
1  ROTARY FLUID MACHINE  TECHNICAL FIELD [0001] The
present invention generally relates to rotary fluid
machinery, and more  particularly to a rotary fluid
machine having an eccentric rotary piston mechanism
which is  configured such that an annular piston is
disposed in an annular cylinder chamber of a
cylinder, the annular piston dividing the cylinder
chamber into an outer cylinder chamber and  an inner
cylinder chamber and that the cylinder and the annular
piston relatively execute  eccentric rotary motion.
BACKGROUND ART [0002] As a conventionally known rotary
fluid machine of the type which is provided  with an
eccentric rotary piston mechanism including an annular
piston which is configured to  execute an eccentric
rotary motion within an annular cylinder chamber,
there is a compressor  adapted to compress refrigerant
by a volume change in the cylinder chamber associated
with  the eccentric rotary motion of the annular
piston (see, for example, Patent Document I). As
illustrated in Figure 16 and Figure 17 which is a
cross sectional view taken along line XVII- XVII of
Figure 16 (hatching omitted), the compressor (100) has
a hermetic casing (110) in  which to house a
compression mechanism (eccentric rotary piston
mechanism) (120) and an  electric motor (not shown)
for driving the compression mechanism (120). [0003]
The compression mechanism (120) includes a cylinder
(121) having an annular  cylinder chamber (CI, C2),
and an annular piston (122) disposed in the annular
cylinder  chamber (C1, C2). The cylinder (121) is made
up of an outer cylinder (124) and an inner  cylinder
(125) which are arranged concentrically with each
other and the cylinder chamber  (Cl, C2) is formed
between the outer cylinder (124) and the inner
cylinder (125). [0004] The cylinder (121) is firmly
fixed to the casing (110). In addition, the annular
piston (122) is coupled, through a circular piton base
(160), to an eccentric part (133a) of a  driving shaft
(133) coupled to the electric motor. The annular
piston (122) is configured 2  such that it executes an
eccentric rotary motion with respect to the center of
the driving shaft  



(133). [0005] The annular piston (122) is so
configured as to execute an eccentric rotary  motion
during which the annular piston (122) substantially
comes into contact, at a point of  the outer
peripheral surface thereof, with the inner peripheral
surface of the outer cylinder  (124) (here, by such
"substantial contact " is meant a state in which,
although there is  technically created a microscopic
gap to such an extent that an oil film is formed,
refrigerant  leakage in the gap is negligible), while
at the same time maintaining a state in which a point
of the inner peripheral surface thereof substantially
comes into contact, at a position 180  degrees out of
phase with that outer peripheral surface point, with
the outer peripheral surface  of the inner cylinder
(125). This results in forming an outer cylinder
chamber (Cl) and an  inner cylinder chamber (C2),
respectively, outside the annular piston (122) and
inside the  annular piston (122). [0006] An outer
blade (123A) is disposed outside the annular piston
(122). An inner  blade (123B) is disposed inside the
annular piston (122), the inner blade (123B) lying on
an  extension of the outer blade (123A). The outer
blade (123A) is biased radially inwardly of  the
annular piston (122) and its inner peripheral end is
brought into pressure contact with the  outer
peripheral surface of the annular piston (122). On the
other hand, the inner blade  (123B) is biased radially
outwardly of the annular piston (122) and its outer
peripheral end is  brought into pressure contact with
the inner peripheral surface of the annular piston
(122).  [0007] The outer blade (123A) divides the
outer cylinder chamber (Cl) into two  partitions. The
inner blade (123B) divides the inner cylinder chamber
(C2) into two  partitions. More specifically, the
outer cylinder chamber (Cl) is divided by the outer
blade  (123A) into a high pressure chamber (first
chamber) (CI-Hp) and a low pressure chamber  (second
chamber) (Cl-Lp) and the inner cylinder chamber (C2)
is divided by the inner blade  (123B) into a high
pressure chamber (first chamber) (C2-Hp) and a low
pressure chamber  (second chamber) (C2-Lp). The outer
cylinder (124) is provided, in the vicinity of the
outer  blade (123A), with a suction opening (141)
which fluidly communicates with the outer 3  cylinder
chamber (Cl) from a suction pipe (114) in the casing
(110). In addition, the annular  



piston (122) is provided, in the vicinity of the
suction opening (141), with a through-hole  (143) by
which the low pressure chamber (Cl-Lp) of the outer
cylinder chamber (Cl) and the  low pressure chamber
(C2-Lp) of the inner cylinder chamber (C2) are brought
into fluid  communication with each other.
Furthermore, the compression mechanism (120) is
provided with a discharge opening (not shown) by which
both the high pressure chamber (Cl- Hp) of the outer
cylinder chamber (Cl) and the high pressure chamber
(C2-Hp) of the inner  cylinder chamber (C2) are
brought into fluid communication with a high pressure
space (S) in  the casing (110). [0008] In addition, in
this example, an Oldham mechanism (161) as a rotation
preventing mechanism is provided which allows the
annular piston (122) to execute only  eccentric rotary
motion (revolution) while on the other hand preventing
the annular piston  (122) from rotating. [0009] In the
compression mechanism (120), when the annular piston
(122) executes an  eccentric rotary motion as the
driving shaft (133) rotates, the volume of each of the
outer and  inner cylinder chambers (Cl, C2) is
alternately repeatedly reduced and expanded. When the
volume of the cylinder chamber (Cl, C2) increases, a
suction process in which refrigerant is  drawn into
the cylinder chamber (Cl, C2) from the suction opening
(141) is carried out. On  the other hand, when the
volume of the cylinder chamber (C1, C2) decreases, a
compression  process in which refrigerant is
compressed in the cylinder chamber (Cl, C2) and a
discharge  process in which refrigerant is discharged
from the cylinder chamber (Cl, C2) into the high
pressure space (S) of the casing (110) through the
discharge opening are carried out. This  high pressure
refrigerant discharged into the high pressure space
(S) of the casing (110) flows  out to a condenser
disposed along the refrigerant circuit by way of a
discharge pipe (115)  provided in the casing (110).
[0010] On the other hand, the aforesaid Patent
Document I discloses another example  which is a
partial modification of the configuration of Figure
17, as shown in Figure 18. In  the compression
mechanism (120) of this example, the annular piston
(122) is so split at a 4  portion thereof as to be
formed into a C-shape and the single blade (123) is
passed  



transversely across the split and comes into contact
with both the inner peripheral surface of  the outer
cylinder (124) and the outer peripheral surface of the
inner cylinder (125). The  inner peripheral surface of
the outer cylinder (124) is formed such that its
contact portion with  the blade (123) has the same
curvature radius as that of the outer peripheral
surface of the  inner cylinder (125). In addition, an
Oldham mechanism (not shown) is provided to permit
eccentric rotary motion (revolution) of the annular
piston (122) about the inner cylinder (125)  but
prevent rotation of the annular piston (122). Like the
example as shown in Figures 16  and 17, processes,
such refrigerant suction, refrigerant compression, and
refrigerant discharge,  are accomplished by the
eccentric rotary motion of the annular piston (122).
Patent Document I: JP H6-288358A  DISCLOSURE OF THE
INVENTION PROBLEMS THAT THE INVENTION INTENDS TO SOLVE
[0011] However, in the configuration as shown in
Figures 16 and 17, the blades (123A,  123B) are in
line contact with the annular piston (122). On the
other hand, in the  configuration as shown in Figure
18, the blade (123) is in line contact with the
cylinders (124,  125). Accordingly, when the annular
piston (122) executes an eccentric rotary motion
during the operation, the load which is applied to the
contact portions is high. This may lead  to wear and
seizure of the contact portions. [0012] Besides, since
the members are in line contact with each other as
described  above, this produces a drawback in that the
sealability of the contact portions is low.
Consequently, the aforesaid configurations each
include the possibility that refrigerant may  leak
from the high pressure chamber (CI-Hp, C2-Hp) to the
low pressure chamber (C1-Lp,  C2-Lp) in each of the
outer and inner cylinders (Cl, C2). Therefore, there
is also the  possibility that the compression
efficiency will decrease. [0013] In addition, in the
above examples, the description has been made with
respect to  a compressor as a fluid machine. However,
there is the possibility of wear of the contact
portions between the blade (123A, 123B) (123) and the
annular piston (122), and of gas 5  leakage between
the first chamber (Cl-Hp, C2-Hp) and the second
chamber (Cl-Lp, C2-Lp),  



even when the fluid machine is an expander or a pump.
[0014] The present invention was devised with a view
to overcoming the above- mentioned problems.
Accordingly, an object of the present invention is to
prevent, in a  rotary fluid machine including an
eccentric rotary piston mechanism which is configured
such  that (i) an annular piston is disposed in an
annular cylinder chamber of a cylinder, the annular
piston dividing the interior of the annular cylinder
chamber into an outer cylinder chamber  and an inner
cylinder chamber, (ii) the cylinder and the annular
piston relatively execute  eccentric rotary motion,
and (iii) each of the outer and inner cylinder
chambers is divided by a  blade into a first chamber
and a second chamber, the occurrence of seizure and
wear of the  blade and the annular piston and the
occurrence of gas leakage between the first chamber
and  the second chamber during the operation. MEANS
FOR SOLVING THE PROBLEMS [0015] The present invention
provides a blade (23) and an annular piston (22) which
are  mutually movably coupled together by a coupling
member (swinging bush) (27), thereby  realizing a
configuration capable of establishing member-to-member
surface contact in  coupling areas. [0016] More
specifically, the present invention provides, as a
first aspect, a rotary fluid  machine which comprises:
(a) an eccentric rotary piston mechanism (20) which
includes: a  cylinder (21) having an annular cylinder
chamber (Cl, C2); an annular piston (22) housed, in
an eccentric fashion relative to the cylinder (21), in
the cylinder chamber (Cl, C2) and  dividing the
cylinder chamber (Cl, C2) into an outer cylinder
chamber (Cl) and an inner  cylinder chamber (C2); and
a blade (23) disposed in the cylinder chamber (Cl, C2)
and  dividing each of the outer and inner cylinder
chambers (Cl, C2) into.a first chamber (CI-Hp,  C2-Hp)
and a second chamber (Cl-Lp, C2-Lp), the cylinder (21)
and the annular piston (22)  relatively executing
eccentric rotary motion; (b) a driving mechanism (30)
for driving the  eccentric rotary piston mechanism
(20); and (c) a casing (10) in which to house the
eccentric  rotary piston mechanism (20). 6  [0017] The
rotary fluid machine of the first aspect is
characterized in that: 



the cylinder (21) is provided with the blade (23); a
coupling member (27) by which the annular piston (22)
and the blade (23) are  mutually movably coupled
together is provided; and the coupling member (27) has
a first sliding surface (P1) against the annular
piston  (22) and a second sliding surface (P2) against
the blade (23). In addition, the term "annular"  shape
mentioned in the above configuration includes those
such as perfect circle shape, ellipse  shape, and
ovoid shape. [0018] In the first aspect of the present
invention, when the eccentric rotary piston  mechanism
(20) which is implemented by a compression mechanism
is activated, the cylinder  (21) and the annular
piston (22) relatively execute eccentric rotary
motion. During the  eccentric rotary motion, the
annular piston (22) and the blade (23) relatively
swing about a  predetermined swing center and
relatively travel back and forth in the surface
direction of the  blade (23). When the volume of the
cylinder chamber (Cl, C2) increases, gas is drawn into
the cylinder chamber (C1, C2), and when the volume of
the cylinder chamber (C1, C2)  decreases, the gas is
compressed. [0019] In the first aspect of the present
invention, when the blade (23) and the annular  piston
(22) operate (relative swing motion and
advance/withdraw motion) via the coupling  member
(27), the coupling member (27) substantially comes
into surface contact, in the  sliding surfaces (P1,
P2), with both the annular piston (22) and the blade
(23). In addition,  since the members are brought into
surface contact with each other in the sliding
surfaces (P1,  P2) as described above, this makes it
possible to reduce the load per unit of area which is
applied to the surface contact portions. [0020] The
present invention provides, as a second aspect
according to the first aspect, a  rotary fluid machine
which is characterized in that: the annular piston
(22) is formed into a C-shape, i.e., a split-ring
shape having at a  portion thereof a split; the blade
(23) is configured to be inserted through the split of
the annular piston (22) 7  so that the blade (23)
extends from the inner peripheral wall surface to the
outer peripheral  



wall surface of the annular cylinder chamber (Cl, C2);
and the coupling member (27) is formed by a swinging
bush (27) having a blade groove  (28) which
advanceably and withdrawably holds the blade (23) and
a circular arc-shaped  outer peripheral surface which
is swingably held in the split by the annular piston
(22).  [00211 In the second aspect of the present
invention, when the eccentric rotary piston  mechanism
(20) is activated, the blade (23) moves back and forth
in the blade groove (28) of  the swinging bush (27)
while being in surface contact therewith and the
swinging bush (27)  swings in the split of the annular
piston (22) while being in surface contact therewith.
This  ensures that the coupling member (27) comes into
surface-to-surface contact with the annular  piston
(22) and the blade (23) and the load per unit of area
which is applied to the contact  portions is reduced
without fail. [0022] The present invention provides,
as a third aspect according to the second aspect,  a
rotary fluid machine which is characterized in that
the circular arc-shaped outer peripheral  surface of
the swinging bush (27) has a diameter dimension
greater than the wall thickness  dimension of the
annular piston (22). In this case, by " the wall
thickness dimension of the  annular piston (22)" is
meant the difference between the outer peripheral
surface's radius  dimension and the inner peripheral
surface's radius dimension of the annular piston (22).
[0023] Here, if the diameter dimension (D) of the
swinging bush (27) equals the wall  thickness
dimension (T) of the annular piston (22), as shown in
Figure 4(A) which illustrates  the annular piston (22)
in its lower dead point position and as shown in
Figure 4(B) which  illustrates the annular piston (22)
in its upper dead point position, this requires the
provision  of a notched part (22a) in the annular
piston (22) in order that the behavior of the blade
(23)  (see virtual line of Figure 4(A)) may not be
obstructed when the annular piston (22) executes  an
eccentric rotary motion. In this case, the space
defined by the notched part (22a)  becomes an invalid
volume (Ds), in other words high pressure gas is not
discharged therefrom  but remains therein even after
completion of a compression process in the high
pressure  chamber (CI-Hp, C2-Hp) as a first chamber.
As a result, the high pressure gas lingering in 8  the
invalid volume (Ds) leaks into the low pressure
chamber (Cl-Lp, C2-Lp) as a second  



chamber at the start of a subsequent suction process
and is re-expanded, thereby deteriorating  the
efficiency. [0024] On the other hand, in the third
aspect of the present invention, as shown in  Figure
5(A) which depicts the annular piston (22) in its
lower dead point position and as  shown in Figure 5(B)
which depicts the annular piston (22) in its upper
dead point position,  the diameter dimension (D) of
the swinging bush (27) exceeds the wall thickness
dimension  (T) of the annular piston (22), thereby
making it possible to reduce the invalid volume (Ds)
just by provision of a chamfered part (27a) in the
swinging bush (27). [0025] The present invention
provides, as a fourth aspect according to the second
aspect,  a rotary fluid machine which is characterized
in that the swing center of the swinging bush  (27) is
displaced more radially inwardly than the wall
thickness center of the annular piston  (22). [0026]
Here, if the swinging bush (27) of the symmetrical
type is employed whose  center corresponds to the wall
thickness center of the annular piston (22) and which
has at its  both sides identical chamfered parts
(27a), as shown in Figure 6(A) which depicts the
annular  piston (22) in its lower dead point position
and as shown in Figure 6(B) which depicts the  annular
piston (22) in its upper dead point position, this
creates the invalid volume (Ds) inside  the annular
piston (22), and reexpansion loss becomes a problem.
Conversely speaking, if it  is attempted to reduce
reexpansion loss when the center of the swinging bush
(27) is made to  agree with the wall thickness center
of the annular piston (22), this requires the
provision of  the swinging bush (27) of the asymmetric
type which makes assembly work troublesome.  [0027] On
the other hand, in the fourth aspect of the present
invention, the center of the  swinging bush (27) is
displaced more radially inwardly than the wall
thickness center of the  annular piston (22), as shown
in Figure 7(A) which depicts the annular piston (22)
in its lower  dead point position and as shown in
Figure 7(B) which depicts the annular piston (22) in
its  upper dead point position. This therefore makes
it possible to easily reduce reexpansion loss  without
creating the invalid volume (Ds) even when the
swinging bush (27) of the 9  symmetrical type is
employed. 



[0028] The present invention provides, as a fifth
aspect according to any one of the first  to fourth
aspects, a rotary fluid machine which is characterized
in that: the annular piston (22) is firmly fixed to
the casing (10); and  the cylinder (21) is coupled to
the driving mechanism (30). [0029] In the fifth aspect
of the present invention, the cylinder (21) having the
cylinder  chamber (C I, C2) becomes a movable side and
the annular piston (22) in the cylinder  chamber (Cl,
C2) becomes a stationary side. Because of this, the
blade (23) integral with  the cylinder (21) advances
and withdraws with respect to the annular piston (22)
whose  position is fixed while executing swing motion
via the coupling member (27) and the  operation of the
eccentric rotary piston mechanism (20) is carried out.
During that operation,  the coupling member (27) comes
into surface contact with both the annular piston (22)
and the blade (23), as in each of the foregoing
aspects of the present invention. [0030] The present
invention provides, as a sixth aspect according to any
one of the first  to fourth aspects, a rotary fluid
machine which is characterized in that: the cylinder
(21) is firmly fixed to the casing (10); and the
annular piston (22) is coupled to the driving
mechanism (30). [00311 In the sixth aspect of the
present invention, the cylinder (21) having the
cylinder  chamber (Cl, C2) becomes a stationary side
and the annular piston (22) in the cylinder  chamber
(Cl, C2) becomes a movable side. Because of this, the
annular piston (22)  advances and withdraws with
respect to the blade (23) which is integral with the
cylinder (21)  and whose position is fixed while
executing swing motion via the coupling member (27)
and  the operation of the eccentric rotary piston
mechanism (20) is carried out. During that  operation,
the coupling member (27) comes into surface contact
with both the annular piston  (22) and the blade (23),
as in each of the foregoing aspects of the present
invention. [0032] The present invention provides, as a
seventh aspect according to any one of the  first to
fourth aspects, a rotary fluid machine which is
characterized in that: the cylinder (21) has an outer
cylinder (24) and an inner cylinder (25), the outer
and 10  inner cylinders (24, 25) defining the cylinder
chamber (C1, C2), and an end plate (26)  



coupled to an axial end of each of the outer and inner
cylinders (24, 25); and the outer cylinder (24), the
inner cylinder (25), and the end plate (26) are
integrated  with each other. [0033] In the seventh
aspect of the present invention, the cylinder (21),
formed by  integrating the outer cylinder (24) and the
inner cylinder (25) with the end plate (26), is
employed. This therefore increases the strength of the
cylinder (21). [0034] The present invention provides,
as an eighth aspect according to the seventh  aspect,
a rotary fluid machine which is characterized in that
a compliance mechanism (29) is  provided which reduces
an axial gap between an end surface of the annular
piston (22) and  the end plate (26). [0035] In the
eighth aspect of the present invention, the compliance
mechanism (29)  reduces an axial gap which may be
created by high pressure of gas in  the cylinder
chamber (C I, C2) between the end surface of the
annular piston (22) and the end  plate (26). This
therefore impedes the leakage of gas from the axial
gap. [0036] The present invention provides, as a ninth
aspect according to any one of the first  to fourth
aspects, a rotary fluid machine which is characterized
in that: the cylinder (21) has an outer cylinder (24)
and an inner cylinder (25), the outer and  inner
cylinders (24, 25) defining the cylinder chamber (Cl,
C2); and the outer cylinder (24), the inner cylinder
(25), and the blade (23) are integrated with  each
other. [0037] In the ninth aspect of the present
invention, the cylinder (21), formed by  integrating
the outer cylinder (24) and the inner cylinder (25)
with the blade (23), is employed.  This therefore
simplifies the configuration of the cylinder (21).
[0038] The present invention provides, as a tenth
aspect according to any one of the first  to fourth
aspects, a rotary fluid machine which is characterized
in that: the driving mechanism (30) has an electric
motor (30) and a driving shaft (33)  coupled to the
electric motor (30); 11  the driving shaft (33) has an
eccentric part (33a) off-centered from the center of 



rotation, the eccentric part (33a) being coupled to
either the cylinder (21) or the annular piston  (22);
and the driving shaft (33) is held, at both axial side
portions of the eccentric part (33a),  on the casing
(10) through bearing parts (16a, 17a). [0039] In the
tenth aspect of the present invention, since the
driving shaft (33) for  driving the eccentric rotary
piston mechanism (20) rotates while being held, at the
both axial  side portions of the eccentric part (33a)
coupled to either the cylinder (21) or the annular
piston (22) whichever is a movable side, on the casing
(10) through the bearing parts (16a,  17a), this
stabilizes the operation of the eccentric rotary
piston mechanism (20). [0040] The present invention
provides, as an eleventh aspect according to any one
of the  first to fourth aspects, a rotary fluid
machine which is characterized in that the outer
cylinder  chamber (Cl) formed on the outside of the
annular piston (22) and the inner cylinder chamber
(C2) formed on the inside of the annular piston (22)
differ from each other in suction shutoff  angle.
Here, by the "suction shutoff angle" is meant either
the angle of the annular piston  (22) or the angle of
the cylinder (21) at which a suction process is
completed in the cylinder  chamber (Cl, C2), in other
words, the angle at which a compression process is
started. [0041] In addition, the present invention
provides, as a twelfth aspect according to the
eleventh aspect, a rotary fluid machine which is
characterized in that the suction shutoff angle  of
the outer cylinder chamber (Cl) is grater than the
suction shutoff angle of the inner  cylinder chamber
(C2). [0042] In the eleventh and twelfth aspects of
the present invention, the difference in  compression
volume between the outer cylinder chamber (Cl) and the
inner cylinder chamber  (C2) can be reduced by
differentiating the outer and inner cylinder chambers
(Cl, C2) from  each other in suction shutoff angle
(especially by making the suction shutoff angle of the
outer cylinder chamber (Cl) greater than that of the
inner cylinder chamber (C2)). When  the compression
volume difference is great, it is conceivable for some
vibration to be  generated due to the difference
between the amplitude of torque fluctuations in the
outer 12  cylinder chamber (Cl) and the amplitude of
torque fluctuations in the inner cylinder chamber  



(C2). In the eleventh and twelfth aspects of the
present invention, however, the difference  between
the amplitude of torque fluctuations in the outer
cylinder chamber (C I) and the  amplitude of torque
fluctuations in the inner cylinder chamber (C2) is
lessened, thereby  stabilizing the operation of the
mechanism (20). [0043] The present invention provides,
as a thirteenth aspect according to any one of the
first to fourth aspects, a rotary fluid machine which
is characterized in that a heat insulating  space (S3)
is formed around the outer periphery of the eccentric
rotary piston mechanism (20).  The heat insulating
space (S3) is a space where low pressure gas is
accumulated, for example.  [0044] In the thirteenth
aspect of the present invention, in the case where the
eccentric  rotary piston mechanism (20) is implemented
by, for example, a compression mechanism (20),  it is
possible to impede the transfer of heat from the high
pressure space (S2) of the casing (10) to low pressure
refrigerant which is drawn into the compression
mechanism (20).  [0045] The present invention
provides, as a fourteenth aspect according to the any
one  of the first to thirteenth aspects, a rotary
fluid machine which is characterized in that the
eccentric rotary piston mechanism (20) is a
compression mechanism for drawing fluid and
compressing same. [0046] In the fourteenth aspect of
the present invention, in the case where the eccentric
rotary piston mechanism (20) is a compression
mechanism, it is possible to prevent a drop in  the
compression efficiency due to gas leakage, and the
occurrence of wear and seizure of the  annular piston
(22) and the blade (23). [0047] The present invention
provides, as a fifteenth aspect according to the
fourteenth  aspect, a rotary fluid machine which is
characterized in that: the driving mechanism (30) is
formed by an electric motor for driving the
compression mechanism (20); the casing (10) is so
configured as to house the compression mechanism (20)
and the  electric motor (30); a low pressure space
(Sl) in fluid communication with a suction side of the
13  compression mechanism (20) and a high pressure
space (S2) in fluid communication with a  



discharge side of the compression mechanism (20) are
formed in the casing (10); and the electric motor (30)
is disposed in the low pressure space (Si). [0048] In
the fifteenth aspect of the present invention, after
having flowed into the low  pressure space (Si) of the
casing (10), suction gas is drawn into the compression
mechanism  (20). The gas drawn into the compression
mechanism (20) is compressed by the  compression
mechanism (20) to a high pressure, flows out to the
high pressure space (S2) of  the casing (10), and is
discharged out of the casing (10). In the fifteenth
aspect of the  present invention, since the electric
motor (30) is disposed in the low pressure space (Sl),
this  causes suction gas to flow around the electric
motor (30). ADVANTAGEOUS EFFECTS OF THE INVENTION
[0049] According to the first aspect of the present
invention, during the operation of the  eccentric
rotary piston mechanism (20), the coupling member (27)
substantially comes into  surface contact, at the
sliding surfaces (P1, P2), with the annular piston
(22) and the blade  (23), thereby making it possible
to reduce the load per unit of area which is applied
to the  contact portions. Accordingly, when the blade
(23) and the annular piston (22) slide via the
coupling member (27) during the operation, the contact
portions are less subjected to wear  and seizure. In
addition, because of the surface contact of the
coupling member (27) with  the annular piston (22) and
the blade (23) at the sliding surfaces (P1, P2), the
occurrence of  gas leakage between the first chamber
(Cl-Hp, C2-Hp) and the second chamber (Cl-Lp, C2- Lp)
is prevented from taking place. [0050] I. addition,
according to the first aspect of the present
invention, the arrangement  that the blade (23) is
mounted integrally on the cylinder (21) impedes the
occurrence of  abnormal concentrated load and stress
concentration during the operation of the eccentric
rotary piston mechanism (20), thereby providing a
benefit that the reliability of the mechanism is
enhanced. [0051] According to the second aspect of the
present invention, the swinging bush (27),  which has
the blade groove (28) which advanceably and
withdrawably holds the blade (23) 14  and the circular
arc-shaped outer peripheral surface which is swingably
held in the split by the  



annular piston (22), is used as the coupling member
(27), thereby making it possible to  prevent the
configuration of the coupling part from becoming
complicated, in addition to  preventing, without fail,
the occurrence of gas leakage and wear and seizure of
the members  during the operation. This therefore
prevents the mechanism from increasing in size and
prevents therefore costs from increasing. [0052]
According to the third aspect of the present
invention, the diameter dimension  (D) of the circular
arc-shaped outer peripheral surface of the swinging
bush (27) exceeds the  wall thickness dimension (T) of
the annular piston (22), thereby making it possible to
reduce  the invalid volume (Ds) just by the provision
of the chamfered part (27a) in the swinging bush
(27). Consequently, reexpansion loss taking place when
the eccentric rotary piston mechanism (20) is
implemented by a compression mechanism can be reduced
just by  employing a simple configuration and the
operating efficiency can be enhanced. Therefore,  in
accordance with the third aspect of the present
invention, the swinging bush (27) can be  configured
such that it becomes superior especially in the
efficient aspect of the eccentric  rotary piston
mechanism (20) in the second aspect of the present
invention in which the  annular piston (22) and the
blade (23) are coupled together by the swinging bush
(27). [0053] In accordance with the fourth aspect of
the present invention, the swing center of  the
swinging bush (27) is displaced more radially inwardly
than the center of the wall  thickness center of the
annular piston (22), thereby making it possible to
reduce reexpansion  loss even when the swinging bush
(27) is of the symmetrical type. As a result, the
operating  efficiency is enhanced. Therefore,
according to the fourth aspect of the present
invention,  like the third aspect, the swinging bush
(27) can be configured such that it becomes superior
especially in the efficient aspect of the eccentric
rotary piston mechanism (20) in the second  aspect of
the present invention in which the annular piston (22)
and the blade (23) are coupled  together by the
swinging bush (27). [0054] In addition, the swinging
bush (27) of the symmetrical type can be used for the
purpose of reexpansion loss reduction, without having
to use an asymmetrical type one. 15  This makes it
possible to avoid malassembly of the mechanism. 



[0055] According to the fifth aspect of the present
invention, in the configuration in  which the cylinder
(21) is a movable side and the annular piston (22) is
a stationary side, the  operation of the cylinder (21)
with respect to the annular piston (22) is carried out
while at the  same time the coupling member (27) is
being in surface contact with the annular piston (22)
and the blade (23). Therefore, in the configuration in
which the cylinder (21) is movable,  the occurrence of
gas leakage, and wear and seizure of the members is
prevented. [0056] According to the sixth aspect of the
present invention, in the configuration in  which the
cylinder (21) is a stationary side and the annular
piston (22) is a movable side, the  operation of the
annular piston (22) with respect to the cylinder (21)
is carried out while at the  same time the coupling
member (27) is being in surface contact with the
annular piston (22)  and the blade (23). Therefore, in
the configuration in which the annular piston (22) is
movable, the occurrence of gas leakage, and wear and
seizure of the members is prevented.  [0057] According
to the seventh aspect of the present invention, the
cylinder (21),  formed by integrating the outer
cylinder (24) and the inner cylinder (25) with the end
plate  (26), is employed, thereby increasing the
strength of the cylinder (21). This therefore
provides a benefit that the designing of the mechanism
(20) of high strength is facilitated.  [0058]
According to the eighth aspect of the present
invention, the compliance  mechanism (29), configured
to reduce an axial gap possibly created between the
end surface  of the annular piston (22) and the end
plate (26), is provided. This impedes the occurrence
of gas leakage from the axial gap, and the operation
is carried out at higher efficiency. rnncm n,.,,
According to the th aspect of the present ; entinn the
cylin r, formed by  ~~ cr ... n n .. n r t_ _, _de_ _
ed b,  integrating the outer cylinder (24) and the
inner cylinder (25) with the blade (23), is employed,
thereby simplifying the configuration of the cylinder
(21). This therefore makes it possible to provide
compact design. [0060] According to the tenth aspect
of the present invention, the driving shaft (33) for
driving the eccentric rotary piston mechanism (20)
rotates while being held, at the both axial  side
portions of the eccentric part (33a) coupled to either
the cylinder (21) or the annular 



16  piston (22) whichever is a movable side, on the
casing (10) through the bearing parts (16a,  17a),
thereby stabilizing the operation of the eccentric
rotary piston mechanism (20). As a  result, the
reliability of the mechanism (20) is improved. [0061]
According to the eleventh aspect of the present
invention, the outer and inner  cylinder chambers (Cl,
C2) differ from each other in suction shutoff angle,
thereby making it  possible to make adjustments to the
ratio of the compression volume of the outer cylinder
chamber (Cl) to the compression volume of the inner
cylinder chamber (C2). [0062] According to the twelfth
aspect of the present invention, the suction shutoff
angle  of the outer cylinder chamber (Cl) is made
greater than the suction shutoff angle of the inner
cylinder chamber (C2), thereby making it possible to
reduce the difference in compression  volume between
the outer cylinder chamber (Cl) and the inner cylinder
chamber (C2). This  therefore reduces the difference
between the amplitude of torque fluctuations in the
outer  cylinder chamber (Cl) and the amplitude of
torque fluctuations in the inner cylinder chamber
(C2) and, as a result, the operation of the mechanism
(20) is stabilized. [0063] According to the thirteenth
aspect of the present invention, the heat insulating
space (S3) is provided around the outer periphery of
the eccentric rotary piston mechanism  (20).
Therefore, in the case where the eccentric rotary
piston mechanism (20) is  implemented by, for example,
a compression mechanism (20), it is possible to impede
the  transfer of heat from the high pressure space
(S2) of the casing (10) to low pressure  refrigerant
which is drawn into the compression mechanism (20),
thereby preventing the  deterioration of performance
due to suction superheat loss. [0064] According to the
fourteenth aspect of the present invention, it is
ensured that, in  the case where the eccentric rotary
piston mechanism (20) is implemented by a compression
mechanism, the occurrence of a compression efficiency
drop due to gas leakage and wear, and  seizure of the
annular piston (22) and the blade (23) is prevented
without fail. [0065] According to the fifteenth aspect
of the present invention, the low pressure space  (Si)
in fluid communication with the suction side of the
compression mechanism (20) and the  high pressure
space (S2) in fluid communication with the discharge
side of the compression 



17  mechanism (20) are defined in the casing (10), and
the electric motor (30) is disposed in the  low
pressure space (Si). [0066] There is a problem with
conventional compressors of a so-called high pressure
dome type having a high pressure casing space. More
specifically, the electric motor  becomes deficient in
performance, resulting in a drop in the reliability,
when producing large  capacity compressors on a
commercial basis, the reason for which is explained as
follows. If  the outer diameter of the electric motor
is D and the axial length thereof is L, then the
output  of the electric motor is proportional to D2 x
L and the surface area of the electric motor is
approximately proportional to D x L, so that when
increasing the output the heat transferring  area
(surface area) will decrease with respect to the heat
generation rate which increases in  proportion to the
output, and cooling deficiency takes place. [0067] On
the other hand, it may be arranged such that the
electric motor is disposed in  a low pressure space so
that the electric motor is cooled by low pressure gas.
However, if  the electric motor is simply disposed in
a low pressure space, this causes gas refrigerant to
be  discharged to outside the compressor directly from
the compression mechanism, in other  words oil
droplet-containing gas refrigerant is discharged, with
oil droplets not separated  therefrom. This represents
problems one of which is that the efficiency of the
heat  exchanger falls due to an increase in the
circulation amount of oil in the refrigerant circuit
and  another of which is that the separate provision
of an oil separator is required for avoiding an
increase in the circulation amount of oil. [0068] On
the other hand, in the fifteenth aspect of the present
invention, the low  pressure space (Si) in fluid
communication with the suction side of the compression
mechanism (20) and the high pressure space (S2) in
fluid communication with the discharge  side of the
compression mechanism (20) are provided in the casing
(10) and the electric motor  (30) is disposed in the
low pressure space (Si). This arrangement allows
suction gas to the  compression mechanism (20) to flow
around the electric motor (30), thereby efficiently
cooling the electric motor (30). In addition, since
the high pressure space (S2) in fluid  communication
with the discharge side of the compression mechanism
(20) is defined in the 



18  casing, thereby providing a configuration in which
discharge gas such as refrigerant is  expelled from
the compression mechanism (20) by way of the high
pressure space (S2).  Accordingly, even when discharge
gas contains, upon being discharged from the
compression  mechanism (20), a large amount of
lubricant, its lubricant content is separated in the
high  pressure space (S2). Consequently, the discharge
gas is discharged out of the compressor (1)  after
undergoing lubricant separation, thereby making it
possible to reduce the circulation  amount of oil in
the refrigerant circuit, to eliminate lack of oil in
the compressor (1), and to  eliminate the need for the
provision of an oil separator for eliminating lack of
oil in the  compressor (1). BRIEF DESCRIPTION OF THE
DRAWINGS  [0069] Figure 1 is a longitudinal cross
sectional view of a rotary compressor according to a
first embodiment of the present invention; Figure 2 is
a transverse cross sectional view which illustrates
the operation of a  compression mechanism; Figure 3 is
a longitudinal cross sectional view of a rotary
compressor according to a  first variation of the
first embodiment; Figure 4 is a configurational
diagram of a comparative example of a swinging bush
according to a second variation of the first
embodiment; Figure 5 is a configurational diagram of
the swinging bush according to the second  variation
of the first embodiment; Figure 6 is a configurational
diagram of a comparative example of a swinging bush
according to a third variation of the first
embodiment; Figure 7 is a configurational diagram of
the swinging bush of the third variation of  the first
embodiment; Figure 8 is a longitudinal cross sectional
view of a rotary compressor according to a  second
embodiment of the present invention; Figure 9 is a
longitudinal cross sectional view of a rotary
compressor according to a 



19  third embodiment of the present invention; Figure
10 is a longitudinal cross sectional view of a rotary
compressor according to a  fourth embodiment of the
present invention; Figure 11 is a transverse cross
sectional view which illustrates a compression
mechanism of a rotary compressor according to a fifth
embodiment of the present invention;  Figure 12 is a
longitudinal cross sectional view of a rotary
compressor according to a  sixth embodiment of the
present invention; Figure 13 is a longitudinal cross
sectional view of a rotary compressor according to a
seventh embodiment of the present invention; Figure 14
is a configurational diagram which illustrates a
variation of the swinging  bush; Figure 15 is a
configurational diagram which illustrates another
variation of the  swinging bush; Figure 16 is a
partial longitudinal cross sectional view of a rotary
compressor  according to the conventional technology;
Figure 17 is a cross sectional view taken along line
XVII-XVII of Figure 16; and  Figure 18 is a cross
sectional view which illustrates a variation of Figure
17.  REFERENCE NUMERALS IN THE DRAWINGS [0070] 1:
compressor  10: casing 16: upper housing -- 17: lower
housing 16a: bearing part  17a: bearing part 20:
compression mechanism (eccentric rotary piston
mechanism)  21: cylinder 22: annular piston 



20  23: blade 24: outer cylinder  25: inner cylinder
26: end plate 27: swinging bush (coupling member)
27A: discharge side bush 28B: suction side bush  28:
blade groove 29: seal ring (compliance mechanism)  30:
electric motor (driving mechanism)  33: driving shaft
33a: eccentric part Cl : cylinder chamber (outer
cylinder chamber)  C2: cylinder chamber (inner
cylinder chamber) Cl-Hp: high pressure chamber (first
chamber, compression chamber)  C2-Hp: high pressure
chamber (first chamber, compression chamber)  C1-Lp:
low pressure chamber (second chamber, suction chamber)
C2-Lp: low pressure chamber (second chamber, suction
chamber)  PI: first sliding surface P2: second sliding
surface  S3: heat insulating space BEST MODE
EMBODIMENT FOR CARRYING OUT THE INVENTION [0071] In
the following, embodiments of the present invention
are described in detail  with reference to the
accompanying drawings. FIRST EMBODIMENT OF THE
INVENTION [0072] A first embodiment of the present
invention is concerned with a rotary  compressor.
Referring first to Figure 1, the rotary compressor (1)
of the first embodiment  has a compression mechanism
(eccentric rotary piston mechanism) (20) and an
electric motor 



21  (driving mechanism) (30) which are housed in a
casing (10). The rotary compressor (1) is of  the
hermetically sealed type. For example, the compressor
(1) is used to compress  refrigerant drawn from an
evaporator and discharge the compressed refrigerant to
a condenser  in a refrigerant circuit of an air
conditioning system. [0073] The casing (10) is made up
of a cylindrical trunk part (11), an upper end plate
(12) which is firmly fixed to an upper end of the
trunk part (11), and a lower end plate (13)  which is
firmly fixed to a lower end of the trunk part (11).
The upper end plate (12) is  provided with a suction
pipe (14) which is extended completely through the end
plate (12)  and the trunk part (11) is provided with a
discharge pipe (15) which is extended completely
through the trunk part (11). [0074] The compression
mechanism (20) is configured between an upper housing
(16)  and a lower housing (17) which are firmly fixed
to the casing (10). The compression  mechanism (20)
includes a cylinder (21) which has an annular cylinder
chamber (Cl, C2), an  annular piston (22) which is
disposed in the cylinder chamber (Cl, C2), and a blade
(23)  which divides each cylinder chamber (C1, C2)
into a high pressure chamber (compression  chamber)
(CI-Hp, C2-Hp) serving as a first chamber and a low
pressure chamber (suction  chamber) (Cl-Lp, C2-Lp)
serving as a second chamber. The cylinder (21) and the
annular  piston (22) are configured such that they
relatively execute eccentric rotary motion. In the
first embodiment, the cylinder (21) having the
cylinder chamber (Cl, C2) is a movable side,  while
the annular piston (22) disposed in the cylinder
chamber (Cl, C2) is a stationary side.  [0075] The
electric motor (30) is provided with a stator (31) and
a rotor (32). The  stator (31) underlies the
compression mechanism (20), and is firmly fixed to the
trunk part  (11) of the casing (10). A driving shaft
(33) is coupled to the rotor (32) so that the driving
shaft (33) and the rotor (32) rotate together. The
driving shaft (33) is extended vertically  through the
cylinder chamber (Cl, C2). [0076] The driving shaft
(33) is provided with an oil supplying path
(diagrammatical  representation omitted) which
radially extends in the inside of the driving shaft
(33). The  driving shaft (33) is provided, at its
lower end, with an oil supplying pump (34). And the
oil 



22  supplying path extends upward from the oil
supplying pump (34) to the compression  mechanism
(20). Asa result of this arrangement, lubricant
accumulated on the bottom of the  casing (10) is
supplied by the oil supplying pump (34) to the sliding
part of the compression  mechanism (20) by way of the
oil supplying path. [0077] The driving shaft (33) is
provided, at a portion thereof situated within the
cylinder chamber (C1, C2), with an eccentric part
(33a). The eccentric part (33a) is formed  such that
it has a greater diameter than that of the upper and
lower portions of the eccentric  part (33a). The
eccentric part (33a) is off-centered from the center
of axle of the driving  shaft (33) by an predetermined
amount of eccentricity. [0078] The cylinder (21) is
made up of an outer cylinder (24) and an inner
cylinder (25).  The outer cylinder (24) and the inner
cylinder (25) are coupled together at their lower ends
by  an end plate (26), so that they are integrated
with each other. The inner cylinder (25) is  slidably
fitted into the eccentric part (33a) of the driving
shaft (33). [0079] The annular piston (22) is formed
integrally with the upper housing (16). In  addition,
the upper housing (16) and the lower housing (17) are
respectively provided with  bearing parts (16a, 17a)
for supporting the driving shaft (33). In this way,
the compressor  (1) of the present embodiment is
formed into a pass-through shaft configuration in
which the  driving shaft (33) is extended vertically
through the cylinder chamber (Cl, C2) and both the
radial side portions of the eccentric part (33a) are
supported on the casing (10) through the  bearing
parts (16a, 17a). [0080] The compression mechanism
(20) is provided with a swinging bush (27) serving  as
a coupling member for mutually movably coupling
together the annular piston (22) and the  blade (23).
The annular piston (22) is formed into a C-shape,
i.e., a split-ring shape having  at a portion thereof
a split. The blade (23) is formed such that it is
inserted through the split  of the annular piston (22)
to extend, on a line in the radial direction of the
cylinder chamber  (C1, C2), from the inner peripheral
wall surface of the cylinder chamber (Cl, C2) (i.e.,
the  outer peripheral surface of the inner cylinder
(25)) to the outer peripheral wall surface of the
cylinder chamber (Cl, C2) (i.e., the inner peripheral
surface of the outer cylinder (24)). The 



23  blade (23) is firmly fixed to both the outer
cylinder (24) and the inner cylinder (25). The
annular piston (22) and the blade (23) are coupled
together at the split of the annular piston  (22) by
the swinging bush (27). In addition, as shown in
Figure 2, the blade (23) may be  formed integrally
with both the outer cylinder (24) and the inner
cylinder (25). Alternatively,  a separate member may
be attached to both the cylinders (24, 25).
Additionally, the blade  (23) may be mounted such that
it travels in the longitudinal direction thereof.
[00811 The inner peripheral surface of the outer
cylinder (24) and the outer peripheral  surface of the
inner cylinder (25) are concentrically arranged
cylindrical surfaces between  which is defined the
cylinder chamber (Cl, C2). The annular piston (22) is
formed such that  it has an outer peripheral surface
having a smaller diameter than that of the inner
peripheral  surface of the outer cylinder (24), and an
inner peripheral surface having a greater diameter
than that of the outer peripheral surface of the inner
cylinder (25). As a result of this  arrangement, the
outer cylinder chamber (Cl) is formed between the
outer peripheral surface  of the annular piston (22)
and the inner peripheral surface of the outer cylinder
(24), while the  inner cylinder chamber (C2) is formed
between the inner peripheral surface of the annular
piston (22) and the outer peripheral surface of the
inner cylinder (25). [0082] In addition, when the
annular piston (22) and the cylinder (21) are in a
state in  which the outer peripheral surface of the
annular piston (22) and the inner peripheral surface
of the outer cylinder (24) substantially come into
contact with each other at one point (i.e., a  state
in which, although there is technically defined a gap
of micron order, refrigerant leakage  in the gap may
be negligible), the inner peripheral surface of the
annular piston (22) and the  outer peripheral surface
of the inner cylinder (25) are substantially brought
into contact with  each other at a position 180
degrees out of phase relative to the contact point.
[0083] The swinging bush (27) is made up of a
discharge side bush (27A) which is  located on the
side of the high pressure chamber (Cl-Hp, C2-Hp) with
respect to the blade  (23) and a suction side bush
(27B) which is located on the side of the low pressure
chamber  (Cl-Lp, C2-Lp) with respect to the blade
(23). Both the discharge side bush (27A) and the
suction side bush (27B) are approximately
semi-circular in cross section and are identical in 



24  shape with each other, and they are arranged such
that their flat surfaces are located opposite  each
other. And the space defined between the opposing
surfaces of the bushes (27A, 27B)  constitutes a blade
groove (28). [0084] The blade (23) is inserted in the
blade groove (28). The swinging bushes (27A,  27B)
each have a flat surface (i.e., a second sliding
surface (P2) of Figure 2(C)) which  substantially
comes into surface contact with the blade (23), and a
circular arc-shaped outer  peripheral surface (i.e., a
first sliding surface (PI)) which comes substantially
into surface  contact with the annular piston (22).
The swinging bushes (27A, 27B) are so configured as
to allow the blade (23) to move back and forth in the
blade groove (28) in the surface  direction of the
blade (23), with the blade (23) caught in the blade
groove (28). The  swinging buses (27A, 27B) are
configured such that they, at the same time, swing
integrally  with the blade (23) with respect to the
annular piston (22). Accordingly, the swinging bush
(27) is configured such that the blade (23) and the
annular piston (22) become relatively  swingable about
the central point of the swinging bush (27) as a swing
center and, in addition,  the blade (23) is able to
advance and withdrawn in the surface direction of the
blade (23) with  respect to the annular piston (22).
[0085] In the present embodiment, the description has
been made with respect to the  above example case
where the buses (27A, 27B) are formed separately from
each other.  Alternatively, the buses (27A, 28B) may
be integrally formed with each other by coupling
portions of the buses (27A, 28B). [0086] In the above
configuration, when the driving shaft (33) rotates,
the outer cylinder  (24) and the inner cylinder (25)
swing about the central point of the swinging bush
(27) as a  swing center, while the blade (23) travels
back and forth in the blade groove (28). This  swing
operation causes the point of contact between the
annular piston (22) and the cylinder  (21) to shift in
sequence from Figure 2(A) to Figure 2(D). At this
time, the outer cylinder  (24) and the inner cylinder
(25) orbit the driving shaft (33), but they do not
rotate. [0087] The upper housing (16) is provided, at
a position thereof beneath the suction pipe  (14),
with a suction opening (41). The suction opening (41)
is formed in the shape of an 



25  elongate hole extending over from the inner
cylinder chamber (C2) to a suction space (42)  formed
around the outer periphery of the outer cylinder (24).
The suction opening (41) is  extended completely
through the upper housing (16) in the axial direction
thereof, and brings  the low pressure chamber (Cl-Lp,
C2-Lp) of the cylinder chamber (Cl, C2) and the
suction  space (42) into fluid communication with the
space above the upper housing (16) which is a  low
pressure space (Sl). In addition, the outer cylinder
(24) is provided with a through-hole  (43) which
brings the suction space (42) and the low pressure
chamber (Cl-Lp) of the outer  cylinder chamber (Cl)
into fluid communication with each other and the
annular piston (22)  is provided with a through-hole
(44) which brings the low pressure chamber (Cl-Lp) of
the  outer cylinder chamber (Cl) and the low pressure
chamber (C2-Lp) of the inner cylinder  chamber (C2)
into fluid communication with each other. [0088] In
addition, the outer cylinder (24) and the annular
piston (22) are desirably  chamfered wedgewise at
their upper end portions corresponding to the suction
opening (41),  as indicated by broken line of Figure
1. This makes it possible to allow refrigerant to be
efficiently drawn into the low pressure chamber
(Cl-Lp, C2-Lp). [0089] The upper housing (16) is
provided with discharge openings (45, 46). These
discharge openings (45, 46) are each extended
completely through the upper housing (16) in  the
axial direction thereof. The lower end of the
discharge opening (45) is opened such that  it faces
towards the high pressure chamber (CI-Hp) of the outer
cylinder chamber (Cl),  while the lower end of the
discharge opening (46) is opened such that it faces
towards the  high pressure chamber (C2-Hp) of the
inner cylinder chamber (C2). On the other hand, the
upper ends of the discharge openings (45, 46) fluidly
communicate, through discharge valves  (reed valves)
(47, 48) for opening and closing the discharge
openings (45, 46), with a  discharge space (49).
[0090] The discharge space (49) is defined between the
upper housing (16) and a cover  plate (18). A
discharge passageway (49a) is formed through the upper
and lower housings  (16,17). The discharge passageway
(49a) fluidly communicates with a space below the
lower housing (17) (i.e., a high pressure space (S2))
from the discharge space (49). 



26  [0091] On the other hand, the lower housing (17)
is provided with a seal ring (29). The  seal ring (29)
is mounted in an annular groove (17b) of the lower
housing (17). The seal  ring (29) is brought into
pressure contact with the lower surface of the end
plate (26) of the  cylinder (21). In addition, it is
arranged such that, in the contact surface between the
cylinder (21) and the lower housing (17), high
pressure lubricant is introduced to a radial  inner
portion of the seal ring (29). In the way as described
above, the seal ring (29)  constitutes a compliance
mechanism capable of reducing a radial gap between the
lower end  surface of the annular piston (22) and the
end plate (26) of the cylinder (21). RUNNING OPERATION
[0092] The running operation of the compressor (1) is
described below. [0093] When the electric motor (30)
is activated, rotation of the rotor (32) is
transmitted  through the driving shaft (33) to the
outer and inner cylinders (24, 25) of the compression
mechanism (20). Then, the blade (23) executes
reciprocating motion, i.e.,  advance/withdrawal
motion, between the swinging bushes (27A, 27B) and
performs,  integrally with the swinging bushes (27A,
27B), a swing operation with respect to the annular
piston (22). At that time, the swinging bushes (27A,
27B) substantially come into surface  contact with the
annular piston (22) and the blade (23) at the sliding
surfaces (PI, P2). Then,  the outer cylinder (24) and
the inner cylinder (25) execute orbital motion while
executing a  swing motion with respect to the annular
piston (22), and the compression mechanism (20)
performs a predetermined compression operation. [0094]
More specifically, in the outer cylinder chamber (Cl),
the volume of the low  pressure chamber (Cl-Lp) is
almost at its minimum in the state shown in Figure
2(D). From  this state, the driving shaft (33) rotates
in a clockwise direction in the drawing, thereby
causing the change of state from the above state to
the state shown in Figure 2(A), then to the  state
shown in Figure 2(B), and then to the state of Figure
2(C). When the volume of the  low pressure chamber
(Cl-Lp) increases with the change of state,
refrigerant is drawn, by  way of the suction pipe
(14), the low pressure space (Si), and the suction
opening (41), into  the low pressure chamber (C1-Lp).
At this time, the refrigerant is not only drawn
directly 



27  into the low pressure chamber (Cl-Lp) from the
suction opening (41) but a part of the  refrigerant
also enters the suction space (42) from the suction
opening (41) and is drawn  through the through-hole
(43) into the low pressure chamber (Cl-Lp) from the
suction space  (42). [0095] When the outer cylinder
chamber (Cl) again enters the state shown in Figure
2(D) upon completion of one rotation of the driving
shaft (33), the sucking-in of refrigerant  into the
low pressure chamber (Cl-Lp) comes to a complete.
Then, this low pressure  chamber (Cl-Lp) next becomes
a high pressure chamber (Cl-Hp) in which refrigerant
is  compressed and a low pressure chamber (Cl-Lp) is
newly formed across the blade (23).  When the driving
shaft (33) is further rotated, the sucking-in of
refrigerant is repeatedly  carried out in the low
pressure chamber (Cl-Lp), while the volume of the high
pressure  chamber (Cl-Hp) decreases and refrigerant is
compressed in the high pressure chamber (Cl- Hp). When
the pressure of the high pressure chamber (CI-Hp)
becomes a predetermined  value and the difference in
pressure between the high pressure chamber (CI-Hp) and
the  discharge space (49) reaches a preset value, a
discharge valve (47) is placed in the open state  by
the high pressure refrigerant in the high pressure
chamber (Cl-Hp) and the high pressure  refrigerant
flows out to the high pressure space (S2) from the
discharge space (49) by way of  the discharge
passageway (49a). [0096] In the inner cylinder chamber
(C2), the volume of the low pressure chamber  (C2-Lp)
is almost at its minimum in the state shown in Figure
2(B). From this state, the  driving shaft (33) rotates
in a clockwise direction in the drawing, thereby
causing the change  of state from the above state to
the state shown in Figure 2(C), then to the state
shown in  Figure 2(D), and then to the state of Figure
2(A). When the volume of the low pressure  chamber
(C2-Lp) increases with the change of state,
refrigerant is drawn, by way of the  suction pipe
(14), the low pressure space (Sl), and the suction
opening (41), into the low  pressure chamber (C2-Lp).
At this time, the refrigerant is not only drawn
directly into the  low pressure chamber (C2-Lp) from
the suction opening (41) but a part of the refrigerant
also  enters the suction space (42) from the suction
opening (41) and is drawn, through the through 



28  hole (43), the low pressure chamber (Cl-Lp) of the
outer cylinder chamber and the through- hole (44),
into the low pressure chamber (C2-Lp) of the inner
cylinder chamber (C2) from the  suction space (42).
[0097] When the inner cylinder chamber (C2) again
enters the state shown in Figure  2(B) upon completion
of one rotation of the driving shaft (33), the
sucking-in of refrigerant  into the low pressure
chamber (C2-Lp) comes to a complete. Then, this low
pressure  chamber (C2-Lp) next becomes a high pressure
chamber (C2-Hp) in which refrigerant is  compressed
and a low pressure chamber (C2-Lp) is newly formed
across the blade (23).  When the driving shaft (33) is
further rotated, the sucking-in of refrigerant is
repeatedly  carried out in the low pressure chamber
(C2-Lp), while the volume of the high pressure
chamber (C2-Hp) decreases and refrigerant is
compressed in the high pressure chamber (C2- Hp). When
the pressure of the high pressure chamber (C2-Hp)
becomes a predetermined  value and the difference in
pressure between the high pressure chamber (C2-Hp) and
the  discharge space (49) reaches a preset value, a
discharge valve (48) is placed in the open state  by
the high pressure refrigerant in the high pressure
chamber (C2-Hp) and the high pressure  refrigerant
flows out to the high pressure space (S2) from the
discharge space (49) by way of  the discharge
passageway (49a). [0098] In the way as described
above, the high pressure refrigerant, after
compression in  both the outer cylinder chamber (Cl)
and the inner cylinder chamber (C2) and flowing out to
the high pressure space (S2), is discharged from the
discharge pipe (15), is subjected to  condensation,
expansion, and evaporation processes in the
refrigerant circuit, and thereafter is  drawn again
into the compressor (1). ADVANTAGEOUS EFFECTS OF THE
FIRST EMBODIMENT [0099] In the first embodiment, as a
coupling member for coupling together the annular
piston (22) and the blade (23), the swinging bush (27)
is provided. Since it is configured  such that the
swinging bush (27) substantially comes into surface
contact, at the sliding  surfaces (P1, P2), with the
annular piston (22) and the blade (23), this prevents
the annular  piston (22) and the blade (23) from
wearing and further prevents their contact parts from 



29  undergoing seizure during the operation. [0100] In
addition, because of the provision of the swinging
bush (27) and of the  arrangement that the swinging
bush (27) comes into surface contact with the annular
piston  (22) and the blade (23), the sealability of
the contact parts is also excellent. This therefore
prevents the occurrence of a drop in the compression
efficiency due to refrigerant leakage into  the low
pressure chamber (Cl-Lp, C2-Lp) from the high pressure
chamber (Cl-Hp, C2-Hp)  in each of the outer cylinder
chamber (Cl) and the inner cylinder chamber (C2).
[0101] Furthermore, in accordance with the compressor
(1) of the present embodiment,  the torque
fluctuations associated with the compression process
in the outer cylinder chamber  (Cl) and the torque
fluctuations associated with the compression process
in the inner cylinder  chamber (C2) are deviated 180
degrees in phase from each other, and the amplitude of
the  total torque curve becomes smaller in comparison
with the single cylinder compressor. If  the amplitude
is great, the vibration and noise of the compressor
(1) becomes problematic.  Such a problem is avoided in
the present embodiment. Besides, the configuration
produces  less noise. There is no need to employ
soundproofing material and there is an effect of
reducing costs. [0102] In addition, in a conventional
2-cylinder type compressor with a two-tiered
compression mechanism (see, for example, JP
2000-161276A), its configuration becomes  complicated,
thereby increasing costs. In the compressor (1) of the
present embodiment,  however, the provision of two
cylinder chambers, i.e., the outer and inner cylinder
chambers  (Cl, C2), in the single compression
mechanism (20) provides the same performance that the
aforesaid 2-cylinder type compressor accomplishes.
Besides, the configuration can be  simplified and the
costs are held low. In addition, in the present
embodiment, the bearing-to- bearing span can be made
shorter than the 2-cylinder type compressor with a
two-tiered  compression mechanism, thereby reducing
the deflection of the driving shaft. As a result,  the
operation becomes stabilized. [0103] Furthermore,
according to the configuration of the present
embodiment, in the  case where liquid back into the
compressor (1) from an evaporator in the refrigerant
circuit 



30  occurs due to a variation in the operating
condition, if the high pressure of the high pressure
chamber (CI-Hp, C2-Hp) of the cylinder chamber (C1,
C2) abnormally increases, the seal  ring (29) becomes
deformed to thereby cause downward displacement of the
cylinder (21).  This allows liquid refrigerant to leak
to the low pressure chamber (Cl-Lp, C2-Lp) from the
high pressure chambers (CI-Hp, C2-Hp), whereby the
occurrence of liquid compression is  also prevented.
As a result, the failure probability of the
compression mechanism (20) is  lowered and its
reliability is improved accordingly. [0104] In
addition, according to the first embodiment, the blade
(23) is mounted  integrally on the cylinder (21),
wherein the blade (23) is held, at its both ends, on
the cylinder  (21). This therefore impedes application
of an abnormal concentrated load to the blade (23)
and stress concentration in the blade (23) during the
operation. Consequently, the sliding  parts are less
subjected to damage, thereby enhancing the reliability
of the mechanism. [0105] In addition, the conventional
technology shown in Figures 14 through 16  employs an
Oldham mechanism as a rotation preventing mechanism
for permitting the  annular piston (22) to execute
only an eccentric rotary motion while inhibiting the
annular  piston (22) from rotating. In the first
embodiment, however, the coupling of the annular
piston (22) and the blade (23) by the use of the
swinging bush (27) itself constitutes an  annular
piston rotation preventing mechanism. Consequently,
there is no need to provide a  dedicated rotation
preventing mechanism, thereby making it possible to
provide compact  design. VARIATIONS OF THE FIRST
EMBODIMENT  FIRST VARIATION [0106] With reference to
Figure 3, there is shown a first variation of the
first  embodiment. [0107] In the first variation, the
cylinder (21) is configured without using the end
plate  (26). More specifically, the cylinder (21) is
formed by integration of the outer cylinder (24),  the
inner cylinder (25), and the blade (23). In addition,
the seal ring (29) shown in Figure 1  is not provided.



31  [0108] The above configuration further simplifies
the configuration of the cylinder (21),  thereby
making it possible to downsize the compression
mechanism (20). [0109] Since the other configurations,
operations, effects are the same as the first
embodiment, their detailed description is omitted
here. SECOND VARIATION [0110] In a second variation of
the first embodiment, the diameter dimension (D) of
the  circular arc-like outer peripheral surface of the
swinging bush (27) is made greater than the  wall
thickness dimension (T) of the annular piston (22). In
this case, what is meant by the  "wall thickness
dimension of the annular piston (22)" is the
difference between the radial  dimension of the outer
peripheral surface of the annular piston (22) and the
radial dimension  of the inner peripheral surface of
the annular piston (22). [0111] Here, if the diameter
dimension (D) of the swinging bush (27) equals the
wall  thickness dimension (T) of the annular piston
(22), as shown in Figure 4(A) which illustrates  a
comparative example when the annular piston (22) is in
its lower dead point position and as  shown in Figure
4(B) which illustrates the comparative example when
the annular piston (22)  is in its upper dead point
position, this requires the provision of a notched
part (22a) in the  annular piston (22) in order that
the behavior of the blade (23) (see virtual line of
Figure 4(A))  may not be obstructed when the annular
piston (22) executes an eccentric rotary motion. In
this case, the space defined by the notched part (22a)
becomes an invalid volume (Ds), in  other words high
pressure gas is not discharged therefrom but remains
therein even after  completion of a compression
process in the high pressure chamber (CI-Hp, C2-Hp).
As a  result, the high pressure gas lingering in the
invalid volume (Ds) leaks into the low pressure
chamber (Cl-Lp, C2-Lp) at the start of a subsequent
suction process and is re-expanded,  thereby
deteriorating the efficiency. [0112] On the other
hand, in the present variation, as shown in Figure
5(A) which  depicts the annular piston (22) in its
lower dead point position and as shown in Figure 5(B)
which depicts the annular piston (22) in its upper
dead point position, the diameter dimension  (D) of
the swinging bush (27) is made to exceed the wall
thickness dimension (T) of the 



32  annular piston (22) so that the invalid volume
(Ds) can be lessened just by the provision of a
chamfered part (27a) in the annular piston (22).
Accordingly, reexpansion loss reduction  when the
eccentric rotary piston mechanism (20) is implemented
by a compression  mechanism is accomplished, thereby
making it possible to enhance the operating
efficiency.  [0113] In the way as described above, in
accordance with the second variation, the  swinging
bush (27) can be configured such that it becomes
superior especially in the efficient  aspect of the
eccentric rotary piston mechanism (20), when the
annular piston (22) and the  blade (23) are coupled
together by the swinging bush (27). THIRD VARIATION
[0114] In a third variation of the first embodiment,
the swing center of the swinging  bush (27) is more
radially inwardly displaced than the wall thickness
center of the annular  piston (22). [0115] Here, if
the swinging bush (27) of the symmetrical type is
employed whose  center corresponds to the wall
thickness center of the annular piston (22) and which
has at its  both sides identical chamfered parts
(27a), as shown in Figure 6(A) which shows an
comparative example when the annular piston (22) is in
its lower dead point position and as  shown in Figure
6(B) which shows the comparative example when the
annular piston (22) is  in its upper dead point
position, this creates the invalid volume (Ds) inside
the annular piston  (22), and reexpansion loss becomes
a problem. Conversely speaking, when it is attempted
to  accomplish a reexpansion loss reduction when the
center of the swinging bush (27) is made to  agree
with the wall thickness center of the annular piston
(22), this requires the provision of  the swinging
bush (27) of the asymmetric type in which only the
chamfered part (27a) on the  inside of the annular
piston (22) is made small and whose assembly work is
troublesome.  [0116] On the other hand, in the present
variation, as shown in Figure 7(A) which  depicts the
annular piston (22) in its lower dead point position
and as shown in Figure 7(B)  which depicts the annular
piston (22) in its upper dead point position, the
center of the  swinging bush (27) is displaced more
radially inwardly than the wall thickness center of
the  annular piston (22). Therefore, it becomes
possible that the invalid volume (Ds) is hardly 



33  created even when the swinging bush (27) of the
symmetrical type is employed. Because of  this,
reexpansion loss reduction can be accomplished easily,
thereby making it possible to  enhance the operating
efficiency. [0117] In the way as described above, in
accordance with the third variation, like the  second
variation, the swinging bush (27) can be configured
such that it becomes superior  especially in the
efficient aspect of the eccentric rotary piston
mechanism (20), when the  annular piston (22) and the
blade (23) are coupled together by the swinging bush
(27).  [0118] In addition, even when, instead of
employing the asymmetrical swinging bush  (27), the
symmetrical swinging bush (27) is used, it becomes
possible to accomplish a  reduction in the reexpansion
loss, thereby making it possible to easily avoid the
occurrence of  a malassembly of the mechanism. In
other words, when employing the swinging bush (27)
having an asymmetrical shape, the mechanism may be
misassembled because of making a  mistake about the
assembly direction. The present variation, since it
employs the swinging  bush (27) having a symmetrical
shape, eliminates the occurrence of a malassembly and
the  need for complicated work operations for
preventing the occurrence of a malassembly.  SECOND
EMBODIMENT OF THE INVENTION [0119] The present
invention provides a second embodiment which is an
exemplary  embodiment in which the layout of the
compression mechanism (20) and the electric motor
(30) in the casing (10) differs from the first
embodiment. [0120] In the second embodiment, as shown
in Figure 8, the compression mechanism  (20) is
disposed in a lower portion of the casing (10) while
the electric motor (30) is disposed  in an upper
portion of the casing (10). The compression mechanism
(20) is configured  between the upper housing (16) and
the lower housing (17) which are firmly fixed to the
lower part of the casing (10), wherein the annular
piston (22) is formed integrally with the  upper
housing (16). The cylinder (21) is formed by
integrating the outer cylinder (24), the  inner
cylinder (25), and the end plate (26). The inner
cylinder (25) is slidably fitted into the  eccentric
part (33a) of the driving shaft (33) and is held
between the upper housing (16) and  the lower housing
(17). In addition, the upper housing (16) and the
lower housing (17) are 



34  respectively provided with bearing parts (16a,
17a) for supporting the driving shaft (33).  [0121]
The trunk part (11) of the casing (10) is provided
with a suction pipe (14) and the  upper end plate (12)
is provided with a discharge pipe (15). In addition,
in the upper housing  (16), a suction space (42) and a
suction passageway (42a) are formed, wherein the
suction  space (42) is in fluid communication with the
suction pipe (14) through the suction opening  (41),
while the suction passageway (42a) is in fluid
communication with the low pressure  chamber (CI-Lp)
of the outer cylinder chamber (Cl) and the low
pressure chamber (C2-Lp)  of the inner cylinder
chamber (C2) from the suction space (42). Furthermore,
the suction  space (42) is in fluid communication with
the low pressure chamber (C1-Lp) of the outer
cylinder chamber (C I) through the through-hole (43)
of the outer cylinder (24) and is further  in fluid
communication with the low pressure chamber (C2-Lp) of
the inner cylinder chamber  (C2) through the
through-hole (44) of the annular piston (22). [0122]
In the upper housing (16), a discharge opening (45) of
the outer cylinder  chamber (Cl) and a discharge
opening (46) of the inner cylinder chamber (C2) are
formed,  wherein the discharge opening (45) is
provided with a discharge valve (47) while the
discharge opening (46) is provided with a discharge
valve (48). [0123] The upper housing (16) is provided
with a discharge cover (sound deadening  member) with
which the discharge openings (45, 46) are covered.
Defined between the  discharge cover (50) and the
upper housing (16) is a discharge space (49). The
discharge  space (49) fluidly communicates, through an
opening (50a) formed in the center of the  discharge
cover (50), with a space defined above the discharge
cover (50). [0124] The other configurations of the
second embodiment are the same as the first
embodiment. Accordingly, the description of the
configurations other than the above is  omitted here.
[0125] Also in the second embodiment, like the first
embodiment, the swinging bush  (27) is provided as a
coupling member for coupling together the annular
piston (22) and the  blade (23) and it is configured
such that the swinging bush (27) substantially comes
into  surface contact, at the sliding surfaces (P1,
P2), with the annular piston (22) and the blade 



35  (23). This therefore prevents the annular piston
(22) and the blade (23) from wearing and  further
prevents their contact parts from undergoing seizure
during the operation. [0126] In addition, since the
swinging bush (27) comes into surface contact with the
annular piston (22) and the blade (23), the
sealability of the contact parts is excellent, which
is  also the same as the first embodiment. This
therefore prevents the occurrence of a drop in  the
compression efficiency due to refrigerant leakage into
the low pressure chamber (Cl-Lp,  C2-Lp) from the high
pressure chamber (CI-Hp, C2-Hp) in each of the outer
cylinder  chamber (Cl) and the inner cylinder chamber
(C2). [0127] The same advantageous effects that the
first embodiment accomplishes are  obtained. More
specifically, other than the above-described
advantageous effects, the  present embodiment
provides, in addition to vibration and noise reduction
owing to total  torque curve amplitude reduction and
cost reduction, further advantageous effects such as
simplified configuration when compared to the
conventional 2-cylinder type, liquid- compression
prevention et cetera. [0128] Additionally, in the
present embodiment, the compression mechanism (20) is
disposed in the lower part of the casing (10) so that
the sliding parts of mechanism are  situated in the
vicinity of the lubricant sump. This provides a
benefit of facilitating  lubrication. THIRD EMBODIMENT
OF THE INVENTION [0129] The present invention provides
a third embodiment which is an exemplary  embodiment
in which a part of the configuration of the
compression mechanism (20) of the  first embodiment is
modified. [0130] In the third embodiment, as shown in
Figure 9, the compression mechanism (20)  itself is
configured upside down in comparison to the first
embodiment and, in addition, the  suction
configuration is modified. More specifically, the
cylinder (21) is integrally configured by coupling
together the outer cylinder (24) and the inner
cylinder (25) with the  end plate (26) at its upper
end. In addition, the annular piston (22) is formed
integrally with  the lower housing (17). The seal ring
(29) is mounted in an annular groove (16b) formed in 



36  the upper housing (16) and is brought into
pressure contact with the upper surface of the end
plate (26) of the cylinder (21). [0131] The suction
pipe (14) is laterally mounted to the trunk part (11)
of the casing (10)  and a suction opening (41) in
fluid communication with the suction pipe (14) is
formed in the  lower housing (17). In addition, in the
lower housing (17), a suction space (42) and a
suction passageway (42a) are formed, wherein the
suction space (42) fluidly communicates  with the
suction opening (41) while the suction passageway
(42a) fluidly communicates with  the low pressure
chamber (C1-Lp) of the outer cylinder chamber (Cl) and
the low pressure  chamber (C2-Lp) of the inner
cylinder chamber (C2) from the suction space (42). The
suction space (42) is in fluid communication, through
the through-hole (43) of the outer  cylinder (24),
with the low pressure chamber (Cl-Lp) of the outer
cylinder chamber (Cl), and is also in fluid
communication, through the through-hole (44) of the
annular piston (22),  with the low pressure chamber
(C2-Lp) of the inner cylinder chamber (C2). [0132]
Discharge openings (45, 46) are formed in the lower
housing (17). The  discharge opening (45) of the outer
cylinder chamber (Cl) is provided with a discharge
valve  (47) and the discharge opening (46) of the
inner cylinder chamber (C2) is provided with a
discharge valve (48). In addition, the lower housing
(17) is provided, at its lower surface, a  cover plate
(18), and there is defined a discharge space (49)
between the lower housing (17)  and the cover plate
(18). The discharge space (49) fluidly communicates
through a discharge passageway (not shown) with the
high pressure space (S2) below the compression
mechanism (20). [0133] The other configurations of the
present embodiment are the same as the first
embodiment. [0134] Also in the third embodiment, as a
coupling member for coupling together the  annular
piston (22) and the blade (23), the swinging bush (27)
is provided, and it is configured  such that the
swinging bush (27) substantially comes into surface
contact, at the sliding  surfaces (Pl, P2), with the
annular piston (22) and the blade (23), as in each of
the foregoing  embodiments. This therefore prevents
the annular piston (22) and the blade (23) from 



37  wearing and further prevents their contact parts
from undergoing seizure during the operation.  [0135]
In addition, since the swinging bush (27) comes into
surface contact with the  annular piston (22) and the
blade (23), the sealability of the contact parts is
also excellent,  which is also the same as each of the
foregoing embodiments. This therefore prevents the
occurrence of a drop in compression efficiency due to
refrigerant leakage to the low pressure  chamber
(Cl-Lp, C2-Lp) from the high pressure chamber (CI-Hp,
C2-Hp) in each of the  outer cylinder chamber (Cl) and
the inner cylinder chamber (C2). [0136] Furthermore,
the same advantageous effects that each of the
aforesaid  embodiments accomplishes are obtained. More
specifically, other than the above-described
advantageous effects, the present embodiment provides,
in addition to vibration and noise  reduction owing to
total torque curve amplitude reduction and cost
reduction, further  advantageous effects such as
simplified configuration when compared to the
conventional 2- cylinder type, liquid-compression
prevention et cetera. FOURTH EMBODIMENT OF THE
INVENTION [0137] The present invention provides a
fourth embodiment which is an exemplary  embodiment in
which, contrary to each of the first to third
embodiments in which the annular  piston (22) is a
stationary side and the cylinder (21) is a movable
side, the cylinder (21) is a  stationary side and the
annular piston (22) is a movable side. [0138] In the
fourth embodiment, as shown in Figure 10, the
compression mechanism  (20) is disposed in the upper
part of the casing (10), as in the first embodiment.
Like each of  the foregoing embodiments, the
compression mechanism (20) is configured between the
upper housing (16) and the lower housing (17). [0139]
On the other hand, unlike each of the foregoing
embodiments, the upper housing  (16) is provided with
the outer cylinder (24) and the inner cylinder (25).
The outer cylinder  (24) and the inner cylinder (25)
are made integral with the upper housing (16) to form
the  cylinder (21). [0140] The annular piston (22) is
held between the upper housing (16) and the lower
housing (17). The annular piston (22) is made integral
with the end plate (26). The end 



38  fi plate (26) is provided with a hub (26a) which
is slidably fitted into the eccentric part (33a) of
the driving shaft (33). Accordingly, in this
configuration, when the driving shaft (33) rotates,
the annular piston (22) executes an eccentric rotary
motion within the cylinder chamber (Cl,  C2). In
addition, the blade (23) is made integral with the
cylinder (21), as in each of the  foregoing
embodiments. [0141] In the upper housing (16), a
suction opening (41) which fluidly communicates  with
the outer and inner cylinder chambers (Cl, C2) from
the low pressure space (Si) above  the compression
mechanism (20) of the casing (10), a discharge opening
(45) of the outer  cylinder chamber (Cl), and a
discharge opening (46) of the inner cylinder (25) are
formed.  In addition, a suction space (42) in fluid
communication with the suction opening (41) is  formed
between the hub (26a) and the inner cylinder (25); a
through-hole (44) is formed in  the inner cylinder
(25); and a through-hole (43) is formed in the annular
piston (22).  Furthermore, it is desirable that the
upper end of each of the annular piston (22) and the
inner  cylinder (25) is chamfered at a place
corresponding to the suction opening (41) as indicated
by broken line. [0142] Mounted above the compression
mechanism (20) is a cover plate (18). There is
defined a discharge space (49) between the upper
housing (16) and the cover plate (18). This discharge
space communicates through a discharge passageway
(49a) formed through  the upper and lower housings
(16, 17) with the high pressure space (S2) underlying
the  compression mechanism (20). [0143] Also in the
fourth embodiment, as a coupling member for coupling
together the  annular piston (22) and the blade (23),
the swinging bush (27) is provided, and it is
configured  such that the swinging bush (27)
substantially comes into surface contact, at the
sliding  surfaces (P1, P2), with the annular piston
(22) and the blade (23), as in each of the foregoing
embodiments. This therefore prevents the annular
piston (22) and the blade (23) from  wearing and
further prevents their contact parts from undergoing
seizure during the operation.  [0144] In addition,
since the swinging bush (27) comes into surface
contact with the  



annular piston (22) and the blade (23), the
sealability of the contact parts is excellent, which
is 39  also the same as each of the foregoing
embodiments. This therefore prevents the occurrence
of a drop in the compression efficiency due to
refrigerant leakage into the low pressure  chamber
(Cl-Lp, C2-Lp) from the high pressure chamber (CI-Hp,
C2-Hp) in the each of the  outer cylinder chamber (Cl)
and the inner cylinder chamber (C2). [0145]
Furthermore, the same advantageous effects that each
of the aforesaid  embodiments accomplishes are
obtained. More specifically, other than the
above-described  advantageous effects, the present
embodiment provides, in addition to vibration and
noise  reduction owing to total torque curve amplitude
reduction and cost reduction, further  advantageous
effects such as simplified configuration when compared
to the conventional 2- cylinder type,
liquid-compression prevention et cetera. FIFTH
EMBODIMENT OF THE INVENTION [0146] The present
invention provides a fifth embodiment which is an
exemplary  embodiment in which there is made a
difference in suction shutoff angle between the outer
cylinder chamber (Cl) formed on the outside of the
annular piston (22) and the inner cylinder  chamber
(C2) formed on the inside of the annular piston (22).
[0147] The fifth embodiment employs a suction
structure as already described herein  with reference
to Figures 8 and 9. This suction structure allows
refrigerant to be drawn,  through the through-hole
(43) of the outer cylinder (24) and the through-hole
(44) of the inner  cylinder (25), into the outer and
inner cylinder chambers (Cl, C2) from the suction pipe
(14)  laterally mounted to the trunk part (11) of the
casing (10) and the suction space (42). [0148] As
shown in Figure 11, the through-hole (43) of the outer
cylinder (24) is so  formed as to be circumferentially
greater in length than the through-hole (44) of the
inner  cylinder (25). As a result of such arrangement,
the position in which the suction process is
completed (i.e., the position in which the compression
process is commenced) in the outer  cylinder chamber
is made to be reached later than in the inner cylinder
chamber (C2). In  other words, the suction shutoff
angle of the outer cylinder chamber (Cl) exceeds the
suction  shutoff angle of the inner cylinder chamber
(C2). 



[0149] As a result of the above configuration, the
compression volume of the outer 40  cylinder chamber
(Cl) can be made less than the compression volume of
the outer cylinder  chamber (Cl) in each of the
foregoing embodiments. As a result, it becomes
possible to  reduce the difference between the
compression volume of the outer cylinder chamber (Cl)
situated on the outside of the annular piston (22) and
the compression volume of the inner  cylinder chamber
(C2) situated on the inside of the annular piston
(22). This therefore  reduces the difference between
the amplitude of torque fluctuations associated with
the  compression operation in the outer cylinder
chamber (Cl) and the amplitude of torque  fluctuations
associated with the compression operation in the inner
cylinder chamber (C2),  thereby making it possible to
further reduce the overall torque fluctuation in
comparison with  each of the foregoing embodiments.
This therefore makes it possible to enhance vibration
lowering merit and noise lowering merit. [0150] In
addition, other than the above, the same advantageous
effects that each of the  foregoing embodiments
accomplishes are obtained. SIXTH EMBODIMENT OF THE
INVENTION [0151] The present invention provides a
sixth embodiment which is an exemplary  embodiment in
which a heat insulating space (S3) is formed around
the outer periphery of the  compression mechanism
(20). [0152] More specifically, as shown in Figure 12,
the through-hole (43) of the outer  cylinder (24) and
the through-hole (44) of the annular piston (22) which
are formed in the first  embodiment (Figure 1) are not
provided. Instead, the space around the outer cylinder
(24)  serves as the heat insulating space (S3) of low
pressure. Stated another way, in the sixth
embodiment, the suction space (42) of the first
embodiment functions as the heat insulating  space
(S3) in which low pressure refrigerant is accumulated.
[0153] The other configurations are the same as the
first embodiment. [0154] The above arrangement impedes
the transfer of heat from the high pressure space
(S2) to low pressure refrigerant which is drawn into
the compression mechanism (20). Thus,  the capacity
degradation due to suction superheat loss is
prevented. 



SEVENTH EMBODIMENT OF THE INVENTION 41  [0155] The
present invention provides a seventh embodiment which
is an exemplary  embodiment in which, as shown in
Figure 13, the space underneath the compression
mechanism (20) in the casing (10) serves as the low
pressure space (Si) and the space above  the
compression mechanism (20) serves as the high pressure
space (S2). Hereinafter, the  difference between the
first embodiment and the present embodiment is mainly
described.  [0156] In the compressor (1), the suction
pipe (14) is provided in the trunk part (11) of  the
casing (11). The suction pipe (14) is extended
completely through the trunk part (11).  The discharge
pipe (15) is provided in the upper end plate (12). The
discharge pipe (15) is  extended completely through
the end plate (12). [0157] In addition, the driving
shaft (33) is supported, at its lower end, by a
bearing  member (19). [0158] In regard to the
compression mechanism (20), its suction configuration,
discharge configuration, and compliance mechanism
differ from the first embodiment.  [0159] In the first
place, the lower housing (17) is provided with a
suction opening (41) which is opened to the space
(i.e., the low pressure space (Sl)) below the
compression  mechanism (20). In addition, the upper
housing (16) is provided with a suction space (42)
and a suction passageway (42a). The suction space (42)
fluidly communicates with the  suction opening (41)
and the suction passageway (42a) fluidly communicates
with the low  pressure chamber (Cl-Lp) of the outer
cylinder chamber (Cl) and the low pressure chamber
(C2-Lp) of the inner cylinder chamber (C2) from the
suction space (42). The arrangement  that the
through-hole (43) for establishing fluid communication
between the suction space  (42) and the low pressure
chamber (Cl-Lp) of the outer cylinder chamber (Cl) is
formed in  the outer cylinder (24) and the arrangement
that the through-hole (44) for establishing fluid
communication between the low pressure chamber (Cl-Lp)
of the outer cylinder chamber  (Cl) and the low
pressure chamber (C2-Lp) of the inner cylinder chamber
(C2) is formed in  the annular piston (22) are the
same as the first embodiment. [0160] In addition, like
the first embodiment, the upper housing (16) is
provided with  



discharge openings (45, 46). Each of the discharge
openings (45, 46) is extended completely 42  through
the upper housing (16) in an axial direction thereof.
The lower end of the discharge  opening (45) is opened
such that it faces towards the high pressure chamber
(Cl-Hp) of the  outer cylinder chamber (Cl) while the
lower end of the discharge opening (46) is opened such
that it faces towards the high pressure chamber
(C2-Hp) of the inner cylinder chamber (C2).  On the
other hand, the upper ends of the discharge openings
(45, 46) fluidly communicate,  respectively, through
discharge valves (reed valves) (47, 48) for opening
and closing the  discharge valves (45, 46) with the
discharge space (49). [01611 The discharge space (49)
is formed between the upper housing (16) and the cover
plate (18). The discharge space (49) is a space which
circumferentially continuously extends  above the
compression mechanism (20), and fluidly communicates
through an opening (18a)  of the cover plate (18) with
the high pressure space (S2) overlying the cover plate
(18). The  discharge pipe (15) is opened at its lower
end to the high pressure space (S2). [0162] A piston
side high pressure introducing passageway (36a) is
formed in the  annular piston (22) such that it is
extended completely through from the upper end surface
to  the lower end surface of the annular piston (22).
A cylinder side high pressure introducing  passageway
(36b) is formed in the end plate (26) of the cylinder
(21) such that it is extended  completely through from
the upper end surface to the lower end surface of the
end plate (26).  The piston side high pressure
introducing passageway (36a) and the cylinder side
high  pressure introducing passageway (36b) fluidly
communicate with each other even during the  operation
of the compression mechanism (20) because of the
arrangement that the lower end  of the piston side
high pressure introducing passageway (36) has a
greater diameter, and high  pressure in the discharge
chamber (49) is introduced to the contact surface
between the lower  housing (17) and the end plate
(26). [0163] The lower housing (17) is provided with
an inner seal ring (29a) which is  positioned radially
inwardly of the cylinder side high pressure
introducing passageway (36b)  and an outer seal ring
(29b) which is positioned radially outwardly of the
cylinder side high  pressure introducing passageway
(36b). These seal rings (29a, 29b) are mounted in the



annular grooves (17b, 17c) of the lower housing (17).
This constitutes, by making 43  utilization of
pressure between the seal rings (29a, 29b), a
compliance mechanism operable to  reduce an axial gap
possibly created between the cylinder (21) and the
annular piston (22).  [0164] On the other hand, an oil
return pipe (oil return passageway) (37) is so formed
as  to extend vertically entirely through the upper
and lower housings (16, 17). The oil return  pipe (37)
is formed by a capillary tube. Although discharge gas
expelled from the  compression mechanism (20) contains
therein lubricant, the lubricant is separated from the
refrigerant in the high pressure space (Si) and is
accumulated on the upper surface of the  upper housing
(16). Then, the lubricant is returned back to the
bottom part of the casing (10)  by way of the oil
return pipe (37) by the differential pressure between
the high pressure space  (S2) and the low pressure
space (Si). [0165] In the present embodiment, the
refrigerant drawn into the low pressure space  (Si) of
the casing (10) from the suction pipe (14) is
branched, after passage through the  suction opening
(41) and then through the suction space (42), into a
route passing through the  suction passageway (42a)
and another route passing through the through-holes
(43, 44),  thereafter being drawn into the cylinder
chamber (C1, C2). The refrigerant is compressed in
the compression mechanism (20). Thereafter, the
refrigerant flows out to the high pressure  chamber
(52) from the discharge space (49), by way of the
opening (18a) of the cover plate  (18). [0166] The
high pressure refrigerant, after compression in the
compression mechanism  (20) and flowing out to the
high pressure space (S2) in the way as described
above, is  discharged to outside the casing (10) from
the discharge pipe (15) and, after subjected to a
condensation process, an expansion process, and an
evaporation process in the refrigerant  circuit, is
again drawn into the compressor (1). Lubricant
contained in the refrigerant  discharged from the
compression mechanism (20) is separated from the
refrigerant in the high  pressure space (S2), is
passed through the oil return pipe (37), falls in
drops down to the low  pressure space (Si), and is
returned back to the lubricant sump in the lower part
of the casing  (10). 



[0167] In the present embodiment, the space below the
compression mechanism (20) 44  serves as the low
pressure space (Si) and the electric motor (30) is
disposed in the low  pressure space (Sl), thereby
making it possible to efficiently cool the electric
motor (30) with  low pressure gas. Accordingly, even
when the volume of the compressor (1) is made large,
it is possible to inhibit the electric motor (30) from
undergoing capacity degradation, and the  operating
efficiency is enhanced. [0168] In addition, discharge
gas from the compression mechanism (20) flows into the
high pressure space (S2) and is discharged from the
discharge pipe (15), thereby making it  possible to
separate lubricant contained in the discharge gas in
the high pressure space (S2).  Besides, the lubricant
is returned back to the lubricant sump of the casing
(10) by way of the  oil return pipe (37). This
therefore prevents an increase in the circulation
amount of  lubricant in the refrigerant circuit.
Conversely speaking, it becomes possible to prevent
lack  of lubricant in the compressor (1). In addition,
there is no need to provide a dedicated oil  separator
for preventing the occurrence of lack of lubricant in
the compressor (1). [0169] Furthermore, the two spaces
are formed across the compression mechanism (20)  in
the casing (10), wherein one of the two spaces serves
as the low pressure space (Si) and  the other space
serves as the high pressure space (S2). This therefore
makes it possible to  provide the low and high
pressure spaces (Si, S2) of simple configuration. This
therefore  prevents the configuration of the
compressor (1) from becoming complicated and also
prevents the compressor (1) from increasing in size.
[0170] In addition, since the low pressure space (Si)
is formed below the compression  mechanism (20) and
the high pressure space (S2) is formed above the
compression  mechanism (20), this prevents the
occurrence of liquid compression from taking place
because liquid refrigerant is not drawn into the
compression mechanism (20) even when  liquid back is
caused by a change in the operating condition of the
refrigerant circuit. [0171] Stated another way, in
accordance with the configuration of the present
embodiment, refrigerant is once introduced into the
low pressure space (Si) when liquid back  into the
compressor (1) from the evaporator of the refrigerant
circuit takes place due to a  



change in the operating condition. The refrigerant is
separated into liquid and gas in the low 45  pressure
space (Si) and only gas is allowed to be drawn into
the cylinder chambers (Cl, C2).  This makes it
possible to allow the compressor (1) to function as an
accumulator, thereby  eliminating the need to provide
a separate accumulator as a constitutional element of
the  refrigerant circuit. OTHER EMBODIMENTS [0172] In
regard to the foregoing embodiments, the present
invention may be configured  as follows. [0173] For
example, the swinging bushes (27A, 27B) may be
configured as shown in  Figure 14. In the example of
Figure 14, the discharge side bush (27A) and the
suction side  bush (27B) are formed into different
shapes, in other words they have different width
dimensions. More specifically, with respect to the
center of the blade (23), the center of the  circular
arc-shaped outer peripheral surface of each of the
discharge side bush (27A) and the  suction side bush
(27B) is deviated to the suction side (the radius (RI)
of the circular arc- shaped outer peripheral surface
of the discharge side bush (27A) and the radius (R2)
of the  circular arc-shaped outer peripheral surface
of the suction side bush (27B) have the same
dimension), and the suction side bush (27B) is formed
such that it has a greater width than  that of the
discharge side bush (27A). The reason for this is
explained as follows. [0174] First, both the low
pressure chamber (Cl-Lp) of the outer cylinder chamber
(Cl)  and the low pressure chamber (C2-Lp) of the
inner cylinder chamber (C2) are spaces around  the
periphery of the suction side bush (27B) and are
constantly at low pressure, and there is  hardly
created any pressure difference between both the
spaces (Cl-Lp, C2-Lp). On the  other hand, the high
pressure chamber (CI-Hp) of the outer cylinder chamber
(Cl) and the  high pressure chamber (C2-Hp) of the
inner cylinder chamber (C2) are spaces around the
periphery of the discharge side bush (27A) and undergo
pressure variations of from low to  high level, and
there is created a considerable difference in pressure
between the spaces (Cl- Hp, C2-Hp). Consequently, load
acts on the circular arc-shaped contact surface
between the  high pressure side bush (27A) and the
annular piston (22) because the high pressure side
bush  



(27A) is pressurized from above or below in the
drawing. If the high pressure side bush 46  (27A) is
large, this increases the load which is applied to the
contact surface; however, in this  example, the width
of the high pressure side bush (27A) is small, thereby
reducing the load  which is applied to the contact
surface. [0175] Alternatively, the swinging bushes
(27A, 27B) may be constructed as shown in  Figure 15.
In the example of Figure 15, although the center of
the circular arc-shaped outer  peripheral surface of
each of the swinging bushes (27A, 27B) agrees with the
center of the  blade (23), the radius (Rl) of the
circular arc-shaped outer peripheral surface of the
discharge  side bush (27A) and the radius (R2) of the
circular arc-shaped outer peripheral surface of the
suction side bush (27B) differ from each other. In
other words, the width of the suction side  bush (27B)
is made greater than the width of the discharge side
bush (27A) by making the  radius (R2) of the circular
arc-shaped outer peripheral surface of the suction
side bush (27B)  greater than the radius (Rl) of the
circular arc-shaped outer peripheral surface of the
discharge side bush (27A). Also with this arrangement,
the load acting on the contact  surface between the
high pressure side bush (27A) and the annular piston
(22) can be  restrained for the same reason as
descried above. [0176] On the other hand, in the
configuration of each of the foregoing embodiments in
which the annular piston (22) is formed into a
C-shape, i.e., a split-ring shape having at a  portion
thereof a split and the blade (23) is inserted through
the split, the annular piston (22)  and the blade (23)
are coupled together through the swinging bush (27).
Conversely, in a  configuration in which the annular
piston (22) is in the shape of a circular ring and the
blade  (23) is divided into two sections, the annular
piston (22) and the blade (23) are mutually  movably
coupled together and they are brought into surface
contact with each other at that  coupling area. The
occurrence of wear, seizure, and gas leakage is made
less likely to take  place in the surface contact
portion. [0177] In addition, in each of the foregoing
embodiments, the blade (23) is disposed  such that it
is positioned on the radial line of the cylinder
chamber (C1, C2). Alternatively,  the blade (23) may
be disposed such that it is inclined against the
radial line of the cylinder  



chamber (C1, C2). 47  [0178] Furthermore, in each of
the foregoing embodiments, the description has been
made with respect to a compressor as an embodiment of
the fluid machine of the present  invention. However,
the present invention may be applied to an expander in
which gas, such  as high pressure refrigerant, is
introduced into a cylinder chamber and force for
driving a  rotational shaft is generated by expansion
of the introduced gas, and to a pump. [0179] In
addition, the driving mechanism (30) is not
necessarily housed within the  casing (10).
Alternatively, the compression mechanism (eccentric
rotary piston mechanism)  (20) may be driven from
outside the casing (10). [0180] It should be noted,
however, that the aforesaid embodiments are
essentially  preferable examples which are not meant
to limit the present invention, its application, or
its  range of application. INDUSTRIAL APPLICABILITY
[01811 As has been described above, the present
invention is useful for a rotary fluid  machine having
an eccentric rotary piston mechanism in which: a
cylinder (21) has an annular  cylinder chamber (Cl,
C2); an annular piston (22) is disposed in the annular
cylinder  chamber (C1, C2), the annular piston (22)
dividing the cylinder chamber (Cl, C2) into an  outer
cylinder chamber (Cl) and an inner cylinder chamber
(C2); the cylinder (21) and the  annular piston (22)
are so configured as to relatively execute eccentric
rotary motion; and  each of the outer and inner
cylinder chambers (Cl, C2) is divided by a blade (23)
into a first  chamber (CI-Hp, C2-Hp) and a second
chambers (Cl-Lp, C2-Lp). 48  CLAIMS: What is claimed
is: 1. A rotary fluid machine comprising: an eccentric
rotary piston mechanism (20) including: a cylinder
(21) having an  annular cylinder chamber (Cl, C2); an
annular piston (22) housed, in an eccentric fashion
relative to the cylinder (21), in the cylinder chamber
(Cl, C2) and dividing the cylinder  



chamber (Cl, C2) into an outer cylinder chamber (Cl)
and an inner cylinder chamber (C2);  and a blade (23)
disposed in the cylinder chamber (Cl, C2) and dividing
each of the outer and  inner cylinder chambers (C1,
C2) into a first chamber (CI-Hp, C2-Hp) and a second
chamber (C1-Lp, C2-Lp), the cylinder (21) and the
annular piston (22) relatively executing  eccentric
rotary motion; a driving mechanism (30) for driving
the eccentric rotary piston mechanism (20); and  a
casing (10) in which to house the eccentric rotary
piston mechanism (20); wherein:  the cylinder (21) is
provided with the blade (23); a coupling member (27)
by which the annular piston (22) and the blade (23)
are  mutually movably coupled together is provided;
and the coupling member (27) has a first sliding
surface (Pl) against the annular piston  (22) and a
second sliding surface (P2) against the blade (23). 2.
The rotary fluid machine of claim 1, wherein: the
annular piston (22) is formed into a C-shape, i.e., a
split-ring shape having at a  portion thereof a split;
the blade (23) is configured to be inserted through
the split of the annular piston (22)  so that the
blade (23) extends from the inner peripheral wall
surface to the outer peripheral  wall surface of the
annular cylinder chamber (Cl, C2); and the coupling
member (27) is formed by a swinging bush (27) having a
blade groove  (28) which advanceably and withdrawably
holds the blade (23) and a circular arc-shaped _..  49
outer peripheral surface which is swingably held in
the split by the annular piston (22).  3. The rotary
fluid machine of claim 2, wherein the circular
arc-shaped outer peripheral  surface of the swinging
bush (27) has a diameter dimension greater than the
wall thickness  dimension of the annular piston (22).
4. The rotary fluid machine of claim 2, wherein the
swing center of the swinging bush (27)  is displaced
more radially inwardly than the wall thickness center
of the annular piston (22).  



5. The rotary fluid machine of claim 1, wherein: the
annular piston (22) is firmly fixed to the casing
(10); and  the cylinder (21) is coupled to the driving
mechanism (30).  6. The rotary fluid machine of claim
1, wherein: the cylinder (21) is firmly fixed to the
casing (10); and the annular piston (22) is coupled to
the driving mechanism (30).  7. The rotary fluid
machine of claim 1, wherein: the cylinder (21) has an
outer cylinder (24) and an inner cylinder (25), the
outer and  inner cylinders (24, 25) defining the
cylinder chamber (Cl, C2), and an end plate (26)
coupled to an axial end of each of the outer and inner
cylinders (24, 25); and the outer cylinder (24), the
inner cylinder (25), and the end plate (26) are
integrated  with each other. 8. The rotary fluid
machine of claim 7, wherein a compliance mechanism
(29) is provided  which reduces an axial gap between
an end surface of the annular piston (22) and the end
plate (26). 9. The rotary fluid machine of claim 1,
wherein: the cylinder (21) has an outer cylinder (24)
and an inner cylinder (25), the outer and  inner
cylinders (24, 25) defining the cylinder chamber (C1,
C2); and the outer cylinder (24), the inner cylinder
(25), and the blade (23) are integrated  with each
other. 10. The rotary fluid machine of claim 1,
wherein: the driving mechanism (30) has an electric
motor (30) and a driving shaft (33) 50  coupled to the
electric motor (30); the driving shaft (33) has an
eccentric part (33a) off-centered from the center of
rotation, the eccentric part (33a) being coupled to
either the cylinder (21) or the annular piston  (22);
and the driving shaft (33) is held, at both axial side
portions of the eccentric part (33a),  on the casing
(10) through bearing parts (16a, 17a). 



11. The rotary fluid machine of claim 1, wherein the
outer cylinder chamber (Cl) formed on  the outside of
the annular piston (22) and the inner cylinder chamber
(C2) formed on the  inside of the annular piston (22)
differ from each other in suction shutoff angle. 12.
The rotary fluid machine of claim 11, wherein the
suction shutoff angle of the outer  cylinder chamber
(Cl) is grater than the suction shutoff angle of the
inner cylinder chamber  (C2). 13. The rotary fluid
machine of claim 1, wherein a heat insulating space
(S3) is formed  around the outer periphery of the
eccentric rotary piston mechanism (20). 14. The rotary
fluid machine of claim 1, wherein the eccentric rotary
piston mechanism (20)  is a compression mechanism for
drawing fluid and compressing same. 15. The rotary
fluid machine of claim 14, wherein: the driving
mechanism (30) is formed by an electric motor for
driving the  compression mechanism (20); the casing
(10) is so configured as to house the compression
mechanism (20) and the  electric motor (30); a low
pressure space (Si) in fluid communication with a
suction side of the  compression mechanism (20) and a
high pressure space (S2) in fluid communication with a
discharge side of the compression mechanism (20) are
formed in the casing (10); and the electric motor (30)
is disposed in the low pressure space (Sl). 


