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(54) Shaft bearing clearances for an hermetic compressor.

(57) Hermetic compressor including a hermetic con-
tainer; a rotation drive unit provided at an inner space of
the hermetic container; a rotation shaft combined with
the rotation drive unit; a compression mechanism com-
bined with the rotation shaft to inhale and compress re-
frigerant; a first bearing fixed to the compression mech-
anism to support the rotation shaft; and a second bearing
fixed to the hermetic container to support an end portion
located apart from the first bearing on the rotation shaft,
wherein when an inner diameter of the second bearing
is D (Pm), a diameter of the rotation shaft is d (Pm), and
a normal clearance between the second bearing and the
rotation shaft is C0 in case where the rotation shaft is
vertically located at an inner portion of the second bear-
ing, the compressor satisfies the relation of C0 < D - d <
90 Pm + d/1000.
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Description

1. Field of the invention

[0001] The present invention relates to a hermetic
compressor, and more particularly, to a hermetic com-
pressor in which bearings are provided at both upper and
lower ends of the crank shaft.

2. Description of the related art

[0002] In general, a hermetic compressor is provided
with a drive motor generating a driving force in an inner
space of the hermetic container, and a compressor
mechanism operated in combination with the drive motor
to compress refrigerant. Furthermore, the hermetic com-
pressor may be classified into a reciprocating type, a
scroll type, a vibration type, and the like. The reciprocat-
ing type, scroll type, or vibration type is a method of using
a rotational force of the drive motor, and the vibration
type is a method of using a reciprocating motion of the
drive motor.
[0003] The drive motor of the hermetic compressor us-
ing a rotational force in the foregoing hermetic compres-
sor is provided with a rotation shaft to transfer the rota-
tional force of the drive motor to the compressor mech-
anism. For instance, the drive motor of the rotary type
hermetic compressor (hereinafter, rotary compressor)
may include a stator fixed to the hermetic container, a
rotor inserted into the stator with a predetermined air gap
to be rotated by interaction with the stator, and a rotation
shaft combined with the rotor to transfer a rotational force
of the rotor to the compressor mechanism. Furthermore,
the compressor mechanism may include a compressor
mechanism combined to the rotation shaft to inhale, com-
press, and discharge refrigerant while rotating within a
cylinder, and a plurality of bearing members supporting
the compressor mechanism while at the same time form-
ing a compression space together with the cylinder. The
bearing members are arranged at a side of the drive mo-
tor to support the rotation shaft. However, in recent years,
a high-performance compressor has been introduced in
which bearings are provided at both upper and lower
ends of the rotation shaft, respectively, to minimize the
vibration of the compressor.
[0004] In this manner, if bearings supporting the rota-
tion shaft are added thereto, then a contact area between
the bearings and the rotation shaft is increased, and such
an increased contact area also causes an increase of
friction loss, and thus it may be necessary to minimize
friction loss. In order to minimize the friction loss, it is
required to enhance the mechanical precision of each
component but it has a limit because of increasing the
production cost. Typically, a clearance between the bear-
ing and the rotation shaft is optimized and the supply of
oil performing a lubrication function is going smoothly,
thereby reducing friction loss.

SUMMARY OF THE INVENTION

[0005] The present invention is contrived to overcome
the foregoing disadvantages in the related art, and it is
a technical task of the present invention to provide a her-
metic compressor capable of minimizing friction loss.
[0006] In order to accomplish the foregoing technical
task, according to an aspect of the present invention,
there is provided a hermetic compressor, including a her-
metic container,; a rotation drive unit provided at an inner
space of the hermetic container; a rotation shaft com-
bined with the rotation drive unit; a compression mech-
anism combined with the rotation shaft to inhale and com-
press refrigerant; a first bearing fixed to the compression
mechanism to support the rotation shaft; and a second
bearing fixed to the hermetic container to support an end
portion located apart from the first bearing on the rotation
shaft, wherein when an inner diameter of the second
bearing is D (Pm), a diameter of the rotation shaft is d
(Pm), and a normal clearance between the second bear-
ing and the rotation shaft is C0 in case where the rotation
shaft is vertically located at an inner portion of the second
bearing, the compressor satisfies the relation of C0 < D
- d < 90 Pm + d/1000.
[0007] According to the aspect of the present inven-
tion, a larger clearance may be provided compared to a
case where the rotation shaft is vertically located by tak-
ing a dimension of each constituent element as well as
a slope of the rotation shaft into consideration when con-
figuring a clearance between the second bearing and the
rotation shaft. In other words, when a clearance (herein-
after, normal clearance) configured in case where the
rotation shaft is located in parallel to a contact surface of
the bearing within the bearing is C0, in the related art,
the clearance has been determined without considering
the slope of the rotation shaft.
[0008] However, as a result of the studies of the
present inventors it was confirmed that the clearance
may be reduced or increased due to a slope of the rotation
shaft as increasing the length of the rotation shaft even
when an inner diameter of the bearing and a diameter of
the rotation shaft are precisely processed in the bearing
located at the upper portion. If the clearance is reduced
as described above, it may cause a problem that hydro-
dynamic lubrication cannot be carried out between the
bearing and the rotation shaft, and only boundary lubri-
cation is carried out, the rotation shaft is directly brought
into contact with a surface of the bearing, or the like.
Accordingly, it may be required to configure a clearance
between the two elements larger than the normal clear-
ance in order to be prepared for the case of inclination
of the rotation shaft.
[0009] Nevertheless, when excessively increasing the
clearance, there may exist a case in which the rotation
shaft is not inclined as well as a case where the bearing
cannot perform the role, and thus the upper limit is set
to a value in which 90 Pm is added to 1/1000 of the di-
ameter of the rotation shaft.
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[0010] On the other hand, a difference between the D
- d value and the C0 may be set proportional to a thickness
(L) of the second bearing. In other words, a reduced
amount of the clearance may be increased as increasing
the thickness of the bearing even when the rotation shaft
has the same inclination. Taking this into account, a dif-
ference between the D - d value and the C0 may be in-
creased as increasing the thickness of the bearing.
[0011] On the other hand, the normal clearance (C0)
may be set to 1/1000 of the diameter of the rotation shaft.
[0012] Furthermore, the second bearing may include
a frame combined with an inner circumferential surface
of the hermetic container; a housing combined with the
frame to be rotatably combined with the rotation shaft;
and a bearing bush provided at an inner portion of the
housing to face the rotation shaft, wherein the bearing
bush is located to be protruded downward from the hous-
ing. Through this, it may be possible to decrease a re-
duced amount of the clearance by the inclination of the
rotation shaft by reducing a gap between the first bearing
and the second bearing while maintaining a sufficient gap
between the frame for fixing the second bearing and the
rotation drive unit.
[0013] Here, the frame and housing may be individu-
ally produced and assembled or integrally formed.
[0014] Specifically, the housing may include a bearing
protrusion formed to be protruded in a downward direc-
tion of the hermetic container, wherein the bearing bush
is mounted at an inner portion of the bearing protrusion.
[0015] Here, the thickness (L) of the second bearing
may be a thickness of the bearing bush.
[0016] Furthermore, it may be configured such that the
D - d value is located between 50 Pm + d/1000 and 90
Pm + d/1000.
[0017] According to the aspects of the present inven-
tion having the foregoing configuration, the rotation shaft
may be disposed to be inclined to maintain the clearance
within an optimal range, thereby minimizing the perform-
ance deterioration of the compressor due to friction loss.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The accompanying drawings, which are includ-
ed to provide a further understanding of the invention and
are incorporated in and constitute a part of this specifi-
cation, illustrate embodiments of the invention and to-
gether with the description serve to explain the principles
of the invention.
[0019] In the drawings:

FIG. 1 is a cross-sectional view illustrating a hermetic
compressor according to an embodiment of the
present invention;
FIG. 2 is a cross-sectional view along the line I-I of
FIG. 1;
FIG. 3 is a cross-sectional view schematically illus-
trating a configuration in which the rotation shaft is
disposed to be inclined within the second bearing in

FIG. 1;
FIG. 4 is a graph illustrating a reduced amount of the
clearance according to a length of the second bear-
ing in the embodiment of FIG. 1; and
FIG. 5 is a graph illustrating a change of the rotation
torque and performance according to a clearance in
the second bearing.

DETAILED DESCRIPTION OF THE INVENTION

[0020] Hereinafter, a crankshaft and a hermetic com-
pressor having the same according to the present inven-
tion will be described in detail with reference to an em-
bodiment of the rotary compressor illustrated in the ac-
companying drawings.
[0021] FIG. 1 is a longitudinal cross-sectional view il-
lustrating an inner portion of the rotary compressor ac-
cording to the present invention, and FIG. 2 is a cross-
sectional view along the line I-I of FIG. 1.
[0022] As illustrated in FIGS. 1 and 2, in a rotary com-
pressor according to the present disclosure, a drive motor
200 generating a driving force is provided at an upper
side of the inner space 101 of the hermetic container 100,
and a compressor mechanism 300 compressing refrig-
erant by power generated from the drive motor 200 is
provided at a lower side of the inner space 101 of the
hermetic container 100, and a first bearing 400 and an
second bearing 500 supporting a crankshaft 230 which
will be described later are provided at a lower side and
an upper side of the drive motor 200, respectively.
[0023] The hermetic container 100 may include a con-
tainer body 110 in which the drive motor 200 and the
compressor mechanism 300 are provided, an upper cap
(hereinafter, a first cap) 120 covering an upper opening
end (hereinafter, a first opening end) 111 of the container
body 110, and a lower cap (hereinafter, a second cap)
130 covering a lower opening end (hereinafter, a second
opening end) 112 of the container body 110.
[0024] The container body 110 may be formed in a
cylindrical shape, and a suction pipe 140 may be pene-
trated and combined with a circumferential surface of the
lower portion of the container body 110, and the suction
pipe is directly connected to a suction port (not shown)
provided in a cylinder 310 which will be described later.
[0025] An edge of the first cap 120 may be bent to be
welded and combined with a first opening end 111 of the
container body 110. Furthermore, a discharge pipe 150
for guiding refrigerant discharged from the compressor
mechanism 300 to an inner space 101 of the hermetic
container 100 to a freezing cycle is penetrated and com-
bined with a central portion of the first cap 120.
[0026] An edge of the second cap 130 may be bent to
be welded and combined with a second opening end 112
of the container body 110.
[0027] The drive motor 200 may include a stator 210
shrink fitted and fixed to an inner circumferential surface
of the hermetic container 100, a rotor 220 rotatably ar-
ranged at an inner portion of the execution controller 210,
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and a crankshaft 230 shrink fitted to the rotator 220 to
transfer a rotational force of the drive motor 200 to the
compressor mechanism 300 while being rotated there-
with.
[0028] For the stator 210, a plurality of stator sheets
may be laminated at a predetermined height, and a coil
240 is wound on the teeth provided at an inner circum-
ferential surface thereof.
[0029] The rotor 220 may be arranged with a prede-
termined air gap on an inner circumferential surface of
the stator 210 and the crankshaft 230 is inserted into a
central portion thereof with a shrink fit coupling and com-
bined to form an integral body.
[0030] The crankshaft 230 may include a shaft portion
231 combined with the rotor 220, and an eccentric portion
232 eccentrically formed at a lower end portion of the
shaft portion 231 to be combined with a rolling piston
which will be described later. Furthermore, an oil passage
233 is penetrated and formed in an axial direction at an
inner portion of the crankshaft 230 to suck up oil of the
hermetic container 100. Furthermore, an oil through hole
235 communicated with the oil passage 233 may be
formed at a portion facing the second bearing in an upper
portion of the crankshaft 230. The oil through hole 235
will be described later.
[0031] The compressor mechanism 300 may include
a cylinder 310 provided within the hermetic container
100, a rolling piston 320 rotatably combined with an ec-
centric portion 232 of the crankshaft 230 to compress
refrigerant while being revolved in a compression space
(V1) of the cylinder 310, a vein 330 movably combined
with the cylinder 310 in a radial direction such that a seal-
ing surface at one side thereof to be brought into contact
with an outer circumferential surface of the rolling piston
320 to partition a compression space (no reference nu-
meral) of the cylinder 310 into a suction chamber and a
discharge chamber, and a vein spring 340 formed of a
compression spring to elastically support a rear side of
the vein 330.
[0032] The cylinder 310 may be formed in a ring shape,
a suction port (not shown) connected to the suction pipe
is formed at a side of the cylinder 310, a vein slot 311
with which the vein 330 is slidably combined is formed
at a circumferential-direction side of the suction port, and
a discharge guide groove (not shown) communicated
with a discharge port 411 provided in an upper bearing
which will be described later is formed at a circumferen-
tial-direction side of the vein slot 311.
[0033] The first bearing 400 may include an upper
bearing 410 welded and combined with the hermetic con-
tainer 100 while covering an upper side of the cylinder
310 to support the crankshaft 230 in an axial and radial
direction, and a lower bearing 420 welded and combined
with the hermetic container 100 while covering an lower
side of the cylinder 310 to support the crankshaft 230 in
an axial and radial direction. The second bearing 500
may include a frame 510 welded and combined with an
inner circumferential surface of the hermetic container

100 at an upper side of the stator 210, and a housing 520
combined with the frame 510 to be rotatably combined
with the crankshaft 230.
[0034] The frame 510 may be formed in a ring shape,
and a fixed protrusion 511 protruded at a predetermined
height to be welded to the container body 110 is formed
on a circumferential surface thereof. The fixed protrusion
511 is formed to have a predetermined arc angle with an
interval of 120 degrees approximately along a circumfer-
ential direction.
[0035] The housing 520 may be formed with support
protrusions 521 with an interval of about 120 degrees to
support the frame 510 at three points, a bearing protru-
sion 522 is formed to be protruded downward at a central
portion of the support protrusions 521, thereby allowing
an upper end of the crankshaft 230 to be inserted and
supported. A bearing bush 530 may be combined or a
ball bearing may be combined with the bearing protrusion
522.
[0036] Non-described reference numeral 250 in the
drawing is an oil feeder.
[0037] A rotary compressor having the foregoing con-
figuration according to the present disclosure will be op-
erated as follows.
[0038] In other words, when power may be applied to
the stator 210 of the drive motor 200 to rotate the rotor
220, the crankshaft, 230 is rotated while both ends there-
of is supported by the first bearing 400 and the second
bearing 500. Then, the crankshaft 230 transfers a rota-
tional force of the drive motor 200 to the compressor
mechanism 300, and the rolling piston 320 is eccentri-
cally rotated in the compression space in the compressor
mechanism 300. Then, the vein 330 compresses refrig-
erant while forming a compression space together with
the rolling piston 320 to be discharged to an inner space
101 of the hermetic container 100.
[0039] At this time, while the crankshaft 230 is rotated
at a high speed the oil feeder 250 provided at a lower
end thereof pumps oil filled in an oil storage portion of
the hermetic container 100, and the oil is sucked up
through the oil passage 233 of the crankshaft 230 to lu-
bricate each bearing surface. The sucked-up oil is sup-
plied to the second bearing through the oil through hole
235.
[0040] On the other hand, the crankshaft 230 is fixed
within the hermetic container 110 through the first bearing
located at a lower portion thereof, and located to be sep-
arated from the stator 210 with a predetermined gap, and
thus according to circumstances, may be disposed to be
inclined with respect to a longitudinal direction of the her-
metic container 110. Such an aspect is illustrated in FIG.
3.
[0041] Referring to FIG. 3, when an inner diameter of
the bearing bush 530 facing the crankshaft 230 is D, and
a diameter of the crankshaft 230 is d in the second bear-
ing 500, a normal clearance C0 in case where the crank-
shaft 230 is located in parallel to an inner wall surface of
the bearing bush 530 is typically set to d/1000 (Pm),
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[0042] Here, the normal clearance implies a clearance
at a typically set level without considering the inclination
of the crankshaft. The normal clearance may be suitably
set by taking a material of the bearing bush, a character-
istic of the used lubricant, a size of the bearing and crank-
shaft, and the like into account, and a clearance set in
the first bearing may be used as the normal clearance.
[0043] In other words, the first bearing is mounted on
the compression mechanism, and the compression
mechanism and the first bearing are centered to the her-
metic container 110 at the same time during the assembly
process and thus it is not affected even when the crank-
shaft is disposed to be inclined. As a result, for the first
bearing, the inclination thereof may not be considered
greatly significant.
[0044] However, as illustrated in FIG. 3, when the
crankshaft 230 is disposed to be inclined at an inclination
angle (α°) within the bearing bush 530, the normal clear-
ance is reduced at the one side thereof (the left side in
FIG. 3), and increased at the other side (the right side in
FIG. 3), thereby not allowing the normal clearance to be
maintained within an optimal range. In particular, there
is a possibility that the crankshaft may be brought into
contact with an inner surface of the bearing bush during
rotation at the side of which the clearance is reduced,
and it may cause an increase of the friction loss. More-
over, such a reduced amount of the clearance is in-
creased according to a length (L) of the bearing bush.
[0045] Furthermore, the crankshaft 230 is rotated
around the first bearing in a circumferential direction, and
thus when the crankshaft is disposed to be inclined as
described above, a gap at the second bearing is further
reduced or increased more than that at the first bearing.
Accordingly, when a gap between a bearing surface and
an outer surface of the crankshaft in the first bearing is
G1 and a gap between a bearing surface and an outer
surface of the crankshaft in the second bearing is G2,
the compressor satisfies the relation of G1 < G2, thereby
allowing the normal clearance to be maintained in the
second bearing.
[0046] On the other hand, FIG. 4 is a graph illustrating
a reduced amount of the clearance according to a length
of the bearing bush, and specifically, a reduced amount
of unilateral clearance according to an indignation angle
is illustrated in case where the length (L) of the bearing
bush is 10, 20, 30, 40, and 50 Pm, respectively. Referring
to FIG. 4, in case of the same inclination angle, it is seen
that a reduced amount of the clearance is linearly in-
creased as increasing the length (L) of the bearing bush.
[0047] The present inventors tested a change of the
rotation torque and performance according to the clear-
ance (D - d) when the diameter of the crankshaft is 10
mm, and the length of the bearing bush is 10 mm by
taking such points into account, and the result is illustrat-
ed in FIG. 5. Here, the rotation torque is a torque required
to rotate the crankshaft in a state that external force is
not applied thereto, and preferably it is small, and the
performance implies a ratio of the actually measured per-

formance to the theoretically measured performance,
and preferably it is large.
[0048] Referring to FIG. 5, the rotation torque is de-
creased as increasing the clearance, but it is seen that
with reference with 40 Pm, the rotation torque is drasti-
cally reduced according to an increase of the clearance
prior to the reference value but not so much reduced
even when increasing the clearance subsequent to the
reference value.
[0049] On the other hand, the clearance should be in-
creased in proportion to a diameter (d) of the crankshaft
and a length (L) of the bearing bush. In other words, even
when the crankshaft is inclined at the same inclinafiion
angle a reduced amount of the preset clearance is in-
creased as increasing the diameter of the crankshaft or
the length of the bearing bush, and thus an optimal clear-
ance should be set by taking the diameter of the crank-
shaft or the length of the bearing bush into account.
[0050] In the above example, 1/1000 of the diameter
of the crankshaft, i.e., 10 Pm, is an optimal clearance in
a state that the crankshaft is not inclined, but the result
illustrated in FIG. 5 shows that a clearance between 60
Pm and 100 Pm is optimal, and thus it is seen that the
clearance should be increased up to the minimum 50 Pm
and maximum 90 Pm from the optimal clearance. In other
words, it can be summarized that 50 Pm + d/1000 < D -
d < 90 Pm + d/1000.

Claims

1. A hermetic compressor, comprising:

a hermetic container;
a rotation drive unit provided at an inner space
of the hermetic container;
a rotation shaft combined with the rotation drive
unit;
a compression mechanism combined with the
rotation shaft to inhale and compress refriger-
ant;
a first bearing fixed to the compression mecha-
nism to support the rotation shaft; and
a second bearing fixed to the hermetic container
to support an end portion located apart from the
first bearing on the rotation shaft,
wherein when an inner diameter of the second
bearing is D (Pm), a diameter of the rotation shaft
is d (Pm), and a normal clearance between the
second bearing and the rotation shaft is C0 in
case where the rotation shaft is vertically located
at an inner portion of the second bearing, the
compressor satisfies the relation of C0 < D - d <
90 Pm + d/1000.

2. The hermetic compressor of claim 1, wherein a dif-
ference between the D - d value and the C0 is pro-
portional to a thickness (L) of the second bearing.
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3. The hermetic compressor of claim 1 or 2, wherein
the second bearing comprises:

a frame combined with an inner circumferential
surface of the hermetic container;
a housing combined with the frame to be rotat-
ably combined with the rotation shaft; and
a bearing bush provided at an inner portion of
the housing to face the rotation shaft,
wherein the bearing bush is located to be pro-
truded downward from the housing.

4. The hermetic compressor of claim 3, wherein the
housing comprises a bearing protrusion formed to
be protruded in a downward direction of the hermetic
container,
wherein the bearing bush is mounted at an inner por-
tion of the bearing protrusion.

5. The hermetic compressor of claim 3 or 4, wherein
the thickness (L) of the second bearing is a thickness
of the bearing bush.

6. The hermetic compressor of any of claims 3 to 5,
wherein the frame and housing are integrally formed.

7. The hermetic compressor of any of claims 1 to 6,
wherein the compressor satisfies the relation of 50
Pm + d/1000 < D - d < 90 Pm + d/1000.

8. A hermetic compressor, comprising:

a hermetic container;
a rotation drive unit provided at an inner space
of the hermetic container;
a rotation shaft combined with the rotation drive
unit;
a compression mechanism combined with the
rotation shaft to inhale and compress refriger-
ant;
a first bearing fixed to the compression mecha-
nism to support the rotation shaft; and
a second bearing disposed to be separated from
the first bearing on the rotation shaft,
wherein when a gap between a bearing surface
and an outer surface of the rotation shaft in the
first bearing and the second bearing is G1 and
G2, respectively, the compressor satisfies the
relation of G1 < G2.

9. The hermetic compressor of claim 8, wherein when
an inner diameter of the second bearing is D (Pm),
and a diameter of the rotation shaft is d (Pm), the
compressor satisfies the relation of G1 < D - d < 90
Pm + d/1000.

10. The hermetic compressor of claim 9, wherein the
compressor satisfies the relation of 50 Pm + d/1000

< D - d < 90 Pm + d/1000.
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