 5 and in the axial direc-
tion AD of the rotating shaft 5 and protrude from the outer
circumferential wall 22b of the intermediate inner cylin-
drical portion 22. The outside protruding portions 26 each
include, in a radial direction RD of the rotating shaft 5,
an end portion on one side formed integrally with the
intermediate inner cylindrical portion 22 and an end por-
tion on the other side protruding toward the outside of
the casing 2, and the outside protruding portions 26 each
have a height larger than the width of the outside pro-
truding portion 26 in the circumferential direction CD.
[0073] The screw compressor 1 includes the motor 4
(refer to Fig. 2) coupled to the rotating shaft 5. As Fig. 5
illustrates, the casing 2 includes the motor accommoda-
tion portion 27 housing the motor 4. The motor accom-
modation portion 27 is formed at a position apart from
the outer cylindrical portion 23 in the axial direction AD.
The motor accommodation portion 27 is formed at the
end portion other than the end portion at which the outer
cylindrical portion 23 is disposed in the axial direction AD
of the rotating shaft 5.
[0074] The motor accommodation portion 27 has a hol-
low cylindrical shape and has an outside diameter OD2
larger than an outside diameter OD1 of the intermediate
inner cylindrical portion 22. In the axial direction AD of
the rotating shaft 5, the outside protruding portions 26
are each formed integrally with the outer cylindrical por-
tion 23 and the motor accommodation portion 27 such
that the outside protruding portion 26 connects the outer
cylindrical portion 23 and the motor accommodation por-
tion 27 to one another. More specifically, the outside pro-
truding portions 26 are each formed between the bottom
wall portion 23c of the outer cylindrical portion 23 and
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the motor accommodation portion 27 in the axial direction
AD of the rotating shaft 5.
[0075] The casing 2 has an upper part and a lower part
and the outside protruding portion 26 is provided in each
of the upper part and the lower part of the casing 2. One
of the outside protruding portions 26 provided in the upper
part of the casing 2 protrudes at the upper portion of the
casing 2. The one of the outside protruding portions 26
provided in the upper part of the casing 2 is preferably
formed on an upper apex portion of the intermediate inner
cylindrical portion 22.
[0076] Another one of the outside protruding portions
26 provided in the lower part of the casing 2 protrudes
at the lower portion of the casing 2. The other one of the
outside protruding portions 26 provided in the lower part
of the casing 2 is preferably formed on a lower apex por-
tion of the intermediate inner cylindrical portion 22. Al-
though the casing 2 preferably includes the one outside
protruding portion 26 protruding upward and the other
outside protruding portion 26 protruding downward, the
casing 2 may have only one of the outside protruding
portions 26.
[0077] The outside protruding portions 26 are each a
wall extending in a radial direction RD of the rotating shaft
5 and in the axial direction AD of the rotating shaft 5. As
Fig. 13 illustrates, each of the outside protruding portions
26 is a part of the casing 2 and has a width W3, in the
circumferential direction CD of the rotating shaft 5, small-
er than a length L3 of the outside protruding portion 26
in the axial direction AD of the rotating shaft 5. That is,
as Fig. 13 illustrates, the length L3 of each outside pro-
truding portion 26 in the axial direction AD of the rotating
shaft 5 is larger than the width W3 of each outside pro-
truding portion 26 in the circumferential direction CD of
the rotating shaft 5.
[0078] The outside protruding portions 26 are each
provided in a direction G orthogonal to a straight line F
connecting centers E of the pair of gate rotors 6 (not
illustrated). The length L3, which is a length of each of
the outside protruding portions 26 in the axial direction,
is larger than a diameter D1 of each of the gate rotors 6
(refer to Fig. 6). In the axial direction AD of the rotating
shaft 5, the screw compressor 1 includes the gate rotors
6 and the screw rotor 3 within a range in which the outside
protruding portions 26 are formed.

(Functions and Effects of Screw Compressor 1)

[0079] In most instances, a casing of a screw compres-
sor is required to have, in the axial direction of a rotating
shaft, a length enough to house components such as a
screw rotor, a motor, and the rotating shaft. During a pres-
sure resistance test or the operation of the compressor,
when pressure acts on an inner side of the casing, local
stress concentration occurs on the casing serving as the
contour due to the structure of the casing required to
have a certain length in the axial direction, and the casing
may thereby be bent in radial directions including the

vertical direction. More specifically, when viewed in a ver-
tical section of the casing taken in the axial direction of
the rotating shaft, the casing may be bent into a U shape
such that a center part of the casing bulges. As a result,
a cylindrical portion formed in an inner part of the casing
is also displaced in the vertical direction or in a radial
direction, and the roundness of the cylindrical portion in-
creases. In addition, the casing is required to have a
space for housing a gate rotor and its circumferential
components (not illustrated), and a wall face of the casing
defining the space is thereby likely to have a low rigidity
and is thus likely to be deformed.
[0080] The casing 2 of the screw compressor 1 accord-
ing to Embodiment 4 includes the outside protruding por-
tions 26. Each of the outside protruding portions 26 in-
cludes, in a radial direction RD of the rotating shaft 5, the
end portion on one side formed integrally with the inter-
mediate inner cylindrical portion 22 and the end portion
on the other side protruding toward the outside of the
casing 2. The casing 2 of the screw compressor 1 having
the outside protruding portions 26 can be increased in
rigidity compared with a case where no outside protrud-
ing portions 26 are provided. In the screw compressor 1,
when internal pressure is applied to the casing 2, the
rigidity is ensured by the presence of the outside protrud-
ing portions 26, and local stress concentration on the
casing 2 is thereby reduced.
[0081] In the screw compressor 1, because such local
stress concentration on the casing 2 is reduced by the
outside protruding portions 26 when internal pressure is
applied to the casing 2, the intermediate inner cylindrical
portion 22, which is a part of the casing 2, is prevented
from being displaced, that is, the roundness is prevented
from increasing. Thus, with the screw compressor 1,
when internal pressure is applied to the casing 2, plastic
deformation caused by a pressure resistance test or elas-
tic deformation caused during the operation of the com-
pressor can be prevented or reduced, and permanent
strain that remains in the casing 2 after the load is re-
moved can be reduced.
[0082] In addition, in the axial direction AD of the ro-
tating shaft 5, the outside protruding portions 26 are each
formed integrally with the outer cylindrical portion 23 and
the motor accommodation portion 27 such that the out-
side protruding portions 26 each connect the outer cylin-
drical portion 23 and the motor accommodation portion
27 to one another. With the outside protruding portions
26 formed integrally with the outer cylindrical portion 23
and the motor accommodation portion 27, the rigidity of
the casing 2 can further be increased compared with a
casing not having the above-described configuration.
Thus, the casing 2 of the screw compressor 1 including
the outside protruding portions 26 can be prevented from
being bent in the vertical direction or in radial directions
compared with a case where no outside protruding por-
tions 26 are provided.
[0083] In addition, as Fig. 13 illustrates, the outside
protruding portions 26 are each a part of the casing 2
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and each have the width W3, in the circumferential di-
rection CD of the rotating shaft 5, smaller than the length
L3 of each of the outside protruding portions 26 in the
axial direction AD of the rotating shaft 5. That is, the length
L3 of each outside protruding portion 26 in the axial di-
rection AD of the rotating shaft 5 is larger than the width
W3 of each outside protruding portion 26 in the circum-
ferential direction CD of the rotating shaft 5. Accordingly,
the wall of each outside protruding portion 26 has a thick-
ness, in the axial direction AD of the rotating shaft 5,
larger than the thickness of the outside protruding portion
26 in the circumferential direction CD of the rotating shaft
5. Thus, the casing 2 of the screw compressor 1 having
the outside protruding portions 26 can be increased in
rigidity compared with a case where no outside protrud-
ing portions 26 are provided, and the casing 2 can thereby
be prevented from being bent in the vertical direction or
radial directions.

Embodiment 5

[0084] Fig. 15 is a schematic top view illustrating sche-
matically a top face of the casing 2 of the screw com-
pressor 1 according to Embodiment 5. Note that the con-
figuration elements having the same functions and ef-
fects as the configuration elements of the screw com-
pressors 1 according to Embodiments 1 to 4 are denoted
by the same reference signs, and the description of such
configuration elements will be omitted. Differences from
Embodiments 1 to 4 will be described in Embodiment 5,
and the configurations that are not described in Embod-
iment 5 are similar to the configurations of Embodiments
1 to 4. In the screw compressor 1 according to Embodi-
ment 5, the structure of the outside protruding portions
26 is further specified.
[0085] In the casing 2, in the axial direction AD of the
rotating shaft 5, a discharge-side end portion is the end
portion 2a on one side on which refrigerant is discharged,
and a suction-side end portion is the end portion 2b on
the other side on which refrigerant is sucked. The outside
protruding portions 26 are each formed such that a width
W3 of the outside protruding portion 26 decreases grad-
ually from the discharge-side end portion toward the suc-
tion-side end portion.

(Functions and Effects of Screw Compressor 1)

[0086] The outside protruding portions 26 are each
formed such that the width W3 of the outside protruding
portion 26 decreases gradually from the discharge-side
end portion toward the suction-side end portion. With the
screw compressor 1 having the above-described config-
uration, deformation of a discharge-side part of the cy-
lindrical portion 20 (refer to Fig. 1) of the casing 2 due to
internal pressure can be prevented or reduced in partic-
ular, and refrigerant gas can thereby be prevented from
leaking from the high-pressure side of the compression
chambers 14 whose difference in pressure from the low-

pressure side is large.

Embodiment 6

[0087] Fig. 16 is a schematic top view illustrating sche-
matically a top face of the casing 2 of the screw com-
pressor 1 according to Embodiment 6. Fig. 17 is a sche-
matic side view illustrating schematically a side face of
the casing 2 of the screw compressor 1 according to Em-
bodiment 6. Note that the configuration elements having
the same functions and effects as the configuration ele-
ments of the screw compressors 1 according to Embod-
iments 1 to 5 are denoted by the same reference signs,
and the description of such configuration elements will
be omitted. Differences from Embodiments 1 to 5 will be
described in Embodiment 6, and the configurations that
are not described in Embodiment 6 are similar to the con-
figurations of Embodiments 1 to 5. In the screw compres-
sor 1 according to Embodiment 6, the structure of the
outside protruding portions 26 is further specified.
[0088] The outside protruding portions 26 each include
a lower protruding portion 26a protruding from the inter-
mediate inner cylindrical portion 22 and an upper pro-
truding portion 26b protruding from the lower protruding
portion 26a. Of one of the outside protruding portions 26
that protrudes upward from the intermediate inner cylin-
drical portion 22, the lower protruding portion 26a pro-
trudes upward from the intermediate inner cylindrical por-
tion 22, and the upper protruding portion 26b protrudes
upward from the lower protruding portion 26a. Of the oth-
er one of the outside protruding portions 26 that protrudes
downward from the intermediate inner cylindrical portion
22, the lower protruding portion 26a protrudes downward
from the intermediate inner cylindrical portion 22, and the
upper protruding portion 26b protrudes downward from
the lower protruding portion 26a.
[0089] As Fig. 16 illustrates, in each of the outside pro-
truding portions 26, the lower protruding portion 26a has
a width W4, in the circumferential direction CD of the
rotating shaft 5 (refer to Fig. 1), larger than a width W5
of the upper protruding portion 26b in the circumferential
direction CD of the rotating shaft 5. In addition, as Fig.
17 illustrates, in each of the outside protruding portions
26, the lower protruding portion 26a has a height H1, in
a radial direction RD of the rotating shaft 5, smaller than
a height H2 of the upper protruding portion 26b in the
radial direction RD of the rotating shaft 5. Note that such
a height is a length of each of the outside protruding por-
tions 26 in a radial direction RD. One of the outside pro-
truding portions 26, with its lower protruding portion 26a
and its upper protruding portions 26b, is formed such that
a section perpendicular to the axial direction AD of the
rotating shaft 5 has an inverse T shape.

(Functions and Effects of Screw Compressor 1)

[0090] The outside protruding portions 26 each include
the lower protruding portion 26a protruding from the in-
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termediate inner cylindrical portion 22 and the upper pro-
truding portion 26b protruding from the lower protruding
portion 26a. The screw compressor 1 having the above-
described configuration enables increase in the major
axis-side rigidity of the casing 2, which may be deformed
into an oval shape by internal pressure, thereby enabling
prevention or reduction of deformation of the casing 2
caused by internal pressure.
[0091] In addition, in each of the outside protruding por-
tions 26, the width W4 of the lower protruding portion 26a
in the circumferential direction CD of the rotating shaft 5
(refer to Fig. 1) is larger than the width W5 of the upper
protruding portion 26b in the circumferential direction CD
of the rotating shaft 5. Moreover, in each of the outside
protruding portions 26, the height H1 of the lower pro-
truding portion 26a in a radial direction RD of the rotating
shaft 5 is smaller than the height H2 of the upper pro-
truding portion 26b in the radial direction RD of the rotat-
ing shaft 5. The outside protruding portions 26 each in-
cluding the lower protruding portion 26a and the upper
protruding portion 26b, which have the above-described
configurations, enables reduction of a material to be used
compared with a case where the entire outside protruding
portions 26 each have the width W4 of the lower protrud-
ing portion 26a. Thus, with the outside protruding portions
26 each including the lower protruding portion 26a and
the upper protruding portion 26b, the material costs can
be reduced while the rigidity is ensured.

Embodiment 7

[0092] Fig. 18 is a schematic side view illustrating
schematically a side face of the casing 2 of the screw
compressor 1 according to Embodiment 7. Note that a
schematic top view of the casing 2 of the screw compres-
sor 1 according to Embodiment 7 is similar to the sche-
matic top view illustrated in Fig. 13 or Fig. 15. In addition,
the configuration elements having the same functions
and effects as the configuration elements of the screw
compressors 1 according to Embodiments 1 to 6 are de-
noted by the same reference signs, and the description
of such configuration elements will be omitted. Differenc-
es from Embodiments 1 to 6 will be described in Embod-
iment 7, and the configurations that are not described in
Embodiment 7 are similar to the configurations of Em-
bodiments 1 to 6. In the screw compressor 1 according
to Embodiment 7, the structure of the outside protruding
portions 26 according to Embodiment 5 is further speci-
fied.
[0093] As described above, in the casing 2, in the axial
direction AD of the rotating shaft 5, a discharge-side end
portion is the end portion 2a on one side on which refrig-
erant is discharged, and a suction-side end portion is the
end portion 2b on the other side on which refrigerant is
sucked. The outside protruding portions 26 are each
formed such that a height H of the outside protruding
portion 26 decreases gradually from the discharge-side
end portion toward the suction-side end portion. In other

words, the outside protruding portions 26 are each
formed such that the height H of the outside protruding
portion 26 increases gradually from the motor accommo-
dation portion 27 side toward the discharge-side end por-
tion.

(Functions and Effects of Screw Compressor 1)

[0094] The outside protruding portions 26 are each
formed such that the height H of the outside protruding
portion 26 increases gradually from the motor accommo-
dation portion 27 side toward the discharge-side end por-
tion. With the screw compressor 1 having the above-de-
scribed configuration, deformation of the discharge-side
part of the cylindrical portion 20 (refer to Fig. 1) of the
casing 2 due to internal pressure can be prevented or
reduced in particular, and refrigerant gas can thereby be
prevented from leaking from the high-pressure side of
the compression chambers 14 whose difference in pres-
sure from the low-pressure side is large.
[0095] Embodiments 1 to 7 described above may be
implemented in combination with one another. In addi-
tion, the configurations represented by the above-de-
scribed embodiments are examples and may be com-
bined with another known technique, and a part of the
configurations may be omitted or changed without de-
parting from the spirit.

Reference Signs List

[0096] 1: screw compressor, 1L: screw compressor, 2:
casing, 2a: end portion, 2b: end portion, 3: screw rotor,
3a: screw groove, 4: motor, 4a: stator, 4b: motor rotor,
5: rotating shaft, 6: gate rotor, 6a: gate-rotor tooth, 6b:
gate-rotor support, 7: discharge flow passage, 7a: inlet
portion, 7b: outlet portion, 8: discharge port, 10: slide
valve, 10a: guide portion, 10b: coupling portion, 10c:
valve body portion, 10d: coupling rod, 11: slide-valve driv-
ing mechanism, 12: main bearing, 13: bearing housing,
14: compression chamber, 15: low-pressure chamber,
16: high-pressure chamber, 20: cylindrical portion, 21:
inner cylindrical portion, 21a: inner circumferential wall,
21b: outer circumferential wall, 21c: inside through hole,
22: intermediate inner cylindrical portion, 22a: inner cir-
cumferential wall, 22b: outer circumferential wall, 23: out-
er cylindrical portion, 23a: inner circumferential wall, 23b:
outer circumferential wall, 23c: bottom wall portion, 24:
semicylindrical portion, 24a: apex portion, 24b: slide-
valve accommodation groove, 25: protruding portion,
25a: tapered portion, 26: outside protruding portion, 26a:
lower protruding portion, 26b: upper protruding portion,
27: motor accommodation portion

Claims

1. A screw compressor comprising:

23 24 



EP 4 361 444 A1

14

5

10

15

20

25

30

35

40

45

50

55

a casing forming a contour;
a screw rotor accommodated inside the casing
such that the screw rotor is movable and having
an outer circumferential wall having a helical
groove;
a gate rotor accommodated inside the casing
and having a tooth that meshes with the helical
groove of the screw rotor; and
a slide valve accommodated inside the casing
and disposed such that the slide valve is slidable
in an axial direction of a rotating shaft of the
screw rotor,
the casing including
an inner cylindrical portion having a hollow cy-
lindrical shape and housing the screw rotor,
an intermediate inner cylindrical portion having
a hollow cylindrical shape such that an inner cir-
cumferential wall of the intermediate inner cylin-
drical portion faces an outer circumferential wall
of the inner cylindrical portion at an end portion
of the casing on one side in the axial direction
of the rotating shaft,
an outer cylindrical portion having a hollow cy-
lindrical shape such that an inner circumferential
wall of the outer cylindrical portion faces an outer
circumferential wall of the intermediate inner cy-
lindrical portion at the end portion of the casing
on the one side in the axial direction of the ro-
tating shaft and formed in the axial direction of
the rotating shaft,
a semicylindrical portion serving as a wall por-
tion forming a semicylindrical groove inside the
intermediate inner cylindrical portion, the semi-
cylindrical portion being formed integrally with
the inner cylindrical portion and the intermediate
inner cylindrical portion and housing the slide
valve inside the semicylindrical portion, and
a protruding portion serving as a wall extending
in a radial direction of the rotating shaft and in
the axial direction of the rotating shaft, the pro-
truding portion protruding from the outer circum-
ferential wall of the intermediate inner cylindrical
portion at a position where the semicylindrical
portion and the intermediate inner cylindrical
portion are integrated to each other.

2. The screw compressor of claim 1, wherein

the protruding portion includes,
in a radial direction of the rotating shaft, an end
portion on one side formed integrally with the
intermediate inner cylindrical portion and an end
portion on an other side formed integrally with
the outer cylindrical portion, and the protruding
portion has a columnar shape connecting the
intermediate inner cylindrical portion and the
outer cylindrical portion to one another.

3. The screw compressor of claim 1 or 2, wherein

the protruding portion has
a length equal to or a length smaller than a length
of the semicylindrical portion in the axial direc-
tion of the rotating shaft.

4. The screw compressor of any one of claims 1 to 3,
wherein

the casing includes,
in the axial direction of the rotating shaft, a dis-
charge-side end portion that is an end portion
on one side on which refrigerant is discharged
and a suction-side end portion that is an end
portion on an other side on which refrigerant is
sucked, and
the protruding portion includes
a tapered portion formed such that a width of
the protruding portion decreases from the dis-
charge-side end portion toward the suction-side
end portion.

5. The screw compressor of any one of claims 1 to 4,
wherein

the casing further includes
an outside protruding portion that is a wall ex-
tending in a radial direction of the rotating shaft
and in the axial direction of the rotating shaft and
protruding from the outer circumferential wall of
the intermediate inner cylindrical portion, and
the outside protruding portion includes,
in a radial direction of the rotating shaft, an end
portion on one side formed integrally with the
intermediate inner cylindrical portion and an end
portion on an other side protruding toward an
outside of the casing.

6. The screw compressor of claim 5, further comprising

a motor coupled to the rotating shaft, wherein
the casing includes
a motor accommodation portion housing the
motor at an end portion of the casing on an other
side in the axial direction of the rotating shaft,
the motor accommodation portion has
a hollow cylindrical shape and has an outside
diameter larger than an outside diameter of the
intermediate inner cylindrical portion, and
the outside protruding portion is formed,
in the axial direction of the rotating shaft, inte-
grally with the outer cylindrical portion and the
motor accommodation portion such that the out-
side protruding portion connects the outer cylin-
drical portion and the motor accommodation
portion to one another.
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7. The screw compressor of claim 6, wherein

the casing includes,
in the axial direction of the rotating shaft, a dis-
charge-side end portion that is an end portion
on one side on which refrigerant is discharged
and a suction-side end portion that is an end
portion on an other side on which refrigerant is
sucked, and
the outside protruding portion is formed
such that a height of the outside protruding por-
tion increases gradually from a region of the mo-
tor accommodation portion toward the dis-
charge-side end portion.

8. The screw compressor of any one of claims 5 to 7,
wherein

the outside protruding portion is formed
such that a width of the outside protruding por-
tion in a circumferential direction of the rotating
shaft is smaller than a length of the outside pro-
truding portion in the axial direction of the rotat-
ing shaft.

9. The screw compressor of any one of claims 5 to 8,
wherein

the casing includes,
in the axial direction of the rotating shaft, a dis-
charge-side end portion that is an end portion
on one side on which refrigerant is discharged
and a suction-side end portion that is an end
portion on an other side on which refrigerant is
sucked, and
the outside protruding portion is formed
such that a width of the outside protruding por-
tion decreases from the discharge-side end por-
tion toward the suction-side end portion.

10. The screw compressor of any one of claims 5 to 9,
wherein

the outside protruding portion includes
a lower protruding portion protruding from the
intermediate inner cylindrical portion, and
an upper protruding portion protruding from the
lower protruding portion,
a width of the lower protruding portion in a cir-
cumferential direction of the rotating shaft is larg-
er than a width of the upper protruding portion
in the circumferential direction of the rotating
shaft, and
a height of the lower protruding portion in a radial
direction of the rotating shaft is smaller than a
height of the upper protruding portion in a radial
direction of the rotating shaft.
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