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(54) SCROLL COMPRESSOR

(57) [Problem] To provide a scroll compressor which
can contribute to reduction in the entire size and the entire
weight and has excellent durability and reliability, and
which can use a new refrigerant to make ultrahigh speed
operation possible.

[Means for Resolution] In the scroll compressor, the
substrate of an Oldham-coupling ring 107 is made of an
aluminum alloy, and a hard DLC layer is formed on the
surface of the substrate with interposition of underlayers
provided for obtaining excellent adhesion and compen-
sating for hardness so that the weight of the Oldham-
coupling ring is reduced by approximately 1/3, compared
with the conventional case where the Oldham-coupling
ring is made of an iron-based material. Adhesive wear
between sliding members are prevented so that improve-
ment in abrasion resistance and reduction in friction co-
efficient are achieved. As a result, the inertial mass of a
rotation system is reduced. Furthermore, an orbiting
scroll 101 also has the same material structure so that
the eccentric mass of the rotation system is reduced.
Thus, the torque load of a motor 100 can be reduced as
sufficiently as possible to thereby contribute to reduction
in the entire size and the entire weight to obtain excellent
durability and reliability. In addition, the scroll compressor

can use a new refrigerant to make ultrahigh speed oper-
ation possible so that compressing performance equiv-
alent to the case where chlorofluorocarbon is used can
be obtained.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a scroll com-
pressor with a compact and lightweight structure, which
is suitably used as a compressor for a refrigerating cycle
in an air-conditioning and hot-water-supply system for
new-generation housings with high eco (ecological) ef-
fects, which can use a new refrigerant with a low global
warming potential (GWP) to make wide range operation
in a motor system drive signal frequency possible, and
which particularly has excellent durability and reliability
at an ultrahigh speed operation.

BACKGROUND ART

[0002] An iron-based material which is hard and has
high abrasion resistance has been heretofore generally
used for an Oldham-coupling ring and an orbiting scroll
which are slide members having high sliding perform-
ance at the time of operation in a scroll compressor used
in a refrigerating and air-conditioning circuit (also referred
to as refrigerant cycle) of an air-conditioner or a refriger-
ator.
[0003] Chlorofluorocarbon which has been heretofore
broadly used as a refrigerant for refrigerating cycle has
a high global warming potential (GWP), and there is a
risk that chlorofluorocarbon will destroy an ozone layer.
Therefore, there is a worldwide tendency toward regula-
tion on use of chlorofluorocarbon. For this reason, it has
recently come to a stage for using a new refrigerant with
a low global warming potential (GWP). However, the new
refrigerant is not superior in heat exchanger effective-
ness to chlorofluorocarbon. In order to obtain equivalent
compression performance to that of a scroll compressor
having a conventional structure, it is necessary either to
increase the entire volume of a compressor or to drive a
crankshaft (rotation main shaft) to rotate at a high speed
as ultrahigh speed operation.
[0004] However, the measure to increase the entire
volume of a compressor will lead to increase in the entire
size of the compressor structurally. The measure to ro-
tate a crankshaft (rotary main shaft) at a high speed will
lead to increase in the load of a motor so that a high
power consumption type inverter will be also required as
a drive-side inverter. This will lead to increase in scale
and cost of an electric circuit system. In any case, these
measures are against the current demands made recent-
ly for reduction in size, weight and cost. Therefore, it can-
not be said that these measures are good. As to the new
refrigerant, it is necessary to improve the abrasion resist-
ance and to reduce the friction coefficient in the sliding
members in the internal structure of the compressor,
compared with the case where chlorofluorocarbon is
used.
[0005] Therefore, there has been proposed a tech-
nique for not making structural improvement of the com-

pressor or improvement of the electric circuit system but
contriving materials of the internal structure of the com-
pressor to ensure some degree of operation performance
even with a new refrigerant and achieve improvement in
the abrasion resistance and reduction in the friction co-
efficient in the sliding members.
[0006] Even when, for example, a chlorine-free alter-
native refrigerant or a natural refrigerant is used, there
have been a scroll type motor-driven compressor (see
Patent Literature 1) using a sliding member which can
be further improved in abrasion resistance so as to be
free from long-term maintenance, a compressor (see
Patent Literature 2) including a constituent member im-
proved in abrasion resistance by reducing its friction co-
efficient, a rotary type fluid machine (see Patent Litera-
ture 3) in which a fixed scroll or an orbiting scroll (movable
scroll) as a sliding portion is formed from an aluminum
substrate, and an Ni-P plating layer and a DLC (Diamond-
Like Carbon) thin film are formed successively on a sur-
face of the aluminum substrate, etc.

CITATION LIST

PATENT LITERATURE

[0007]

Patent Literature 1: JP-A-2008-261261
Patent Literature 2: JP-A-2001-115959
Patent Literature 3: JP-A-2006-200455

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0008] In the aforementioned technique according to
Patent Literature 1, an oxide film layer, an oxide layer,
an intermediate layer and a hard carbon film layer are
formed successively on a surface of a sliding member
made of sintered iron so that the hard carbon film layer
of DLC or the like excellent in abrasion resistance and
low friction characteristic is stuck on the outer surface.
Although the sliding member is excellent in abrasion re-
sistance and low friction characteristic during operation,
the substrate per se of the sliding member is made of
sintered iron so that the eccentric mass is large as in the
conventional case. Therefore, when ultrahigh speed op-
eration is intended in the case where a new refrigerant
is used, the load of a motor becomes very large. As a
result, there is a problem that it is difficult to achieve ul-
trahigh speed operation and weight reduction on the ba-
sic structure.
[0009] On the other hand, in the technique according
to Patent Literature 2, as to a sliding member which is a
constituent member of the compressor, an orbiting scroll
is made from an aluminum substrate, and a resin material
formed to contain a carbon fiber and a solid lubricant and
DLC are formed successively on a surface of the alumi-
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num substrate so that the DLC is stuck. Because the
eccentric mass of the orbiting scroll is smaller than that
in the cited Literature 1, the load of a motor can be sup-
pressed to some degree to thereby attain ultrahigh speed
operation and weight reduction. However, an Oldham-
coupling ring whose mechanical strength and abrasion
resistance are required is made of an iron-based material
here. Accordingly, it is difficult to achieve ultrahigh speed
operation and weight reduction satisfactorily on the basic
structure.
[0010] Further, also in the technique according to Pat-
ent Literature 3, the orbiting scroll (movable scroll) is
made from an aluminum substrate, and an Ni-P plating
layer and a DLC thin film are formed successively on a
surface of the aluminum substrate, similarly to the tech-
nique according to Patent Literature 2. Accordingly, it is
difficult to achieve ultrahigh speed operation and weight
reduction satisfactorily on the basic structure.
[0011] In addition, in the technique according to Patent
Literature 2 or Patent Literature 3, the DLC is stuck on
the surface of the resin material or the Ni-P plating layer
formed on the surface of the aluminum substrate. Gen-
erally, it is known well that it is difficult to stick the DLC
on the surface of a metal material, and that it is necessary
to contrive an underlayer for ensuring the adhesion. If
the underlayer is made of only the resin material or the
Ni-P plating layer, there is a risk that the adhesion cannot
be kept stably for a long term under such usage condi-
tions that the underlayer is exposed to a high pressure
gas due to a new refrigerant and considerable heating
caused by sliding is assumed. Particularly, since the alu-
minum substrate is sufficiently softer than iron, and the
DLC in the surface is hard, there is also a risk that the
DLC will deform the underlayer or the aluminum sub-
strate or the DLC will be separated due to the degree of
deformation of the underlayer or the aluminum substrate
on the assumption that the hard DLC suffers sliding under
high pressure conditions.
[0012] In addition, the reason why the Oldham-cou-
pling ring in the technique according to Patent Literature
2 is made of an iron-based material is conceived as fol-
lows. When the eccentric mass is intended to be reduced
at the time of ultrahigh speed operation of the slide mem-
bers of the compressor, the orbiting scroll can attain mass
balance structurally to cancel the eccentric mass be-
cause the orbiting scroll is rotated eccentrically, but the
Oldham-coupling ring cannot attain mass balance struc-
turally to cancel the eccentric mass because the Oldham-
coupling ring is reciprocated to arrest rotary motion of
the orbiting scroll but promote orbital motion of the orbit-
ing scroll.
[0013] However, in the view point of reduction in the
inertial mass of a rotation system in order to reduce the
load of the motor, reduction in the weight of the Oldham-
coupling ring is favorable and can contribute to reduction
in the entire size and weight of the compressor more
preferably.
[0014]  The invention is accomplished to solve such a

problem. A technical object of the invention is to provide
a scroll compressor which can contribute to reduction in
entire size and weight of the compressor, which is excel-
lent in durability and reliability, and which can use a new
refrigerant to make ultrahigh speed operation possible.

SOLUTION TO PROBLEM

[0015] In order to solve the foregoing technical prob-
lem, according to the invention, there is provided a scroll
compressor having a structure in which a spiral body of
an orbiting scroll and a spiral body of a fixed scroll are
engaged with each other in a sealed case, the orbiting
scroll is attached, with interposition of a frame, to one
end side of a crankshaft serving as a rotary main shaft
for attaching a rotating portion of a motor in a substantially
central portion, and an Oldham-coupling ring disposed
between the orbiting scroll and the frame arrests rotary
motion of the orbiting scroll but promotes orbital motion
of the orbiting scroll when the crankshaft rotates, char-
acterized in that: the Oldham-coupling ring is made of an
aluminum alloy as a substrate, and a bond layer for im-
proving adhesion, a buffer layer for compensating for
hardness of the aluminum alloy substrate and a hard DLC
layer are formed successively on a surface of the alumi-
num alloy substrate. Preferably, in the scroll compressor,
the aluminum alloy is coated with an oxide film.
[0016] An embodiment of the aforementioned scroll
compressor is characterized in that: a gradient layer
made of a mixture of carbon and a metal or metal carbide
is interposed between the buffer layer and the DLC layer
so that content of the metal decreases as the position
goes from the aluminum alloy substrate toward the out-
side and content of the carbon increases as the position
goes from the aluminum alloy substrate toward the out-
side.
[0017] Further, another embodiment of the aforemen-
tioned scroll compressor is characterized in that: a gra-
dient layer made of a mixture of metals or metal carbide
is interposed between the buffer layer and the DLC layer
so that content of a first metal decreases as the position
goes from the aluminum alloy substrate toward the out-
side and content of the carbon and a second metal dif-
ferent from the first metal increases as the position goes
from the aluminum alloy substrate toward the outside.
[0018] In addition, a further embodiment of the afore-
mentioned scroll compressor is characterized in that: the
DLC layer contains 0.5 at% to 4.5 at% of aluminum. Pref-
erably, the aluminum is in one state selected from metal,
boride, carbide, nitride, oxide, and hydroxide.
[0019] A further embodiment of the aforementioned
scroll compressor is characterized in that: the DLC layer
is made of a mixture of SP2-hybridized carbon and
SP3-hybridized carbon.
[0020] As a further embodiment of the aforementioned
scroll compressor, preferably, the orbiting scroll has the
same material structure as the Oldham-coupling ring.
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ADVANTAGEOUS EFFECTS OF INVENTION

[0021] According to the scroll compressor in the inven-
tion, the substrate of the Oldham-coupling ring is made
of an aluminum alloy, and a hard DLC layer is formed on
the surface of the aluminum alloy substrate with interpo-
sition of underlayers provided for obtaining excellent ad-
hesion and compensating for hardness. Accordingly, the
Oldham-coupling ring can be reduced by approximately
1/3, compared with the conventional case where the Old-
ham-coupling ring is made of an iron-based material. In
addition, adhesive wear between the sliding members is
prevented so that improvement in abrasion resistance
and reduction in friction coefficient are achieved. As a
result, the inertial mass of a rotation system can be re-
duced. Moreover, the orbiting scroll also has the same
material structure so that the eccentric mass of the rota-
tion system can be reduced satisfactorily. Further, the
hard DLC layer including the underlayers is formed on
the surface of the aluminum alloy substrate by a film form-
ing process at a low temperature which does not cause
lowering of strength of the aluminum alloy substrate. As
a result, the torque load of the motor can be reduced as
sufficiently as possible to thereby contribute to reduction
in the entire size and weight to obtain excellent durability
and reliability. The scroll compressor can use a new re-
frigerant to make ultrahigh speed operation possible so
that compressing performance equivalent to that in the
case where chlorofluorocarbon is used can be obtained
at a low cost.

BRIEF DESCRIPTION OF DRAWINGS

[0022]

[Fig. 1] A side view showing the schematic configu-
ration of a scroll compressor according to Example
1 of the invention as a section along a direction of
extension of a rotary main shaft.
[Fig. 2] A perspective view showing the external ap-
pearance of an Oldham-coupling ring provided in the
scroll compressor shown in Fig. 1.
[Fig. 3] A local sectional view showing an example
of a multi-layer structure with respect to materials of
the Oldham-coupling ring and an orbiting scroll pro-
vided in the scroll compressor shown in Fig. 1.
[Fig. 4] A local sectional view showing another ex-
ample of the multi-layer structure with respect to ma-
terials of the Oldham-coupling ring and the orbiting
scroll provided in the scroll compressor shown in Fig.
1.

DESCRIPTION OF EMBODIMENTS

[0023] Fig. 1 is a side view showing the schematic con-
figuration of a scroll compressor according to Example
1 of the invention as a section along a direction of exten-
sion of a rotary main shaft.

[0024] The scroll compressor has a structure as a well-
known conventional basic structure in which: a fixed
scroll 102 having a spiral body is attached on an end side
in a sealed case (chamber) 115 having a suction port for
mounting a suction pipe 113 for sucking a new refrigerant
gas and a discharge port for mounting a discharge pipe
114 for discharging the refrigerant gas; an assembly
formed in such a manner that an orbiting scroll 101 having
a counterpart spiral body is attached, with interposition
of a frame 105, on one axial end side of a crankshaft 106
serving as a rotary main shaft for attaching a rotor 100a
of a motor 100 (having the rotor (rotating portion) 110a
and a stator (fixed portion) 110b) in a substantially central
portion, and a shaft support member based on a bearing
support plate 111 and a sub bearing 112 is attached on
the other end side of the crankshaft 106 is put in the
remaining space portion in the sealed case 115 so that
the spiral body of the orbiting scroll 101 and the spiral
body of the fixed scroll 102 are engaged with each other;
and the respective parts are attached, sealed and
housed.
[0025]  As for a detailed structure, in the sealed state,
an eccentric portion 106a of the crankshaft 106 support-
ed by a main bearing 105a of the frame 105 is inserted
in an orbiting shaft bearing attached to the back of the
orbiting scroll 101 1 so that an Oldham-coupling ring 107
disposed between the orbiting scroll 101 and the frame
105 arrests rotary motion of the orbiting scroll 101 but
promotes orbital motion of the orbiting scroll 101 when
the crankshaft 106 rotates.
[0026] The pressure (back-pressure value) in a back-
pressure chamber 109 formed by the fixed scroll 102,
the orbiting scroll 101 and the frame 105 is controlled by
a differential pressure control mechanism 109a. Thus,
the orbiting scroll 101 is pressed against the fixed scroll
102. The differential pressure control mechanism 109a
has a pressure inlet side which communicates with the
back-pressure chamber 109, and a pressure outlet side
which communicates with a fixed outer circumferential
groove provided in an outer circumference of the spiral
body of the fixed scroll 102. The fixed outer circumferen-
tial groove communicates with the refrigerant gas suction
port. Thus, the inside pressure of the fixed outer circum-
ferential groove is always set as a suction pressure.
[0027] The suction pipe 113 is provided for sucking the
refrigerant gas. The suction pipe 113 communicates with
the fixed scroll 102. The discharge pipe 114 is provided
for discharging the compressed refrigerant gas to the out-
side. The sub bearing 112 attached to the shaft bearing
support plate 111 in a lower portion of the motor 110
works with the main bearing 105a of the frame 105 to
support the crankshaft 106. Incidentally, the room in the
sealed case 115 on the other axial end side of the crank-
shaft 106 is used as an oil reservoir chamber 116 for
reserving oil.
[0028] Compressing operation of the scroll compres-
sor having such a structure will be described. When the
motor 110 is driven to rotate the rotor 100a and the crank-
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shaft 106, the orbiting scroll 101 starts orbital motion ac-
cordingly. By this operation, the spiral body of the orbiting
scroll 101 and the spiral body of the fixed scroll 102 are
engaged with each other to form a first compression
chamber and a second compression chamber.
[0029] On this occasion, the refrigerant gas flowing in
from the suction pipe 113 is compressed in the first com-
pression chamber and the second compression cham-
ber. In the first compression chamber and the second
compression chamber, a compressing operation is per-
formed while the volume is reduced toward the center in
accordance with rotation of the crankshaft 106. Thus, the
highly pressurized refrigerant gas is discharged from a
discharge port 108 formed in the fixed scroll 102 to dis-
charge chambers 103 and 104 in the sealed case 115
and finally discharged to the outside through the dis-
charge pipe 114.
[0030] The pressure of the back-pressure chamber
109 increases due to a gas contained in oil for lubricating
the main bearing 105a of the frame 105, etc., and is con-
trolled by the differential pressure control mechanism
109a to form a constant pressure difference from the suc-
tion pressure. This pressure is an intermediate pressure
to be about intermediate between the suction pressure
and the discharge pressure so that the orbiting scroll 101
is pressed against the fixed scroll 102. By the pressing
on this occasion, an end plate of the orbiting scroll 101
is in close contact with the fixed scroll 102 so that the
intermediate pressure in the back-pressure chamber 109
is sealed by the end plate of the orbiting scroll 101.
[0031] A new refrigerant with a low global warming po-
tential (GWP) such as CO2 or HFC152a used in the scroll
compressor according to Example 1 is lower in heat ex-
changer effectiveness than the conventional case of
chlorofluorocarbon. Accordingly, in order to obtain a com-
pressing function equivalent to that in the case where
chlorofluorocarbon is used, it is necessary either to in-
crease capacity or to operate the scroll compressor at
an ultrahigh speed without change of the capacity. It is
necessary to increase the entire size of the compressor
in order to increase the capacity as described above.
However, this method cannot be adopted practically be-
cause this method is against the current demands for
reduction in size and weight.
[0032] Therefore, when conditions for operating the
scroll compressor at an ultrahigh speed without change
of the capacity are considered, it is desirable that mate-
rials of the orbiting scroll 101 as a sliding member are
contrived to achieve reduction in weight as in Patent Lit-
erature 2 or Patent Literature 3 to reduce the eccentric
mass, and that the inertial mass of a rotary system is
reduced to reduce the load of the motor 100 as sufficiently
as possible.
[0033] However, in the structure in which an aluminum-
based material is used as the substrate of the orbiting
scroll 101 and a resin material or an Ni-P plating layer is
used as an underlayer for forming a hard DLC layer on
a surface of the substrate as in Patent Literature 2 or

Patent Literature 3, there is a fear that the adhesion can-
not be kept stably for a long term or there is a risk that
the DLC will be separated. That is, when a measure is
taken by the method of Patent Literature 2 or Patent Lit-
erature 3, it is difficult to satisfactorily achieve ultrahigh
speed operation and weight reduction on the basic struc-
ture, and the durability of the sliding member having the
DLC layer formed therein is problematic.
[0034] Therefore, in the scroll compressor according
to Example 1, attention is paid to improvement in the
material of the Oldham-coupling ring 107 disposed be-
tween the orbiting scroll 101 and the frame 105.
[0035] Fig. 2 is a perspective view showing the external
appearance of the Oldham-coupling ring 107 provided in
the aforementioned scroll compressor.
[0036] The Oldham-coupling ring 107 has a substan-
tially annular shape in external appearance similarly to
the conventional case. Convex orbiting-side keys 107a
for arresting rotary motion of the orbiting scroll 101 are
provided on an outer circumferential edge of a surface
on the orbiting scroll 101 side so as to be located in two
places in a radial direction passing through the center.
In addition, convex frame-side keys 107b are also pro-
vided on an outer circumference of a surface on the frame
105 side so as to be located in two places in a radial
direction passing through the center and perpendicular
to the radial direction of the orbiting-side keys 107a.
[0037] Here, the Oldham-coupling ring 107 is formed
in such a manner that an aluminum alloy is used as the
substrate, and that a bond layer (conductive layer) for
increasing adhesion, a buffer layer for compensating for
hardness of the aluminum alloy substrate, and a hard
DLC layer are formed successively on a surface of the
aluminum alloy substrate. The orbiting scroll 101 also
has the same material structure. In any case, the alumi-
num alloy mentioned here may be covered with an oxide
film.
[0038] Among them, the case where the bond layer
(conductive layer) contains one of metals such as chrome
(Cr) and titanium (Ti) may be exemplified.
[0039] The case where the buffer layer contains one
of chromium nitride (CrN), chromium carbide (CrC), tita-
nium nitride (TiN) and titanium carbide (TiC) may be ex-
emplified.
[0040] A gradient layer made of a mixture of carbon
and a metal or metal carbide may be interposed between
the aforementioned buffer layer and the aforementioned
DLC layer so that the metal is one of aluminum (Al),
chrome (Cr) and titanium (Ti), the content of the metal
decreases as the position goes from the aluminum alloy
substrate toward the outside and the content of carbon
increases as the position goes from the aluminum alloy
substrate toward the outside. Alternatively, a gradient
layer made of a mixture of metals or metal carbide may
be interposed between the buffer layer and the DLC layer
so that the metals are a first metal and a second metal
each selected from aluminum (Al), chrome (Cr) and tita-
nium (Ti), the content of the first metal decreases as the
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position goes from the aluminum alloy substrate toward
the outside, and the content of carbon and the second
metal different from the first metal increases as the po-
sition goes from the aluminum alloy substrate toward the
outside.
[0041] In addition, the DLC layer may contain 0.5 at%
to 4.5 at% of aluminum. Here, it is preferable that alumi-
num is in one state selected from metal, boride, carbide,
nitride, oxide, and hydroxide. Further, the DLC layer may
be made of a mixture of SP2-hybridized carbon and
SP3-hybridized carbon.
[0042] When the Oldham-coupling ring 107 and the
orbiting scroll 101 which serve as such sliding members
are produced by forming the aforementioned material
structure in multiple layers on the surface of the aluminum
alloy substrate, a first step of forming a bond layer (con-
ductive layer) on the surface of the aluminum alloy sub-
strate by a sputtering method or an ion plating method,
and a second step of forming a buffer layer (further form-
ing a gradient layer on the buffer layer if necessary) on
the bond layer (conductive layer) for the purposes of im-
proving adhesion and compensating for hardness in the
condition that a bias voltage is applied to the aluminum
alloy substrate, and forming a DLC layer (containing alu-
minum or containing a mixture of SP2-hybridized carbon
and SP3-hybridized carbon if necessary) on the buffer
layer (or on the gradient layer) may be carried out.
[0043] In any case, when each of the Oldham-coupling
ring 107 and the orbiting scroll 101 which are sliding
members is made of an aluminum alloy substrate simply
in order to reduce the eccentric mass of the rotation sys-
tem, the aluminum alloy is generally soft and inferior in
sliding performance so that abrasion resistance tolerable
to ultrahigh speed operation cannot be obtained if a high
sliding speed and a large amount of generated heat are
considered. When the Oldham-coupling ring 107 and the
orbiting scroll 107 are simply made of the same metal
materials (aluminum alloys), the orbiting scroll 101 and
the orbiting-side keys 107a of the Oldham-coupling ring
107 are unfavorably apt to cause adhesive wear.
[0044]  Therefore, when each of the Oldham-coupling
ring 107 and the orbiting scroll 101 is made of not only
an aluminum alloy substrate but also a hard DLC layer
formed on the surface in the aforementioned material
structure, adhesive wear can be prevented so that heat-
ing caused by sliding can be reduced. Incidentally, since
the aluminum alloy is small in elastic modulus and large
in linear expansion coefficient, a hard DLC layer is apt
to be separated if the aluminum alloy is simply coated
with the hard DLC layer. Therefore, interposition of the
bond layer (conductive layer) and the gradient layer is
important for ensuring adhesion and hardness and pre-
venting separation. In addition, it can be said that it is
difficult to use a CVD process etc. at high processing
temperature for formation of the underlayers because
the CVD process etc. will cause lowering of strength.
[0045] Fig. 3 is a local sectional view showing an ex-
ample of a multi-layer structure with respect to materials

of the Oldham-coupling ring 107 and the orbiting scroll
101.
[0046] With reference to Fig. 3, the multi-layer structure
mentioned here is formed in such a manner that a bond
layer (conductive layer), a buffer layer, a gradient layer,
and a DLC layer are formed successively on the surface
of each of the Oldham-coupling ring 107 and the orbiting
scroll 101 1 containing an aluminum alloy substrate coat-
ed with an oxide film (i.e. on the oxide film of the aluminum
alloy substrate).
[0047] Fig. 4 is a local sectional view showing another
example of the multi-layer structure with respect to ma-
terials of the Oldham’ s Oldham-coupling ring 107 and
the orbiting scroll 101.
[0048]  With reference to Fig. 4, the multi-layer struc-
ture mentioned here is formed in such a manner that a
bond layer (conductive layer), a buffer layer, a gradient
layer, and a DLC layer are formed successively on the
surface of each of the Oldham’ s Oldham-coupling ring
107 and the orbiting scroll 101 containing an aluminum
alloy substrate not coated with an oxide film.
[0049] In the scroll compressor provided with the Old-
ham-coupling ring 107 and the orbiting scroll 101 having
these multi-layer structure and material structure, the
substrate of the Oldham-coupling ring 107 is basically
made of an aluminum alloy and a hard DLC layer is
formed on the surface of the substrate with interposition
of underlayers for obtaining excellent adhesion and com-
pensating for hardness. Accordingly, the weight of the
Oldham-coupling ring 107 can be reduced by approxi-
mately 1/3, compared with the conventional case where
the Oldham-coupling ring is made of an iron-based ma-
terial. In addition, adhesive wear between the sliding
members can be prevented, so that the abrasion resist-
ance can be improved and the friction coefficient can be
reduced. As a result, the inertial mass of a rotation system
can be reduced. In addition, the orbiting scroll 101 also
has the same multi-layer structure and material structure,
so that the eccentric mass of the rotation system can be
reduced. Further, the hard DLC layer including the un-
derlayers can be formed on the surface of the aluminum
alloy substrate by a film forming process at a low tem-
perature which does not cause lowering of strength of
the aluminum alloy substrate. As a result, the torque load
of the motor 100 can be reduced as sufficiently as pos-
sible to thereby contribute to reduction in the entire size
and weight of the compressor to obtain excellent dura-
bility and reliability. In addition, the compressor can use
a new refrigerant to make ultrahigh speed operation (at
a frequency of about 200Hz in a drive signal to the motor
100) possible so that compressing performance equiva-
lent to that in the case where chlorofluorocarbon is used
can be obtained at a low cost.

DESCRIPTION OF REFERENCE SIGNS LIST

[0050]
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101 orbiting scroll
102 fixed scroll
103, 104 discharge chamber
105 frame
105a main bearing
106 crankshaft
106a eccentric portion
107 Oldham-coupling ring
107a orbiting-side key
107b frame-side key
108 discharge port
109 back-pressure chamber
109a differential pressure control mechanism
110 motor
110a rotor
110b stator
111 shaft bearing support plate
112 sub bearing
113 suction pipe
114 discharge pipe
115 sealed case (chamber)
116 oil reservoir chamber

Claims

1. A scroll compressor having a structure in which a
spiral body of an orbiting scroll and a spiral body of
a fixed scroll are engaged with each other in a sealed
case, the orbiting scroll is attached, with interposition
of a frame, to one end side of a crankshaft serving
as a rotary main shaft for attaching a rotating portion
of a motor in a substantially central portion, and an
Oldham-coupling ring disposed between the orbiting
scroll and the frame arrests rotary motion of the or-
biting scroll but promotes orbital motion of the orbit-
ing scroll when the crankshaft rotates, character-
ized in that:

the Oldham-coupling ring is made of an alumi-
num alloy as a substrate, and a bond layer for
improving adhesion, a buffer layer for compen-
sating for hardness of the aluminum alloy sub-
strate and a hard diamond-like carbon layer are
formed successively on a surface of the alumi-
num alloy substrate.

2. A scroll compressor according to Claim 1, charac-
terized in that: the aluminum alloy is coated with an
oxide film.

3. A scroll compressor according to Claim 1, charac-
terized in that: a gradient layer made of a mixture
of carbon and a metal or metal carbide is interposed
between the buffer layer and the diamond-like car-
bon layer so that content of the metal decreases as
the position goes from the aluminum alloy substrate
toward the outside and content of the carbon increas-

es as the position goes from the aluminum alloy sub-
strate toward the outside.

4. A scroll compressor according to Claim 1, charac-
terized in that: a gradient layer made of a mixture
of metals or metal carbide is interposed between the
buffer layer and the diamond-like carbon layer so
that content of a first metal decreases as the position
goes from the aluminum alloy substrate toward the
outside and content of the carbon and a second met-
al different from the first metal increases as the po-
sition goes from the aluminum alloy substrate toward
the outside.

5. A scroll compressor according to Claim 1, charac-
terized in that: the diamond-like carbon layer con-
tains 0.5 at% to 4.5 at% of aluminum.

6. A scroll compressor according to Claim 5, charac-
terized in that: the aluminum is in one state selected
from metal, boride, carbide, nitride, oxide, and hy-
droxide.

7. A scroll compressor according to Claim 1, charac-
terized in that: the diamond-like carbon layer is
made of a mixture of SP2-hybridized carbon and
SP3-hybridized carbon.

8. A scroll compressor according to Claim 1, charac-
terized in that: the orbiting scroll is made of the alu-
minum alloy as a substrate, and the bond layer, the
buffer layer and the diamond-like carbon layer are
formed successively on the surface of the aluminum
alloy substrate.

9. A scroll compressor according to Claim 8, charac-
terized in that: the aluminum alloy is coated with an
oxide film.

10. A scroll compressor according to Claim 8, charac-
terized in that: a gradient layer made of a mixture
of carbon and a metal or metal carbide is interposed
between the buffer layer and the diamond-like car-
bon layer so that content of the metal decreases as
the position goes from the aluminum alloy substrate
toward the outside and content of the carbon increas-
es as the position goes from the aluminum alloy sub-
strate toward the outside.

11. A scroll compressor according to Claim 8, charac-
terized in that: a gradient layer made of a mixture
of metals or metal carbide is interposed between the
buffer layer and the diamond-like carbon layer so
that content of a first metal decreases as the position
goes from the aluminum alloy substrate toward the
outside and content of the carbon and a second met-
al different from the first metal increases as the po-
sition goes from the aluminum alloy substrate toward
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the outside.

12. A scroll compressor according to Claim 8, charac-
terized in that: the diamond-like carbon layer con-
tains 0.5 at% to 4.5 at% of aluminum.

13. A scroll compressor according to Claim 12, charac-
terized in that: the aluminum is in one state selected
from metal, boride, carbide, nitride, oxide, and hy-
droxide.

14. A scroll compressor according to Claim 8, charac-
terized in that: the diamond-like carbon layer is
made of a mixture of SP2-hybridized carbon and
SP3-hybridized carbon.
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