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(57)  Thepresentinvention provides a crankshaftand
a rotary compressor. An eccentric section of the crank-
shaft defines arecess in its outer circumferential surface.
The recess defines an opening at the outer circumfer-
ential surface of the eccentric section and a bottom sur-
face within the eccentric section. An orthogonal projec-
tion of the opening on a cross-section of the eccentric
section includes an arc set including at least one arc. A
total length of the arc set is less than a perimeter of the
eccentric section. An orthogonal projection of the bottom
surface on the cross-section of the eccentric section
includes a curve set including at least one curve having
a first endpoint and a second endpoint. A first line seg-
ment connects the first endpoint and a center of a circle
defined by the eccentric section, and a second line seg-
ment connects the second endpoint and the center of the
circle defined by the eccentric section. The first and
second line segments define an angle of a therebetween,
which satisfies 0°<a<180°. A minimum distance between
the curve and the center of the circle defined by the
eccentric section is equal to r, which satisfies
1/2<r/R<1. This invention allows for better lubrication
between the eccentric section and the piston, which
reduces friction power losses and improves the compres-
sor performance.
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Description
TECHNICAL FIELD

[0001] The present invention relates to the field of
compressor technology, and particularly to a crankshaft
and a rotary compressor.

BACKGROUND

[0002] Rotary compressors comprise a crankshaft, a
piston and a cylinder. The crankshaft has an eccentric
section, and the piston is disposed in the cylinder over the
eccentric section, with a very small clearance being left
between the piston and the eccentric section. The ec-
centric section can be rotated to rotate the piston. How-
ever, during the rotation, the eccentric section tends to
encounter significant friction with the piston, which leads
to considerable friction power losses and degrades the
compressor performance.

SUMMARY

[0003] Provided herein are a crankshaft and a rotary
compressor, which overcome the above-described pro-
blem of significant friction between an eccentric section
and a piston.

[0004] To this end, the present invention provides a
crankshaft including an eccentric section defining a re-
cess inits circumference, the recess defining an opening
at an outer circumferential surface of the eccentric sec-
tion and a bottom surface within the eccentric section,

wherein an orthogonal projection of the opening on a
cross-section of the eccentric sectionincludes anarc
setincluding atleastone arc and having a total length
less than a perimeter of the eccentric section, the
cross-section of the eccentric section perpendicular
to an axis of the eccentric section, and

wherein an orthogonal projection of the bottom sur-
face on the cross-section of the eccentric section
includes a curve set including at least one curve
having a first endpoint and a second endpoint, the
firstendpoint connected to a center of a circle defined
by the eccentric section by a first line segment, the
second endpoint connected to the center of the circle
defined by the eccentric section by a second line
segment, the firstand second line segments defining
an angle of o therebetween, which satisfies
0°<a<180°, the curve spaced from the center of
the circle defined by the eccentric section at a mini-
mum distance of r, which satisfies 1/2<r/R<1, where
R represents a radius of the eccentric section.

[0005]
an arc.
[0006] Optionally, the curve set may include at least
two curves, which are arcs joined end-to-end.

Optionally, each of the atleast one curve may be
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[0007] Optionally, the recess may extend through
upper and lower end faces of the eccentric section.
[0008] Optionally, the recess may be perpendicular to
upper and lower end faces of the eccentric section.
[0009] Optionally, the recess may helically extend in
the circumference of the eccentric section.

[0010] Optionally, the recess may helically extend in a
direction opposite to a direction in which the eccentric
section rotates.

[0011] Optionally, the orthogonal projection of the bot-
tom surface on the cross-section of the eccentric section
may further include a line-segment set including at least
one line segment having a third endpoint and a fourth
endpoint, the third endpoint connected to the center of the
circle defined by the eccentric section by a third line
segment, the fourth endpoint connected to the center
of the circle defined by the eccentric section by a fourth
line segment, the third and fourth line segments defining
an angle therebetween, which is equal to a, the line
segment spaced from the center of the circle defined
by the eccentric section by a minimum distance, which is
equaltor.

[0012] The present invention also provides a rotary
compressor including the crankshaft as defined in any
of the preceding paragraphs.

[0013] Optionally, the rotary compressor may further
include a housing, a piston, an upper cylinder cap, a
cylinder and a lower cylinder cap, wherein the eccentric
section of the crankshaft and the piston are mounted
within the cylinder; the piston is disposed over the ec-
centric section, with a clearance being left between the
piston and the eccentric section; the eccentric section is
used to drive the piston to rotate; the upper cylinder cap is
fixed to an upper end face of the cylinder; the lower
cylinder cap is fixed to a lower end face of the cylinder;

an oil intake is provided on an axis of the crankshaft,
and an oil outlet is provided on the eccentric section
into communication with the oil intake; and

a bottom portion of the housing defines an oil tank,
and the oilintake is used to draw lubricant oil from the
oil tank.

[0014] In the crankshaft and the rotary compressor of
the present invention, during rotation of the piston driven
by the eccentric section, the presence of the recess in the
eccentric section leads to a smaller contact area, and
hence reduced friction, between the eccentric section
and the piston. In addition, lubricant oil may be introduced
into the recess to enhance lubrication between the ec-
centric section and the piston and reduce friction power
losses, improving the compressor performance. Config-
uring the angle o between the first and second line
segments within 0°<a<180° can prevent a loss of power
from the eccentric section to drive rotation of the piston
due to an excessively large a value. Configuring the
minimum distance r between the curve and the center
of the circle defined by the eccentric section within
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1/2<r/R<1 can take into account strength of the crank-
shaft and lubrication of the recess and avoid the recess
from having an excessively large or small depth. An
excessively large depth of the recess may lead to re-
duced strength of the crankshaft. An inadequate depth of
the recess may not allow it to contain sufficient lubricant
oil necessary for providing desirable lubrication.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015]

Fig. 1 is a schematic cross-sectional view of a crank-
shaft according to an embodiment of the present
invention, taken through an eccentric section there-
of.

Fig. 2 is a schematic diagram showing a crankshaft
according to an embodiment of the present inven-
tion, which has an eccentric section defining one
recess therein.

Fig. 3 is a schematic right view of Fig. 2.

Fig. 4 is a schematic diagram showing a crankshaft
according to an embodiment of the present inven-
tion, which has an eccentric section defining two
recesses therein.

Fig. 5 is a schematic right view of Fig. 4.

Fig. 6 is a schematic diagram showing a crankshaft
according to an embodiment of the present inven-
tion, which has an eccentric section defining one
recess therein.

Fig. 7 is a schematic right view of Fig. 6.

Fig. 8 is a schematic partial view of a rotary com-
pressor according to an embodiment of the present
invention.

List of Reference Numerals
[0016]

1, crankshaft; 2, recess; 3, upper cylinder cap; 4,
cylinder; 5, lower cylinder cap;

11, eccentric section;

111, outer circumferential surface; 112, lower end
face; 113, oil outlet;

21, opening; 22, bottom surface.

DETAILED DESCRIPTION

[0017] Objectives, advantages and features of the pre-
sent invention will become more apparent upon reading
the following detailed description of crankshafts and
rotary compressors described herein with reference to
the accompanying drawings. Note that the figures are
provided in a very simplified form not necessarily drawn
to exact scale for the only purpose of helping to explain
the disclosed embodiments in a more convenient and
clearer way.

[0018] As used herein, the terms "first", "second" and
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the like are employed for ease of description and refer-
ence only, and are not to be construed as denoting or
implying relative importance or as implicitly indicating the
numerical number of the referenced items. Accordingly,
defining an item with "first", "second" or the like is an
explicit or implicit indication of the presence of one or
more such items.

[0019] As shown in Figs. 1 to 7, embodiments of the
present invention provide a crankshaft 1 includes an
eccentric section 11, the eccentric section 11 defines a
recess 2 in its circumference. The recess 2 has an open-
ing 21 and a bottom surface 22. The opening 21 is defined
at an outer circumferential surface 111 of the eccentric
section 11, and the bottom surface 22 is located within the
eccentric section 11. An orthogonal projection of the
opening 21 on a cross-section of the eccentric section
11 includes an arc set, the arc set includes at least one
arc. Atotal length of the arc set is less than a perimeter of
the eccentric section 11. The cross-section of the ec-
centric section 11 is defined perpendicular to an axis of
the eccentric section 11. An orthogonal projection of
bottom surface 22 on the cross-section of the eccentric
section 11 includes a curve set, the curve set includes at
least one curve having first endpoint and a second end-
point. A first line segment connects the first endpoint and
a center of a circle defined by the eccentric section 11. A
second line segment connects the second endpoint and
the center of the circle defined by the eccentric section 11.
The first and second line segments define an angle of a
therebetween, which satisfies 0°<a<180°. A minimum
distance between the curve and the center of the circle
defined by the eccentric section 11 is equal to r, which
satisfies 1/2<r/R<1, where R represents a radius of the
eccentric section 11. The outer circumferential surface
111 refers to a side wall surface of the eccentric section 11
and the outer circumferential surface 111 is perpendicular
to both an upper end face and a lower end face 112 of the
eccentric section 11.

[0020] In the crankshaft 1 according to these embodi-
ments of the present invention, a recess 2 is provided in
the eccentric section 11 of the crankshaft 1, during rota-
tion of a piston driven by the eccentric section 11, the
presence of the recess 2 leads to a smaller contact area
between the eccentric section 11 and the piston, and
hence reduced friction between the eccentric section 11
and the piston. In addition, lubricant oil may be introduced
into the recess 2 to enhance lubrication between the
eccentric section 11 and the piston and reduce friction
power losses, improving the compressor performance.
Configuring the angle o between the first and second line
segments within 0°<a<180° can prevent a loss of power
from the eccentric section 11 to drive rotation of the piston
due to an excessively large o value. Configuring the
minimum distance r between the curve and the center
of the circle defined by the eccentric section 11 within
1/2<r/R<1 can take into account strength of the crank-
shaft 1 and lubrication of the recess 2 and avoid the
recess 2 from having an excessively large or small depth.
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An excessively large depth of the recess 2 may lead to
reduced strength of the crankshaft 1. An inadequate
depth of the recess 2 may not allow the recess 2 to
contain sufficient lubricant oil necessary for providing
desirable lubrication.

[0021] Optionally, as shownin Fig. 1, the curve set may
be an arc set. In this case, each of the aforesaid curve(s)
is an arc. If the orthogonal projection of the bottom sur-
face 22 of the recess 2 on the cross-section of the ec-
centric section 11 is an arc, then the recess 2 will have a
constant depth throughout its entire extent. This facili-
tates the machining of the recess 2 in the eccentric
section 11. If the orthogonal projection of the bottom
surface 22 of the recess 2 on the cross-section of the
eccentric section 11 is a curve, then the recess 2 will have
a constantdepth throughoutits entire extent, or not. In the
latter case, the machining of the recess 2 may require
changing a cutting depth of the cutter used and therefore
be more difficult. Alternatively, the recess 2 may be
directly formed by casting.

[0022] Optionally, as shown in Figs. 1 and 5, the curve
setmay include atleast two curves, which are arcs joined
end-to-end. This facilitates the machining of the recess 2.
As shown in Fig. 1, the arc setincludes three arcs N1, N2
and N3. In alternative embodiments, two or more of the
arcs may be spaced apart. That is, two or more recesses
2 may be spaced circumferentially around the eccentric
section 11.

[0023] Optionally, as showninFigs. 1and 2, the recess
2 may extend through the upper end face and the lower
end face 112 of the eccentric section 11. This allows the
opening 21 of the recess 2 to have a larger area, which
makes the recess 2 easier to machine.

[0024] Optionally, as showninFigs. 2 and 4, therecess
2 may be perpendicular to the upper end face and the
lower end face 112 of the eccentric section 11. This
makes the recess 2 easier to machine.

[0025] Optionally, as showninFigs. 1 and 6, the recess
2 may extend helically in the circumference of the ec-
centric section 11. Referring to Figs. 6 and 7, if the
crankshaft 1 is designed to rotate counterclockwise, then
the recess 2 may extend helically clockwise from the side
of a longer section of the crankshaft 1 to the side of a
shorter section thereof. This enables more lubricant oil to
be stored in the recess 2 during rotation of the eccentric
section 11.

[0026] Optionally, referring to Fig. 1, the orthogonal
projection of the bottom surface 22 on the cross-section
of the eccentric section 11 may further include a line-
segment set, the line-segment set includes at least one
line segment having a third endpoint and a fourth end-
point. A third line segment connects the third endpoint
and the center of the circle defined by the eccentric
section 11, and a fourth line segment connects the fourth
endpoint and the center of the circle defined by the
eccentric section 11. The third and fourth line segments
define an angle therebetween, which is equal to a. A
minimum distance between the line segment and the
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center of the circle defined by the eccentric section 11
is r. Alternatively, the orthogonal projection of the bottom
surface 22 of the recess 2 on the cross-section of the
eccentric section 11 may be a combination of curved and
straight lines. In this way, crankshafts 1 in various forms
can be provided, and hence compressors in various
forms with different performance specifications as well.
[0027] AsshowninFig. 8, based onthe sameinventive
concept as the crankshaft 1 as discussed above, embo-
diments of the present invention also provide a rotary
compressor including the crankshaft 1 as defined in any
of the preceding paragraphs.

[0028] In the crankshaft 1 of the rotary compressor
according to these embodiments of the present inven-
tion, a recess 2 is provided in the eccentric section 11 of
the crankshaft 1, during rotation of a piston driven by the
eccentric section 11, the presence oftherecess 2 leads to
a smaller contact area between the eccentric section 11
and the piston, and hence reduced friction between the
eccentric section 11 and the piston. In addition, lubricant
oil may be introduced into the recess 2 to enhance
lubrication between the eccentric section 11 and the
piston and reduce friction power losses, improving the
compressor performance. Configuring the angle o be-
tween the first and second line segments within
0°<a<180° can prevent aloss of power from the eccentric
section 11 to drive rotation of the piston due to an ex-
cessively large o value. Configuring the minimum dis-
tance r between the curve and the center of the circle
defined by the eccentric section 11 within 1/2<r/R<1 can
take into account strength of the crankshaft 1 and lubri-
cation of the recess 2 and avoid the recess 2 from having
an excessively large or small depth. An excessively large
depth of the recess 2 may lead to reduced strength of the
crankshaft 1. An inadequate depth of the recess 2 may
not allow it to contain sufficient lubricant oil necessary for
providing desirable lubrication.

[0029] Optionally, as shown in Figs. 1 and 8, the rotary
compressor may further include a housing, the piston, an
upper cylinder cap 3, a cylinder 4 and alower cylinder cap
5. The eccentric section 11 of the crankshaft 1 and the
piston are mounted within the cylinder 4, and piston is
disposed over the eccentric section 11, with a clearance
being left between the piston and the eccentric section
11. The eccentric section 11 is used to drive the piston to
rotate. The upper cylinder cap 3 is fixed to an upper end
face of the cylinder 4, and the lower cylinder cap 5 is fixed
to a lower end face 112 of the cylinder 4. An oil intake is
provided on an axis of the crankshaft 1, and an oil outlet
113 is provided on the eccentric section 11, the oil outlet
113 is in communication with the oil intake. A bottom
portion of the housing defines an oil tank, and the oil
intake is used to draw lubricant oil from the oil tank. The
lubricant oil flows through the oil intake and the oil outlet
into the clearance between the eccentric section 11 and
the piston and then into the recess 2, leading to enhanced
lubrication between the eccentric section 11 and the
piston, which reduces friction powerlosses and improves
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the compressor performance.

[0030] Therefore, in the crankshaft 1 and the rotary
compressor of the present invention, a recess 2 is pro-
vided in the eccentric section 11 of the crankshaft 1,
during rotation of the piston driven by the eccentric sec-
tion 11, the presence of the recess 2 leads to a smaller
contact area between the eccentric section 11 and the
piston, and hence reduced friction between the eccentric
section 11 and the piston. In addition, lubricant oil may be
introduced into the recess 2 to enhance lubrication be-
tween the eccentric section 11 and the piston and reduce
friction power losses, improving the compressor perfor-
mance. Configuring the angle o between the first and
second line segments within 0°<a<180° can prevent a
loss of power from the eccentric section 11 to drive
rotation of the piston due to an excessively large a value.
Configuring the minimum distance r between the curve
and the center of the circle defined by the eccentric
section 11 within 1/2<r/R<1 can take into account
strength of the crankshaft 1 and lubrication of the recess
2 and avoid the recess 2 from having an excessively large
orsmall depth. An excessively large depth of the recess 2
may lead to reduced strength of the crankshaft 1. An
inadequate depth of the recess 2 may not allow the
recess 2 to contain sufficient lubricant oil necessary for
providing desirable lubrication.

[0031] Described above are merely a few preferred
embodiments of the present invention, which are not
intended to limit the scope of the present invention in
any way. Any and all changes and modifications made by
those of ordinary skill in the art in light of the above
teachings are intended to fall within the scope of the
invention.

Claims

1. A crankshaft comprising an eccentric section, a cir-
cumference of the eccentric section providing with a
recess, the recess defining an opening and a bottom
surface, the opening formed at an outer circumfer-
ential surface of the eccentric section and the bottom
surface formed within the eccentric section,

wherein an orthogonal projection of the opening
on a cross-section of the eccentric section com-
prises an arc set, the arc set comprising at least
one arc, the arc set having a total length less
than a perimeter of the eccentric section, and the
cross-section of the eccentric section perpendi-
cular to an axis of the eccentric section, and

wherein an orthogonal projection of the bottom
surface on the cross-section of the eccentric
section comprises a curve set, the curve set
comprising at least one curve, each curve hav-
ing a first endpoint and a second endpoint, the
first endpoint connected to a center of a circle
defined by the eccentric section by a first line
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10.

segment, the second endpoint connected to the
center of the circle defined by the eccentric
section by a second line segment, the first line
segment and the second line segment defining
an angle of a therebetween, which satisfies
0°<a<180°, the curve spaced from the center
of the circle defined by the eccentric section ata
minimum distance of r, which satisfies
1/2<r/R<1, where R represents a radius of the
eccentric section.

The crankshaft of claim 1, wherein each of the at
least one curve is an arc.

The crankshaft of claim 1, wherein the curve set
comprises at least two curves, which are arcs joined
end-to-end.

The crankshaft of claim 1, wherein the recess ex-
tends through both an upper end face and a lower
end face of the eccentric section.

The crankshaft of claim 1, wherein the recess is
perpendicular to both an upper end face and a lower
end face of the eccentric section.

The crankshaft of claim 1, wherein the recess heli-
cally extends in the circumference of the eccentric
section.

The crankshaft of claim 6, wherein the recess heli-
cally extends in a direction opposite to a direction in
which the eccentric section rotates.

The crankshaft of claim 1, wherein the orthogonal
projection of the bottom surface on the cross-section
of the eccentric section further comprises a line-
segment set, the line-segment set comprising at
least one line segment having a third endpoint and
afourth endpoint, the third endpoint connected to the
center of the circle defined by the eccentric section
by a third line segment, the fourth endpoint con-
nected to the center of the circle defined by the
eccentric section by a fourth line segment, the third
line segment and the fourth line segment defining an
angle therebetween, which is equal to a, the line
segment spaced from the center of the circle defined
by the eccentric section by a minimum distance,
which is equal to r.

A rotary compressor comprising the crankshaft of
any one of claims 1 to 8.

The rotary compressor of claim 9, further comprising
a housing, a piston, an upper cylinder cap, a cylinder
and a lower cylinder cap, wherein the eccentric
section of the crankshaft and the piston are mounted
within the cylinder; the piston is disposed over the
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eccentric section, a clearance is left between the
piston and the eccentric section; the eccentric sec-
tion is used to drive the piston to rotate; the upper
cylinder cap is fixed to an upper end face of the
cylinder; the lower cylinder cap is fixed to a lower
end face of the cylinder;

an oil intake is provided on an axis of the crank-
shaft, an oil outlet is provided on the eccentric
section, and the oil outlet is in communication
with the oil intake; and

a bottom portion of the housing defines an oil
tank, and the oil intake is used to draw lubricant
oil from the oil tank.
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