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(54) COMPRESSOR

(67)  Provided is a compressor with which the oper-
ating conditions can be controlled during operation of the
compressor and suitable compressor performance in re-
sponse to the operating conditions can be exhibited, with
no prior restrictions on the operating conditions. This
compressor, which compresses a refrigerant by trans-
mitted driving force, is characterized by being equipped
with a moving element moved by driving force, a support
element supporting the moving element, and a detection
means provided accompanying the moving element, said
detection means detecting a change in the state in the
vicinity of the detection means.
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Description
Technical Field

[0001] The presentinvention relates to a compressor
which includes a mechanism for reducing a mechanical
loss during an operation.

Background Art

[0002] In the related art, a compressor such as a scroll
compressor or a rotary compressor is used in a refriger-
ating cycle. For example, a scroll compressor disclosed
in PTL 1 includes a fixed scroll which is fixed to an inside
of a casing and an orbiting scroll which meshes with the
fixed scroll and of which a drive shaft is connected to a
rear surface side of the scroll compressor. In the scroll
compressor, if the drive shaft rotates, the orbiting scroll
orbits. In addition, during the orbiting, a fluid is sucked
into a compression chamber formed between the two
scrolls, and the fluid in the compression chamber is com-
pressed.

[0003] In addition, in the scroll compressor, during a
compression operation, a pressure of a back pressure
space formed between the orbiting scroll and a housing
on arear surface side of the orbiting scroll increases, and
thus, the orbiting scroll is pressed to the fixed scroll, a
sliding loss of thrust bearing decreases, and it is possible
to improve efficiency of the compression.

Citation List
Patent Literature

[0004] [PTL 1]Japanese Unexamined Patent Applica-
tion Publication No. 5-187369

Summary of Invention
Technical Problem

[0005] However, in a scroll compressor, a state of an
orbiting scroll depends on an operating condition. In ad-
dition, it is difficult to ascertain the state of the orbiting
scroll with respect to the operating condition.

[0006] Therefore, in order to secure ability of the orbit-
ing scroll capable of performing a required function during
a given period under a given condition, that is, in order
to secure reliability performance thereof, the operating
condition of the scroll compressor is restricted. Accord-
ingly, higher ability can be exerted if the operating con-
dition is not restricted. But, the ability cannot be suffi-
ciently exerted due to the restriction of the operating con-
dition.

[0007] Therefore, an object of the present invention is
to provide a compressor capable of exerting an appro-
priate compressor capacity according to an operating
condition by controlling the operating condition during an
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operation of the compressor without restricting the oper-
ating condition in advance.

Solution to Problem

[0008] According to an aspect of the presentinvention,
there is provided a compressor which compresses a re-
frigerant by a transmitted driving force, including: a move-
ment elementwhich is moved by adriving force; a support
element which supports the movement element; and de-
tection means which is provided in association with the
movement element, in which the detection means de-
tects a change in a state around the detection means.
[0009] Preferably, the detection means of the present
invention is a sensor having a thickness of 10 wm or less.
[0010] Preferably, the detection means of the present
invention is provided on a sliding surface of the support
element with respect to the movement element.

[0011] Preferably, the detection means of the present
invention is provided in the movement element.

[0012] Preferably, the change in the state around the
detection means is at least one of a change in a pressure
of a lubricating oil, a change in a temperature of the lu-
bricating oil, and a change in capacitance.

[0013] Preferably, the compressor of the present in-
vention is a scroll compressor which includes a fixed
scroll, an orbiting scroll which revolves and orbits with
respectto the fixed scroll, a thrust bearing which supports
the orbiting scroll in a revolvable manner, and a back
pressure chamber into which the lubricating oil flows.
[0014] Preferably, in a case where the compressor of
the presentinvention is ascroll compressor, the detection
means is provided on a sliding surface of the thrust bear-
ing, which is connected to the back pressure chamber,
with respect to the orbiting scroll.

[0015] In this case, preferably, the detection means is
provided inside an accommodation chamber recessed
from the sliding surface of the thrust bearing.

[0016] Moreover, preferably, the detection means has
a measurement region which measures a pressure of
the lubricating oil between the thrust bearing and the or-
biting scroll, and the measurement region is provided in-
side a disposition region of the thrust bearing.

[0017] Preferably, in the compressor of the presentin-
vention, a pressure of the lubricating oil inside the back
pressure chamber is adjusted by a detection value of the
detection means.

[0018] Inthecase wherethe compressorofthe present
invention is the scroll compressor, the detection means
can detect a change in a state between a key of an Old-
ham ring which restricts a rotation of the orbiting scroll
and a key groove into which the key is inserted.

[0019] Moreover, the detection means can detect a
change in a state of a compression chamber between a
tooth surface of a wrap of the fixed scroll, the fixed scroll,
and the orbiting scroll.

[0020] Preferably, the compressor of the present in-
vention is a rotary compressor which includes a cylinder,
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a piston rotor which slides inside the cylinder, an upper
bearing which is disposed on upper-side end surfaces of
the cylinder and the piston rotor, a lower bearing which
is disposed on lower-side end surfaces of the cylinder
and the piston rotor, a compression chamber which is
formed by the cylinder, the piston rotor, the upper bear-
ing, and the lower bearing, a blade which partitions the
compression chamber, and a blade groove into which
the blade is inserted.

[0021] In a case where the compressor of the present
invention is the rotary compressor, the detection means
can detect a change in a state between the blade and
the blade groove.

Advantageous Effects of Invention

[0022] According to the presentinvention, by measur-
ing a physical quantity at a predetermined place when
the compressor is operated, an appropriate compressor
capacity can be exerted according to an operating con-
dition by controlling a operating condition by a detection
result without restricting the operating condition in ad-
vance.

Brief Description of Drawings
[0023]

Fig. 1 is a sectional view schematically showing the
entire view of a scroll compressor of a first embodi-
ment.

Fig. 2 is a partially enlarged view of Fig. 1.

Fig. 3 is a plan view of a characteristic portion of the
scroll compressor of the first embodiment.

Fig. 4A is a plan view of the characteristic portion of
the scroll compressor of the first embodiment, Fig.
4B is a sectional view taken along line b-b of Fig. 4A,
and Fig. 4C is a partially enlarged view of Fig. 4A.
Fig. 5A is a graph showing a relationship between a
sensor output of a thin film sensor and a pressure of
a lubricating oil inside a back pressure chamber and
Fig. 5B is a graph (Stribeck curve) showing a rela-
tionship between a frictional coefficient between an
orbiting scroll and a thrust bearing and a bearing
characteristic number of the orbiting scroll.

Fig. 6A is a sectional view schematically showing
the entire view of a rotary compressor of another
embodiment and Fig. 6B is a sectional view taken
along line b-b of Fig. 4A.

Description of Embodiments

[0024] In a compressor of the present invention, a
physical quantity at a predetermined place is measured
when the compressor is operated, and the compressor
is operated under an appropriate condition based on a
measurement result.

[0025] Hereinafter, in the compressor of the present
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invention, first to fifth embodiments will be described.
[0026] In the first to fourth embodiments, the compres-
sor of the present invention is applied to a scroll com-
pressor 1, and in the fifth embodiment, the compressor
of the present invention is applied to a rotary compressor
8.

[0027] First, configurations and operations common to
the first to fourth embodiments described later will be
described with reference to Fig. 1.

[0028] As shown in Fig. 1, the scroll compressor 1 of
the present embodiment includes a fixed scroll 3, an or-
biting scroll 4 which is a movement element revolved and
orbited with respect to the fixed scroll 3, a motor 6 which
drives the orbiting scroll 4, arotary shaft 5 which transmits
the power of the motor 6 to the orbiting scroll 4, and a
housing 2 which accommodates the above-described
components.

[0029] The orbiting scroll 4 is supported by a thrust
bearing 22 which is a support element such that the or-
biting scroll 4 can be revolved and orbited. However, a
rotation of the orbiting scroll 4 is restricted by an Oldham
ring 23.

[0030] The rotary shaft 5 is rotatably supported by an
upper bearing 21 and a lower bearing 24 fixed to the
housing 2.

[0031] As shown in Fig. 1, the housing 2 includes a
storage region 26 which stores a lubricating oil O in a
bottom portion of the housing 2. The lubricating oil O is
pumped through an oil supply path 53 inside the rotary
shaft 5 by a pump 54 provided on a lower end of the
rotary shaft 5, and is supplied to locations at which the
upper bearing 21, the lower bearing 24, a bearing 52
provided in an eccentric pin 51 of the rotary shaft 5, the
orbiting scroll 4, the Oldham ring 23, and the thrust bear-
ing 22 and other parts slide on each other. The supplied
lubricating oil O is returned to the storage region 26
through a circulation passage 25.

[0032] A suction pipe 28 and a discharge pipe 29 pro-
vided in the housing 2 is connected to a refrigerant circuit
of a refrigerator (not shown) or an air conditioner (not
shown).

[0033] In the scroll compressor 1, if a drive current is
supplied to a stator 61 of the motor 6 by a power supply
(not shown), a rotor 62 of the motor 6 rotates, and a driv-
ing force is output to the rotary shaft 5.

[0034] If the rotary shaft 5 rotates, the driving force is
transmitted to the orbiting scroll 4 via the eccentric pin
51 eccentrically provided in one direction (eccentric di-
rection) radially outward from a center axis of the rotary
shaft 5 on an upper end of the rotary shaft 5, and the
orbiting scroll 4 is revolved and orbited with respect to
the fixed scroll 3 fixed to the housing 2.

[0035] A refrigerant which has flowed into the housing
2 from the suction pipe 28 is sucked to between the or-
biting scroll 4 and the fixed scroll 3 by the orbiting of the
orbiting scroll 4. In addition, a volume of a compression
chamber R1 between the orbiting scroll 4 and the fixed
scroll 3 is decreased by the orbiting of the orbiting scroll
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4, and thus, the refrigerant in the compression chamber
R1 is compressed. A thrust load generated by a pressure
of the compressed refrigerant is born by the upper bear-
ing 21 supporting an end plate 41 of the orbiting scroll 4
via the thrust bearing 22.

[0036] Thecompressedrefrigerantisdischargedtothe
refrigerant circuit through the discharge pipe 29 via a
discharge port 32 of the fixed scroll 3 and a discharge
port 38 of a discharge cover 37. A reed valve 36 attached
to an end plate 31 of the fixed scroll 3 via a retainer 35
is provided in the discharge port 32, and a reed valve
37B attached to the discharge cover 37 via a retainer
37Ais provided in the discharge port 38 of the discharge
cover 37. If the pressure of the compressed refrigerant
reaches a predetermined value, the refrigerant which
pushes and opens the reed valves 36 and 37B is dis-
charged to the refrigerant circuit.

[First Embodiment]

[0037] The scrollcompressor 1 of the first embodiment
includes a pressure adjustment mechanism which ad-
justs a pressure of the lubricating oil O inside a back
pressure chamber 27.

[0038] In the scroll compressor 1, the orbiting scroll 4
is pressed to the fixed scroll 3 side by the pressure of the
lubricating oil O inside the back pressure chamber 27.
[0039] AsshowninFigs. 2 and 3, the pressure adjust-
ment mechanism includes the back pressure chamber
27, an accommodation chamber 22B which is formed on
a surface of the thrust bearing 22 facing the orbiting scroll
4, a thin film sensor 7 which is provided inside the ac-
commodation chamber 22B, and a control valve V which
is provided in a circulation passage 25.

[0040] In the pressure adjustment mechanism, the
pressure of the lubricating oil O supplied into the back
pressure chamber 27 is measured by the thin film sensor
7, and opening and closing of the control valve V of the
circulation passage 25 are adjusted by a measurement
result such that the pressure of the back pressure cham-
ber 27 reaches a predetermined pressure.

[0041] Hereinafter, each configuration of the pressure
adjustment mechanism will be described.

[Back Pressure Chamber 27]

[0042] Asshownin Fig. 2, the back pressure chamber
27 is partitioned by the orbiting scroll 4, the upper bearing
21, and the thrust bearing 22 and is a space inside the
thrust bearing 22. The back pressure chamber 27 is
formed in an annular shape.

[Circulation Passage 25]

[0043] Thelubricating oil O supplied into the back pres-
sure chamber 27 from the storage region 26 is returned
to the storage region 26 of the housing 2 from the back
pressure chamber 27 through the circulation passage 25.

10

15

20

25

30

35

40

45

50

55

[0044] As shown in Fig. 1, the circulation passage 25
is connected to the storage region 26 in which the lubri-
cating oil O of the housing 2 is stored. The circulation
passage 25 includes the control valve V which controls
a circulation flow rate of the lubricating oil O. In the
present embodiment, the control valve V is used as a
generic name for control valves V1, V2, V3, and V4.
[0045] Inthe present embodiment, an electromagnetic
valve whose flow path is opened or closed according to
an instruction can be exemplified as the control valve V.
[0046] An amount of the lubricating oil O inside the
back pressure chamber 27 is controlled by the control
valve V as follows.

[0047] In the scroll compressor 1, the lubricating oil O
is supplied to the back pressure chamber 27 during the
operation of the scroll compressor 1. If the control valve
V is closed, the lubricating oil O, which is no longer inside
the back pressure chamber 27, is introduced to a thrust
surface 22A side of the thrust bearing 22 and enters a
gap C between the thrust bearing 22 and the orbiting
scroll 4.

[0048] Meanwhile, if the control valve V is openedin a
state where the lubricating oil O enters the gap C, the
lubricating oil O flows from the gap C toward the circula-
tion passage 25.

[0049] The circulation passage 25 of the present em-
bodiment branches into four passages 25A, 25B, 25C,
and 25D in the middle of the circulation passage 25, and
the control valves V1, V2, V3, and V4 are respectively
provided in the passages 25A to 25D. In the circulation
passage 25, it is possible to adjust the amount of the
lubricating oil O returned from the back pressure cham-
ber 27 to the storage region 26 can be adjusted according
to the number of the control valves V1 to V4 which are
opened and closed.

[0050] In addition, it is possible to adjust the amount
of the lubricating oil O returned from the back pressure
chamber 27 to the storage region 26 using a flow rate
adjustment valve instated of the plurality of control valves
V1 to V4.

[Accommodation Chamber 22B]

[0051] As shown in Fig. 3, the thrust bearing 22 in-
cludes the accommodation chamber 22B which is re-
cessed backward from the thrust surface 22A coming
into contact with the orbiting scroll 4.

[0052] The accommodation chamber 22B is provided
such that a measurement region 74 which is a detection
unit of the thin film sensor 7 described later does not
come into contact with the orbiting scroll 4.

[0053] As shown in Fig. 2, the accommodation cham-
ber 22B is connected to the back pressure chamber 27
via the gap C between the thrust bearing 22 and the or-
biting scroll 4.

[0054] As shownin Figs. 4A and 4C, the accommoda-
tion chamber 22B is formed of a linear groove which is
provided on the thrust surface 22A and extendsin aradial
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direction.

[0055] As shown in Figs. 4B and 4C, a depth D of the
accommodation chamber 22B is deeper than a thickness
T of the measurement region 74 of the thin film sensor 7
which is provided inside the accommodation chamber
22B.

[Thin Film Sensor 7]

[0056] The thin film sensor 7 detects a change in the
pressure of the lubricating oil O inside the back pressure
chamber 27 as a change in an electric resistance value.
[0057] As shown in Fig. 4A, the thin film sensor 7 in-
cludes a linear portion which extends radially inward from
an outer peripheral edge 22D of the thrust surface 22A,
a curved portion which is connected to the linear portion,
and a linear portion which is connected to the curved
portion and extends the outer peripheral edge 22D of the
thrust surface 22A. Thatis, the thin film sensor 7 is formed
in an approximately U shape on the thrust surface 22A.
The thin film sensor 7 is connected to a terminal (not
shown) at the peripheral edge 22D of the thrust surface
22A.

[0058] A detection signal from the thin film sensor 7 is
input to a control unit (not shown) via lead wires connect-
ed to the respective terminals.

[0059] As shown in Fig. 4B, the thin film sensor 7 has
a three-layer structure in which an insulating layer 72, a
sensor layer 71, and a protective layer 73 are laminated
in order from the thrust bearing 22 side.

[0060] The sensor layer 71 has a characteristic that
the electric resistance value is changed if the pressure
of the lubricating oil O inside the back pressure chamber
27 is changed. The insulating layer 72 electrically insu-
lates a portion between the thrust bearing 22 and the
sensor layer 71. The protective layer 73 protects the sen-
sor layer 71 such that the sensor layer 71 is not damaged
by foreign matters such as metal powder entering the
accommodation chamber 22B.

[0061] A thickness of the sensor layer 71 is 1 um or
less, preferably, the entire thickness T of the thin film
sensor 7 including the insulating layer 72 and the protec-
tive layer 73 is selected from a range of 10 um or less,
more preferably is approximately 5 um or less, and par-
ticularly preferably is approximately 3 uwm or less.
[0062] The sensorlayer71 is formed of a material hav-
ing a characteristic that the electric resistance value is
changed according to the change in the pressure. For
example, Manganin (registered trademark) which is a
Cu-Mn-Ni based alloy can be used. Typically, the Man-
ganin has a chemical composition of 84% of Cu, 12% of
Mn, and 4% of Ni in mass%.

[0063] The insulating layer 72 is formed of a material
having electricinsulation properties. For example, silicon
oxide (SiO,), aluminum oxide (Al,O3), or the like can be
used.

[0064] Forexample, DLC (Diamond-Like Carbon), PT-
FE (Poly Tetra Fluoro Ethylene), silicon oxide, aluminum
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oxide, or the like can be used for the protective layer 73.
[0065] As shown in Fig. 4C, the thin film sensor 7 has
the measurement region 74 which is used as a detection
unit which measures the pressure of the lubricating oil O
inside the back pressure chamber 27. The measurement
region 74 is setto a width which is so small that the electric
resistance value of the other regions 79 can be ignored,
as compared with the electric resistance value of the
measurement region 74.

[0066] Accordingly, an electric resistance value be-
tween terminals provided on both ends of the thin film
sensor 7 is substantially the same as the electric resist-
ance value of the measurement region 74. In addition,
the change in the pressure by the lubricating oil O acting
on the measurement region 74 of the thin film sensor 7
inside the accommodation chamber 22B is detected as
achange in an electric resistance between the terminals.
[0067] The width of the measurementregion 74 is nar-
row, and thus, sensitivity of the measurement region 74
with respect to the change in the electric resistance is
higher than those of the other regions 79.

[0068] For example, a width W of the measurement
region 74 can be 20 to 30 pm.

[0069] Inaddition, the entire thin film sensor 7 including
the measurement region 74 is a three-layer structure in-
cluding the insulating layer 72, the sensor layer 71, and
the protective layer 73.

[0070] As shown in Fig. 3, in the thin film sensor 7, the
measurement region 74 is provided in a disposition re-
gion 22C of the thrust surface 22A of the thrust bearing
22.

[0071] As shown in Fig. 4A, in the thrust surface 22A,
there is a concern that an annular region 22E radially
inside the outer peripheral edge 22D strongly abuts
against the end plate 41 of the orbiting scroll 4 which
revolves and orbits. In addition, there is a concern that
an annular region 22G radially outside aninnerperipheral
edge 22F strongly abuts against the end plate 41 if the
end plate 41 of the orbiting scroll 4 is deformed.

[0072] Asshownin Fig. 4A, the disposition region 22C
is an annular region except for the regions 22E and 22G
in the thrust surface 22A of the thrust bearing 22. A width
of each of the regions 22E and 22G is approximately 1
mm.

[0073] The measurement region 74 is provided in the
disposition region 22C which has a weaker abutment
against the end plate 41 compared to the regions 22E
and 22G, the thin film sensor 7 can stably measure the
pressure of the lubricating oil O inside the back pressure
chamber 27.

[0074] As shown in Fig. 5A, the thrust bearing 22 is in
contact with the orbiting scroll 4, and thus, in a boundary
lubrication state | where the lubricating oil O is insufficient
or does not exist in the gap C between the thrust surface
22A of the thrust bearing 22 and the end plate 41 of the
orbiting scroll 4, an oil pressure measured by the thin film
sensor 7 is low.

[0075] However, in a mixed lubrication state Il in which
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the lubricating oil O enters the gap C between the thrust
surface 22A of the thrust bearing 22 and the end plate
41 of the orbiting scroll 4 and an oil film is formed in the
gap C by the lubricating oil O, the oil pressure measured
by the thin film sensor 7 gradually increases.

[0076] Iftheamountofthelubricating oil O which enters
the gap C between the thrust surface 22A of the thrust
bearing 22 and the end plate 41 of the orbiting scroll 4
increases, the measured oil pressure further increases.
Moreover, in a fluid lubrication state Il where the thrust
bearing 22 and the orbiting scroll 4 do not come into con-
tact with each other and is completely separated from
each other, the oil pressure measured by the thin film
sensor 7 is higher than that in the mixed lubrication state
Il.

[0077] In addition, as shown in Fig. 5B, a dynamic fric-
tional coefficient between the thrust surface 22A of the
thrust bearing 22 and the end plate 41 of the orbiting
scroll 4 decreases if the state is transferred from the
boundary lubrication state | to the mixed lubrication state
Il. However, the dynamic frictional coefficient increases
if the state is transferred from the mixed lubrication state
I to the fluid lubrication state III.

[0078] That is, during the operation of the scroll com-
pressor 1, it is preferable that the gap C between the
thrust surface 22A of the thrust bearing 22 and the end
plate 41 of the orbiting scroll 4 is in the mixed lubrication
state Il.

[Operation of Pressure Adjustment Mechanism]

[0079] During the operation of the scroll compressor
1, an operation of the pressure adjustment mechanism
for adjusting the pressure of the lubricating oil O inside
the back pressure chamber 27 will be described with ref-
erence to Fig. 1.

[0080] Inthe pressure adjustment mechanism, the gap
C between the thrust surface 22A and the end plate 41
maintains the mixed lubrication state Il in which an oil
film is formed by the lubricating oil O. Accordingly, the
pressure adjustment mechanism changes the number of
the control valves V to be closed for each threshold value.
[0081] In addition, during the operation of the scroll
compressor 1, the lubricating oil O is supplied to the back
pressure chamber 27. Moreover, in the scroll compressor
1, four threshold values such as threshold values P1, P2,
P3, and P4 are setin order to control opening and closing
of the control valve V (V1 to V4). The threshold values
P1, P2, P3, and P4 are set to determine the number of
the control valves V1 to V4 to be opened and closed by
the oil pressure measured by the thin film sensor 7. More-
over, in the present embodiment, the threshold value P2
is larger than the threshold value P1, the threshold value
P3islargerthanthe threshold value P2, and the threshold
value P4 is larger than the threshold value P3.

[0082] When the pressure of the lubricating oil O inside
the back pressure chamber 27 measured by the thin film
sensor 7 is in a range of the threshold values P1, P2, and
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P3, the gap C between the thrust surface 22A and the
end plate 41 is in the mixed lubrication state Il in which
the oil film is formed by the lubricating oil O. By increasing
the number of the control valves V opened as the pres-
sure reaches the threshold value P3 from the threshold
value P1, the state is not transferred from the state Il to
the fluid lubrication state 11l in which much lubricating oil
O enters the gap C and the thrust bearing 22 and the
orbiting scroll 4 are separated from each other without
coming into contact with each other.

[0083] Ifthe measured oil pressurereachesthe thresh-
old value P4, the gap C between the thrust surface 22A
and the end plate 41 is in the state Ill. Accordingly, all
the control valves V1 to V4 are opened such that the gap
C between the thrust surface 22A and the end plate 41
is transferred from the state Il to the state Il

[0084] Moreover, if the pressure of the lubricating oil
O inside the back pressure chamber 27 measured by the
thin film sensor 7 does not reach the threshold value P1,
the gap C between the thrust surface 22A of the thrust
bearing 22 and the end plate 41 of the orbiting scroll 4 is
in the boundary lubrication state | in which the lubricating
oil O is insufficient or does not exist. Therefore, all the
control valves V1 to V4 are closed. Accordingly, the
amount of the lubricating oil O inside the back pressure
chamber 27 increases, and thus, the state can be trans-
ferred to the mixed lubrication state Il in which the oil film
is formed between the thrust surface 22A and the end
plate 41 by the lubricating oil O.

[Effect of Scroll Compressor 1]

[0085] Hereinafter, effects exerted by the scroll com-
pressor 1 will be described.

[0086] The scroll compressor 1 includes the pressure
adjustment mechanism which adjusts the pressure of the
back pressure chamber 27 to a desired pressure by con-
trolling opening and closing of the control valve V (V1 to
V4) of the circulation passage 25 based on the pressure
of the lubricating oil O inside the back pressure chamber
27 measured by the thin film sensor 7 which is the de-
tection means.

[0087] Accordingly,inthe scroll compressor 1, itis pos-
sible to appropriately control the pressure of the lubricat-
ing oil O inside the back pressure chamber 27 while lu-
bricating alocation at which the orbiting scroll 4, the thrust
bearing 22, or the like and other parts slide on each other,
and thus, an appropriate compressor capacity can be
exerted according to the operating condition.

[0088] Hereinafter, with comparison with the pressure
of the lubricating oil O inside the back pressure chamber
27 is set in advance so as to be within a predetermined
defined value, descriptions will be given.

[0089] The pressure of the lubricating oil O inside the
back pressure chamber 27 required to obtain a desired
compressor capacity during the operation of the scroll
compressor 1 is changed by influences of a thrust load
ofthe orbiting scroll 4 changed by the operating condition,
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wedge effects of the lubricating oil on a sliding surface,
or the like. Accordingly, it is difficult to calculate the ap-
propriate pressure of the lubricating oil O inside the back
pressure chamber 27 during the operation of the scroll
compressor 1.

[0090] Therefore, even when the pressure of the lubri-
cating oil O inside the back pressure chamber 27 is within
the predetermined defined value, the pressure of the lu-
bricating oil O inside the back pressure chamber 27 may
not be the value required to obtain a desired compressor
capacity due to the operating condition of the scroll com-
pressor 1.

[0091] Meanwhile, in the scroll compressor 1, the
change in the state around the thin film sensor 7, that is,
the change in the pressure of the lubricating oil O inside
the back pressure chamber 27 during the operation is
detected, the pressure can be appropriately controlled,
and thus, an appropriate compressor capacity can be
exerted according to the operating condition.

[0092] Next, in the scroll compressor 1, the thin film
sensor 7 is provided in the accommodation chamber 22B
provided on the thrust surface 22A coming into contact
with the orbiting scroll 4, and a portion between the thin
film sensor 7 and the orbiting scroll 4 is filled with the
lubricating oil O. Accordingly, the thin film sensor 7 can
detect the pressure of the lubricating oil O inside the back
pressure chamber 27 without coming into contact with
the orbiting scroll 4.

[0093] Moreover, in the thin film sensor 7, the meas-
urement region 74 is disposed within the range of the
disposition region 22C having a relatively weak abut-
ment, and thus, itis possible to stably measure the pres-
sure of the lubricating oil O inside the back pressure
chamber 27.

[0094] In addition, in the scroll compressor 1, it is suf-
ficient for the thin film sensor 7 to be provided in associ-
ation with the orbiting scroll 4 which is a movement ele-
ment. That is, the thin film sensor 7 can be provided in
the orbiting scroll 4. However, the thin film sensor 7 is
provided in the stationary thrust bearing 22, and thus,
compared to a case where the thin film sensor 7 is pro-
vided in the orbiting scroll 4 which performs the orbiting
movement, a terminal of the thin film sensor 7 can be
easily wired.

[Second Embodiment]

[0095] Next, a second embodiment of the present in-
vention will be described with reference to Figs. 1 and 2.
[0096] Moreover,inthe second embodiment, the same
reference numerals as those of the first embodiment are
assigned to components similar to those of the first em-
bodiment, and descriptions thereof are omitted.

[0097] The scroll compressor 1 of the second embod-
iment suggests that the thin film sensor 7 for measuring
the pressure or the temperature of the lubricating oil O
between a key and a key groove is provided in the key
groove of the upper bearing 21 on which the key of the
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Oldham ring 23 (not shown) slides.

[0098] As the thin film sensor which detects the tem-
perature, a thermocouple which can measure a temper-
ature by a thermoelectromotive force or aresistance tem-
perature sensor in which a resistance value is changed
by a temperature so as to measure the temperature, for
example, a platinum thin film temperature sensor can be
used.

[0099] In the second embodiment, the thin film sensor
is provided in an accommodation chamber which is
formed in the key groove similarly to the accommodation
chamber 22B of the first embodiment. This also applies
to the third and subsequent embodiments.

[0100] In the scroll compressor 1 during the operation
thereof, if the pressure or temperature of the lubricating
oil O between the key of the Oldham ring 23 and the key
groove of the upper bearing 21 increases and the lubri-
cating oil O inside the key groove decreases, an abrasion
amount between the upper bearing 21 and the Oldham
ring 23 increases.

[0101] Accordingly, in the scroll compressor 1 of the
second embodiment, if a predetermined pressure or tem-
perature is measured by the thin film sensor, the amount
of the lubricating oil O to be supplied to a portion between
the key and the key groove is increased by temporarily
increasing a rotating speed of the orbiting scroll 4.
[0102] Accordingly, it is possible to prevent the abra-
sion amount between the upper bearing 21 and the Old-
ham ring 23 from increasing.

[Third Embodiment]

[0103] Next, a third embodiment of the present inven-
tion will be described with reference to Figs. 1 and 2.
[0104] Moreover, in the third embodiment, the same
reference numerals as those of the first embodiment are
assigned to components similar to those of the first em-
bodiment, and descriptions thereof are omitted.

[0105] In the scroll compressor 1 of the third embodi-
ment, the thin film sensor 7 can be provided on a tooth
surface 34 of a wrap 33 of the fixed scroll 3. Although not
shown, the thin film sensor 7 is provided inside an ac-
commodation chamber formed on the tooth surface 34.
In the third embodiment, the thin film sensor 7 is provided
so as to detect occurrence of so-called liquid compres-
sion inside the compression chamber R1 in advance.
[0106] Even when the thin film sensor 7 is provided on
the tooth surface 34, the thin film sensor 7 is extremely
thin, and thus, it is possible to minimize a dead volume
which a factor of lowering compression efficiency of the
refrigerant.

[0107] Inthe scroll compressor 1, if a liquid refrigerant
is sucked and liquid compression is generated, the pres-
sure inside the compression chamber R1 significantly
increases. Therefore, in the scroll compressor 1, if the
thin film sensor 7 measures a pressure having a prede-
termined value at which the liquid compression may be
generated, the rotating speed of the orbiting scroll 4 de-
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creases.
[0108] Accordingly, the liquid compression is avoided,
and thus, it is possible to the pressure inside the com-
pression chamber R1 from abnormally increasing.

[Fourth Embodiment]

[0109] Next, afourthembodiment of the presentinven-
tion will be described with reference to Fig. 1.

[0110] Moreover, in the fourth embodiment, the same
reference numerals as those of the first embodiment are
assigned to components similar to those of the first em-
bodiment, and descriptions thereof are omitted.

[0111] In the scroll compressor 1 of the fourth embod-
iment, the thin film sensor 7 which measures a pressure
of the lubricating oil O between the upper bearing 21 and
the rotary shaft 5, the thin film sensor which measures a
temperature between the upperbearing 21 and the rotary
shaft 5, or a sensor which measures capacitance be-
tween the upper bearing 21 and the rotary shaft 5 is pro-
vided in a portion of the upper bearing 21 facing the rotary
shaft 5.

[0112] Moreover, as the sensor to measure the pres-
sure of the lubricating oil O and measure the temperature
of the lubricating oil O, the above-described sensors can
be used.

[0113] Inthe scroll compressor 1, if the temperature or
aload between the upper bearing 21 and the rotary shaft
5 abnormally increases, there is a concern that a so-
called lock state in which the scroll compressor 1 is not
operated may occur.

[0114] Accordingly, in the scroll compressor 1 of the
fourth embodiment, the thin film sensor detects that the
temperature between the upperbearing 21 and the rotary
shaft 5 or the load obtained from the pressure of the lu-
bricating oil O is a predetermined value or more. Then,
the load between the upper bearing 21 and the rotary
shaft 5 is decreased or the operation of the scroll com-
pressor 1 is stopped by decreasing the rotating speed of
the rotary shaft 5.

[0115] Accordingly, it is possible to prevent the scroll
compressor 1 from entering the lock state.

[0116] Moreover, if a dilution rate of the lubricating oil
O by the refrigerant is calculated from a relationship be-
tween temperature and the pressure measured by the
thin film sensor or the capacitance and the dilution rate
is a predetermined value or more, an operation of de-
creasing the load between the upper bearing 21 and the
rotary shaft 5 can be performed by decreasing the rotat-
ing speed of the rotary shaft 5 or the pressure of the
lubricating oil O until the dilution rate decreases.

[0117] The dilution rate from the relationship between
the temperature and the pressure is calculated from a
relationship expression previously obtained according to
a type of the compressed refrigerant or the used lubri-
cating oil O. In addition, the dilution rate from the capac-
itance is calculated by a correlation between the capac-
itance and the dilution rate obtained in advance.
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[0118] Next, an example in which a thin film sensor for
detecting a radial gap between the upper bearing 21 and
the rotary shaft 5 is provided will be described. In addition,
here, it should be noted that the gap means not only a
presence or absence of a gap but also a dimension of
the gap. This is also applied to a fifth embodiment de-
scribed next.

[0119] As this thin film sensor, the above-described
sensor for measuring the capacitance can be used.
[0120] Inthe fourth embodiment, a capacitance sensor
is provided on the upper bearing 21 so as to measure
the capacitance between the upper bearing 21 and the
rotary shaft 5. If a gap between the capacitance sensor
and the rotary shaft 5 is changed, the capacitance gen-
erated between the capacitance sensor and the rotary
shaft 5 is changed, and thus, it is possible to detect the
gap between the upper bearing 21 and the rotary shaft
5 from the measured capacitance.

[0121] Meanwhile, an outer peripheral surface of the
rotary shaft 5 strongly abuts against the upper bearing
21 a position which is deviated by a predetermined angle
in a rotation direction of the rotary shaft 5 in an eccentric
direction of the provided eccentric pin 51. Although this
position varies depending on an element such as a cen-
trifugal force generated by the orbiting of the orbiting
scroll 4, typically, the position is a position deviated by
90°. Accordingly, if the scroll compressor 1 is continu-
ously used, abrasion of the strongly abutting portion of
the rotary shaft 5 preferentially increases, and thus, a
radial gap between the strongly abutting portion of the
rotary shaft 5 and the upper bearing 21 increases.
[0122] Accordingly, in the scroll compressor 1 of the
fourth embodiment, if the capacitance sensor provided
in the upper bearing 21 detects that the radial gap be-
tween the upper bearing 21 and the rotary shaft 5 in-
creases to be a predetermined value or more, the oper-
ation is stopped. In the scroll compressor 1, an error sig-
nal for informing that the operation has been stopped can
be output according to the stopping of the operation.

[Fifth Embodiment]

[0123] Next, a fifth embodiment of the present inven-
tion will be described with reference to Fig. 6.

[0124] Moreover, the fifth embodiment relates to the
rotary compressor 8. As shown in Fig. 6A, the rotary com-
pressor 8 includes a cylinder 83, a piston rotor 82 which
slides inside the cylinder 83, a motor 89 which drives the
piston rotor 82, a rotary shaft 87 which transmits power
of the motor 89 to the piston rotor 82, and a housing 81
which accommodates the above-described components.
[0125] An upper bearing 84 is disposed on upper-side
end surfaces of the cylinder 83 and the piston rotor 82,
and a lower bearing 85 is disposed on lower-side end
surfaces thereof.

[0126] The piston rotor 82 is inserted into an eccentric
shaft portion 87A of the rotary shaft 87 along a center
axis of the housing 81 and is fixed to the eccentric shaft
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portion 87A. The rotary shaft 87 is rotatably supported
by the upper bearing 84 and the lower bearing 85.
[0127] As shown in Fig. 6B, a compression chamber
R2 is formed by the cylinder 83, the piston rotor 82, the
upper bearing 84, and the lower bearing 85.

[0128] The cylinder 83 includes a blade groove 83B
which is connected to the compression chamber R2 and
into which a blade 86 is inserted and an accommodation
groove 83D which is connected to the blade groove 83B
and in which a coil spring 83C is accommodated.
[0129] The cylinder 83 penetrates in a radial direction
by the blade groove 83B and the accommodation groove
83D.

[0130] The compression chamber R2 is partitioned by
the plate-shaped blade 86 which is formed to have a
height similar to an axial dimension of the piston rotor 82.
[0131] The blade 86 is inserted into the blade groove
83B and is circumferentially supported. In addition, a dis-
tal end of the blade 86 is always pressed to an outer
peripheral surface of the piston rotor 82 by a pressing
force generated by the coil spring 83C disposed inside
the accommodation groove 83D and a pressure gener-
ated by a high-pressure portion. The blade 86 protrudes
or retracts with respect to the compression chamber R2
inside the cylinder 83 according to a rotation angle of the
piston rotor 82.

[0132] Therefrigerant sucked into the cylinder 83 from
a suction port 83A is compressed by being pushed by
the piston rotor 82 in the cylinder 83. The compressed
refrigerant is discharged from a discharge port 84A
formed in the upper bearing 84.

[0133] A reed valve (not shown) is provided in the dis-
charge port 84A. If the pressure of the compressed re-
frigerant reaches a predetermined value, the reed valve
is pushed and opened, and thus, the refrigerant is dis-
charged to the outside of the cylinder 83. The discharged
refrigerant is supplied to a system side such as a refrig-
erator (not shown) or an air conditioner (not shown) con-
nected to the rotary compressor 8.

[0134] In the rotary compressor 8 of the fifth embodi-
ment, the thin film sensor 7 which measures a circum-
ferential contact pressure between the blade 86 and the
blade groove 83B is provided in the blade 86 or the blade
groove 83B. In addition, in Figs. 6A and 6B, the thin film
sensor 7 is not shown. Alternatively, the rotary compres-
sor 8 includes a thin film sensor which detects a circum-
ferential gap between the blade 86 and the blade groove
83B. This thin film sensor is not shown.

[0135] First, an example in which the thin film sensor
7 is provided will be described.

[0136] Inthe rotary compressor 8 during the operation
thereof, if the contact pressure between the blade 86 and
the blade groove 83B increases, there is a concern that
a so-called lock state in which the rotary compressor 8
is not operated may occur.

[0137] Accordingly, in the rotary compressor 8 of the
fifth embodiment, the thin film sensor 7 detects that the
contact pressure between the blade 86 and the blade
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groove 83B is a predetermined value or more. Then, a
rotating speed of the piston rotor 82 is limited so as to
decrease a sliding speed between the blade 86 and the
blade groove 83B or change an opening degree of an
expansion valve on the system side. In this way, in the
rotary compressor 8, a differential pressure between the
compression chamber R2 on the suction port 83A side
and the compression chamber R2 on the discharge port
84A side separated by the blade 86 is decreased so as
to decrease a load between the blade 86 and the blade
groove 83B. Alternatively, the operation of the rotary
compressor 8 may be stopped.

[0138] Asdescribedabove, itis possible to prevent the
rotary compressor 8 from entering the lock state.
[0139] Next, an example in which the thin film sensor
which detects the circumferential gap between the blade
86 and the blade groove 83B is provided will be de-
scribed.

[0140] As the thin film sensor which detects the gap,
the above-described capacitance sensor can be used.
[0141] Inthefifth embodiment, the capacitance sensor
is provided in the blade 86 or the blade groove 83B in
order to measure the capacitance between the blade 86
and the blade groove 83B. The gap between the blade
86 and the blade groove 83B is detected from the meas-
ured capacitance.

[0142] In the rotary compressor 8, if the blade 86 and
the blade groove 83B wear, the circumferential gap be-
tween the blade 86 and the blade groove 83B gradually
increases.

[0143] Accordingly, in the rotary compressor 8 of the
fifth embodiment, the capacitance sensor provided in the
blade 86 or the blade groove 83B detects that the cir-
cumferential gap between the blade 86 and the blade
groove 83B increase to reach the predetermined value
or more. Then, the rotating speed of the piston rotor 82
is limited so as to decrease the sliding speed between
the blade 86 and the blade groove 83B or change the
opening degree of the expansion valve on the system
side. In this way, in the rotary compressor 8, a differential
pressure between the compression chamber R2 on the
suction port 83A side and the compression chamber R2
on the discharge port 84A side separated by the blade
86 is decreased so as to decrease a load between the
blade 86 and the blade groove 83B.

[0144] In addition, if the circumferential gap between
the blade 86 and the blade groove 83B reaches the pre-
determined value or more, in addition to stopping the
operation of the above-described rotary compressor 8
and reducing the load, an error signal may be output to
the outside.

[0145] Hereinbefore, preferred embodiments of the
present invention are described. However, in addition to
this, the configurations described in the above embodi-
ments can be selected or appropriately changed to other
configurations within a scope which does not depart from
the gist of the present invention.

[0146] For example, in the scroll compressor 1 of the
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present embodiment, the example in which the thin film
sensor 7 is formed in an approximately U shape is de-
scribed. However, the present invention is not limited to
this, and the thin film sensor 7 may be formed in any
shape.

[0147] Moreover, in the scroll compressor 1 of the
present embodiment, the example in which the thin film
sensor 7 has a three-layer structure including the insu-
lating layer 72, the sensor layer 71, and the protective
layer 73 is described. However, the present invention is
not limited to this. The thin film sensor 7 may have any
layer structure as long as it has at least the sensor layer
71.

[0148] Moreover, in the first embodiment, the signal of
the thin film sensor 7 may be used to determine an error.
For example, if the thin film sensor 7 outputs a signal
having an abnormal value, an error signal indicating that
the thrust surface 22A of the thrust bearing 22 may be
damaged may be output to the outside.

[0149] In addition, in the fourth embodiment, the ex-
ample in which the thin film sensor 7 is provided in the
upper bearing 21 of the scroll compressor 1 is described.
However, the thin film sensor 7 may be provided in other
journal bearings, for example, the lower bearing 24 of
the scroll compressor 1, the upper bearing 84 and the
lower bearing 85 of the rotary compressor 8, or the like.
[0150] Moreover, in the first to fifth embodiments, the
thin film sensor is used. However, the present invention
is not limited to this.

[0151] For example, a wire formed of a thin film may
be provided on the surface of the reed valve 36 so as to
detect the damage of the reed valve 36 such that the wire
is cut off and an electric connection is cut off if damage
such as defect or crack occurs in the reed valve 36 of
the scroll compressor 1.

[0152] When the damage of the reed valve 36 is de-
tected, an error signal may be output to the outside, and
the operation of the scroll compressor 1 may be stopped
such that a reverse rotation is not generated in the orbit-
ing scroll 4.

[0153] Moreover, similarly, the wire formed of a thin
film can be applied to a reed valve (not shown) of the
rotary compressor 8.

[0154] Moreover, the type of the compressor to which
the present invention is applied is not limited to the scroll
compressor or the rotary compressor, and can be widely
applied to a screw compressor, a reciprocating compres-
sor, or the like.

[0155] Moreover, as the portion of the compressor to
which the present invention is applied, in addition to the
above-described portions, there are the retainer 35 of
the fixed scroll 3, the retainer 37A of the discharge cover
37, and the shaft thrust surface 24A of the lower bearing
24 of the scroll compressor 1, the shaft thrust surface
85A of the lower bearing 85 of the rotary compressor 8,
or the like.
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10

Reference Signs List

[0156]

1: scroll compressor
2: housing

21: upper bearing

22: thrust bearing
22A: thrust surface
22B: accommodation chamber
22C: disposition region
22D: peripheral edge
22E: region

22F: peripheral edge
22G: region

23: Oldham ring

24: lower bearing
24A: shaft thrust surface
25: circulation passage
26: storage region

27: back pressure chamber
28: suction pipe

29: discharge pipe

3: fixed scroll

31: end plate

32: discharge port

33: wrap

34: tooth surface

35: retainer

36: reed valve

37: discharge cover
37A: retainer

37B: reed valve

38: discharge port

4: orbiting scroll

41: end plate

5: rotary shaft

51: eccentric pin

52: bearing

53: oil supply path

54: pump

6: motor

61: stator

62: rotor

7: thin film sensor
71: sensor layer

72: insulating layer
73: protective layer
74: measurement region
8: rotary compressor
81: housing

82: piston rotor

83: cylinder

83A: suction port

83B: blade groove

83C: coil spring

84: upper bearing
84A: discharge port
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85: lower bearing
85A: shaft thrust surface
86: blade
87: rotary shaft
89: motor
C: gap
O: lubricating oil
V1,V2,V3,V4: control valve
Claims
1. A compressor which compresses a refrigerant by a

transmitted driving force, comprising:

a movement element which is moved by a driv-
ing force;

a support element which supports the move-
ment element; and

detection means which is provided in associa-
tion with the movement element,

wherein the detection means detects a change
in a state around the detection means.

The compressor according to claim 1,
wherein the detection means is a sensor having a
thickness of 10 wm or less.

The compressor according to claim 1 or 2,

wherein the detection means is provided on a sliding
surface of the support element with respect to the
movement element.

The compressor according to claim 1 or 2,
wherein the detection means is provided in the
movement element.

The compressor according to any one of claims 1 to
4,

wherein the change in the state around the detection
means is at least one of a change in a pressure of a
lubricating oil, a change in a temperature of the lu-
bricating oil, and a change in capacitance.

The compressor according to any one of claims 1 to
5,

wherein the compressoris a scroll compressor which
includes

a fixed scroll,

an orbiting scroll which revolves and orbits with re-
spect to the fixed scroll,

a thrust bearing which supports the orbiting scroll in
a revolvable manner, and

a back pressure chamber into which the lubricating
oil flows.

The compressor according to claim 6,
wherein the detection means is provided on a sliding
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10.

1.

12.

13.

14.

20

surface of the thrust bearing, which is connected to
the back pressure chamber, with respect to the or-
biting scroll.

The compressor according to claim 7,

wherein the detection means is provided inside an
accommodation chamber recessed from the sliding
surface of the thrust bearing.

The compressor according to claim 8,

wherein the detection means has a measurement
region which measures a pressure of the lubricating
oil between the thrust bearing and the orbiting scroll,
and

wherein the measurement region is provided inside
a disposition region of the thrust bearing.

The compressor according to any one of claims 6 to
9,

wherein a pressure of the lubricating oil inside the
back pressure chamber is adjusted by a detection
value of the detection means.

The compressor according to claim 6,

wherein the detection means detects a change in a
state between akey of an Oldham ring which restricts
a rotation of the orbiting scroll and a key groove into
which the key is inserted.

The compressor according to claim 6,

wherein the detection means detects a change in a
state of a compression chamber between a tooth
surface of a wrap of the fixed scroll, the fixed scroll,
and the orbiting scroll.

The compressor according to any one of claims 1 to
S,

wherein the compressor is a rotary compressor
which includes

a cylinder,

a piston rotor which slides inside the cylinder,

an upper bearing which is disposed on upper-side
end surfaces of the cylinder and the piston rotor,

a lower bearing which is disposed on lower-side end
surfaces of the cylinder and the piston rotor,

a compression chamber which is formed by the cyl-
inder, the piston rotor, the upper bearing, and the
lower bearing,

a blade which partitions the compression chamber,
and

a blade groove into which the blade is inserted.

The compressor according to claim 13,
wherein the detection means detects a change in a
state between the blade and the blade groove.
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FIG. 1
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