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(57) A single-screw compressor includes: a casing
which forms an outer periphery thereof; a screw including
spiral tooth grooves formed in its outer peripheral sur-
face; a gate rotor which defines along with the casing
and the screw a compression chamber, and which in-
cludes gate-rotor teeth formed to fit in the tooth grooves;
and a gate-rotor support which supports the gate rotor,
and includes gate-rotor support teeth provided to face
the gate-rotor teeth. A gate-rotor hole is formed in at least
one of the gate-rotor teeth to extend therethrough in a
thickness direction thereof. A support hole is formed in

the gate-rotor support teeth to extend through at least
one of the gate-rotor support teeth in a thickness direction
thereof, and has ends one of which communicates with
the gate-rotor hole and the other of which communicates
with a low-pressure space provided in the casing. A pin
is provided in the support hole in such a way as to be
press-fitted therein. The pin comes off the support hole
when an internal pressure of the compression chamber
is raised to a level, thereby causing the compression
chamber to communicate with the low-pressure space.
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Description

Technical Field

[0001] The present invention relates to a single-screw
compressor and a refrigerating and air-conditioning ap-
paratus provided with the single-screw compressor.

Background Art

[0002] A single-screw compressor is known as a type
of displacement compressor, and used, for example, as
a component of a refrigerant circuit incorporated in a re-
frigerating and air-conditioning apparatus. In the single-
screw compressor, a screw having spiral tooth grooves
and a gate rotor having plural gate-rotor teeth which fit
in the tooth grooves of the screw are provided in a casing
which forms an outer periphery of the compressor. In the
single-screw compressor, the tooth grooves of the screw
and the teeth of the gate rotor are meshed and engaged
with each other, forming a compression chamber.
[0003] In the single-screw compressor, when liquid re-
frigerant is sucked into the compression chamber, liquid
compression occurs, thereby suddenly raising the inter-
nal pressure of the compression chamber. In the com-
pression chamber, when liquid refrigerant, which is high-
er in density than vaporized refrigerant, is sucked into
the chamber, the internal pressure thereof rises to a level
to which it cannot be raised by gas compression. In the
single-screw compressor, generally, the casing and the
screw are made, for example, of metal materials such as
iron materials, and the gate rotor is made of a synthetic
resin material, to thereby avoid metal-to-metal contact
between the screw and the gate rotor. Therefore, in the
single-screw compressor, the gate rotor of the synthetic
resin material having a low material strength can be bro-
ken, as a result of which the compressor becomes unable
to perform its compression operation, and its operation
is stopped.
[0004] Next, it will be briefly described what work is
done for restoration of the single-screw compressor in
the case where the gate rotor is broken and the operation
of the single-screw compressor is thus stopped. First, for
a refrigerant circuit which is formed as a closed loop cir-
cuit, an operator fully closes stop valves on a high-pres-
sure side and low-pressure side of the single-screw com-
pressor, thereby cutting off the single-screw compressor
from the refrigerant circuit, and recovers refrigerant from
the single-screw compressor. Next, the operator recov-
ers refrigerating machine oil from the single-screw com-
pressor, detaches the single-screw compressor from a
pipe system of the refrigerant circuit, and carries the sin-
gle-screw compressor to a workshop where mainte-
nance service can be performed safely and efficiently. In
the workshop, the operator completely disassembles the
single-screw compressor and removes fracture frag-
ments of the gate rotor in the casing. After removing the
fracture fragments and reassembling the single-screw

compressor, the operator re-sets the single-screw com-
pressor in the refrigerant circuit. The above series of re-
covery operations require a great deal of time, for which
the user is unable to use the refrigerating and air-condi-
tioning apparatus, and further incurs costs as well. This
is a big problem for the user.
[0005] Thus, in a screw compressor disclosed in, for
example, Patent Literature 1, the internal pressure of the
compression chamber is detected using a dedicated de-
tector, it is determined that liquid compression occurs
when the detected pressure exceeds a predetermined
value, and the position of a slide valve is controlled such
that a discharge timing is made earlier, thereby reducing
raising of the inner pressure of the compressor.

Citation List

Patent Literature

[0006] Patent Literature 1: Japanese Unexamined Pat-
ent Application Publication No. 2010-255595

Summary of Invention

Technical Problem

[0007] In the screw compressor disclosed in Patent Lit-
erature 1, in order to reduce the internal pressure of the
compression chamber based on a detected value ob-
tained by the dedicated detector, it is necessary to set a
sampling frequency of the internal pressure of the com-
pression chamber at a high level for the following reason:
The detected value of the internal pressure of the com-
pression chamber, which changes with the passage of
time, is compared with a predetermined value, and it is
determined that liquid compression occurs when the de-
tected value is greater than the predetermined value.
Thus, if the sampling frequency is low, determination of
liquid compression is delayed, as a result of which the
internal pressure of the compression chamber rises, thus
breaking the gate rotor. Therefore, the screw compressor
needs a dedicated detector which detects the internal
pressure of the compression chamber, and also needs
a pressure sensor capable of outputting an electric signal
or a control unit which receives the electric signal, and
makes a determination. Inevitably, the manufacturing
cost of the screw compressor is higher.
[0008] Also, in the screw compressor disclosed in Pat-
ent Literature 1, when the detected value exceeds the
predetermined value, and it is determined that liquid com-
pression occurs, the position of the slide valve is me-
chanically adjusted by a dedicated controller. That is, in
this screw compressor, from time at time liquid compres-
sion occurs and the internal pressure of the compression
chamber rises, it takes some time to move the slide valve
to a target position. Therefore, after the compressor is in
the stopped state for a long time, in the case where sud-
den liquid compression occurs as in a dormant start, it is
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hard to reduce raising of the internal pressure of the com-
pression chamber before the gate rotor will be broken.
[0009] The present invention has been made to solve
the above problem, and an object of the invention is to
provide a single-screw compressor which can reduce
raising of the internal pressure of a compression chamber
which is caused by liquid compression, and prevent
breakage of a gate rotor, and also provide a refrigerating
and air-conditioning apparatus provided with the single-
screw compressor.

Solution to Problem

[0010] A single-screw compressor according to an em-
bodiment of the present invention includes: a casing
which forms an outer periphery of the compressor; a
screw including spiral tooth grooves formed in its outer
peripheral surface; a gate rotor which defines along with
the casing and screw a compression chamber, and which
includes a plurality of gate-rotor teeth formed to fit in the
tooth grooves; and a gate-rotor support which supports
the gate rotor, and includes a plurality of gate-rotor sup-
port teeth provided to face the plurality of gate-rotor teeth.
In the single-screw compressor, a gate-rotor hole is
formed in at least one of the gate-rotor teeth to extend
therethrough in a thickness direction thereof; a gate-rotor
support hole is formed in at least one of the gate-rotor
support teeth to extend therethrough in a thickness di-
rection thereof, and has ends one of which communi-
cates with the gate-rotor hole and the other of which com-
municates with a low-pressure space provided in the cas-
ing; a pin is provided in the gate-rotor support hole in
such a way as to be press-fitted therein; and the pin
comes off the gate-rotor support hole when an internal
pressure of the compression chamber is raised to a level,
thereby causing the compression chamber to communi-
cate with the low-pressure space.

Advantageous Effects of Invention

[0011] In the single-screw compressor according to an
embodiment of the present invention and a refrigerating
and air-conditioning apparatus provided with the single-
screw compressor, the pin comes off the gate-rotor sup-
port hole when the internal pressure of the compression
chamber is raised to a level, thereby causing the com-
pression chamber to communicate with the low-pressure
space through the gate-rotor hole and gate-rotor support
hole. Therefore, even if the internal pressure of the com-
pression chamber is raised by liquid compression, it is
possible to reduce the raising of the internal pressure of
the compression chamber and thereby prevent breakage
of the gate rotor.

Brief Description of Drawings

[0012]

Fig. 1 is a refrigerant circuit diagram of a refrigerating
and air-conditioning apparatus provided with a sin-
gle-screw compressor according to embodiment 1
of the present invention.
Fig. 2 is a sectional view illustrating an internal struc-
ture of the single-screw compressor according to
embodiment 1 of the present invention.
Fig. 3 is an enlarged sectional view taken along line
A-A in FIG. 2 as seen in the direction indicated by
arrows A therein.
Fig. 4 is a plan view illustrating a gate rotor of the
single-screw compressor according to embodiment
1 of the present invention.
Fig. 5 is a sectional view taken along line B-B in FIG.
4 as seen in directions indicated by arrows B therein.
Fig. 6 is a sectional view of the gate rotor and a gate-
rotor support of the single-screw compressor ac-
cording to embodiment 1 of the present invention.
Fig. 7 is a sectional view of the gate rotor and gate-
rotor support of the single-screw compressor ac-
cording to embodiment 1 of the present invention
with a pin press-fitted in a gate-rotor support hole.
Fig. 8 is a sectional view of a gate rotor and gate-
rotor support of a single-screw compressor accord-
ing to embodiment 2 of the present invention.
Fig. 9 is a sectional view of a gate rotor and gate-
rotor support of a single-screw compressor accord-
ing to embodiment 3 of the present invention.
Fig. 10 is a plan view illustrating a gate rotor of a
single-screw compressor according to embodiment
4 of the present invention.

Description of embodiments

[0013] Embodiments of the present invention will be
described with reference to the accompanying drawings.
It should be noted that in each of the figures, components
which are the same as or equivalent to those illustrated
in a previous figure or figures are denoted by the same
reference signs, and their descriptions will thus be omit-
ted or simplified as appropriate. Also, with respect to the
configurations of the elements illustrated in the figures,
shapes, sizes, arrangement, etc., can be changed as ap-
propriate within the scope of the present invention.

Embodiment 1

[0014] Fig. 1 is a refrigerant circuit diagram of a refrig-
erating and air-conditioning apparatus provided with a
single-screw compressor according to embodiment 1 of
the present invention. The single-screw compressor 1
according to embodiment 1 is used as a component of a
refrigerant circuit 200 incorporated in a refrigerating and
air-conditioning apparatus 100 as illustrated in Fig. 1. As
illustrated in Fig. 1, the refrigerant circuit 200 is configured
such that a single-screw compressor 1, a condenser 20,
a liquid receiver (not illustrated), an expansion valve 21,
an evaporator 22, etc., are sequentially connected by
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refrigerant pipes, and are provided as a closed loop cir-
cuit. The single-screw compressor 1 compresses and
discharges refrigerant; the condenser 20 condenses re-
frigerant; the liquid receiver separates liquid refrigerant
and gas refrigerant from each other; the expansion valve
21 decompresses the refrigerant; and the evaporator 22
evaporates the refrigerant. Furthermore, the refrigerating
and air-conditioning apparatus 100 includes an inverter
not illustrated and a control unit 23 which can communi-
cate with the inverter to receive or send a signal from or
to the inverter. The refrigerating and air-conditioning ap-
paratus 100 uses R410 refrigerant, R32 refrigerant, or
carbon dioxide refrigerant as refrigerant to be made to
flow through the refrigerant circuit 200.
[0015] Fig. 2 is a sectional view illustrating an internal
configuration of the single-screw compressor according
to embodiment 1 of the present invention. Fig. 3 is an
enlarged sectional view taken along line A-A in Fig. 2 as
seen in the direction indicated by arrows A. Fig. 4 is a
plan view illustrating a gate rotor of the single-screw com-
pressor according to embodiment 1 of the present inven-
tion. Fig. 5 is a sectional view taken along line B-B in Fig.
4 as seen in the directions indicated by arrows B. Fig. 6
is a sectional view of the gate rotor and a gate-rotor sup-
port of the single-screw compressor according to embod-
iment 1 of the present invention. Fig. 7 is a sectional view
of the gate rotor and gate-rotor support of the single-
screw compressor according to embodiment 1 of the
present invention with a pin press-fitted in a gate-rotor
support hole.
[0016] The single-screw compressor 1 according to
embodiment 1 will be described by referring to by way of
example a single-stage single-screw compressor; how-
ever, it is not limited to the single-stage single-screw com-
pressor, and may be applied as a two-stage single-screw
compressor. As illustrated in Figs. 2 and 3, the single-
screw compressor 1 according to embodiment 1 includes
a cylindrical casing 2 which forms an outer periphery
thereof, a compression unit 3 and a drive unit 4 which
are provided in the casing 2. In the casing 2, a low-pres-
sure space 13 is provided as space into which low-pres-
sure gas refrigerant flows from the evaporator 22 of the
refrigerant circuit 200, and in which low-pressure gas is
guided to the compression unit 3.
[0017] As illustrated in Figs. 2 and 3, the compression
unit 3 includes a screw 5, a rotation shaft 6, a pair of gate
rotors 7 and gate-rotor supports 8. The screw 5 includes
a plurality of spiral tooth grooves (screw grooves) formed
in a surface of a cylindrical body. The rotation shaft 6
supports the screw 5, and one of shaft end portions of
the rotation shaft 6 is roratably supported by a bearing
50 and the other is coupled to the drive unit 4. As illus-
trated in Fig. 4, the gate rotors 7 each have a plurality of
gate-rotor teeth 7a which are formed at an outer periphery
thereof to fit in the tooth grooves of the screw 5, and are
located to sandwich the screw 5 in a radial direction as
illustrated in Figs. 2 and 3. The gate-rotor supports 8
each include a plurality of gate-rotor support teeth 8a

which are located to face the plural gate-rotor teeth 7a,
and support the gate rotors 7.
[0018] In the compression unit 3, the tooth grooves of
the screw 5 and the gate-rotor teeth 7a of the gate rotors
7 are meshed and engaged with each other, thereby
forming compression chambers 9. In the single-screw
compressor 1, two gate rotors 7 are provided on opposite
sides with respect to the single screw 5 at positions sep-
arated from each other by 180 degrees in a rotation di-
rection. Thus, two compression chambers 9 are provided
on an upper side and lower side of the rotation shaft 6 at
positions separated from each other through 180 de-
grees in the rotation direction.
[0019] As illustrated in Figs. 4 and 5, each of the gate
rotors 7 is formed in the shape of a star having eleven
gate-rotor teeth 7a. Therefore, each of the gate-rotor sup-
ports 8 is also formed in the shape of a star having eleven
gate-rotor support teeth 8a, as well as each gate rotor 7.
The gate rotor 7 is formed of a synthetic resin material
to avoid metal-to-metal contact with the screw 5 formed
of a metallic material. The material of the gate rotor 7 is
thus lower in material strength than metallic materials.
Therefore, in order that the gate rotor 7 be reinforced,
the gate rotor 7 is fixed to top surfaces of the gate-rotor
support teeth 8a of the gate-rotor support 8 made of a
metallic material. Needless to say, the gate-rotor support
8 is provided in such a manner as to avoid metal-to-metal
contact between the gate-rotor support teeth 8a and the
tooth grooves of the screw 5. It should be noted that as
illustrated in Fig. 3, the gate-rotor support 8 includes a
shaft portion both ends of which are supported by bear-
ings 16 and 17.
[0020] As illustrated in Figs. 2 and 3, in the single-screw
compressor 1, two variable valves 11 are provided in the
respective compression chambers 9, and the volume ra-
tios of the variable valves 11 can be varied in order to
adjust the discharge timing of refrigerant. As illustrated
in Fig. 3, each of the variable valves 11 is rod-shaped to
have a section formed in the shape of a crescent, and is
slidably provided in space which is shaped by part of the
casing 2 that is protruded in the radial direction. Each
variable valve 11 has an end face fixed a rod 12, and can
be moved parallel to the rotation shaft 6 by moving the
rod 12 in an axial direction thereof. The discharge timing
of refrigerant sucked into the compression chambers 9
can be adjusted by movement of the variable valves 11
in parallel with the rotation shaft 6. That is, positions of
the variable valves 11 are controlled by the control unit
23 for the purpose of adjusting the discharge timing in
such a way as to increase an energy efficiency.
[0021] The drive unit 4 includes an electric motor 10.
The electric motor 10 is fixed in such a way as to be
inscribed in the casing 2, and includes a stator 10a having
space in the radial direction and a motor rotor 10b rotat-
ably provided in the stator 10a. The motor rotor 10b is
connected to a shaft end of the rotation shaft 6, and is
provided coaxially with the screw 5. In the single-screw
compressor 1, the electric motor 10 is driven to rotate
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the rotation shaft 6, thereby rotating the screw 5. It should
be noted that the electric motor 10 is driven at a rotation
speed which is variable by an inverter not illustrated, to
thereby increase or decrease the rotation speed of the
rotation shaft 6.
[0022] Next, an operation of the single-screw compres-
sor 1 according to embodiment 1 will be described. When
electricity is supplied to the single-screw compressor 1
from the inverter, the electric motor 10 is started. In the
single-screw compressor 1, when the electric motor 10
is started, refrigerants having substantially the same
mass are sucked into the respective compression cham-
bers 9, and the suction of the refrigerants thereinto is
completed at the same timing. In each of the compression
chambers 9, after the suction of refrigerant is completed,
the volume of each compression chamber 9 is reduced,
thus raising the internal pressure thereof. In the single-
screw compressor 1, when the volume of each compres-
sion chamber 9 is reduced to a set value, the compres-
sion chamber 9 is made to communicate with a discharge
port by an associated one of the variable valves 11, thus
discharging discharge gas. Timings at which the com-
pression chambers 9 are made to discharge the respec-
tive refrigerants are adjusted by controlling the respective
variable valves 11.
[0023] In the single-screw compressor 1, normally, on-
ly refrigerant gas, which is gaseous, is sucked into each
compression chamber 9. However, in the single-screw
compressor 1, there is a case where two-phase gas-liq-
uid refrigerant returns from the evaporator 22, and liquid
refrigerant flows into the single-screw compressor 1. In
the single-screw compressor 1, in the case where liquid
refrigerant is sucked into the compression chamber 9,
liquid compression occurs, thus steeply raising the inter-
nal pressure of the compression chamber 9. In the com-
pression chamber 9, the density of the liquid refrigerant
sucked therein is higher than that of vaporized refriger-
ant, and the internal pressure of the chamber is thus
raised to a level to which it cannot be raised by gas com-
pression. In the single-screw compressor 1 having the
above configuration, the gate rotors 7 made of a synthetic
resin which has the lowest material strength among the
components of each compression chamber 9 may be
broken, and become unable to be operated.
[0024] Next, it will be described how a restoration op-
eration is performed if the gate rotor 7 is broken. In the
single-screw compressor 1, there is a case where the
gate rotor 7 is broken in the casing 2, and broken frag-
ments of the gate rotor 7 scatter terribly. In this case, it
is conceivable that broken fragments of the gate rotor 7
enter the refrigerant circuit 200. It is therefore necessary
to wash the pipes in the refrigerant circuit 200. Thus, in
order to wash the pipes, another compressor is set. Also,
to remove the broken fragments of the gate rotor which
are scattered in the single-screw compressor, it is nec-
essary to completely disassemble the single-screw com-
pressor once. Disassembled parts thereof are washed
and then reassembled. The assembled single-screw

compressor is installed in the washed refrigerant circuit,
and a test run of the single-screw compressor is made.
In such a manner, in the single-screw compressor, in the
case where the gate rotor 7 is broken, it takes long time
and much trouble to perform the restoration operation,
and the restoration operation incurs a considerably high
cost.
[0025] In view of the above, in the single-screw com-
pressor 1 according to embodiment 1, as illustrated in
Figs. 4 and 5, a gate-rotor hole 70 is provided to extend
through a gate-rotor tooth 7a of the gate-rotor teeth 7a
in a thickness direction thereof. Also, as illustrated in Fig.
6, a gate-rotor support hole 80 is provided to extend
through a gate-rotor support tooth 8a of the gate-rotor
support 8 in a thickness direction of the gate-rotor support
tooth 8a, such that one of ends of the gate-rotor support
hole 80 communicates with the gate-rotor hole 70, and
the other communicates with a low-pressure space 13
provided in the casing 2. The gate-rotor hole 70 and the
gate-rotor support hole 80 have circular cross sections,
and are located coaxial with each other. However, the
gate-rotor hole 70 and gate-rotor support hole 80 are not
limited to circular holes, and may be, for example, square
holes.
[0026] As illustrated in Fig. 6, the gate-rotor support
hole 80 in the gate-rotor support 8 includes a first gate-
rotor support hole 81 which communicates with the gate-
rotor hole 70 and a second gate-rotor support hole 82
having ends one of which communicates with the first
gate-rotor support hole 81 and the other of which com-
municates with the low-pressure space 13. The first gate-
rotor support hole 81 is smaller in diameter than the gate-
rotor hole 70. The second gate-rotor support hole 82 is
larger in diameter than the first gate-rotor support hole
81. However, the diameters of the first gate-rotor support
hole 81 and second gate-rotor support hole 82 are not
limited to such diameters as described above.
[0027] As illustrated in Fig. 7, a pin 14 is press-fitted in
the first gate-rotor support hole 81. The pin 14 is inserted
through the gate-rotor hole 70 in the gate rotor 7, located
in such a way as to extend between the gate-rotor hole
70 and the first gate-rotor support hole 81, and press-
fitted in the first gate-rotor support hole 81. Therefore,
the pin 14 is sized such that an outside diameter of the
pin 14 is smaller than an inside diameter of the gate-rotor
hole 70, and greater than an inside diameter of the first
gate-rotor support hole 81. Because of this configuration,
a gap is provided between the pin 14 and the gate-rotor
hole 70 to prevent the pin 14, which is formed of a material
different from that of the gate rotor 7, from being press-
fitted in the gate rotor 7. Also, in addition to the above
purpose, for the purpose of minimizing a dead volume
space in which a liquid is liable to stay, the pin 14 is
provided to extend between the gate-rotor hole 70 and
first gate-rotor support hole 81, since the gate-rotor hole
70 provided in the gate rotor 7 becomes such a dead
volume space.
[0028] It should be noted that the pin 14 and the gate-
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rotor support 8 are made of metallic materials having
substantially the same coefficient of linear expansion.
This is because if the pin 14 and the gate-rotor support
8 have different coefficients of linear expansion, the rates
of expansion of the pin 14 and the gate-rotor support 8
are also made to differ from each other under the influ-
ence of heat, and a press-fitted state of the pin 14 is lost
regardless of the internal pressure of the compression
chamber 9, thereby causing the pin 14 to fall off the first
gate-rotor support hole 81.
[0029] In the single-screw compressor 1 according to
embodiment 1, a contact pressure on an outer peripheral
surface of the pin 14, the outside diameter of the pin 14
and a contact width of the pin 14 which is a width of part
of the pin 14 that contacts the first gate-rotor support hole
81 are set such that the pin 14 press-fitted in the gate-
rotor support 8 will fall off the first gate-rotor support hole
81 vertically downwards because of a target pressure
difference in the case where liquid compression occurs
and the internal pressure of the compression chamber 9
thus rises.
[0030] Next, a relationship between the outside diam-
eter and height of the pin 14 which is cylindrical and a
press-fitting force acts which the pin 14 is press-fitted
into the gate-rotor support 8 will be described. Where 2r
(mm) is the outside diameter of the pin 14, L (mm) is the
contact width of the pin 14, that is, a width of a contact
area between an outer periphery of the pin 14 and an
inner periphery of the first gate-rotor support hole 81 as
illustrated in Fig. 7, and P (MPa) is the contact pressure
which is applied onto the outer peripheral surface of the
pin 14 when the pin 14 is press-fitted into the first gate-
rotor support hole 81, a force F acting on the outer pe-
ripheral surface of the pin 14 is expressed by the following
equality (1).
[Equality 1]

[0031] Also, where m is a coefficient of static friction, a
static frictional force F’ of the pin 14 is expressed by the
following equality (2).
[Equality 2] 

[0032] Also, where P’ (MPa) is the internal pressure of
the compression chamber 9 during liquid compression,
and Ps (MPa) is a pressure in the low-pressure space
13, a force F" acting on the pin 14 during liquid compres-
sion is expressed by the following equality (3).
[Equality 3] 

[0033] The condition under which the pin 14 falls off
the first gate-rotor support hole 81 during liquid compres-
sion is F" > F’. When equalities (1) to (3) are substituted
into this inequality and the inequality is rearranged, the
following inequality (4) is satisfied.
[Inequality 4] 

[0034] Thus, when the radius r (mm) of the pin 14 and
the contact width L (mm) are set using inequality (4), the
pin 14 falls off the first gate-rotor support hole 81 when
the internal pressure of the compression chamber 9 be-
comes higher than or equal to a target value. That is, in
the single-screw compressor 1 according to embodiment
1, the gate rotor 7 and gate-rotor support 8 are processed
in such a way as to satisfy inequality (4).
[0035] Also, the refrigerating and air-conditioning ap-
paratus 100 provided with the single-screw compressor
1 according to embodiment 1 as illustrated in Fig. 1 in-
cludes a rotation-speed detection unit 24 which detects
a rotation speed of the single-screw compressor 1, an
opening-degree detection unit 25 which detects an open-
ing degree of the expansion valve 21 and a notification
unit 26 which indicates that the pin 14 is located out of
the first gate-rotor support holes 81. When the rotation-
speed detection unit 24 determines that the above rota-
tion speed reaches a predetermined maximum rotation
speed, the control unit 23 determines a difference be-
tween an opening degree detected by the opening-de-
gree detection unit 25 at the time when the rotation speed
reaches the predetermined maximum rotation speed and
a predetermined target opening degree, and determines
whether the difference is greater than a target value or
not. When determining that the difference is greater than
the target value, the control unit 23 determines that the
pin 14 is located out of the first gate-rotor support hole
81 and causes the notification unit 26 to make a notifica-
tion indicating such a fact.
[0036] It should be noted that the control unit 23 incor-
porates a table of target numbers of pluses of the expan-
sion valve 21 which are determined with respect to the
case where the single-screw compressor 1 is operated
at a maximum rotation speed, based on condensing tem-
peratures and evaporating temperatures of the refriger-
ant circuit 200. The control unit 23 incorporates a control
program which causes, upon reception of a signal indi-
cating the condensing temperature and evaporating tem-
perature of the refrigerant circuit and the actual number
of pulses of the expansion valve 21, which are obtained
when the compressor 1 is actually operated at the max-
imum rotation speed, the control unit 23 to compare the
actual number of pulses with a target number of pulses,
determine an instruction based on the result of the com-
parison, and issue a signal.
[0037] In the single-screw compressor 1, when liquid
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refrigerant is sucked into the compression chamber 9,
liquid compression occurs, as a result of which the inter-
nal pressure of the compression chamber 9 rises sud-
denly. In the compression chamber 9, because the den-
sity of the liquid refrigerant sucked therein is higher than
that of vaporized refrigerant, the internal pressure of the
chamber rises to a level to which it cannot be raised by
gas compression.
[0038] At this time, because the pressure of the com-
pression chamber 9 acts on an upper end of the pin 14
and that of the low-pressure space 13 acts on a lower
end of the pin 14, a force depending on the difference
between the pressures of the compression chamber 9
and the low-pressure space 13 acts on the pin in the axial
direction thereof. In the single-screw compressor 1 ac-
cording to embodiment 1, the contact pressure on the
outer peripheral surface of the pin, the outside diameter
of the pin and the contact width L thereof are set such
that the pin 14 press-fitted in the first gate-rotor support
hole 81 of each gate-rotor support 8 falls off vertically
downwards because of the target pressure difference
when the internal pressure of the compression chamber
9 is raised by liquid compression. Thus, since refrigerant
is sucked evenly into the two compression chambers 9,
when the internal pressure of each of the compression
chambers 9 is made to exceeds the target differential
pressure by liquid compression, each of the pin 14 in
each of the compression chambers 9 falls off.
[0039] Therefore, in the single-screw compressor 1 ac-
cording to embodiment 1, when the pin 14 falls off, the
refrigerant in the compression chamber 9 passes through
the gate-rotor hole 70 provided in the gate rotor 7, and
flows into the low-pressure space 13 through the gate-
rotor support hole 80 in the gate-rotor support 8. Thus,
when the internal pressure of the compression chamber
9 is raised by liquid compression, the pin 14 is made to
come off the first gate-rotor support hole 81 by a stress
smaller than the destruction strength of the gate rotor 7,
thus causing the compression chamber 9 to communi-
cate with the low-pressure space 13 and thereby distrib-
uting the internal pressure of the compression chamber
9 to the low-pressure space 13, as a result of which the
internal pressure of the compression chambers 9 is re-
duced. Accordingly, it is possible to prevent raising of the
internal pressure of the compression chamber 9 and thus
prevent breakage of the gate rotor 7.
[0040] In the single-screw compressor 1 according to
embodiment 1, when the pin 14 is located out of the first
gate-rotor support hole 81, the compression chamber 9
continuously communicates with the low-pressure space
13 through the gate-rotor support 8. Thus, in the single-
screw compressor 1, the refrigerant sucked into the com-
pression chamber 9 continuously leaks therefrom a low-
pressure side, and a refrigeration capacity is reduced
lower than before the pin 14 comes off, under the same
condition in which the single-screw compressor 1 is op-
erated at the same high/low pressure or at the same ro-
tation speed.

[0041] In the single-screw compressor 1, as described
above, when the pin 14 comes off, the compression
chamber 9 and the low-pressure space 13 communicate
with each other, as a result of which the refrigerant in the
compression chamber 9 leaks therefrom to the low-pres-
sure space 13. In the single-screw compressor 1, be-
cause a circulation rate of discharged refrigerant is re-
duced, the control unit 23 transmits to the inverter a signal
instructing the inverter to increase the speed thereof, in
order to make up for an insufficient refrigeration capacity.
The single-screw compressor 1 gradually increases the
rotation speed thereof, and then if it is repeatedly deter-
mined in the control program that the refrigeration capac-
ity is insufficient, the rotation speed is eventually in-
creased to the maximum rotation speed. When the rota-
tion speed of the single-screw compressor 1 is set to the
maximum rotation speed, the control unit 23 receives the
actual number of pulses of the expansion valve 21 at the
time when the rotation speed is set to the maximum ro-
tation speed, and compares the actual number of pulses
with the target number of pulses. When determining that
the difference between the actual number of pulses and
the target number of pulses is greater than a target value,
the control unit 23 determines that the pin 14 comes off,
and causes the notification unit 26 to issue an alarm.
Upon reception of the alarm from the notification unit 26,
the operator can recognize that the single-screw com-
pressor 1 needs to be inspected.
[0042] If receiving the alarm, the operator causes the
operation of the single-screw compressor 1 to be stopped
once. Next, the operator fully closes a discharge-side
stop valve 27 and suction-side stop valve 28 of the single-
screw compressor 1, thereby dividing the refrigerant cir-
cuit 200, which is provided as the closed loop circuit, into
two. The operator recovers only the refrigerant in the sin-
gle-screw compressor 1, and removes oil from the refrig-
erant. Then, the operator removes assemblies of the gate
rotor 7 and gate-rotor support 8 from the single-screw
compressor 1, and replaces the assemblies with new
ones.
[0043] It should be noted that the refrigerating and air-
conditioning apparatus 100 provided with the single-
screw compressor of embodiment 1 may be configured
to stop driving of the single-screw compressor 1 when
the pins14 comes off the first gate-rotor support hole 81,
and thereby prevent reduction of the refrigeration capac-
ity. Specifically, when the rotation-speed detection unit
24 determines that the rotation speed reaches the pre-
determined maximum rotation speed, the control unit 23
determines the difference between the opening degree
detected by the opening-degree detection unit 25 and
the predetermined target opening degree, and deter-
mines whether the difference is greater than the target
value or not. When determining that the difference is
greater than the target value, the control unit 23 deter-
mines that the pin 14 comes off the first gate-rotor support
hole 81, and causes driving of the single-screw compres-
sor 1 to be stopped.

11 12 



EP 3 557 064 A1

8

5

10

15

20

25

30

35

40

45

50

55

[0044] In such a manner, in the single-screw compres-
sor 1 according to embodiment 1, the pin 14 comes off
the first gate-rotor support hole 81 when the internal pres-
sure of the compression chambers 9 is raised to a level,
thereby causing the gate-rotor hole 70 to communicate
with a flow-passage hole 83. Thus, even if sudden liquid
compression occurs as in a dormant start, and the inter-
nal pressure of the compression chambers 9 thus rises
to a level to which it cannot be raised by normal gas
compression, the compression chamber 9 and the low-
pressure space 13 can be made to communicate with
each other through the gate-rotor hole 70 and gate-rotor
support hole 80. Thus, in the single-screw compressor
1, since the gate-rotor hole 70 and gate-rotor support
hole 80 function as bypass holes, it is possible to prevent
raising of the internal pressure of the compression cham-
ber 9, and thus prevent breakage of the gate rotor 7, and
cause the compression operation to be satisfactorily per-
formed.
[0045] Also, the single-screw compressor 1 according
to embodiment 1 is more advantageous in the case where
R410 refrigerant, R32 refrigerant, or carbon dioxide re-
frigerant, which tends to cause, especially, the internal
pressure of the compression chambers 9 to be raised,
are used as refrigerant for use in the refrigerant circuit.
[0046] Also, in the single-screw compressor 1 of em-
bodiment 1, since the pin 14 and gate-rotor support 8 are
made of materials having substantially the same coeffi-
cient of linear expansion, it is possible to prevent the
press-fitted state of the pin 14 from being lost by the in-
fluence of heat, and thus prevent the pin 14 from falling
off the first gate-rotor support hole 81.
[0047] Also, in the refrigerating and air-conditioning
apparatus 100 provided with the single-screw compres-
sor 1 according to embodiment 1, when the rotation-
speed detection unit 24 determines that the rotation
speed reaches the predetermined maximum rotation
speed, the control unit 23 determines the difference be-
tween the opening degree detected by the opening-de-
gree detection unit 25 and the predetermined opening
degree. When determining that the difference is greater
than the target value, the control unit 23 determines that
the pin 14 is located out of the first gate-rotor support
hole 81 and causes the notification unit 26 to give an
alarm. Thus, upon reception of the alarm from the notifi-
cation unit 26, the operator can recognize that the single-
screw compressor 1 needs to be inspected, and request
maintenance services to restore the single-screw com-
pressor 1.
[0048] Also, in the refrigerating and air-conditioning
apparatus 100 provided with the single-screw compres-
sor 1 according to embodiment 1, when the rotation-
speed detection unit 24 determines that the rotation
speeds reaches the predetermined maximum rotation
speed, the control unit 23 determines the difference be-
tween the opening degree detected by the opening-de-
gree detection unit 25 and the predetermined target
opening degree. When determining that the difference is

greater than the target value, the control unit 23 deter-
mines that the pin 14 is located out of the first gate-rotor
support holes 81, and stops driving of the single-screw
compressor 1. Then, the operator can request mainte-
nance services to restore the single-screw compressor 1.
[0049] It should be noted that the single-screw com-
pressor 1 according to embodiment 1c can also be put
to practical use as a single-gate-rotor type of compressor
in which a single gate rotor 7 is provided for a single
screw 5, though a detailed illustration of such a type of
compressor is omitted. The present invention can
achieve the same operations and the same advantages
as stated above, even in the case where it is applied to
a single-gate-rotor type of single-screw compressor.

Embodiment 2

[0050] Next, a single-screw compressor according to
embodiment 2 of the present invention will be described
with reference to Fig. 8. Fig. 8 is a sectional view of a
gate rotor and a gate-rotor support of the single-screw
compressor according to embodiment 2 of the present
invention. It should be noted that components which are
the same as those of the single-screw compressor 1 ac-
cording to embodiment 1 will be denoted by the same
reference signs, and their descriptions will thus be omit-
ted as appropriate.
[0051] As illustrated in Fig. 8, in addition to the com-
ponents of embodiment 1 as described above, the single-
screw compressor 1 according to embodiment 2 has the
following configuration: a flow-passage hole 83 which
causes the low-pressure space 13 and the second gate-
rotor support hole 82 to communicate with each other is
formed in the gate-rotor support tooth 8a. Furthermore,
a plug 15 is fitted in the second gate-rotor support hole
82 to close it.
[0052] The flow-passage hole 83 is formed to extend
from a side face of the gate-rotor support tooth 8a and
intersect the second gate-rotor support hole 82. Prefer-
ably, a cross-sectional inside diameter of the flow-pas-
sage hole 83 should be set slightly smaller than the inside
diameter of the first gate-rotor support hole 81. This is
because if the pin 14 falls off the first gate-rotor support
hole 81, it can be caught by the flow-passage hole 83
and held in the gate-rotor support 8 to prevent the pin 14
from jumping out of the gate-rotor support 8. The pin 14
that has come off is recovered later.
[0053] The plug 15 is provided to hold the pin 14 in the
gate-rotor support 8 in order to prevent the pin 14 which
has come off because of the internal pressure of the com-
pression chamber 9 from being falling out of the gate-
rotor support 8 and jumping out vertically downwards.
The plug 15 is fixed to the inside of the second gate-rotor
support hole 82 by press fitting, shrink fitting, welding or
the like. Also, the plug 15 may be provided with a screwed
outer peripheral surface such that it can be screwed into
a screw groove formed in an inner peripheral surface of
the second gate-rotor support hole 82. It should be noted
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that the plug 15 does not need to be provided in the case
where there is provided another structure for preventing
the pin 14 from coming off the gate-rotor support 8, such
as a structure for holding the pin 14 using the flow-pas-
sage hole 83 as described above.
[0054] In the single-screw compressor 1 according to
embodiment 2, when the pin 14 comes off the first gate-
rotor support hole 81, the refrigerant in the compression
chamber 9 flows through the gate-rotor hole 70 provided
in the gate rotor 7 into the gate-rotor support hole 80 in
the gate-rotor support 8, flows into the flow-passage hole
83 from the gate-rotor support hole 80, and then flows
into the low-pressure space 13. Thus, when the internal
pressure of the compression chambers 9 is raised by
liquid compression, the pin 14 is made to come off the
first gate-rotor support hole 81 by a stress acting thereon
that is smaller than a destruction strength of the gate
rotor 7, thus causing the compression chamber 9 to com-
municate with the low-pressure space 13. It is therefore
possible to reduce the internal pressure of the compres-
sion chambers 9 since it is distributed to the low-pressure
space 13, and prevent raising of the internal pressure of
the compression chamber 9 and thereby prevent break-
age of the gate rotor 7.
[0055] Furthermore, in the single-screw compressor 1
according to embodiment 2, since the plug 15 is fitted in
the second gate-rotor support hole 82 to close it, the pin
14 which has coming off the first gate-rotor support hole
81 can be prevented from jumping out of the gate-rotor
support 8. The pin 14 having come off the first gate-rotor
support hole 81 can be recovered later.

Embodiment 3

[0056] A single-screw compressor according to em-
bodiment 3 of the present invention will be described with
reference to Fig. 9. Fig. 9 is a sectional view of a gate
rotor and a gate-rotor support of the single-screw com-
pressor according to embodiment 3 of the present inven-
tion. It should be noted that although the single-screw
compressor according to embodiment 3 as illustrated in
Fig. 9 is based on the configuration of the single-screw
compressor described in embodiment 2, this is not re-
strictive, and the single-screw compressor according to
embodiment 3 is also applicable to the single-screw com-
pressor 1 according to embodiment 1. It should be noted
that components which are the same as those of the sin-
gle-screw compressors according to embodiments 1 and
2 will be denoted by the same reference numerals, and
their descriptions will thus be omitted as appropriate.
[0057] In the single-screw compressor according to
embodiment 3, as illustrated in Fig. 9, the gate-rotor hole
70 includes a first gate-rotor hole 71 and a second gate-
rotor hole 72. The first gate-rotor hole 71 is formed in part
of the gate rotor 7 that is located close to the compression
chamber 9; and the second gate-rotor hole 72 has a
greater diameter than that of the first rotor hole 71, and
one of ends of the second gate-rotor hole 72 communi-

cates with the first gate-rotor hole 71 and the other com-
municates with the gate-rotor support hole 80.
[0058] In single-screw compressors, since part of the
gate-rotor hole 70 which is close to the compression
chamber 9 becomes a dead volume in which a liquid is
liable to stay, an energy efficiency is slightly reduced.
Thus, in the single-screw compressor according to em-
bodiment 3, the gate-rotor hole 70 is formed to include
the first gate-rotor hole 71 and the second gate-rotor hole
72, and the first gate-rotor hole 71 is made smaller in
diameter than the second gate-rotor hole 72, whereby
the dead volume can be reduced.

Embodiment 4

[0059] Next, a single-screw compressor according to
embodiment 4 of the present invention will be described
with reference to Fig. 10. Fig. 10 is a plan view illustrating
a gate rotor of the single-screw compressor according to
embodiment 4 of the present invention. It should be noted
that components which are same as those of the single-
screw compressors according to embodiments 1 to 3 will
be denoted by the same reference numerals, and their
descriptions will thus be omitted as appropriate.
[0060] As illustrated in Fig. 10, in the single-screw com-
pressor according to embodiment 4, all the gate-rotor
teeth 7a include respective rotor holes 70 which extend
therethrough in the thickness direction of the teeth, and
all the gate-rotor support teeth 8a include respective
gate-rotor support holes 80 which extend therethough in
the thickness direction of the teeth to communication with
the gate-rotor holes 70. As illustrated in Fig. 10, in the
case where each of the gate-rotor supports 8 has eleven
teeth, pins 14 are press-fitted in first gate-rotor support
holes 81 of each gate-rotor support 8.
[0061] Therefore, in the single-screw compressor ac-
cording to embodiment 4, the area of the flow passage
which extends from the compressor 9 to the low-pressure
space 13 can be set greater than those of the single-
screw compressors according to embodiments 1 to 3.
Therefore, even if liquid compression occurs, and the
internal pressure of the compression chambers 9 is
raised thereby, the raising of the compression chambers
9 can be further reduced. Thus, the single-screw com-
pressor according to embodiment 4 can further effective-
ly prevent breakage of the gate rotor 7.
[0062] The present invention is described above by re-
ferring to the above embodiments, but the present inven-
tion is not limited to the above configurations of the em-
bodiments. For example, the refrigerant circuit 200 as
illustrated in Fig. 1 may be formed to include other com-
ponents. Furthermore, although it is preferable that R410
refrigerant, R32 refrigerant, or carbon dioxide refrigerant
be used as refrigerant to be made to flow through the
refrigerant circuit 200, another refrigerant may be used.
That is, it should be noted, just for the record, that various
changes, applications and usage, which are made by a
person with ordinary skill in the art as appropriate, fall
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within the scope (technical scope) of the present inven-
tion.

Reference Signs List

[0063]

1 single-screw compressor 2 casing 3 compression
unit 4 drive unit 5 screw 6 rotation shaft 7 gate rotor
7a gate-rotor tooth 8 gate-rotor support 8a gate-rotor
support tooth 9 compression chamber
10 electric motor 10a stator 10b motor rotor 11 var-
iable valve 12 rod 13 low-pressure space 14 pin 15
plug 16, 17 bearing 20 condenser 21 expansion
valve 22 evaporator 23 control unit 24 rotation-speed
detection unit 25 opening-degree detection unit 26
notification unit 27 discharge-side stop valve 28 suc-
tion-side stop valve 50 bearing 70 gate-rotor hole 71
first gate-rotor hole
72 second gate-rotor hole 80 gate-rotor support hole
81 first gate-rotor support hole 82 second gate-rotor
support hole 83 flow-passage hole
100 refrigerating and air-conditioning apparatus 200
refrigerant circuit

Claims

1. A single-screw compressor comprising:

a casing forming an outer periphery of the single-
screw compressor;
a screw including a plurality of spiral tooth
grooves formed in an outer peripheral surface
of the screw;
a gate rotor including a plurality of gate-rotor
teeth formed to fit in the tooth grooves, the gate
rotor defining along with the casing and the
screw a compression chamber; and
a gate-rotor support configured to support the
gate rotor, the gate-rotor support including a plu-
rality of gate-rotor support teeth provided to face
the plurality of gate-rotor teeth,
wherein a gate-rotor hole is formed in at least
one of the gate-rotor teeth to extend through the
at least one of the gate-rotor teeth in a thickness
direction thereof,
a gate-rotor support hole is formed in at least
one of the gate-rotor support teeth to extend
through the at least one of the gate-rotor support
teeth in a thickness direction thereof, the gate-
rotor support hole having ends one of which
communicates with the gate-rotor hole, and an-
other one of which communicates with a low-
pressure space provided in the casing,
a pin is press-fitted in the gate-rotor support
hole, and
the pin is set to come off the gate-rotor support

hole when an internal pressure of the compres-
sion chamber is raised to a level, thereby caus-
ing the compression chamber to communicate
with the low-pressure space.

2. The single-screw compressor of claim 1, wherein:
the gate-rotor support hole includes:

a first gate-rotor support hole having a smaller
diameter than that of the gate-rotor hole and
communicating with the gate-rotor hole, and
a second gate-rotor support hole having a great-
er diameter than that of the first gate-rotor sup-
port hole, and having ends one of which com-
municates with the first gate-rotor support hole
and another one of which communicates with
the low-pressure space; and
the pin is press-fitted in the first gate-rotor sup-
port hole.

3. The single-screw compressor of claim 2, wherein a
flow-passage hole is provided in at least one of the
gate-rotor support teeth to cause the low-pressure
space and the second gate-rotor support hole to
communicate with each other through the flow-pas-
sage hole.

4. The single-screw compressor of claim 3, wherein:

a plug is fitted in the second gate-rotor support
hole to close the second gate-rotor support hole;
and
the flow-passage hole is provided to cause part
of the second gate-rotor support hole which is
located between the pin and the plug to commu-
nicate with the low-pressure space.

5. The single-screw compressor of any one of claims
1 to 4, wherein the pin and the gate-rotor support are
formed of metallic materials having a same coeffi-
cient of linear expansion.

6. The single-screw compressor of any one of claims
1 to 5, wherein the gate-rotor hole includes:

a first gate-rotor hole formed in part of the gate
rotor which is located close to the compression
chamber; and
a second gate-rotor hole having a greater diam-
eter than that of the first gate-rotor hole, and
having ends one of which communicates with
the first gate-rotor hole and another end of which
communicates with the gate-rotor support hole.

7. A refrigerating and air-conditioning apparatus com-
prising:

a refrigerant circuit in which the single-screw
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compressor of any one of claims 1 to 6, a con-
denser, an expansion valve and an evaporator
are sequentially connected by refrigerant pipes;
and
a control unit configured to control driving of the
single-screw compressor.

8. The refrigerating and air-conditioning apparatus of
claim 7, further comprising:

a rotation-speed detection unit configured to de-
tect a rotation speed of the single-screw com-
pressor;
an opening-degree detection unit configured to
detect an opening degree of the expansion
valve; and
a notification unit configured to make a notifica-
tion indicating that the pin is located out of the
gate-rotor support hole,
wherein when the rotation-speed detection unit
determines that the rotation speed reaches a
predetermined maximum rotation speed, the
control unit determines a difference between the
opening degree detected by the opening-degree
detection unit and a predetermined target open-
ing degree, and when determining that the dif-
ference greater than a target value, the control
unit determines that the pin is located out of the
gate-rotor support hole, and causes the notifi-
cation unit to make the notification.

9. The refrigerating and air-conditioning apparatus of
claim 7, further comprising:

a rotation-speed detection unit configured to de-
tect a rotation speed of the single-screw com-
pressor; and
an opening-degree detection unit configured to
detect an opening degree of the expansion
valve,
wherein when the rotation-speed detection unit
determines that the rotation speed reaches a
predetermined maximum rotation speed, the
control unit determines a difference between the
opening degree detected by the opening-degree
detection unit and a predetermined target open-
ing degree, and when determining that the dif-
ference is greater than a target value, the control
unit determines that the pin is located out of the
gate-rotor support hole, and causes driving of
the single-screw compressor to be stopped.

10. The refrigerating and air-conditioning apparatus of
any one of claims 7 to 9, wherein R410 refrigerant,
R32 refrigerant or carbon dioxide refrigerant is used
as refrigerant to be made to flow in the refrigerant
circuit.
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