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(54) VANE COMPRESSOR

(57) To provide a vane type compressor that can ap-
propriately keep the allocation of the clearances at the
front and rear ends in the axial direction of the rotor by
balancing the forces applied to the front and rear sides
of the drive shaft. The clearances at the front and rear
ends in the axial direction of a rotor 3 are appropriately
allocated by providing, in a drive shaft 2, a passage 52
communicating between a low-pressure space 26 com-
municating with a suction chamber 29 and a shaft end
space 15 partitioned by a rear side block 13 and the end
of the drive shaft 2 and balancing the forces applied to
the front and rear sides of the drive shaft 2. This prevents
the compression efficiency from reducing while ensuring
the smooth rotation of the rotor 3.
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Description

Technical Field

[0001] The present invention relates to a vane type
compressor and, more particularly, to a vane type com-
pressor having a structure useful for appropriately keep-
ing the allocation of the clearances at the front and rear
ends of a rotor.

Background Art

[0002] There are various structures for vane type com-
pressors used for the refrigeration cycle or the like of an
in-vehicle air conditioner (see the patent gazettes below).
For example, as typified by the structure in Fig. 3, a vane
type compressor comprises a cylinder 12, formed in a
housing 5, that has a cam surface 11 on the inner pe-
riphery surface, a pair of side blocks (a rear side block
13, a front side block 21) that close both ends in the axial
direction of the cylinder 12, a drive shaft 2 rotatably sup-
ported by the pair of side blocks, a rotor 3, fixed to the
drive shaft 2, that is rotatably accommodated in the cyl-
inder, a vane groove 8 formed inward from the outer pe-
riphery surface of the rotor 3, and a vane 4 retractably
accommodated in the vane groove 8. The vane 4 is in
contact with and supported by the inner periphery surface
(the cam surface 11) of the cylinder 12 through the cen-
trifugal force by rotation of the rotor 3 and the back pres-
sure from a back pressure chamber 8a provided on the
bottom of the vane groove 8. Then, in the space closed
by the cylinder 12 and the pair of side blocks 13 and 21,
a compression chamber 31 is partitioned by the rotor 3
and the vane 4, so that the fluid sucked into the compres-
sion chamber 31 is compressed in accordance with the
rotation of the rotor 3.
[0003] In such a vane type compressor, to ensure the
smooth rotation of the rotor 3 and prevent the reduction
in the compression efficiency, the dimensions of the rotor
3 are controlled so that appropriate clearances are
formed between the front and rear end surfaces in the
axial diction of the rotor 3 and the side blocks 13 and 21.

Citation List

Patent Literature

[0004]

PTL 1: JP-A-2013-050038
PTL 2: JP-A-2007-064163

Summary of Invention

Technical Problem

[0005] However, one end (front end) of the drive shaft
2 to which the rotor 3 is fixed passes through one side

block (front side block 21) because the front end of the
drive shaft 2 needs to be coupled directly to a driving
source or the power transfer member (such as a pulley
and an electromagnetic clutch) for transferring the power
of the driving source needs to be fixed to the front end.
[0006] Accordingly, when one end of the drive shaft 2
passes through one side block (front side block 21) and
projects outside the housing, the atmospheric pressure
is applied to one end of the drive shaft 2 and, in response
to this, a relatively high pressure in the compressor is
applied to the other end (the side supported by the rear
side block 13) of the drive shaft 2. Accordingly, the drive
shaft 2 is biased toward one end (front side) projecting
through the side block due to the difference between the
pressures applied to the front and rear sides in the axial
direction, the position in the axial direction of the rotor 3
becomes close toward the side block (front side block
21) through which the drive shaft 2 passes, and the clear-
ance between the front end of the rotor 3 and the front
side block 21 becomes relatively smaller. In contrast, the
clearance between the rear end of the rotor 3 and the
rear side block 13 becomes relatively larger. Accordingly,
on the rear side (toward the rear side block 13) where
the clearance becomes larger, the fluid leaks between
adjacent compression chambers via the clearance (oil
sealing degrades), thereby reducing the compression ef-
ficiency.
[0007] As illustrated by the dot-dash line in Fig. 3, when
an electromagnetic clutch 33 is provided on the drive
shaft 2 as a power transfer member, during attraction of
the electromagnetic clutch 33 in which power is trans-
ferred to the rotor 3, the spring force by a blade spring
included in the clutch biases the rotor 3 backward (toward
the rear side block 13) via the drive shaft 2. Accordingly,
the position in the axial direction of the rotor 3 is deter-
mined by the difference between the pressures applied
to the front and rear sides in the axial direction of the
drive shaft 2 and the spring force of the electromagnetic
clutch 33.
[0008] However, a vane type compressor is generally
small and the spring force of an electromagnetic clutch
is not large enough to cancel the difference between the
pressures applied to the front and rear ends of the drive
shaft 2. Accordingly, even when the electromagnetic
clutch 33 is provided, it is impossible to eliminate the
state in which the clearance (clearance between the rotor
3 and the rear side block 13) at the rear of the rotor 3 is
larger than the clearance (clearance between the rotor
3 and the front side block 21) at the front of the rotor 3,
so reduction in the compression efficiency still remains.
[0009] Therefore, there is a conventional method in
which the total clearance (the sum of the clearances at
the front and rear ends of the rotor) at the front and rear
ends in the axial direction of the rotor is prevented from
becoming too large so that the clearance on the rear side
of the rotor falls within a permissible range. However,
such a control method complicates the control process
and reduces the productivity.
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[0010] The invention addresses the above problems
with a main object of providing a vane type compressor
that can appropriately keep the allocation of clearances
at the front and rear ends in the axial direction of the rotor
by balancing the forces applied to the front and rear sides
of the drive shaft.

Solution to Problem

[0011] To solve the above problems, a vane type com-
pressor according to the present invention comprises a
housing, a cylinder in which a cam surface is formed, the
cylinder being provided in the housing, a pair of side
blocks closing both ends in an axial direction of the cyl-
inder, the pair of side blocks being provided in the hous-
ing, a drive shaft rotatably supported by the pair of side
blocks, a rotor fixed to the drive shaft, the rotor being
rotatably accommodated in the cylinder, a plurality of
vane grooves formed in the rotor, a plurality of vanes
slidably inserted into the vane grooves, the vanes each
having an end protruding or retracting from one of the
vane grooves and sliding on the cam surface, a compres-
sion chamber formed by the rotor and the vanes in a
space closed by the cylinder and the pair of side blocks,
a suction chamber provided adjacently to a front side
block of the pair of side blocks, a fluid before compression
being introduced to the suction chamber, a seal member
provided between the front side block and the drive shaft,
a low-pressure space provided closer to a rear side in an
axial direction of the drive shaft than the seal member,
the low-pressure space communicating with the suction
chamber, and a shaft end space partitioned by a rear
side block of the pair of side blocks and an end of the
drive shaft, in which a passage communicating between
the low-pressure space and the shaft end space is pro-
vided in the drive shaft.
[0012] Since the drive shaft is provided with the pas-
sage communicating between the low-pressure space
and the shaft end space, the pressure in the shaft end
space of the drive shaft is equivalent to the suction pres-
sure and the difference between the pressures applied
to both ends of the drive shaft can be reduced. Accord-
ingly, it is possible to appropriately allocate the clearanc-
es (the clearance between one end surface of the rotor
and the side block facing the one end surface and the
clearance between the other end surface of the rotor and
the side block facing the other end surface) at the front
and rear ends in the axial direction of the rotor by bal-
ancing the force applied in the axial direction of the rotor.
[0013] The above structure of the side block is effective
in adjusting imbalance in the allocation of clearances
caused by the difference between the pressures of the
low-pressure space of the drive shaft or the side project-
ing outside and the side disposed inside the housing of
the compressor when the space housing an electric mo-
tor is relatively low in pressure or when the drive shaft
passes through the front side block and projects outside
the housing specially in the electric compressor in which

the drive shaft passes through the front side block and
directly connects to the shaft of the electric motor.
[0014] The housing may be configured by combining
a first housing member with a second housing member,
the first housing member being configured by integrally
forming the cylinder having a true-circular inner periphery
surface with a first side block closing one end in the axial
direction of the cylinder, the second housing member be-
ing provided with a second side block closing the other
end in the axial direction of the cylinder, and the pair of
the side blocks may include the first side block and the
second side block.
[0015] In such a structure, for example, the first side
block may be associated with the rear side block and the
second side block may be associated with the front side
block.

Advantageous Effects of Invention

[0016] As described above, according to the invention,
since the drive shaft is provided with the passage com-
municating between the low-pressure space communi-
cating with the suction chamber and the shaft end space
partitioned by the rear side block and the end of the drive
shaft, it is possible to appropriately keep the allocation
of the clearances at the front and rear ends in the axial
direction of the rotor by balancing the forces applied to
the front and rear sides of the drive shaft. Accordingly,
reduction in the compression efficiency is prevented
while ensuring the smooth rotation of the rotor.

Brief Description of Drawings

[0017]

[Fig. 1] Fig. 1 is a cross sectional view illustrating a
vane type compressor according to the present in-
vention.
[Fig. 2A] Fig. 2A illustrates the rear part of the vane
type compressor seen from line A-A in Fig. 1.
[Fig. 2B] Fig. 2B illustrates the front part of the vane
type compressor seen from line B-B in Fig. 1.
[Fig. 3] Fig. 3 is a cross sectional view illustrating a
conventional vane type compressor.

Description of Embodiments

[0018] A vane type compressor according to the
present invention will be described with reference to the
drawings.
[0019] Figs. 1, 2A and 2B illustrate a vane type com-
pressor suited to a refrigeration cycle in which a refrig-
erant is used as a working fluid. A vane type compressor
1 comprises a drive shaft 2, a rotor 3, fixed to the drive
shaft 2, that rotates according to the rotation of the drive
shaft 2, a vane 4 attached to the rotor 3, and a housing
5, supporting the drive shaft 2 rotatably, that accommo-
dates the rotor 3 and the vane 4. In Fig. 1 illustrating the
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compressor from a side, it is assumed that the left side
indicates the front side and the right side indicates the
rear side.
[0020] The housing 5 is configured by combining two
members, that is, a first housing member 10 and a second
housing member 20.
[0021] The first housing member 10 includes a cylinder
12, accommodating the rotor 3, that has a cam surface
11 on its inner periphery surface and a rear side block
13, which is formed integrally so as to close one end (rear
side) in the axial direction of the cylinder 12. The inner
periphery surface (cam surface 11) of the cylinder 12 has
a true-circular cross section and the length in the axial
direction of the cylinder 12 is substantially the same as
the length in the axial direction of the rotor 3, which will
be described later.
[0022] The second housing member 20 includes a front
side block 21 abutting against an end face of the other
end (front side) and closing the other end in the axial
direction of the cylinder 12 and a shell 22 formed inte-
grally with the front side block 21, extending in the axial
direction of the drive shaft 2, and formed so as to surround
the outer periphery surfaces of the cylinder 12 and the
rear side block 13.
[0023] The first housing member 10 and the second
housing member 20 are coupled to each other in the axial
direction via a coupling tool 6 such as a bolt, and a seal
member 7 such as an O-ring is provided between the
rear side block 13 of the first housing member 10 and
the shell 22 of the second housing member 20 for her-
metical sealing.
[0024] In addition, a boss section 23 extending from
the front side block 21 toward the front is formed integrally
with the second housing member 20. A pulley 32 (indi-
cated by the dot-dash line) for transferring rotational pow-
er to the drive shaft 2 is rotatably mounted externally to
the boss section 23 so that the pulley 32 can transfer
rotational power to the drive shaft 2 via an electromag-
netic clutch 33.
[0025] The drive shaft 2 is rotatably supported by the
rear side block 13 and the front side block 21 via bearings
14 and 24. The end of the drive shaft 2 passes through
the front side block 21 of the second housing member
20 and protrudes inside the boss section 23. A seal mem-
ber 25 provided between the boss section 23 and the
drive shaft 2 hermetically seals the boss section 23 and
the drive shaft 2 with each other.
[0026] A low-pressure space 26 is formed closer to the
rear in the axial direction of the drive shaft 2 than the seal
member 25, that is, the periphery of the drive shaft 2
between the seal member 25 and the bearing 24 in this
example (the part of the space in the boss section 23 to
which the drive shaft 2 projects closer to the rear than
the seal member 25).
[0027] In addition, a bearing hole 13a into which the
drive shaft 2 is inserted via the bearing 14 is formed in
the rear side block 13 and, at the end of the bearing hole
13a, a shaft end space 15 partitioned by the rear side

block 13 and the end of the drive shaft 2 is provided.
[0028] The electromagnetic clutch 33 is a known one.
A clutch plate 35 is fixed so as to face a friction surface
32a of the pulley 32 via a blade spring 34 attached in the
axial direction to the part projecting from the housing
member 20 (front side block 21) of the drive shaft 2. When
an excitation coil 36 included in the pulley 32 is energized,
the clutch plate 35 is attracted by the pulley 32 and the
rotational power from the traveling engine to be given to
the pulley 32 is transferred to the drive shaft 2 via the
clutch plate 35 and the blade spring 34. When the clutch
plate 35 is attracted to the pulley 32 in this way, the drive
shaft 2 is biased toward the rear side block 13 (rear side)
by the spring force of the blade spring 34.
[0029] The rotor 3 has a true-circular cross section, the
drive shaft 2 is inserted into an insertion hole 3a provided
in the center of the shaft, and the rotor 3 is fixed to the
drive shaft 2 with the centers of their shafts aligned with
each other. In addition, the center of the shaft of the cyl-
inder 12 is misaligned with the center of the shaft of the
rotor 3 (drive shaft 2) so that the outer periphery surface
of the rotor 3 makes contact with the inner periphery sur-
face (cam surface 11) of the cylinder 12 at one position
in the circumferential direction (provided to be misaligned
by one-half of the difference between the inner diameter
of the cylinder 12 and the outer diameter of the rotor 3).
In the space closed by the cylinder 12, the rear side block
13, and the front side block 21, a compression space 30
is partitioned between the inner periphery surface of the
cylinder 12 and the outer periphery surface of the rotor 3.
[0030] A plurality of vane grooves 8 are formed in the
outer periphery surface of the rotor 3 and the vane 4 is
slidably inserted into each of the vane grooves 8. The
vane groove 8 is opened not only in the outer periphery
surface of the rotor 3, but also in the end surfaces facing
the rear side block 13 and the front side block 21, and a
back pressure chamber 8a is formed on the bottom. The
vane grooves 8 are formed at regular intervals in the cir-
cumferential direction. In this example, the vane grooves
are formed in two positions having phases different from
each other by 180 degrees in parallel with each other so
that the plane including the vane 4 and the plane, in par-
allel with the vane 4, that includes the shaft center of the
drive shaft 2 are distant (offset) by a predetermined dis-
tance.
[0031] The length of the vane 4 in the axial direction
of the drive shaft 2 is equal to the length of the rotor 3 in
the axial direction and the length of insertion into the vane
groove 8 in the insertion direction (sliding direction) is
substantially equal to the length of the vane groove 8 in
this insertion direction. The vane 4 projects from the vane
groove 8 due to oil, which will be described later, supplied
to the back pressure chamber 8a of the vane groove 8
and the end can abut against the inner periphery surface
(cam surface 11) of the cylinder 12.
[0032] Accordingly, the compression space 30 is sep-
arated into a plurality of compression chambers 31 by
the vane 4 slidably inserted into the vane groove 8 and
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the volumes of the compression chambers 31 change
depending on the rotation of the rotor 3.
[0033] The second housing member 20 is provided
with a suction port 27 sucking the working fluid (refriger-
ant gas) from the outside and a discharge port 28 dis-
charging the working fluid to the outside. In addition, the
front side block 21 is provided with a suction chamber 29
that communicates with the suction port 27, provided ad-
jacently to the front side block, and receives the fluid be-
fore being compressed.
[0034] In addition, the cylinder 12 of the first housing
member 10 is provided with a suction port 16 that com-
municates with the suction chamber 29 and sucks the
fluid into the compression chamber 31. The suction port
16 is formed in the vicinity of the front side in the rotation
direction of the rotor 3 with respect to the part (radial
sealing part 40) at which the outer periphery surface of
the rotor 3 abuts against the inner periphery surface of
the cylinder 12.
[0035] In addition, the first housing member 10 is pro-
vided with a discharge port 17 for discharging the fluid
compressed in the compression chamber in the vicinity
of the rear side in the rotation direction of the rotor 3 with
respect to the radial sealing part 40. In addition, the first
housing member 10 is provided with a discharge cham-
ber 18 introducing, to the discharge port 28, the fluid dis-
charged via the discharge port 17.
[0036] An oil separator (not illustrated) is disposed be-
tween the discharge chamber 18 and the discharge port
28. In addition, an oil chamber 19 for storing high-pres-
sure oil separated from the fluid by the oil separator is
provided between the lower part of the rear side block
13 of the first housing member 10 and the lower part of
the shell 22 of the second housing member 20.
[0037] On the surface of the rear side block 13 facing
the end surface of the rotor 3, an oil introducing groove
41 on the rear side is formed in the circumferential edge
of the opening of the bearing hole 13a into which the
drive shaft 2 is inserted via the bearing 14. The oil intro-
ducing groove 41 on the rear side is formed by recessing
the circumferential edge of the opening of the bearing
hole 13a so as to extend in the circumferential direction
and the oil introducing groove 41 is formed in a prede-
termined angle range (angle range of approximately 270
degrees) from the angle position in which the radial seal-
ing part 40 is provided to an angle position before the
angle position in which the discharge port 17 is provided.
In addition, the oil introducing groove 41 is connected to
the oil chamber 19 via an oil communication passage 42
with a narrow section.
[0038] Accordingly, when the discharge pressure is
high, the high-pressure oil stored in the oil chamber 19
is supplied via the oil communication passage 42 to the
oil introducing groove 41 on the rear side formed in the
rear side block 13 and, from the oil introducing groove
41 on the rear side, fed to a sliding part such as the bear-
ing 14 or the back pressure chamber 8a of the rotor 3.
The vane 4 is pressed against the inner periphery surface

(cam surface 11) of the cylinder 12 due to the oil fed to
the back pressure chamber 8a, thereby ensuring stable
compression.
[0039] In addition, on the surface of the front side block
21 facing the end surface of the rotor 3, an oil introducing
groove 43 on the front side is formed in the circumferential
edge of the opening of a bearing hole 21a into which the
drive shaft 2 is inserted via the bearing 24. The oil intro-
ducing groove 43 on the front side is formed by recessing
the circumferential edge of the opening of the bearing
hole 21a so as to extend in the circumferential direction
and the oil introducing groove 43 is formed in a prede-
termined angle range (angle range of approximately 270
degrees) from the angle position in which the radial seal-
ing part 40 is provided to an angle position before the
angle position in which the discharge port 17 is provided.
In addition, the oil introducing groove 43 communicates
with the bottom (back pressure chamber 8a) of the vane
groove 8 when the end of the vane 4 is present in the
angle range from the position at which the end of the
vane 4 reaches the suction port 16 to a position imme-
diately before the position at which the end of the vane
4 reaches the discharge port 17.
[0040] Accordingly, the oil fed to the back pressure
chamber 8a is supplied to the oil introducing groove 43
on the front side in the process in which the back pressure
chamber 8a communicates with the oil introducing
groove 43 on the front side, and then fed to a sliding
member such as a bearing via the oil introducing groove
43 on the front side.
[0041] In Fig. 2A and 2B, reference numeral 37 indi-
cates a screw hole used to screwing the coupling tool 6.
[0042] In such a structure, the housing member on the
front side is provided with a communication passage 51
communicating between the suction chamber 29 and the
low-pressure space 26 and the drive shaft 2 is provided
with a passage 52 communicating between the low-pres-
sure space 26 and the shaft end space 15. Specifically,
the communication passage 51 is formed by a passage
bored substantially orthogonally to the drive shaft 2 from
the suction chamber 29 to the low-pressure space 26. In
addition, the passage 52 provided in the drive shaft 2
includes a radial direction hole 52a having one end
opened to the low-pressure space 26 and the other end
extending to the center of the drive shaft 2 and an axial
direction hole 52b, formed in the center of the driving
shaft 2 in the axial direction, that has one end communi-
cating with the radial direction hole 52a and the other end
extending to the shaft end space 15.
[0043] Accordingly, the low-pressure space 26 com-
municates with the suction chamber 29 via the commu-
nication passage 51 and the shaft end space 15 commu-
nicates with the low-pressure space 26 via the passage
52, so the low-pressure space 26 and the shaft end space
15 are kept at a pressure equivalent to the suction pres-
sure.
[0044] Therefore, when the electromagnetic clutch 33
is provided, during attraction of the electromagnetic
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clutch 33 in which power is transferred to the drive shaft,
the position in the axial direction of the rotor 3 is the po-
sition at which the difference between the pressures ap-
plied to the front and rear sides of the drive shaft 2 is
balanced with the spring force by the blade spring 34 of
the electromagnetic clutch 33.
[0045] Since the front side of the drive shaft 2 projects
outside the housing 5 (in the atmosphere) via the front
side block 21, the atmospheric pressure is applied to the
front end of the drive shaft 2 via the blade spring 34 and
the spring force by the blade spring 34 of the electromag-
netic clutch 33 is applied to the front end of the drive shaft
2. On the other hand, a pressure equivalent to the suction
pressure is applied to the rear end of the drive shaft 2,
so the biasing force toward the front side block 21 is small,
thereby enabling reduction in the difference between the
pressures applied to the front and rear in the axial direc-
tion. Accordingly, the forces applied to the front and rear
sides of the drive shaft 2 can be balanced to appropriately
keep the allocation of the clearances at the front and rear
ends in the axial direction of the rotor 3.
[0046] The compressor having two vanes 4 has been
described in the above structure, but the same structure
can be used even when the compressor has three or
more vanes. Although the vane groove 8 (vane 4) is offset
and provided in the structure having two vanes, the same
structure may be used to adjust the allocation of the clear-
ances at the front and rear ends in the axial direction of
the rotor 3 even when the plane including the vane 4 may
coincide with the plane, disposed in parallel with the vane
4, that includes the shaft center of the drive shaft 2 (the
offset is set to 0) or even when offsetting is performed in
the reverse direction.

Reference Signs List

[0047]

1: vane type compressor
2: drive shaft
3: rotor
4: vane
5: housing
8: vane groove
8a: back pressure chamber
10: first housing member
11: cam surface
12: cylinder
13: rear side block
18: discharge chamber
20: second housing member
21: front side block
29: suction chamber
31: compression chamber

Claims

1. A vane type compressor (1) comprising:

a housing (5);
a cylinder (12) in which a cam surface (11) is
formed, the cylinder (12) being provided in the
housing (5);
a pair of side blocks (13, 21) closing both ends
in an axial direction of the cylinder (12), the pair
of side blocks (13, 21) being provided in the
housing (5);
a drive shaft (2) rotatably supported by the pair
of side blocks (13, 21);
a rotor (3) fixed to the drive shaft (2), the rotor
(3) being rotatably accommodated in the cylin-
der (12);
a plurality of vane grooves (8) formed in the rotor
(3) ;
a plurality of vanes (4) slidably inserted into the
vane grooves (8), the vanes (4) each having an
end protruding or retracting from one of the vane
grooves (8) and sliding on the cam surface (11);
a compression chamber (31) formed by the rotor
(3) and the vanes (4) in a space closed by the
cylinder (12) and the pair of side blocks (13, 21);
a suction chamber (29) provided adjacently to a
front side block (21) of the pair of side blocks
(13, 21), a fluid before compression being intro-
duced to the suction chamber (29) ;
a seal member (25) provided between the front
side block (21) and the drive shaft (2);
a low-pressure space (26) provided closer to a
rear side in an axial direction of the drive shaft
(2) than the seal member (25), the low-pressure
space (26) communicating with the suction
chamber (29); and
a shaft end space (15) partitioned by a rear side
block (13) of the pair of side blocks (13, 21) and
an end of the drive shaft(2);
wherein a passage (52) communicating be-
tween the low-pressure space (26) and the shaft
end space (15) is provided in the drive shaft (2).

2. The vane type compressor (1) according to claim 1,
wherein the drive shaft (2) passes through the front
side block (21) and protrudes outside the housing
(5).

3. The vane type compressor (1) according to claim 1
or 2, wherein the housing (5) is configured by com-
bining a first housing member (10) with a second
housing member (20), the first housing member (10)
being configured by integrally forming the cylinder
(12) having a true-circular inner periphery surface
with the rear side block (13) closing one end in the
axial direction of the cylinder (12), the second hous-
ing member (20) being provided with the front side
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block (21) closing the other end in the axial direction
of the cylinder (12), and
the pair of side blocks (13, 21) include the rear side
block (13) and the front side block (21).
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