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(57) ABSTRACT

The scroll compressor (1) includes an orbiting scroll
arrangement (7), and a drive shaft (18) configured to drive
the orbiting scroll arrangement (7) in an orbital movement,
the drive shaft (18) including a lubrication channel (32) and
a first lubrication hole (35) fluidly connected to the lubri-
cation channel (32) and emerging in an outer wall of the
drive shaft (18). The scroll compressor (1) further includes
a first and a second bearings (38, 39) axially offset along a
rotation axis of the drive shaft (18) and each configured to
engage the drive shaft (18). The first and second bearings
(38, 39) and the drive shaft (18) partially define a first
annular gap (44) in which emerges the first lubrication hole
(35). The first bearing (38) and the drive shaft (18) define a
first oil recess fluidly connected to the first annular gap (44),
and the second bearing (39) and the drive shaft (18) define
a second oil recess fluidly connected to the first annular gap
44).
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A SCROLL COMPRESSOR

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is entitled to the benefit of and
incorporates by reference subject matter disclosed in the
International Patent Application No. PCT/EP2015/051549
filed on Jan. 27, 2015 and French Patent Application No.
14/54427 filed on May 16, 2014.

TECHNICAL FIELD

[0002] The present invention relates to a scroll compres-
sor, and in particular to a scroll refrigeration compressor.

BACKGROUND

[0003] As known, a scroll compressor may include:

[0004] a closed container,

[0005] a compression unit configured to compress
refrigerant and including a fixed scroll and an orbiting
scroll,

[0006] a drive shaft configured to drive the orbiting
scroll in an orbital movement, the drive shaft including
notably:

[0007] a lubrication channel configured to be sup-
plied with oil from an oil sump by an oil pump driven
by the drive shaft, the lubrication channel extending
over at least a part of a length of the drive shaft, and

[0008] lubrication holes fluidly connected to the
lubrication channel and emerging in an outer wall of
the drive shaft, the lubrication holes being axially
offset along the rotation axis of the drive shaft,

[0009] a driving unit coupled to the drive shaft and
arranged for driving in rotation the drive shaft about a
rotation axis, and

[0010] bearings axially offset along the rotation axis of
the drive shaft and each configured to engage the drive
shaft.

[0011] During rotation of the drive shaft, the lubrication
channel is supplied with oil by the oil pump, and the
supplied oil is then fed, through centrifugal force and via the
Iubrication holes, to bearing surfaces of the bearings, which
leads to a lubrication of the latter.

[0012] In order to ensure a satisfactory lubrication of the
bearings, the drive shaft is preferably provided with one
Iubrication hole in front of each bearing, and each lubrica-
tion hole preferably emerges in an inner wall portion of the
lubrication channel opposite to the rotation axis of the drive
shaft such that the oil supplied in the lubrication channel
flows by centrigugation along said inner wall portion and
easily enters the lubrication holes through centrifugal force.
[0013] However, the final angular location of the lubrica-
tion holes depends on the angular location of the radial loads
applied between the drive shaft and the bearings during
rotation of the drive shaft. Indeed, if the lubrication holes are
located at the same angular location than that of the radial
loads applied between the drive shaft and the bearings, then
the pressure created by said radial loads at each lubrication
hole will prevent exit of oil from the corresponding lubri-
cation hole, which will impede a satisfactory lubrication of
the bearings.

[0014] Therefore, the appropriate angular location of the
lubrication holes with respect to said inner wall portion of
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the lubrication channel cannot always be respected, which
leads to a decrease of the bearings lubrication quality.
[0015] Further, as the angular location of the radial loads
applied between the drive shaft and the bearings depends on
the drive shaft speed, in addition to the operating conditions,
the use of a variable-speed motor as driving unit may render
difficult the selection of the most appropriate angular loca-
tion for the lubrication holes.

SUMMARY

[0016] Itisan object of the present invention to provide an
improved refrigeration compressor which can overcome the
drawbacks encountered in conventional scroll compressors.
[0017] Another object of the present invention is to pro-
vide a scroll compressor whose the drive shaft bearings can
be optimally lubricated.

[0018] According to the invention such a scroll compres-
sor includes at least:

[0019] a compression unit configured to compress
refrigerant and including at least a first fixed scroll and
an orbiting scroll arrangement,

[0020] a drive shaft configured to drive the orbiting
scroll arrangement in an orbital movement, the drive
shaft including at least:

[0021] a lubrication channel configured to be sup-
plied with oil from an oil sump and extending over
at least a part of a length of the drive shaft, and

[0022] afirst lubrication hole fluidly connected to the
lubrication channel and emerging in an outer wall of
the drive shaft,

[0023] a driving unit coupled to the drive shaft and
arranged for driving in rotation the drive shaft about a
rotation axis, and

[0024] a first and a second bearings axially offset along
the rotation axis of the drive shaft and each configured
to engage the drive shaft,

[0025] wherein the first and second bearings and the
drive shaft at least partially define a first annular gap,
the first lubrication hole emerges in the first annular
gap, the first bearing and the drive shaft define ther-
ebetween a first oil recess fluidly connected to the first
annular gap, and the second bearing and the drive shaft
define therebetween a second oil recess fluidly con-
nected to the first annular gap.

[0026] During rotation of the drive shaft, the oil entering
the lubrication channel is at least partially supplied to the
first annular gap via the first lubricating hole, and then enters
the first and second oil recesses. These provisions ensure an
optimal lubrication of the first and second bearings whatever
the angular location of the first lubricating hole and of the
radial loads applied between the drive shaft and the first and
second bearings, and whatever the rotational speed of the
drive shaft.

[0027] Further, the first and second oil recesses maintain
pressurized oil close to the first and second bearings, which
avoids or limits the bearing depressurization, that is a
cleaning of the bearings oil by the refrigerant.

[0028] Furthermore, the configuration of the drive shaft
and the first and second bearings ensures an optimal lubri-
cation of the first and second bearings even if the oil is
supplied to the lubrication channel by a centrigugal pump.
This leads to a less expensive scroll compressor.

[0029] According to an embodiment of the invention, the
drive shaft further includes a first and a second outer surface
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portions substantially flat and facing, i.e. extending along,
respectively the first and second bearings, the first outer
surface portion and the first bearing defining the first oil
recess, and the second outer surface portion and the second
bearing defining the second oil recess.

[0030] According to an embodiment of the invention, the
first and second outer surface portions extend substantially
parallely to the rotation axis of the drive shaft.

[0031] According to an embodiment of the invention, the
drive shaft includes a first outer flat part forming the first and
second outer surface portions, the first outer flat part further
extending along the first annular gap.

[0032] According to an embodiment of the invention, the
first outer flat part extends substantially parallely to the
rotation axis of the drive shaft.

[0033] According to an embodiment of the invention, the
first lubrication hole is angularly offset from at least one of
the first and second outer surface portions with respect to the
rotation axis of the drive shaft.

[0034] According to an embodiment of the invention, the
first lubrication hole emerges in an outer portion of the drive
shaft angularly offset from the first outer flat part.

[0035] According to an embodiment of the invention, the
first lubrication hole is substantially aligned with the first
and second outer surface portions in a direction extending
parallely to the rotation axis of the drive shaf.

[0036] According to an embodiment of the invention, the
first lubrication hole emerges in the first outer flat part.
[0037] According to an embodiment of the invention, the
lubrication channel is offset from the rotation axis of the
drive shaft, the first lubrication hole emerging in a first inner
wall portion of the lubrication channel opposite to the
rotation axis of the drive shaft with respect to the longitu-
dinal axis of the lubrication channel, and more precisely in
a first inner wall portion of the lubrication channel along
which the oil flows by centrifugation during rotation of the
drive shaft.

[0038] According to an embodiment of the invention, the
first outer flat part is angularly located substantially at the
opposite of an angular location of radial loads applied
between the drive shaft and the first and second bearings
during rotation of the drive shaft.

[0039] According to an embodiment of the invention, the
first and second bearings are each configured to further
engage one of the first fixed scroll and the orbiting scroll
arrangement.

[0040] In other words, each of the first and second bear-
ings is provided between the drive shaft and one of the first
fixed scroll and the orbiting scroll arrangement.

[0041] According to an embodiment of the invention, the
first lubrication hole extends substantially radially with
respect to the rotation axis of the drive shaft.

[0042] According to an embodiment of the invention, the
scroll compressor further includes a third and a fourth
bearings axially offset along the rotation axis of the drive
shaft and each configured to engage the drive shaft, the third
and fourth bearings and the drive shaft at least partially
defining a second annular gap, and wherein the drive shaft
further includes a second lubrication hole fluidly connected
to the lubrication channel and emerging in the second
annular gap.

[0043] According to an embodiment of the invention, the
third bearing and the drive shaft define a third oil recess
fluidly connected to the second annular gap, and the fourth
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bearing and the drive shaft define a fourth oil recess fluidly
connected to the second annular gap.

[0044] According to an embodiment of the invention, the
drive shaft further includes a third and a fourth outer surface
portions substantially flat and facing respectively the third
and fourth bearings, the third outer surface portion and the
third bearing defining the third oil recess, and the fourth
outer surface portion and the fourth bearing defining the
fourth oil recess.

[0045] According to an embodiment of the invention, the
third and fourth bearings are each configured to further
engage the other one of the first fixed scroll and the orbiting
scroll arrangement.

[0046] According to an embodiment of the invention, the
drive shaft includes at least a driving portion configured to
drive the orbiting scroll arrangement in an orbital move-
ment, and a first guided portion.

[0047] According to an embodiment of the invention, the
first and second bearings are arranged to rotatably guide and
support the first guided portion of the drive shaft.

[0048] According to an embodiment of the invention, the
drive shaft further includes a second guided portion, the first
and second guided portions being located on either side of
the driving portion.

[0049] According to an embodiment of the invention, the
third and fourth bearings are arranged to engage the driving
portion of the drive shaft.

[0050] According to an embodiment of the invention, the
drive shaft extends across the orbiting scroll arrangement
such that the first and second guided portions are respec-
tively located on either side of the orbiting scroll arrange-
ment.

[0051] According to an embodiment of the invention, the
drive shaft further includes a third lubrication hole fluidly
connected to the lubrication channel and emerging in an
outer wall of the second guided portion of the drive shaft.

[0052] According to an embodiment of the invention, the
drive shaft further includes a first end portion and a second
end portion opposite to the first end portion, the first end
portion including a central recess and having an external
diameter larger than an external diameter of the second end
portion. This arrangement of the first end portion of the drive
shaft improves the rigidity of the drive shaft without increas-
ing the deflection of the drive shaft. As the drive shaft is
more rigid, its first eigen frequency is shifted to a higher
level.

[0053] According to an embodiment of the invention, the
central recess emerges in an end face of the first end portion
of the drive shaft.

[0054] According to an embodiment of the invention, the
external diameter of the first end portion corresponds to the
largest external diameter of the drive shaft, and the external
diameter of the second end portion corresponds to the
smallest external diameter of the drive shaft.

[0055] According to an embodiment of the invention, the
driving unit includes a motor having a stator and a rotor, the
rotor being fitted on the first end portion of the drive shaft.
[0056] According to an embodiment of the invention, the
drive shaft further includes a vent channel fluidly connected
to the lubrication channel. The presence of the vent channel
ensures the degassing of the oil circulating in the lubrication
channel, and particularly the discharge of the refrigerant
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originating from the degassing outside the drive shaft. Such
a degassing prevents a degradation of the bearing lubrication
by the refrigerant.

[0057] According to an embodiment of the invention, the
vent channel includes a flow restriction area configured to
restrict the flow cross-section of the vent channel. Said flow
restriction area prevents or limits the oil discharge, or oil
leaks, through the vent channel, even when the oil quantity
in the lubrication channel is particularly considerable and
notably at high speed rotation of the drive shaft. This
provision improves the compressor efficiency.

[0058] According to an embodiment of the invention, the
flow restriction area is configured to radially restrict the flow
cross-section of the vent channel.

[0059] According to an embodiment of the invention, the
flow restriction area is configured such that, at the flow
restriction area, a width of the flow cross-section of the vent
channel is smaller than a height of the flow cross-section of
the vent channel. Said configuration of the flow restriction
area limits the oil discharge through the vent channel while
ensuring an appropriate oil degassing.

[0060] According to an embodiment of the invention, the
flow restriction area is located nearby an inner wall portion
of the lubrication channel.

[0061] According to an embodiment of the invention, the
flow restriction area is substantially centered with respect to
rotation axis of the drive shaft.

[0062] According to an embodiment of the invention, the
vent channel includes at least a first vent portion extending
substantially radially relative to the rotation axis of the drive
shaft, the flow restriction area being provided on the first
vent portion. Said configuration of the vent channel eases the
oil degassing.

[0063] According to an embodiment of the invention, the
first vent portion includes a first section provided upstream
the flow restriction area and a second section provided
downstream the flow restriction area.

[0064] According to an embodiment of the invention, the
vent channel includes a second vent portion located down-
stream the first vent portion and extending substantially
parallelly to the rotation axis of the drive shaft.

[0065] According to an embodiment of the invention, the
second vent portion is located substantially at the opposite of
the first inner wall portion of the Iubrication channel, i.e. the
inner wall portion along which the oil flows by centrifuga-
tion during rotation of the drive shaft, with respect to the
rotation axis of the drive shaft.

[0066] According to an embodiment of the invention, the
vent channel emerges in a second inner wall portion of the
lubrication channel located nearby the rotation axis of the
drive shaft.

[0067] In other words, the vent channel emerges in a
second inner wall portion of the lubrication channel turned
towards the rotation axis of the drive shaft.

[0068] According to an embodiment of the invention, the
vent channel is fluidly connected to the central recess of the
first end portion of the drive shaft.

[0069] According to an embodiment of the invention, the
drive shaft further includes a closure member configured to
partially define the vent channel.

[0070] According to an embodiment of the invention, the
closure member is configured to close an end portion of the
lubrication channel.
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[0071] According to an embodiment of the invention, the
closure member includes a restriction member configured to
partially define the flow restriction area.

[0072] According to an embodiment of the invention, the
closure member includes a vent hole at least partially
defining the vent channel. For example, the vent hole may
form the second vent portion of vent channel.

[0073] According to an embodiment of the invention, the
vent hole emerges in the central recess of the first end
portion of the drive shaft.

[0074] According to an embodiment of the invention, the
lubrication channel is substantially parallel to the rotation
axis of the drive shaft.

[0075] According to an embodiment of the invention, the
lubrication channel is stepped and includes a first channel
portion configured to be supplied with oil from the oil sump
and a second channel portion having an inner diameter larger
than an inner diameter of the first channel portion.

[0076] According to an embodiment of the invention, the
lubrication channel is arranged to be supplied with oil from
the oil sump by an oil pump driven by the drive shatt.
[0077] According to an embodiment of the invention, the
first fixed scroll includes a first fixed spiral wrap, and the
orbiting scroll arrangement includes a first orbiting spiral
wrap, the first fixed spiral wrap and the first orbiting spiral
wrap forming a plurality of first compression chambers.
[0078] According to an embodiment of the invention, the
compression unit further includes a second fixed scroll
including a second fixed spiral wrap, the first and second
fixed scrolls defining an inner volume, the orbiting scroll
arrangement being disposed in the inner volume and further
including a second orbiting spiral wrap, the second fixed
spiral wrap and the second orbiting spiral wrap forming a
plurality of second compression chambers.

[0079] According to an embodiment of the invention, the
first and second orbiting spiral wraps are respectively pro-
vided on first and second faces of a common base plate, the
second face being opposite to the first face.

[0080] According to an embodiment of the invention, the
scroll compressor further includes at least a fifth bearing
configured to engage the drive shaft and the second fixed
scroll.

[0081] According to an embodiment of the invention, the
fifth bearing is configured to rotatably guide and support the
second guided portion of the drive shaft.

[0082] According to an embodiment of the invention, the
scroll compressor further includes a first counterweight and
a second counterweight connected to the drive shaft, the first
and second counterweights being located respectively on
either side of the orbiting scroll arrangement. This arrange-
ment of the first and second counterweights allows to
balance the mass of the orbiting scroll arrangement with a
limited tilting of the drive shaft. Such a limited tilting of the
drive shaft improves the bearings reliability and the driving
unit reliability, and therefore the compressor reliability and
performance.

[0083] According to an embodiment of the invention, the
scroll compressor is a vertical scroll compressor and the
drive shaft extends substantially vertically.

[0084] According to an embodiment of the invention, the
drive shaft is a stepped drive shaft. This arrangement ensures
an easy assembly of the scroll compressor. According to an
embodiment of the invention, the stepped drive shaft
includes at least four different diameters, in order to facili-
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tate compressor assembly and to limit the shaft deflection/to
sustain deformation at high speeds.

[0085] According to an embodiment of the invention, the
scroll compressor is a variable-speed scroll compressor.
[0086] According to another embodiment of the invention,
the scroll compressor is a fixed-speed scroll compressor.
[0087] These and other advantages will become apparent
upon reading the following description in view of the
drawing attached hereto representing, as non-limiting
examples, three embodiments of a scroll compressor accord-
ing to the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0088] The following detailed description of one embodi-
ment of the invention is better understood when read in
conjunction with the appended drawings being understood,
however, that the invention is not limited to the specific
embodiment disclosed.

[0089] FIG. 1 is a longitudinal section view of a scroll
compressor according to a first embodiment of the inven-
tion.

[0090] FIGS. 2 and 3 are perspective views of the drive
shaft of the scroll compressor of FIG. 1.

[0091] FIG. 4 is a longitudinal section view of the drive
shaft of FIG. 2.
[0092] FIGS. 5 to 8 are partial perspective views, trun-

cated respectively along planes V-V, VI-VI, VII-VII, VIII-
VIII of FIG. 4, of the drive shaft of FIG. 2.

[0093] FIG.9is a partial perspective view, truncated along
a longitudinal plane, of the drive shaft of FIG. 2.

[0094] FIG. 10 is a partial perspective view, truncated
along a transverse plane, of the drive shaft of FIG. 2.
[0095] FIG. 11 is a longitudinal section view of the drive
shaft of a scroll compressor according to a second embodi-
ment of the invention.

[0096] FIG. 12 is a longitudinal section view of the drive
shaft of a scroll compressor according to a third embodiment
of the invention.

DETAILED DESCRIPTION

[0097] FIG. 1 shows a scroll compressor 1 occupying a
vertical position.

[0098] The scroll compressor 1 includes a closed container
2 and a compression unit 3 disposed inside the closed
container 2 and configured to compress refrigerant.

[0099] The compression unit 3 includes first and second
fixed scrolls 4, 5 delimiting an inner volume 6. In particular
the first and second fixed scrolls 4, 5 are fixed in relation to
the closed container 2. The first fixed scroll 4 may for
example be secured to the second fixed scroll 5. The
compression unit 3 further includes an orbiting scroll
arrangement 7 disposed in the inner volume 6.

[0100] The first fixed scroll 4 includes a base plate 8 and
a spiral wrap 9 projecting from the base plate 8 towards the
second fixed scroll 5, and the second fixed scroll 5 includes
a base plate 11 and a spiral wrap 12 projecting from the base
plate 11 towards the first fixed scroll 4.

[0101] The orbiting scroll arrangement 7 includes a base
plate 13, a first spiral wrap 14 projecting from a first face of
the base plate 13 towards the first fixed scroll 4, and a second
spiral wrap 15 projecting from a second face of the base
plate 13 towards the second fixed scroll 5, the second face
being opposite to the first face such that the first and second
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spiral wraps 14, 15 project in opposite directions. The first
and second fixed scrolls 4, 5 are respectively located above
and below the orbiting scroll arrangement 7.

[0102] The first spiral wrap 14 of the orbiting scroll
arrangement 7 meshes with the spiral wrap 9 of the first fixed
scroll 4 to form a plurality of compression chambers 16
between them, and the second spiral wrap 15 of the orbiting
scroll arrangement 7 meshes with the spiral wrap 12 of the
second fixed scroll 5 to form a plurality of compression
chambers 17 between them. Each of the compression cham-
bers 16, 17 has a variable volume which decreases from the
outside towards the inside, when the orbiting scroll arrange-
ment 7 is driven to orbit relative to the first and second fixed
scrolls 4, 5.

[0103] Furthermore the scroll compressor 1 includes a
stepped drive shaft 18 configured to drive the orbiting scroll
arrangement 7 in orbital movements, and a driving unit 19
coupled to the drive shaft 18 and configured to drive in
rotation the drive shaft 18 about a rotation axis A. The
driving unit 19 includes an electric motor located above the
first fixed scroll 4. The electric motor has a rotor 21 fitted on
the drive shaft 18, and a stator 22 disposed around the rotor
21. For example, the electric motor may be a variable-speed
electric motor.

[0104] The drive shaft 18 extends vertically across the
base plate 13 of the orbiting scroll arrangement 7. The drive
shaft 18 comprises a first end portion 23 located above the
first fixed scroll 4 and on which is fitted the rotor 21, and a
second end portion 24 opposite to the first end portion 23
and located below the second fixed scroll 5. The first end
portion 23 has an external diameter larger than the external
diameter of the second end portion 24. The first end portion
23 includes a central recess 25 emerging in an end face of
the first end portion 23 opposite to the second end portion
24.

[0105] The drive shaft 18 further includes a first guided
portion 26 and a second guided portion 27 located between
the first and second end portion 23, 24, and an eccentric
driving portion 28 located between the first and second
guided portions 26, 27 and being off-centered from the
rotation axis A of the drive shaft 18. The eccentric driving
portion 28 is arranged to cooperate with the orbiting scroll
arrangement 7 so as to cause the latter to be driven in an
orbital movement relative to the first and second fixed scroll
4, 5 when the electric motor is operated.

[0106] The drive shaft 18 further includes a first outer flat
part 29 extending along an outer surface of the first guided
portion 26, and a second outer flat part 31 extending along
on outer surface of the eccentric driving portion 28. Advan-
tageously, the first and second outer flat parts 29, 31 extend
substantially parallely to the rotation axis A of the drive shaft
18. The first and second outer flat parts 29, 31 may be
angularly offset from each other relative to the rotation axis
A of the drive shaft 18, and for example substantially
diametrically opposite to each other.

[0107] The drive shaft 18 further includes a lubrication
channel 32 extending over a part of the length of the drive
shaft 18 and arranged to be supplied with oil from an oil
sump defined by the closed container 2, by an oil pump 34
driven by the second end portion 24 of the drive shaft 18.
[0108] According to the first embodiment shown on FIGS.
1 to 10, the lubrication channel 32 is substantially parallel to
the rotation axis A of the drive shaft 18 and offset, i.e.
off-centered, from the rotation axis A of the drive shaft 18.



US 2017/0074267 Al

However, according to another embodiment of the inven-
tion, the lubrication channel 32 may be inclined relative to
the rotation axis A of the drive shaft 18.

[0109] According to the first embodiment shown on FIGS.
1 to 10, the oil pump 34 is made of a pump element having
a substantially cylindrical connecting portion connected to
the second end portion 24 of the drive shaft 18 and an end
portion having a curved shape and provided with an oil
opening. However, according to another embodiment of the
invention, the oil pump 34 may be made of the second end
portion 24 of the drive shaft 18.

[0110] The drive shaft 18 also includes a lubrication hole
35 fluidly connected to the lubrication channel 32 and
emerging in an outer wall of the first guided portion 26 of the
drive shaft 18, a two lubrication holes 36 fluidly connected
to the lubrication channel 32 and emerging in an outer wall
of the eccentric driving portion 28 of the drive shaft 18, and
a lubrication hole 37 fluidly connected to the lubrication
channel 32 and emerging in an outer wall of the second
guided portion 27 of the drive shaft 18. Advantageously,
each lubrication hole extends substantially radially relative
to the rotation axis A of the drive shaft 18.

[0111] The scroll compressor 1 further includes bearing
elements configured to engage the drive shaft 18. The
bearing elements includes two stationary bearings 38, 39
each provided between the first fixed scroll 4 and the first
guided portion 26 of the drive shaft 18, two orbiting bearings
41, 42 each provided between the orbiting scroll arrange-
ment 7 and the eccentric driving portion 28 of the drive shaft
18, and one stationary bearing 43 provided between the
second fixed scroll 5 and the second guided portion 27 of the
drive shaft 18. It should be noted that the bearings 38, 39, 41,
42, 43 are located on a same side of the drive shaft 18 in
relation to the first end portion 23.

[0112] The stationary bearings 38, 39, the drive shaft 18
and the first fixed scroll 4 define a first annular gap 44 in
which emerges the lubrication hole 35. Further the first outer
flat part 29, which extends along the first guided portion 26
of the drive shaft 18, includes a first outer surface portion
29q extending along the stationary bearing 38, and a second
outer surface portion 296 extending along the stationary
bearing 39. The first outer surface portion 294 and the
stationary bearing 38 define a first oil recess 45 fluidly
connected to the first annular gap 44, and the second outer
surface portion 296 and the stationary bearing 39 define a
second oil recess 46 fluidly connected to the first annular gap
44.

[0113] The orbiting bearings 41, 42, the drive shaft 18 and
the second fixed scroll 5 define a second annular gap 47.
Further the second outer flat part 31, which extends along
the eccentric driving portion 28 of the drive shaft 18,
includes a third outer surface portions 31a extending along
the orbiting bearing 41, and a fourth outer surface portions
315 extending along the orbiting bearing 42. The third outer
surface portion 31a and the orbiting bearing 41 define a third
oil recess 48 fluidly connected to the second annular gap 47,
and the fourth outer surface portion 316 and the orbiting
bearing 42 define a fourth oil recess 49 fluidly connected to
the second annular gap 47.

[0114] According to the first embodiment shown on FIGS.
1 to 10, the lubrication hole 35 emerges in an outer portion
of the first guided portion 26 of the drive shaft 18 angularly
offset from the first outer flat part 29 with respect to the
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rotation axis A of the drive shaft 18, and the lubrication holes
36 emerge in the second outer flat part 31.

[0115] The drive shaft 18 further includes a vent channel
51 fluidly connected on the one hand to the lubrication
channel 32 and on the other hand to the central recess 25 of
the first end portion 23 of the drive shaft 18.

[0116] As better shown on FIG. 9, the vent channel 51
includes a first vent portion 51la extending substantially
radially relative to the rotation axis A of the drive shaft 18,
and a second vent portion 515 located downstream the first
vent portion 51a and extending substantially parallelly to the
rotation axis A of the drive shaft 18. According to the first
embodiment of the invention, the first vent portion 51a
emerges in a inner wall portion of the lubrication channel 32
located nearby the rotation axis A of the drive shaft 18, and
the second vent portion 515 is opposite to the lubrication
channel 32 with respect to the rotation axis A of the drive
shaft 18. The location of the second vent portion 515 is
advantageously opposite to the inner wall portion of the
lubrication channel 32 along which the oil flows by cen-
trifugation during the rotation of the drive shaft 18.

[0117] The vent channel 51 further includes a flow restric-
tion area 52 provided on the first vent portion 5la and
configured to radially restrict the flow cross-section of the
first vent portion 51a. The first vent portion 51a may include
a first section provided upstream the flow restriction area 52
and a second section provided downstream the flow restric-
tion area 52. Further, the flow restriction area 52 may be
located nearby an inner wall portion of the lubrication
channel 32. According to an embodiment of the invention,
the flow restriction area 52 may be substantially centered
with respect to rotation axis A of the drive shaft.

[0118] Advantageously, the flow restriction area 52 is
configured such that, at the flow restriction area 52, a width
W of the flow cross-section of the first vent portion 51a is
smaller than a height H of the flow cross-section of the first
vent portion 51a.

[0119] The drive shaft 18 further includes a closure mem-
ber 53 located in the central recess 25 of the first end portion
23, and configured to close an end portion of the lubrication
channel 32 and to partially define the vent channel 51.
[0120] The closure member 53 includes a restriction mem-
ber 54 configured to partially define the flow restriction area
52, and a vent hole 55 forming the second vent portion 515
of vent channel 51.

[0121] The scroll compressor 1 further includes a first
counterweight 56 and a second counterweight 57 connected
to the drive shaft 18, and arranged to balance the mass of the
orbiting scroll arrangement 7. The first counterweight 56 is
located above the first fixed scroll 4, and the second coun-
terweight 57 is located below the second fixed scroll 5.
[0122] According to the first embodiment shown on FIGS.
1 to 10, the first counterweight 56 and the drive shaft 18 are
formed as a one-piece element, and the second counter-
weight 57 is distinct from the drive shaft 18 and is attached
to the latter. For example, the first counterweight 56 may be
formed by removing material from the drive shaft 18.
[0123] The scroll compressor 1 also includes a refrigerant
suction inlet (not shown in the figures) communicating with
the inner chamber 6 to achieve the supply of refrigerant to
the compression unit 3, and a discharge outlet (not shown in
the figures) for discharging the compressed refrigerant out-
side the scroll compressor 1.
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[0124] In operation, the oil supplied to the lubrication
channel 32 by oil pump 34, flows by centrifugation along the
inner wall portion of the lubrication channel 32 opposite to
the rotation axis A of the drive shaft 18. A first part of the oil
supplied to the lubrication channel 32 enters the lubrication
hole 37 and lubricates the stationary bearing 43. A second
part of the oil supplied to the lubrication channel 32 enters
the lubrication holes 36 and the third and fourth oil recesses
48, 49, and then lubricates the orbiting bearing 41, 42. A
third part of the oil supplied to the lubrication channel 32
enters successively the lubrication hole 35, the first annular
gap 44 and the first and second oil recesses 45, 46, and then
lubricates the stationary bearings 38, 39.

[0125] Further the vent channel 51 ensures the degassing
of the oil circulating in the lubrication channel 32, and
particularly the discharge of the refrigerant originating from
the degassing outside the drive shaft 18. The flow restriction
area 52 prevents or at least limits the oil discharge, or oil
leaks, through the vent channel 51, even when the quantity
of oil in the lubrication channel 32 is particularly consider-
able.

[0126] FIG. 11 represents the drive shaft 18 of a scroll
compressor 1 according to a second embodiment of the
invention which differs from the first embodiment in that the
drive shaft 18 includes two lubrication holes 35 emerging
respectively in the first and second outer surface portions
29a, 296 of the first outer flat part 29, and only one
lubrication hole 36 emerging in the second annular gap 47.
According to said second embodiment of the invention, the
lubrication hole 36 may emerge in an outer portion of the
eccentric driving portion 28 of the drive shaft 18 angularly
offset from the second outer flat part 31 with respect to the
rotation axis A of the drive shaft 18.

[0127] FIG. 12 represents the drive shaft 18 of a scroll
compressor 1 according to a third embodiment of the
invention which differs from the first embodiment in that the
drive shaft 18 includes only one lubrication hole 36 emerg-
ing in the second annular gap 47. According to said second
embodiment of the invention, the lubrication hole 36 may
emerge in an outer portion of the eccentric driving portion
28 of the drive shaft 18 angularly offset from the second
outer flat part 31 with respect to the rotation axis A of the
drive shaft 18.

[0128] Of course, the invention is not restricted to the
embodiments described above by way of non-limiting
examples, but on the contrary it encompasses all embodi-
ments thereof.

What is claimed is:

1. A scroll compressor including at least:

a compression unit configured to compress refrigerant and
including at least a first fixed scroll and an orbiting
scroll arrangement,

a drive shaft configured to drive the orbiting scroll
arrangement in an orbital movement, the drive shaft
including at least:

a lubrication channel configured to be supplied with oil
from an oil sump and extending over at least a part of
a length of the drive shaft, and

a first lubrication hole fluidly connected to the lubrication
channel and emerging in an outer wall of the drive
shaft,

a driving unit coupled to the drive shaft and arranged for
driving in rotation the drive shaft about a rotation axis

A),
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a first and a second bearings axially offset along the
rotation axis of the drive shaft and each configured to
engage the drive shaft,

wherein the first and second bearings and the drive shaft
at least partially define a first annular gap, the first
lubrication hole emerges in the first annular gap, the
first bearing and the drive shaft define a first oil recess
fluidly connected to the first annular gap, and the
second bearing and the drive shaft define a second oil
recess fluidly connected to the first annular gap.

2. The scroll compressor according to claim 1, wherein
the drive shaft further includes a first and a second outer
surface portions substantially flat and facing respectively the
first and second bearings, the first outer surface portion and
the first bearing defining the first oil recess, and the second
outer surface portion and the second bearing defining the
second oil recess.

3. The scroll compressor according to claim 2, wherein
the drive shaft includes a first outer flat part forming the first
and second outer surface portions, the first outer flat part
further extending along the first annular gap.

4. The scroll compressor according to claim 2, wherein
the first lubrication hole is angularly offset from at least one
of the first and second outer surface portions with respect to
the rotation axis of the drive shaft.

5. The scroll compressor according to claim 2, wherein
the first lubrication hole is substantially aligned with the first
and second outer surface portions in a direction extending
parallelly to the rotation axis of the drive shaft.

6. The scroll compressor according to claim 1, wherein
the lubrication channel is offset from the rotation axis of the
drive shaft, the first lubrication hole emerging in a first inner
wall portion of the lubrication channel opposite to the
rotation axis of the drive shaft.

7. The scroll compressor according to claim 1, wherein
the first and second bearings are each configured to further
engage one of the first fixed scroll and the orbiting scroll
arrangement.

8. The scroll compressor according to claim 1, wherein
the drive shaft further includes a vent channel fluidly con-
nected to the lubrication channel.

9. The scroll compressor according to claim 8, wherein
the vent channel includes a flow restriction area configured
to restrict the flow cross-section of the vent channel.

10. The scroll compressor according to claim 9, wherein
the flow restriction area is configured such that, at the flow
restriction area, a width of the flow cross-section of the vent
channel is smaller than a height of the flow cross-section of
the vent channel.

11. The scroll compressor according to claim 9, wherein
the vent channel includes at least a first vent portion extend-
ing substantially radially relative to the rotation axis (A) of
the drive shaft, the flow restriction area being provided on
the first vent portion.

12. The scroll compressor according to claim 11, wherein
the vent channel includes a second vent portion located
downstream the first vent portion and extending substan-
tially parallelly to the rotation axis of the drive shaft.

13. The scroll compressor according to claim 8, wherein
the vent channel emerges in a second inner wall portion of
the lubrication channel located nearby the rotation axis of
the drive shaft.
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14. The scroll compressor according to claim 8, wherein
the drive shaft further includes a closure member configured
to partially define the vent channel.

15. The scroll compressor according to claim 14, wherein
the closure member includes a restriction member config-
ured to partially define the flow restriction area.

16. The scroll compressor according to claim 3, wherein
the first lubrication hole is angularly offset from at least one
of the first and second outer surface portions with respect to
the rotation axis of the drive shaft.

17. The scroll compressor according to claim 3, wherein
the first lubrication hole is substantially aligned with the first
and second outer surface portions in a direction extending
parallelly to the rotation axis of the drive shaft.

18. The scroll compressor according to claim 2, wherein
the lubrication channel is offset from the rotation axis of the
drive shaft, the first lubrication hole emerging in a first inner
wall portion of the lubrication channel opposite to the
rotation axis of the drive shaft.

19. The scroll compressor according to claim 3, wherein
the lubrication channel is offset from the rotation axis of the
drive shaft, the first lubrication hole emerging in a first inner
wall portion of the lubrication channel opposite to the
rotation axis of the drive shaft.

20. The scroll compressor according to claim 4, wherein
the lubrication channel is offset from the rotation axis of the
drive shaft, the first lubrication hole emerging in a first inner
wall portion of the lubrication channel opposite to the
rotation axis of the drive shaft.

#* #* #* #* #*
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