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Description
Field

[0001]
machine.

The present invention relates to a scroll fluid

Background

[0002] In a scroll compressor, which is a scroll fluid
machine, a fixed scroll, an orbiting scroll, a rotating shaft,
and adrive unit, are mainly provided inside a closed hous-
ing. Fluid is compressed, by the rotating shaft being ro-
tated by the drive unit, and the orbiting scroll, to which
this rotation is transmitted, engaging and orbiting with
the fixed scroll.

[0003] Conventionally, for example, in Patent Litera-
ture 1, a slide bush for adjusting, in a scroll fluid machine,
an orbiting radius of an orbiting scroll, according to a spi-
ral shape thereof, has been disclosed. Each of spirally
shaped laps of the orbiting scroll and a fixed scroll is
designed based on a predetermined optimum orbiting
radius, but there is a problem that when a gap is gener-
ated between the engaged laps due to dimensional tol-
erance thereof, fluid leaks out from the gap. The slide
bushis formed of: abush, which is inserted in a cylindrical
boss of the orbiting scroll, and in which an eccentric pin
of a rotating shaft is inserted; a connected portion con-
nected with a side portion of the bush; and a balance
weight integrally formed with the connected portion.
Since the bush is configured to be able to slidingly move
in a radial direction of the rotating shaft with respect to
the eccentric pin; the respective laps of the orbiting scroll
and fixed scroll are caused to contact each other and
generation of a gap between the laps is prevented, by
the slide bush: slidingly moving in the radial direction due
to action of gas pressure in a scroll compression cham-
ber, centrifugal force on the orbiting scroll, and centrifugal
force on the balance weight; and causing the orbiting
radius of the boss, in which the bush has been inserted,
to be changed.

Citation List
Patent Literature

[0004] Patent Literature 1: Japanese Patent Applica-
tion Laid-open No. 2003-343454

Summary
Technical Problem

[0005] Force acting on the bush also acts on the ec-
centric pin inserted in the bush. When the rotating shaft
is rotated at high speed for improving performance, cen-
trifugal force is increased, and thus action of the centrif-
ugal force on the eccentric pin becomes too large and
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bending of the eccentric pin in the radial direction is
caused. There is a problem that partial contact is caused
in a bearing that supports the rotating shaft, the problem
is caused by this bending of the eccentric pin.

[0006] The present invention solves the above de-
scribed problems, and an object thereof is to provide a
scroll fluid machine, which enables bending of an eccen-
tric pin therein to be prevented.

Solution to Problem

[0007] To achieve the above described object, a scroll
fluid machine of the present invention includes:

a fixed scroll fixed to a housing;

an orbiting scroll that engages with the fixed scroll
and is provided to be orbitally movable;

a rotating shaft that is supported rotatably with re-
spect to the housing and has an eccentric pin eccen-
tric with respect to a shaft center; and

a bush that is interposed between the eccentric pin
and the orbiting scroll and transmits rotational move-
ment of the eccentric pin as orbital movement of the
orbiting scroll.

[0008] In the scroll fluid machine, an outer shape of
the eccentric pin has: afirst circular arc formed in a range
of an outer shape of the rotating shaft, with a first radius
Ra having a length exceeding a part of an outer edge of
the rotating shaft, the first radius Ra having a center at
a position of an eccentric center; and a second circular
arc formed in a portion where the first radius Ra exceeds
the outer edge, with a second radius Rb having a length
equal to or less than a radius R forming the outer edge,
the second radius Rb having a center at a position of the
shaft center.

[0009] According to this scroll fluid machine, since the
outer shape of the eccentric pin has the first circular arc
formed in the range of the outer shape of the rotating
shaft, with the first radius Ra having the length exceeding
the portion of the outer edge of the rotating shaft, the first
radius Ra having the center at the position of the eccentric
center, the outer shape of the eccentric pin is made to
have a large diameter that exceeds the portion of the
outer edge of the rotary shaft, and rigidity of the eccentric
pin is improved. As a result, bending of the eccentric pin
is prevented.

[0010] What is more, according to this scroll fluid ma-
chine, since the outer shape of the eccentric pin has the
second circular arc formed in the portion where the first
radius Ra exceeds the outer edge, with the second radius
Rb having the length equal to or less than the radius R
forming the outer edge, the second radius Rb having the
center at the position of the shaft center, the outer shape
of the eccentric pin is prevented from going over the outer
edge of the rotating shaft. If the outer shape of the ec-
centric pin goes over the outer edge of the rotating shaft,
processing the rotating shaft requires labor with the ec-
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centric pin being an obstacle, or assembly requires labor
when the rotating shaft is inserted in the bearings with
the eccentric pin being an obstacle, and such inconven-
ience is eliminated.

[0011] Furthermore, according to the scroll fluid ma-
chine of the present invention, the first radius Ra, the
second radius Rb, the radius R, and a distance p between
the position of the shaft center and the position of the
eccentric center satisfy arelation of (Ra2 +p2)2<Rb<R.
[0012] The second circular arc is formed with the sec-
ond radius Rb having the length equal to or less than the
radius R forming the outer edge of the rotating shaft, the
second radius Rb having the center at the position of the
shaft center, but if the second radius Rb becomes too
much less than the radius R, a diameter of the outer
shape of the eccentric pin becomes too small. According
to this scroll fluid machine, since the lower limit of the
second radius Rb is set by the relation, (Ra2 + p2)1/2 <
Rb < R, the diameter of the outer shape of the eccentric
pin is prevented from becoming too small. As a result,
the effect of increasing the rigidity of the eccentric pin,
and preventing the bending of the eccentric pin, is
achieved.

[0013] Furthermore, according to the scroll fluid ma-
chine of the present invention, having a bush assembly,
the bush assembly includes:

abush, into which the eccentric pinis inserted, which
has a contact end surface that comes into contact
with an end surface of the rotating shaft, and which
is inserted in a boss that is provided at a bottom
surface of the orbiting scroll and that is cylindrically
shaped;

a balance weight that has a connected portion ar-
ranged in an outer peripheral portion of the bush and
near the contact end surface, and a weight provided,
in a cantilevered shape, in a portion of an outer pe-
riphery of the connected portion, so as to stick out
in a direction of going away from the contact end
surface;

a stepped portion provided between the connected
portion and the contact end surface of the bush; and
a joining portion that is provided in the stepped por-
tion and joins the bush and the connected portion
together.

[0014] According to this scroll fluid machine, in asso-
ciation with the action of the centrifugal force of the
weight, which is provided in the portion of the outer pe-
riphery of the connected portion so as to stick out in the
direction going away from the contact end surface in the
cantilevered shape, the moment having the starting point
atthe connected portion acts so that the weight is rotated
towards the contact end surface, and in the stepped por-
tion, this moment acts so that the connected portion is
caused to approach the bush. Therefore, excessive load
is not applied to the joining portion provided in the
stepped portion, rigidity of the joining between the bush
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and the connected portion is increased, and removal of
the connected portion from the bush, or positional dis-
placement of the connected portion with respect to the
bush is prevented.

[0015] What is more, according to this scroll fluid ma-
chine, since the joining portion joining the bush and the
connected portion together is provided in the stepped
portion, the joining portion is prevented from protruding
to the contact end surface of the bush coming into contact
with the end surface of the rotating shaft, and thus the
joining portion is prevented from interfering with the end
surface of the rotating shaft and processing of the joining
portion for preventing the interference is omitted. Further,
since the weight is provided in the direction going away
from the contact end surface, so as to stick out from the
connected portion in the cantilevered shape; and in the
stepped portion, the joining portion is provided between
the connected portion and the contact end surface at the
side opposite to the side to which the weight sticks out:
regardless of the presence of the weight, the joining por-
tion is provided easily.

[0016] Furthermore, according to the scroll fluid ma-
chine of the presentinvention, in the bush assembly, the
joining portion is provided at plural positions in a circum-
ferential direction of the bush.

[0017] According to this scroll fluid machine, if the join-
ing portion is formed by welding, when the joining portion
is provided at plural positions in the circumferential di-
rection of the bush, rather than being provided on the
whole circumference in the circumferential direction of
the bush, thermal deformation of the bush and the joining
portion due to the welding heat is reduced.

[0018] Furthermore, according to the scroll fluid ma-
chine of the presentinvention, in the bush assembly, the
joining portion is evenly arranged in the circumferential
direction of the bush.

[0019] According to this scroll fluid machine, when the
joining portion is formed by welding, by the joining portion
being arranged evenly in the circumferential direction of
the bush, even if thermal deformation of the bush or the
joining portion due to the welding heat is caused, the
thermal deformation is equalized and local deformation
is reduced.

[0020] Furthermore, according to the scroll fluid ma-
chine of the present invention, in the bush assembly,
more of the positions of the joining portion are situated
near where the weight is provided.

[0021] According to this scroll fluid machine, in asso-
ciation with the action of the centrifugal force of the
weight, the moment having the starting point at the con-
nected portion acts near where the weight is provided,
and thus when the joining portion is provided at plural
positions in the circumferential direction of the bush, by
more of the positions of the joining portion being situated
near where the weightis provided, the effect of increasing
the rigidity of the joining between the bush and the con-
nected portion is achieved.

[0022] Furthermore, according to the scroll fluid ma-
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chine of the present invention, in the bush assembly, an
oil feeding groove is provided along an extending direc-
tion of a cylindrical shape, on an outer peripheral portion
ofthe bush, and the joining portion is arranged separately
from a radial direction range of the oil feeding groove.
[0023] According to this scroll fluid machine, the oil
feeding groove is for feeding the lubricating oil, and when
the joining portion is formed by welding, by the joining
portion being arranged separately from the radial direc-
tion range of the oil feeding groove, thermal deformation
of the oil feeding groove due to the welding heat is re-
duced, and the lubricating oil is fed smoothly by the oll
feeding groove.

[0024] Furthermore, according to the scroll fluid ma-
chine of the present invention, in the bush assembly, the
bush is formed of a sintered material, and the balance
weight is formed of a cast iron material.

[0025] According to this scroll fluid machine, since the
bush is a sliding member connected to the eccentric pin
or the orbiting scroll, the bush is preferably formed of a
sintered material having a hardness thatis comparatively
high. Further, since the balance weight has the weight,
which balances the dynamic unbalance generated due
to the unbalanced weights associated with the orbiting
motion of the orbiting scroll, the balance weight is pref-
erably formed of a castiron material having a density that
is comparatively high.

[0026] Furthermore, according to the scroll fluid ma-
chine of the present invention, in the bush assembly, the
bush and the connected portion of the balance weight
are fixed by shrinkage fitting or interference fitting.
[0027] According to this scroll fluid machine, since the
bush and the connected portion of the balance weight
are fixed by shrinkage fitting or interference fitting, syn-
ergistically with the inclusion of the joining portion, the
effect of increasing the rigidity of the joining between the
bush and the connected portion is achieved.

[0028] Furthermore, according to the scroll fluid ma-
chine of the present invention, the bush assembly is con-
figured to slidingly move with respect to the eccentric pin,
by a bush side slide surface, which comes into contact
with a pin side slide surface provided on a side portion
ofthe eccentric pin, being provided on an inner peripheral
portion of the bush, and the joining portion is arranged
separately from a radial direction range of the bush side
slide surface.

[0029] According to this scroll fluid machine, the bush
side slide surface is a portion supporting sliding move-
ment of the bush assembly, and when the joining portion
is formed by welding, by the joining portion being ar-
ranged separately from the radial direction range of the
bush side slide surface, thermal deformation of the bush
side slide surface due to the welding heat is reduced,
and the sliding movement of the bush assembly is per-
formed smoothly.

[0030] Furthermore, according to the scroll fluid ma-
chine of the present invention, the maximum number of
rotations per second of the rotating shaft exceeds 145
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rps.
[0031] According to this scroll fluid machine, since by
the above described configuration, bending of the eccen-
tric pin is prevented and the rigidity of the joining between
the bush and the connected portion in the bush assembly
is increased; the scroll fluid machine having the maxi-
mum number of rotations per second of the rotating shaft
exceeding 145 rps is realized.

Advantageous Effects of Invention

[0032] According to the present invention, bending of
the eccentric pin is prevented.

Brief Description of Drawings
[0033]

FIG. 1 is an overall cross sectional view of a scroll
fluid machine according to an embodiment of the
present invention.

FIG. 2 is a plan view of a rotating shaft in the scroll
fluid machine according to the embodiment of the
present invention.

FIG. 3 is a sectional side elevation of a combination
of the rotating shaft and a bush assembly in the scroll
fluid machine according to the embodiment of the
present invention.

FIG. 4 is a plan view of the bush assembly in the
scroll fluid machine according to the embodiment of
the present invention.

FIG. 5 is a bottom view of the bush assembly in the
scroll fluid machine according to the embodiment of
the present invention.

FIG. 6 is a plan view of a rotating shaft of another
example of the scroll fluid machine according to the
embodiment of the present invention.

FIG. 7 is an overall cross sectional view of another
example of the scroll fluid machine according to the
embodiment of the present invention.

FIG. 8 is a sectional side elevation of a combination
of arotating shaftand abush assembly of the another
example of the scroll fluid machine according to the
embodiment of the present invention.

FIG. 9 is a bottom view of the bush assembly of the
another example of the scroll fluid machine accord-
ing to the embodiment of the present invention.

Description of Embodiments

[0034] Hereinafter, an embodiment according to the
present invention will be described in detail, based on
the drawings. This invention is not limited by this embod-
iment. Further, components in the embodiment de-
scribed below include any component easily substituta-
ble by those skilled in the art or any component substan-
tially identical thereto.

[0035] FIG. 1 is an overall cross sectional view of a
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scroll fluid machine according to this embodiment.
[0036] In FIG. 1, as the scroll fluid machine, a scroll
compressor 1, which compresses and discharges intak-
en fluid, is illustrated. Further, the scroll compressor 1 of
this embodiment is interposed in a refrigerant flow chan-
nel, through which arefrigerant is circulated in an air con-
ditioner, a freezer, or the like.

[0037] As illustrated in FIG. 1, the scroll compressor 1
includes, inside a housing 3, a motor 5, which is a driving
means, and a scroll compression mechanism 7, which
is driven by the motor 5.

[0038] The housing 3 includes: a housing main body
3a, which extends vertically and is cylindrical; a bottom
portion 3b, which closes a lower end of the housing main
body 3a; and a lid portion 3¢, which closes an upper end
of the housing main body 3a, and the housing 3 forms a
pressure vessel, the whole of which is closed. At a side
portion of the housing main body 3a, an inlet pipe 9,
through which the refrigerant is introduced into the hous-
ing 3, is provided. At an upper portion of the lid portion
3c, a discharge pipe 11, through which the refrigerant
compressed by the scroll compression mechanism 7 is
discharged, is provided. Between the housing main body
3a and the lid portion 3c, in the housing 3, a discharge
cover 13 is provided, and the interior of the housing 3 is
partitioned into a low pressure chamber 3A lower than
the discharge cover 13, and a high pressure chamber 3B
upper than the discharge cover 13. In the discharge cover
13, an opening hole 13a, which communicates the low
pressure chamber 3A with the high pressure chamber
3B, is formed, and a discharge reed valve 13b, which
opens and closes the opening hole 13a, is provided. Fur-
ther, a bottom in the housing 3 is formed as an oil sump,
where lubricating oil is stored.

[0039] The motor5includes a stator 15, arotor 17, and
a rotating shaft 19. The stator 15 is fixed to an inner wall
surface substantially at a vertical direction center of the
housing main body 3a. The rotor 17 is provided rotatably
with resect to the stator 15. A longitudinal direction of the
rotating shaft 19 is arranged vertically, with respect to
the rotor 17. The motor 5 rotates the rotor 17 when power
is supplied from outside of the housing 3, and the rotating
shaft 19 is rotated with the rotor 17.

[0040] The rotating shaft 19 is provided, such that its
end portions protrude upward and downward from the
rotor 17, and the upper end portion is supported by an
upper bearing 21 and the lower end portion is supported
by a lower bearing 23, rotatably around a shaft center
CE extending in the vertical direction, with respect to the
housing main body 3a. At an upper end of the rotating
shaft 19, an eccentric pin 25, which protrudes upward
along an eccentric center LE eccentric with respect to
the shaft center CE, is formed. The scroll compression
mechanism 7 is connected to the upper end of the rotating
shaft 19 having this eccentric pin 25. A detailed config-
uration of this eccentric pin 25 will be described later.
Further, inside the rotating shaft 19 and the eccentric pin
25, an oil feeding hole 27 penetrating vertically there-
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through is formed. Furthermore, a lower end of the rotat-
ing shaft 19 is provided to reach the oil sump, and an oil
feeding pump 29 is provided at that lower end. The oil
feeding pump 29 feeds the lubricating oil stored in the oil
sump with the rotation of the rotating shaft 19, to the oil
feeding hole 27 of the rotating shaft 19.

[0041] The upper bearing 21 rotatably supports the ro-
tating shaft 19 with the upper end portion of the rotating
shaft 19 penetrating therethrough. On an upper surface
of the upper bearing 21, arecessed portion 21a is formed
to surround the upper end portion of the rotating shaft 19
penetrating through the upper bearing 21. The recessed
portion 21a accommodates therein a bush assembly 37,
which will be described later, and stores therein the lu-
bricating oil fed by the oil feeding pump 29 through the
oil feeding hole 27. The stored lubricating oil is supplied
to the scroll compression mechanism 7.

[0042] Further, ata portion of an outer periphery of the
upper bearing 21, a notch 21b is formed such that a gap
is formed between an inner wall surface of the housing
main body 3a of the housing 3 and the upper bearing 21,
and an oil discharging hole 21c that provides communi-
cation between the notch 21b and the recessed portion
21ais formed in the upper bearing 21. Furthermore, be-
low the notch 21b of the upper bearing 21, a cover plate
31 is provided. The cover plate 31 is provided to extend
in the vertical direction. The cover plate 31 is formed such
that both side ends of the cover plate 31 face the inner
wall surface of the housing main body 3a to cover a pe-
riphery of the notch 21b, and is formed such that a lower
end of the cover plate 31 is bent to gradually approach
the inner wall surface of the housing main body 3a. The
oil discharging hole 21c discharges the lubricating oil
stored excessively inthe recessed portion 21ato an outer
periphery of the upper bearing 21 from the notch 21b.
The cover plate 31 receives the lubricating oil discharged
from the notch 21b and guides the received lubricating
oil towards the inner wall surface of the housing main
body 3a. The lubricating oil guided towards the inner wall
surface by the cover plate 31 goes along the inner wall
surface and returns to the oil sump at the bottom inside
the housing 3 by the cover plate 31.

[0043] The scroll compression mechanism 7 is ar-
ranged above the upper bearing 21 in the low pressure
chamber 3A below the discharge cover 13 inside the
housing 3, and includes a fixed scroll 33, an orbiting scroll
35, and the bush assembly 37.

[0044] In the fixed scroll 33, on an inner surface (lower
surface in FIG. 1) of a fixed end plate 33a fixed inside
the housing 3, a fixed lap 33b, which is spiral, is formed.
Ata central portion of the fixed end plate 33a, a discharge
hole 33c is formed.

[0045] On an inner surface (upper surface in FIG. 1)
of a movable end plate 35a facing the inner surface of
the fixed end plate 33a of the fixed scroll 33, a movable
lap 35b, which is spiral, is formed. By the movable lap
35b of the orbiting scroll 35 engaging with the fixed lap
33b of the fixed scroll 33 with their phases shifted from
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each other, a compression chamber partitioned by the
respective end plates 33a and 35a and the respective
laps 33b and 35b is formed. Further, in the orbiting scroll
35, on an outer surface (lower surface in FIG. 1) of the
movable end plate 35a, a boss 35c¢, to which the eccentric
pin 25 of the rotating shaft 19 is connected, to which
eccentric rotation of the eccentric pin 25 is transmitted,
and which is cylindrically shaped, is formed. Further-
more, the orbiting scroll 35 is caused to orbit with its ro-
tation prevented, based on the eccentric rotation of the
eccentric pin 25, by a rotation preventing mechanism 39,
such as aknown Oldham link, which is arranged between
the outer surface of the movable end plate 35a and the
upper bearing 21.

[0046] The bush assembly 37 is accommodated inthe
above described recessed portion 21a of the upper bear-
ing 21, is interposed between the eccentric pin 25 of the
rotating shaft 19 and the boss 35c of the orbiting scroll
35, and transmits the rotational movement of the eccen-
tric pin 25 as orbital movement of the orbiting scroll 35.
Further, the bush assembly 37 is provided to be slidingly
movable in a radial direction of the eccentric pin 25 in
order to maintain the engagement between the movable
lap 35b of the orbiting scroll 35 and the fixed lap 33b of
the fixed scroll 33. A detailed configuration of this bush
assembly 37 will be described later.

[0047] In this scroll compression mechanism 7, a low
pressure refrigerant introduced into the low pressure
chamber 3A in the housing 3 via the inlet pipe 9 is com-
pressed while being intaken in the compression chamber
between the fixed scroll 33 and orbiting scroll 35, by the
orbiting scroll 35 orbiting. The compressed high pressure
refrigerant is discharged to an outer surface side of the
fixed end plate 33a from the discharge hole 33c of the
fixed scroll 33, opens the discharge reed valve 13b of
the discharge cover 13 by its own pressure, reaches the
high pressure chamber 3B from the opening hole 13a,
and is discharged outside the housing 3 via the discharge
pipe 11.

[0048] FIG. 2is a plan view of the rotating shaft in the
scroll fluid machine according to this embodiment. FIG.
3 is a sectional side elevation of a combination of the
rotating shaft and the bush assembly in the scroll fluid
machine according to this embodiment.

[0049] As illustrated in FIG. 2, in the rotating shaft 19,
the eccentric pin 25, which has the eccentric center LE
eccentric with respect to the shaft center CE, is formed,
as described above. The eccentric pin 25 is formed so
as to protrude upward from an upper end surface 19a of
the rotating shaft 19. An outer shape of this eccentric pin
25, the outer shape projected in an extending direction
of the shaft center CE (or eccentric center LE), is mainly
formed of a first circular arc 25a, a second circular arc
25b, and a pin side slide surface 25c.

[0050] Thefirstcirculararc25acorrespondstoarange
of P1to P2in FIG. 2, and is formed in a range of an outer
shape of the rotating shaft 19, with afirst radius Ra having
a length exceeding a part of an outer edge 19b of the
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outer shape of the rotating shaft 19, the first radius Ra
having a center at a position of the eccentric center LE.
[0051] The second circular arc 25b is formed in a por-
tion where the first radius Ra exceeds the outer edge 19b
of the outer shape of the rotating shaft 19, the portion
being a range of P2 to P3in FIG. 2, with a second radius
Rb having alength equal to or less than aradius R forming
the outer edge 19b of the rotating shaft 19, the second
radius Rb having a center at a position of the shaft center
CE.

[0052] That s, in the scroll compressor 1 of this em-
bodiment, the outer shape of the eccentric pin 25 of the
rotating shaft 19 is configured to have: the first circular
arc 25a formed in the range of the outer shape of the
rotating shaft 19, with the first radius Ra having the length
exceeding the part of the outer edge 19b of the rotating
shaft 19, the first radius Ra having the center at the po-
sition of the eccentric center LE; and the second circular
arc 25b formed in the portion where the first radius Ra
exceeds the outer edge 19b, with the second radius Rb
having the length equal to or less than the radius R form-
ing the outer edge 19b, the second radius Rb having the
center at the position of the shaft center CE.

[0053] According to this scroll compressor 1, since the
outer shape of the eccentric pin 25 has the first circular
arc 25a formed in the range of the outer shape of the
rotating shaft 19, with the first radius Ra having the length
exceeding the part of the outer edge 19b of the rotating
shaft 19, the first radius Ra having the center at the po-
sition of the eccentric center LE; the outer shape of the
eccentric pin 25 has a large diameter that exceeds the
part of the outer edge 19b of the rotating shaft 19 and
rigidity of the eccentric pin 25 is increased. As a result,
bending of the eccentric pin 25 is prevented.

[0054] What is more, since the outer shape of the ec-
centric pin 25 has the second circular arc 25b formed in
the portion where the first radius Ra exceeds the outer
edge 19b, with the second radius Rb having the length
equal to or less than the radius R forming the outer edge
19b, the second radius Rb having the center at the po-
sition of the shaft center CE; the outer shape of the ec-
centric pin 25is prevented from going over the outer edge
19b of the rotating shaft 19. If the outer shape of the
eccentric pin 25 goes over the outer edge 19b of the
rotating shaft 19, processing the rotating shaft 19 re-
quires labor with the eccentric pin 25 being an obstacle,
or assembly requires labor when the rotating shaft 19 is
inserted in the bearings 21 and 23 with the eccentric pin
25 being an obstacle, and such inconvenience is elimi-
nated.

[0055] Further, in the scroll compressor 1 of this em-
bodiment, the first radius Ra, the second radius Rb, the
radius R, and a distance p between the position of the
shaft center CE and the position of the eccentric center
LE preferably satisfy a relation of (Ra2 + p2)!/2<Rb <R.
[0056] The second circular arc 25b is formed with the
second radius Rb having the length equal to or less than
the radius R forming the outer edge 19b of the rotating
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shaft 19, the second radius Rb having the center at the
position of the shaft center CE, but if the second radius
Rb becomes too much less than the radius R, the diam-
eter of the outer shape of the eccentric pin 25 becomes
too small. According to this scroll compressor 1, by set-
ting a lower limit of the second radius Rb with the relation,
(Ra2 + p2)12 < Rb < R, the diameter of the outer shape
of the eccentric pin 25 is prevented from becoming too
small. As a result, the effect of increasing the rigidity of
the eccentric pin 25, and preventing the bending of the
eccentric pin 25 is achieved.

[0057] FIG. 4 is a plan view of the bush assembly in
the scroll fluid machine according to this embodiment.
[0058] As illustrated in FIG. 3 and FIG. 4, the bush
assembly 37 includes a bush 41 and a balance weight 43.
[0059] Asillustratedin FIG. 3 and FIG. 4, the eccentric
pin 25isinserted in a hole portion 41a cylindrically formed
in the bush 41. The bush 41 has a contact end surface
41b, which comes into contact with the upper end surface
19a of the rotating shaft 19 when the eccentric pin 25 is
inserted into the hole portion 41a. Further, the bush 41
is inserted into the boss 35c of the orbiting scroll 35, as
illustrated in FIG. 3. Therefore, an outer shape of the
bush 41 is circularly formed according to the cylindrical
shape of the boss 35c. Between an outer peripheral sur-
face of the bush 41 and an inner peripheral surface of
the boss 35c, an orbiting bearing 45, which is cylindrical,
is interposed, in order to smoothly transmit eccentric ro-
tation of the bush 41 to the orbiting of the orbiting scroll 35.
[0060] Further, a bush side slide surface 41c facing
the pin side slide surface 25c of the eccentric pin 25 is
provided in an internal shape of the hole portion 41a of
the bush 41. Furthermore, in the bush 41, a diameter of
the internal shape of the hole portion 41a is formed more
largely than that of the outer shape of the eccentric pin
25 in a direction along the radial direction of the eccentric
center LE on the pin side slide surface 25c. Therefore,
correspondingly with the hole portion 41a having the di-
ameter larger than that of the outer shape of the eccentric
pin 25, the bush side slide surface 41c slides along the
pin side slide surface 25c, and thereby, the bush 41 is
configured to be able to slidingly move along the pin side
slide surface 25c.

[0061] The balance weight 43 includes a connected
portion 43A and a weight 43B.

[0062] The connected portion 43A is formed in a ring
shape, and a hole portion 43Aa thereof is joined to an
outer peripheral portion of the bush 41. As described
above, since the bush 41 is inserted in the boss 35c¢ of
the orbiting scroll 35, the connected portion 43A is joined
to the bush 41 at a position near the rotating shaft 19
(contact end surface 41b) in order to prevent interference
between the connected portion 43A and the boss 35c¢ of
the orbiting scroll 35.

[0063] The weight 43B is provided in a portion of an
outer periphery of the connected portion 43A, so as to
stick out, in a direction going away from the contact end
surface 41b of the bush 41 (upward in FIG. 3), in a can-
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tilevered shape. As illustrated in FIG. 3 and FIG. 4, the
weight43Bis arranged in a direction reverse to a direction
in which the eccentric pin 25 is eccentric with respect to
the rotating shaft 19, in a state where the eccentric pin
25 of the rotating shaft 19 has been inserted in and at-
tached to the bush assembly 37. Positioning upon this
arrangement of the weight 43B is performed by causing
the bush side slide surface 41c of the hole portion 41a
of the bush 41 to face the pin side slide surface 25c of
the eccentric pin 25. That is, the bush assembly 37 is
attached to be able to slidingly move with respect to the
eccentric pin 25 in a state of being prevented from rotat-
ing.

[0064] Further, as described above, since the bush 41
is inserted in the boss 35c¢ of the orbiting scroll 35, the
weight 43B is arranged with a gap from the bush 41, the
gap allowing the boss 35c (and the orbiting bearing 45)
to be inserted therethrough, and is arranged in a circular
arc shape (or a fan shape) along an outer shape of the
bush 41.

[0065] In the bush assembly 37 configured as de-
scribed above, the rotational movement of the eccentric
pin 25 is transmitted as the orbiting movement of the
orbiting scroll 35; and upon this transmission, in the bush
assembly 37, since the weight 43B arranged at a side
opposite to the eccentricity of the eccentric pin 25 with
respect to the shaft center CE rotationally moves with
the eccentric pin 25, dynamic unbalance generated due
to unbalanced weights of the orbiting scroll 35, the boss
35c¢, the orbiting bearing 45, the bush assembly 37, and
the like, the dynamic unbalance associated with the or-
biting motion of the orbiting scroll 35, is balanced by cen-
trifugal force acting on the weight 43B. What is more,
since the bush assembly 37 is able to slidingly move with
respect to the eccentric pin 25: orbiting radius of the boss
35¢, in which the bush 41 has been inserted, is changed
(that is, the orbiting scroll 35 is slidingly moved); the re-
spective laps 33b and 35b are caused to come into con-
tact with each other with orbiting radius of the orbiting
scroll 35 being adjusted so as to eliminate a gap between
the fixed lap 33b of the fixed scroll 33 and the movable
lap 35b of the orbiting scroll 35, the gap due to dimen-
sional tolerance; and thereby generation of the gap ther-
ebetween is prevented and leakage of the fluid from the
gap is prevented.

[0066] In the bush assembly 37, a moment acts in a
direction, in which the whole balance weight 43 goes
away from the bush 41, with the connected portion 43A
being the starting point, due to the centrifugal force acting
on the weight 43B. Since this moment acts on a portion
joining the bush 41 and the connected portion 43A to-
gether, there is a problem that the connected portion 43A
may be removed from the bush 41 or the connected por-
tion 43A may be positionally shifted with respect to the
bush 41.

[0067] Thus, in this embodiment, joining between the
bush 41 and the balance weight 43 in the bush assembly
37 has been improved.
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[0068] As illustrated in FIG. 3, in the scroll compressor
1 of this embodiment, the connected portion 43A is ar-
ranged to be displaced in a lengthwise direction (upward
in FIG. 3) of the bush 41 with resect to the bush 41, and
a stepped portion 47 is formed between the contact end
surface 41b of the bush 41, the contact end surface 41b
facing the upper end surface 19a of the rotating shaft 19,
and a lower surface 43Ab of the connected portion 43A.
In the stepped portion 47, the connected portion 43A is
formed to be attached to the bush 41, such that the lower
surface 43Ab of the connected portion 43A is a little sep-
arate from the upper end surface 19a of the rotating shaft
19, more than the contact end surface 41b of the bush
41. In this stepped portion 47, a joining portion 49, which
joinsthe bush 41 and the connected portion 43A together,
is provided. The joining portion 49 is formed on the lower
surface 43Ab of the connected portion 43A and on a side
surface of the bush 41, in the stepped portion 47, and is
formed such that the joining portion 49 does not protrude
towards the upper end surface 19a of the rotating shaft
19, more than the contact end surface 41b of the bush
41. The joining portion 49 is formed by laser welding. Not
being limited to laser welding, the joining portion 49 may
be formed by other welding.

[0069] As described above, the scroll compressor 1 of
this embodiment has the bush assembly 37 including:
the bush 41, into which the eccentric pin 25 is inserted,
which has the contact end surface 41b that comes into
contact with the end surface 19a of the rotating shaft 19,
and which is inserted in the cylindrically shaped boss 35¢
provided at the bottom surface of the orbiting scroll 35;
the balance weight 43 having the connected portion 43A
and the weight 43B, the connected portion 43A arranged
in the outer peripheral portion of the bush 41 and near
the contact end surface 41b, and the weight 43B provid-
ed, in the cantilevered shape, in the portion of the outer
periphery of the connected portion 43A, so as to stick out
in the direction going away from the contact end surface
41b; the stepped portion 47 provided between the con-
nected portion 43A and the contact end surface 41b of
the bush 41; and the joining portion 49, which is provided
in the stepped portion 47 and joins the bush 41 and the
connected portion 43A together.

[0070] According to this scroll compressor 1, in asso-
ciation with the action of the centrifugal force of the weight
43B, which is provided in the portion of the outer periph-
ery of the connected portion 43A, so as to stick out in the
direction going away from the contact end surface 41b,
in the cantilevered shape, the moment having the starting
point at the connected portion 43A acts so that the weight
43B is rotated towards the contact end surface 41b, and
in the stepped portion 47, this moment acts so that the
connected portion 43A is caused to approach the bush
41. Therefore, excessive load is not applied to the joining
portion 49 provided in the stepped portion 47, rigidity of
the joining between the bush 41 and the connected por-
tion43Ais increased, and removal of the connected por-
tion 43A from the bush 41, or positional displacement of
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the connected portion 43A with respect to the bush 41 is
prevented.

[0071] Whatis more, since thejoining portion 49 joining
the bush 41 and the connected portion 43A together is
provided in the stepped portion 47, the joining portion 49
is prevented from protruding to the contact end surface
41b of the bush 41 coming into contact with the end sur-
face 19a of the rotating shaft 19, and thus the joining
portion 49 is prevented from interfering with the end sur-
face 19a of the rotating shaft 19 and processing of the
joining portion 49 for preventing the interference is omit-
ted. Further, since the weight 43B is provided in the di-
rection going away from the contact end surface 41b, so
as to stick out from the connected portion 43A, in the
cantilevered shape, and in the stepped portion 47, the
joining portion 49 is provided between the connected por-
tion 43A and the contact end surface 41b at the side
opposite to the side to which the weight 43B sticks out;
regardless of the presence of the weight 43B, the joining
portion 49 is provided easily.

[0072] FIG. 5 is a bottom view of the bush assembly
in the scroll fluid machine according to this embodiment.
[0073] Further, in the bush assembly 37 in the scroll
compressor 1 of this embodiment, the joining portion 49
may be provided on the whole circumference in a circum-
ferential direction of the bush 41, but as illustrated in FIG.
5, the joining portion 49 is preferably provided at plural
positions (three positions in FIG. 5) in the circumferential
direction of the bush 41. The circumferential direction of
the bush 41 refers to a circumferential direction with ref-
erence to the position of the eccentric center LE of the
eccentric pin 25.

[0074] According to this scroll compressor 1, if the join-
ing portion 49 is formed by welding, when the joining
portion 49 is provided at plural positions in the circum-
ferential direction of the bush 41, rather than being pro-
vided on the whole circumference in the circumferential
direction of the bush 41, thermal deformation of the bush
41 and the connected portion 43A due to the welding
heat is reduced.

[0075] Further, in the bush assembly 37 in the scroll
compressor 1 of this embodiment, when the joining por-
tion49is provided at plural positions in the circumferential
direction of the bush 41, the joining portion 49 is prefer-
ably arranged evenly in the circumferential direction of
the bush 41. In FIG. 5, the joining portion 49 is provided
at three positions in the circumferential direction of the
bush 41, and is evenly arranged at 120° intervals with
reference to the eccentric center LE of the eccentric pin
25.

[0076] According to this scroll compressor 1, when the
joining portion 49 is formed by welding, by the joining
portion 49 being arranged evenly in the circumferential
direction of the bush 41, even if thermal deformation of
the bush 41 or the connected portion 43A due to the
welding heat is caused, the thermal deformation is equal-
ized and local deformation is prevented.

[0077] Further, in the bush assembly 37 in the scroll
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compressor 1 of this embodiment, when the joining por-
tion49is provided at plural positions in the circumferential
direction of the bush 41, more of the positions of the join-
ing portion 49 are preferably situated near where the
weight 43B is provided. When the joining portion 49 is
evenly arranged in the circumferential direction of the
bush 41, as illustrated in FIG. 5, in a configuration where
the joining portion 49 is provided at an odd number of
positions in the circumferential direction of the bush 41,
more of the positions of the joining portion 49 are situated
near where the weight 43B is provided.

[0078] According to this scroll compressor 1, in asso-
ciation with the action of the centrifugal force of the weight
43B, the moment having the starting point at the con-
nected portion 43A acts near where the weight 43B is
provided, and thus when the joining portion 49 is provided
at plural positions in the circumferential direction of the
bush 41, by the positions of the joining portion 49 being
situated more near where the weight 43B is provided,
the effect of increasing the rigidity of the joining between
the bush 41 and the connected portion 43A is achieved.
[0079] Further, preferably in the bush assembly 37 in
the scroll compressor 1 of this embodiment, as illustrated
in FIG. 4 and FIG. 5, an oil feeding groove 51 is provided
in the outer peripheral portion of the bush 41 and along
the extending direction of the cylindrical shape, and the
joining portion 49 is arranged to be separate from a radial
direction range of the oil feeding groove 51.

[0080] According to this scroll compressor 1, the oil
feeding groove 51 is for feeding the lubricating oil to the
scroll compression mechanism 7, and when the joining
portion 49 is formed by welding, by the joining portion 49
being arranged separately from the radial direction range
of the oil feeding groove 51, thermal deformation of the
oil feeding groove 51 due to the welding heat is reduced,
and the lubricating oil is fed smoothly by the oil feeding
groove 51.

[0081] Further, preferably in the bush assembly 37 in
the scroll compressor 1 of this embodiment, the bush 41
is formed of a sintered material, and the balance weight
43 is formed of a cast iron material.

[0082] According to this scroll compressor 1, since the
bush 41 is a sliding member connected to the eccentric
pin 25 of the bush 41 and the boss 35c of the orbiting
scroll 35, the bush 41 is preferably formed of a sintered
material having a hardness that is comparatively high.
Further, since the balance weight 43 has the weight 43B,
which balances the dynamic unbalance generated due
to the unbalanced weights of the orbiting scroll 35, the
boss 35c, the orbiting bearing 45, the bush assembly 37,
and the like, in association with the orbiting motion of the
orbiting scroll 35; the balance weight 43 is preferably
formed of a cast iron material having a density that is
comparatively high.

[0083] Further, in the bush assembly 37 in the scroll
compressor 1 of this embodiment, the bush 41 and the
connected portion 43A of the balance weight 43 are pref-
erably fixed by shrinkage fitting or interference fitting.

10

15

20

25

30

35

40

45

50

55

[0084] According to this scroll compressor 1, since the
bush 41 and the connected portion 43A of the balance
weight 43 are fixed by shrinkage fitting or interference
fitting, synergistically with the inclusion of the joining por-
tion 49, the effect of increasing the rigidity of the joining
between the bush 41 and the connected portion 43A is
achieved. When the bush 41 and the connected portion
43A are joined together (when the joining portion 49 is
provided), an inner diameter of the hole portion 43Aa of
the connected portion 43A is formed smaller than the
outer diameter of the bush 41, the bush 41 and the con-
nected portion 43A are fitted to each other by shrinkage
fitting or interference fitting, and thereafter, the joining
portion 49 is formed by welding. As described above, by
fitting together the bush 41 and the connected portion
43Ain advance by shrinkage fitting or interference fitting,
the joining portion 49 is formed by welding without caus-
ing any displacement between the bush 41 and the con-
nected portion 43A.

[0085] Further, in the bush assembly 37 in the scroll
compressor 1 of this embodiment, when the joining por-
tion49is provided at plural positions in the circumferential
direction ofthe bush 41, asiillustrated in FIG. 5, the joining
portion 49 is preferably arranged separately from a radial
direction range of the bush side slide surface 41c.
[0086] According to this scroll compressor 1, the bush
side slide surface 41c is a portion supporting sliding
movement of the bush assembly 37, and when the joining
portion 49 is formed by welding, by the joining portion 49
being arranged separately from the radial direction range
of the bush side slide surface 41c, thermal deformation
of the bush side slide surface 41¢ due to the welding heat
is reduced, and the sliding movement of the bush assem-
bly 37 is performed smoothly.

[0087] Further, in the scroll compressor 1 of this em-
bodiment, the maximum number of rotations per second
of the rotating shaft 19 exceeds 145 rps.

[0088] According to this scroll compressor 1, since by
the above described configuration, bending of the eccen-
tric pin 25 is reduced and the rigidity of the joining be-
tween the bush 41 and the connected portion 43A in the
bush assembly 37 is increased; the scroll compressor 1
having the maximum number of rotations per second of
the rotating shaft 19 exceeding 145 rps is realized.
[0089] FIG. 7 is an overall cross sectional view of an-
other example of the scroll fluid machine according to
this embodiment. FIG. 8 is a sectional side elevation of
a combination of a rotating shaft and a bush assembly
of the another example of the scroll fluid machine accord-
ing to this embodiment. FIG. 9 is a bottom view of the
bush assembly of the another example in the scroll fluid
machine according to this embodiment.

[0090] |In FIG. 7, as the scroll fluid machine, a scroll
compressor 101, which compresses and discharges in-
taken fluid, is illustrated. Further, the scroll compressor
101 is interposed in a refrigerant flow channel, through
which a refrigerant is circulated in an air conditioner, a
freezer, or the like, and is used, in particular, in an air
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conditioner for a vehicle.

[0091] As illustrated in FIG. 7, in the scroll compressor
101, a housing 103, an inverter motor 105, a fixed scroll
133 and an orbiting scroll 135 that compress the refrig-
erant, a rotating shaft 119 that drives the orbiting scroll
135, and a bush assembly 137, are provided. As illus-
trated in FIG. 8, the fixed scroll 133, the orbiting scroll
135, and the bush assembly 137 form a scroll compres-
sion mechanism 107 driven by the inverter motor 105.
[0092] The housing 103 is a case accommodating
therein the fixed scroll 133, the orbiting scroll 135, the
rotating shaft 119, the inverter motor 105, and the like,
and a first housing 103a, a second housing 103b, and a
motor case 103c, are provided therein.

[0093] The first housing 103a is a member formed in
a bottomed cylindrical shape, and the fixed scroll 133 is
fixed to a bottom surface thereof. Between the fixed scroll
133 and the first housing 103a, a discharge chamber
103A, into which the refrigerant compressed by the fixed
scroll 133 and the orbiting scroll 135 flows, is formed.
[0094] In the first housing 103a, a discharge portion
(not illustrated) that guides the refrigerant in the dis-
charge chamber 103A to outside, and a first flange por-
tion 103aa, are provided. The first flange portion 103aa
is used when the first housing 103a, the second housing
103b, and the motor case 103c are integrally fixed by
use of a housing bolt 104, and is a member extending
outward in a radial direction, at an end portion of the first
housing 103a, the end portion at an opening side.
[0095] The second housing 103b is, as illustrated in
FIG. 7, amember, in which a firstbearing 121 cylindrically
formed, and a flange portion 103ba extending outward
in the radial direction from an end portion of the second
housing 103b, the end portion at the first housing 103a
side, are provided. The flange portion 103ba of the sec-
ond housing 103b is arranged to be sandwiched between
the first housing 103a and the motor case 103c.

[0096] In the first bearing 121 of the second housing
103b, a radial bearing 122 rotatably supporting the rotat-
ing shaft 119 is provided. An inlet flow channel 124 ex-
tending along the shaft center CE of the rotating shaft
119 is provided in a wall surface of the first bearing 121.
Further, inthe flange portion 103ba of the second housing
103b, a second flange portion 103bb, which is used when
the first housing 103a, the second housing 103b, and the
motor case 103c are integrally fixed by use of the housing
bolt 104, is provided. The second flange portion 103bb
is a member extending outward in a radial direction from
the flange portion 103ba.

[0097] The motor case 103cis, as illustrated in FIG. 7,
a member formed in a bottomed cylindrical shape, and
a stator 115 of the inverter motor 105 is fixed inside the
motor case 103c. In the motor case 103c: an inlet portion
(not illustrated), into which the refrigerant flows from out-
side; a box 103ca; and a case flange portion 103cb, are
provided.

[0098] The box 103ca opens outward in a radial direc-
tion of the motor case 103c, and an inverter unit 179 of
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the inverter motor 105 is accommodated inside the box
103ca. The case flange portion 103cb is used when the
first housing 103a, the second housing 103b, and the
motor case 103c are integrally fixed by use of the housing
bolt 104, and is a member extending outward in a radial
direction, from an end portion of the motor case 103c,
the end portion at the opening side.

[0099] The inverter motor 105 is a motor rotationally
driven by alternating electric current subjected to fre-
quency control, and is an electrically powered unit that
orbitally drives the orbiting scroll 135. Inthe inverter motor
105, as illustrated in FIG. 7, a rotor 117 and the stator
115, which cause the orbiting scroll 135 to orbit via the
rotating shaft 119 and the bush assembly 137, and the
inverter unit 179, which controls alternating electric cur-
rent supplied to the stator 115, are provided.

[0100] The rotor 117 generates rotational drive power
with an alternating magnetic field formed by the stator
115, and is apermanent magnet formed cylindrically. The
rotating shaft 119 is fixed to the rotor 117. The stator 115
rotates the rotor 117 by generating the alternating mag-
netic field, based on the alternating electric current sup-
plied from the inverter unit 179. The stator 115 is fixed
to an inner peripheral surface of the motor case 103c, by
use of a fixing method, such as shrinkage fitting.

[0101] The inverter unit 179 controls the alternating
electric current supplied to the stator 115, andis arranged
inside the box 103ca. In the inverter unit 179, a capacitor
(condenser) 181, plural substrates 185 including elec-
tronic elements, such as power transistors 183, and a
terminal 187, are provided.

[0102] The capacitor 181 temporarily stores electric
current. The electronic elements, such as the power tran-
sistors 183, included in the substrates 185, control fre-
quency of alternating electric current supplied from out-
side. The terminal 187 supplies the alternating electric
current to the stator 115. The substrate 185 including the
power transistors 183 is configured to be fixed by con-
tacting with the motor case 103c in the box 103ca, and
to release heat generated from the power transistors 183
to the motor case 103c. The other substrates 185 are
fixed at positions separate from the motor case 103c. In
other words, the substrates 185 are fixed in a state of
being layered over one another. The terminal 187 sup-
plies the alternating electric current controlled by the
power transistors 183 and the like, to the stator 115.
[0103] Theinverter motor 105 may be used as the elec-
trically powered unit as described above, but not being
particularly limited thereto, any other known motor may
be used as the electrically powered unit.

[0104] As illustrated in FIG. 7, the fixed scroll 133 and
the orbiting scroll 135 compress the refrigerant by form-
ing a closed compression chamber C. In the fixed scroll
133, a fixed end plate 133a, and a fixed lap 133b, which
extends towards the orbiting scroll 135 from the fixed end
plate 133a and is spiral, are provided. The fixed scroll
133 is fixed to a bottom surface of the first housing 103a.
At a central portion of the fixed end plate 133a, a dis-
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charge hole 133c is provided. The refrigerant com-
pressed in the compression chamber C is discharged to
the discharge chamber 103A viathe discharge hole 133c.
[0105] In the orbiting scroll 135, a movable end plate
135a, and a movable lap 135b, which extends toward
the fixed scroll 133 from the movable end plate 135a and
is spiral, are provided. The orbiting scroll 135 is orbitably
supported by the rotating shaft 119 and a rotation pre-
venting portion 139. In the orbiting scroll 135, a boss
135c, which extends toward the rotating shaft 119 and
is cylindrical, is provided on a surface (also referred to
as "bottom surface") of the movable end plate 135a, the
surface facing the rotating shaft 119. Orbital drive power
by the rotating shaft 119 is transmitted to the boss 135¢
via the bush assembly 137.

[0106] The rotating shaft 119 is, as illustrated in FIG.
7, a member, which extends toward the orbiting scroll
135 from the inverter motor 105, and is cylindrical. With
respect to the housing 103, one end portion of the rotating
shaft 119 is supported by the first bearing 121, and the
other end portion thereof is supported by the second
bearing 123, rotatably, based on the shaft center CE ex-
tending in a horizontal direction (left-right direction in FIG.
7). The rotating shaft 119, has, as illustrated in FIG. 8, a
disk portion 119A, an eccentric pin 125, and a limit hole
126.

[0107] The disk portion 119A is provided at one end of
the rotating shaft 119, and has a diameter formed more
largely than that of the rotating shaft 119, with the shaft
center CE centered therein. This disk portion 119A is
arranged inside a penetrating portion 121a formed in the
first bearing 121, a peripheral surface of the disk portion
119A is supported by the bearing 122, which is fixed in
the penetrating portion 121a, and the disk plate portion
119Ais rotatably provided, with the shaft center CE cen-
tered therein, with respect to the first bearing 121. The
eccentric pin 125 is formed in a cylindrical shape extend-
ing along the eccentric center LE eccentric with respect
to the shaft center CE from an end surface 119Aa of the
disk portion 119A. The limit hole 126 is a hole recessed
from the end surface 119Aa of the disk portion 119A, and
is formed along another eccentric center LE’ eccentric
with respect to the shaft center CE.

[0108] As illustrated in FIG. 8, the bush assembly 137
is accommodated in the penetrating portion 121a of the
first bearing 121, is interposed between the eccentric pin
125 of the rotating shaft 119 and the boss 135c of the
orbiting scroll 135, and transmits rotational movement of
the eccentric pin 125 as orbital movement of the orbiting
scroll 135. The bush assembly 137 includes a bush 141,
a limit pin 142, and a balance weight 143.

[0109] In a circular hole portion 141a cylindrically
formed in the bush 141, the eccentric pin 125 is inserted.
The bush 141 has a contact end surface 141b, which
comes into contact with the end surface 119Aa of the
disk portion 119A of the rotating shaft 119 by the eccentric
pin 125 being inserted in the circular hole portion 141a.
Further, the bush 141 is inserted in the boss 135c¢ of the
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orbiting scroll 135. Therefore, an outer shape of the bush
141 is circularly formed according to the cylindrical shape
of the boss 135c. Between an outer peripheral surface
of the bush 141 and an inner peripheral surface of the
boss 135¢, an orbiting bearing 145, which is cylindrical,
is interposed, in order to smoothly transmit eccentric ro-
tation of the bush 141 to the orbiting motion of the orbiting
scroll 135.

[0110] The limit pin 142 is arranged between the bush
141 and the disk portion 119A, and is a member, which
adjusts, together with the limit hole 126, orbiting radius
of the orbiting scroll 135, and which is cylindrical. As il-
lustrated in FIG. 8, the limit pin 142 is provided by being
fitted in a fitting hole 141c formed in the bush 141, and
is provided so as to protrude from the contactend surface
141b along the eccentric center LE’, to be inserted in the
limit hole 126 when the eccentric pin 125 is inserted in
the circular hole portion 141a of the bush 141. A gap is
formed between peripheral surfaces of the limit pin 142
and the limit hole 126 when the limit pin 142 is inserted
in the limit hole 126. Further, a fitting groove 142a, which
is recessed, is formed over a circumferential surface of
a side portion of a portion of the limit pin 142, the portion
of the limit pin 142 being inserted in the limit hole 126.
An elastic portion 142b is fitted in the fitting groove 142a.
The limit pin 142 is not particularly limited thereto, and
may be formed as a cylindrical member, or may be
formed as a columnar member having another cross sec-
tional shape.

[0111] The elastic portion 142b is a substantially cylin-
drical elastic member that is arranged to contact an outer
peripheral surface of the limit pin 142 and an inner pe-
ripheral surface of the limit hole 126, when the elastic
portion 142b has been fitted in the fitting groove 142a of
the limit pin 142 and the limit pin 142 has been inserted
in the limit hole 126. A material forming the elastic portion
142b is desirably rubber, which has suitability with re-
spect to and does not swell in the refrigerant and lubri-
cating oil of the scroll compressor 101. Specifically, hy-
drogenated nitrile butadiene rubber (HNBR) is an exam-
ple, but correspondingly to the refrigerant and lubricating
oil used, any suitable rubber may be used.

[0112] The elastic portion 142b is formed such that a
diameter of an outer peripheral surface thereof is equal
to or greater than a diameter of the limit hole 126, and a
diameter of an inner peripheral surface thereof is equal
to or less than a diameter of the limit pin 142. Over an
inner peripheral surface of the elastic portion 142b, a
ridge shaped convex portion, which fits in the fitting
groove 1423, is provided. The elastic portion 142b at least
has rigidity to support the own weight of the orbiting scroll
135 and to hold the limit pin 142 separately from the inner
peripheral surface of the limit hole 126, when the orbiting
scroll 135 is not being orbitally driven. However, the ri-
gidity of the elastic portion 142b is limited to an extent
where the elastic portion 142b is squashed and the limit
pin 142 directly contacts the inner peripheral surface of
the limit hole 126, when the orbiting scroll 135 is being
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orbitally driven and the centrifugal force and reaction
force due to the compression of the refrigerant are work-
ing.

[0113] An example of a relative positional relation be-
tween the circular hole portion 141a and the limit pin 142
is, as illustrated in FIG. 9, a case where the limit pin 142
is arranged in an eight o’clock direction when the circular
hole portion 141a is arranged in a two o’clock direction,
when the bush assembly 137 is viewed from the disk
portion 119A side (left side in FIG. 7 and FIG. 8).
[0114] The balance weight 143 is a member that ad-
justs and balances pressing force of the orbiting scroll
135 against the fixed scroll 133. As illustrated in FIG. 8
and FIG. 9, the balance weight 143 is a brim shaped
member, which extends semi-circularly, outward in a ra-
dial direction from a circumferential surface of the bush
141, the circumferential surface of the bush 141 being at
the disk portion 119A side. A range in which the balance
weight 143 extends is, as illustrated in FIG. 9, a range
between a three o’clock direction and a nine o’clock di-
rection when the circular hole portion 141a is arranged
in the two o’clock direction, and the balance weight 143
is provided off-set in a six o’clock direction from a line
passing the center of the bush 141.

[0115] The balance weight 143 includes a connected
portion 143A and a weight 143B. The connected portion
143Ais formed in a ring shape, and a hole portion 143Aa
thereofis joined to an outer peripheral portion of the bush
141. As described above, since the bush 141 is inserted
in the boss 135c of the orbiting scroll 135, the connected
portion 143A is joined to the bush 141 at a position near
the rotating shaft 119 (contact end surface 141b) in order
to prevent interference between the connected portion
143A and the boss 135c of the orbiting scroll 135. The
weight 143B is provided, in a cantilevered shape, at a
portion of an outer periphery of the connected portion
143A, so as to increase in thickness and stick out in a
direction going away from the contact end surface 141b.
[0116] As illustrated in FIG. 8, the rotating shaft 119
and the bush assembly 137 are combined together, such
that the eccentric pin 125 is inserted in the circular hole
portion 141a and the limit pin 142 is inserted in the limit
hole 126. The elastic portion 142b of the limit pin 142 is
inserted, together with the limit pin 142, inside the limit
hole 126, and contacts the inner peripheral surface of
the limit hole 126. Because of such combination, the bush
assembly 137 is able to rotate in a range restricted by
the limit pin 142 and the limit hole 126, with the eccentric
pin 125 being the center of rotation.

[0117] When the orbiting scroll 135 is orbitally driven,
the compression chamber C formed between the orbiting
scroll 135 and the fixed scroll 133 takes in and compress-
estherefrigerantthat has flown into the scroll compressor
101 from the motor case 103c. Specifically, the compres-
sion chamber C takes in the refrigerant at an outer pe-
ripheral end of the fixed scroll 133 and orbiting scroll 135.
By the orbiting motion of the orbiting scroll 135, the re-
frigerant taken in is compressed, with volume of the com-
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pression chamber C becoming smaller towards the cent-
er from the outer peripheral edge along the fixed lap 133b
and the movable lap 135b. The refrigerant compressed
by the compression chamber C is discharged to the dis-
charge chamber 103A via the discharge hole 133c of the
fixed scroll 133, and is discharged outside the first hous-
ing 103a from inside the discharge chamber 103A.
[0118] On the orbiting scroll 135, a centrifugal force
due to the orbiting motion, and a compression reaction
force of the refrigerant compressed by the compression
chamber C work in a direction of enlarging the orbiting
radius. By these forces, the orbiting scroll 135 and the
bush assembly 137 rotate around the eccentric pin 125,
and the orbiting radius is enlarged. The limit pin 142 and
the limit hole 126 then approach and contact each other
while squashing the elastic portion 142b. By contacting
each other, the limit pin 142 and the limit hole 126 restrict
the rotational range of the bush assembly 137 and the
orbiting scroll 135 around the eccentric pin 125. The cen-
trifugal force and compression reaction force working on
the orbiting scroll 135 are sufficiently large to squash the
elastic portion 142b, and, for example, are forces of a
magnitude of about several thousand N.

[0119] Insuch operation, if, for example, a liquid refrig-
erant (hereinafter, referred to as "liquid refrigerant") is
present in the compression chamber C, or if foreign mat-
ter is stuck in between the orbiting scroll 135 and the
fixed scroll 133, the orbiting radius of the orbiting scroll
135 is decreased and an escape passage for the liquid
refrigerant or foreign matter is formed. That is, by the
liquid compression reaction force generated when the
liquid refrigerant is compressed and the resistance force
generated when foreign matter is stuck, the bush assem-
bly 137, together with the orbiting scroll 135, squashes
the elastic portion 142b and rotates in a direction of de-
creasing the orbiting radius around the eccentric pin 125.
By this rotation, the escape passage between the orbiting
scroll 135 and the fixed scroll 133 is formed.

[0120] When the operation of the scroll compressor
101 is stopped and the orbiting motion of the orbiting
scroll 135 is stopped, the centrifugal force and the com-
pression reaction force that have been working on the
orbiting scroll 135 are eliminated, and the force increas-
ing the orbiting radius of the orbiting scroll 135 is elimi-
nated. The orbiting scroll 135 rotationally moves around
the eccentric pin 125 due to a gravitational force working
downward in a vertical direction, and the limit pin 142 and
the limit hole 126 separate from each other. The elastic
portion 142b, which has been squashed between the limit
pin 142 and the limit hole 126 due to the centrifugal force
and the like during the operation of the scroll compressor
101, separates the limit pin 142 and the limit hole 126
from each other by a force of returning to the original form
from the squashed form. Further, the elastic portion 142b
holds the limit pin 142 in a state separated from the limit
hole 126. Although a squashing force works on the elastic
portion 142b due to the gravitational force acting on the
orbiting scroll 135 and the bush assembly 137, since a
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magnitude of that force is about several N and is com-
paratively smaller than the centrifugal force and com-
pression reaction force, the elastic portion 142b is able
to hold the limit pin 142 in the state separated from the
limit hole 126. Therefore, clacking noise, which is gen-
erated by the contact between the limit pin 142 and the
limit hole 126 when the operation of the scroll compressor
101 is stopped, is reduced.

[0121] Further, when the operation of the scroll com-
pressor 101 is stopped and the liquid refrigerant is
present in the compression chamber C, as described
above, the orbiting radius of the orbiting scroll 135 is de-
creased. Thatis, the limit pin 142 and the limit hole 126
separate from each other and the orbiting radius of the
orbiting scroll 135 is decreased. When the limit pin 142
separates from a predetermined region on the inner pe-
ripheral surface of the limit hole 126 and contacts (col-
lides) with a region at an opposite side, the shape of the
elastic portion 142b is deformed and momentum upon
the contact between the limit pin 142 and the limit hole
126 is reduced. Thus, clacking noise, which is generated
by the contact between the limit pin 142 and the limit hole
126 when the liquid refrigerant is present in the compres-
sion chamber C, is reduced.

[0122] Further, clacking noise when the orbiting radius
of the orbiting scroll 135 has not been stabilized, or when
foreign matter has been stuck between the orbiting scroll
135 and the fixed scroll 133, is similarly reduced, due to
the above described functions of the elastic portion 142b.
[0123] The present invention is not limited to the con-
figuration, in which the escape passage is formed be-
tween the orbiting scroll 135 and the fixed scroll 133 by
the limit pin 142 and the limit hole 126. For example,
although not specifically illustrated in the drawings, with-
out the provision of the limit pin 142 and limit hole 126,
the bush assembly 137 may be made movable in a radial
direction of the eccentric pin 125 by providing a gap be-
tween the circular hole portion 141a of the bush 141 in
the bush assembly 137 and the eccentric pin 125, and
thereby, an escape passage may be formed between the
orbiting scroll 135 and the fixed scroll 133.

[0124] FIG.6isaplanview of arotating shaft of another
example of the scroll fluid machine according to this em-
bodiment. As illustrated in FIG. 6, in the configuration
where the gap is formed between the circular hole portion
141a of the bush 141 in the bush assembly 137 and the
eccentric pin 125, an outer shape of the eccentric pin
125, the outer shape projected in the extending direction
of the shaft center CE (or eccentric center LE), is mainly
formed of a first circular arc 125a and a second circular
arc 125b.

[0125] The first circular arc 125a corresponds to a
range of P11 to P12 in FIG. 6, and is formed in a range
of an outer shape of the rotating shaft 119 (the disk portion
119A, herein) with a first radius Ra having a length ex-
ceeding a part of an outer edge 119Ab of the outer shape
of the disk portion 119A of the rotating shaft 119, the first
radius Ra having a center at the position of the eccentric
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center LE.

[0126] The second circular arc 125b is formed in a por-
tion where the first radius Ra exceeds the outer edge
119Ab of the outer shape of the rotating shaft 119, the
portion being a range of P12 to P11 in FIG. 6, with the
second radius Rb having a length equal to or less than
the radius R forming the outer edge 119Ab of the rotating
shaft 119, the second radius Rb having a center at the
position of the shaft center CE.

[0127] Thatis, in the scroll compressor 101 of this em-
bodiment, the outer shape of the eccentric pin 125 of the
rotating shaft 119 is configured to have: the first circular
arc 125a, which is formed in the range of the outer shape
of the rotating shaft 119 with the first radius Ra having
the length exceeding the part of the outer edge 119Ab
of the rotating shaft 119 (disk portion 119A herein), the
first radius Ra having the center at the position of the
eccentric center LE; and the second circular arc 125b
formed in the portion where the first radius Ra exceeds
the outer edge 119Ab, with the second radius Rb having
the length equal to or less than the radius R forming the
outer edge 119Ab, the second radius Rb having the cent-
er at the position of the shaft center CE.

[0128] According to this scroll compressor 101, since
the outer shape of the eccentric pin 125 has the first cir-
cular arc 125a formed in the range of the outer shape of
the rotating shaft 119, with the first radius Ra having the
length exceeding the part of the outer edge 119Ab of the
rotating shaft 119 (disk portion 119A herein), the first ra-
dius Ra having the center at the position of the eccentric
center LE; the outer shape of the eccentric pin 125 has
a large diameter that exceeds the part of the outer edge
119Ab of the rotating shaft 119 and rigidity of the eccen-
tric pin 125 is improved. As a result, the eccentric pin 125
is prevented from being bent.

[0129] What is more, since the outer shape of the ec-
centric pin 125 has the second circular arc 125b formed
in the portion where the first radius Ra exceeds the outer
edge 119Ab, with the second radius Rb having the length
equal to or less than the radius R forming the outer edge
119Ab, the second radius Rb having the center at the
position of the shaft center CE, the outer shape of the
eccentric pin 125 is prevented from going over the outer
edge 119Ab of the rotating shaft 119. If the outer shape
of the eccentric pin 125 goes over the outer edge 119Ab
of the rotating shaft 119 (disk portion 119A herein), the
processing of the rotating shaft 119 requires labor with
the eccentric pin 125 being an obstacle in the processing,
and the assembly requires labor with the eccentric pin
125 being an obstacle in inserting the rotating shaft 119
in the bearings 121 and 123, and thus such inconven-
ience is eliminated.

[0130] Further,inthe scroll compressor 101 of this em-
bodiment, the first radius Ra, the second radius Rb, the
radius R, and the distance p between the position of the
shaft center CE and the position of the eccentric center
LE preferably satisfy the relation of (Ra2 + p2)12s Rb < R.
[0131] The second circular arc 125b is formed with the



25 EP 3 159 545 A1 26

second radius Rb having the length equal to or less than
the radius R forming the outer edge 119Ab of the rotating
shaft 119, the second radius Rb having the center at the
position of the shaft center CE, and if the second radius
Rb becomes too much less than the radius R, a diameter
of the outer shape of the eccentric pin 125 becomes too
small. According to this scroll compressor 101, since a
lower limit of the second radius Rb is set by the relation,
(Ra? + p2)12 < Rb < R, the diameter of the outer shape
of the eccentric pin 125 is prevented from becoming too
small. As a result, an effect of enabling the rigidity of the
eccentric pin 125 to be improved, and the bending of the
eccentric pin 125 to be reduced, is achieved.

[0132] In the bush assembly 137 configured as de-
scribed above, a moment acts in a direction, in which the
whole balance weight 143 goes away from the bush 141,
with the connected portion 143A being the starting point,
due to the centrifugal force acting on the weight 143B.
Since this moment acts on a portion joining the bush 141
and the connected portion 143A together, there is a prob-
lem that the connected portion 143A may be removed
from the bush 141 or the connected portion 143A may
be positionally shifted with respect to the bush 141.
[0133] Thus, in this embodiment, joining between the
bush 141 and the balance weight 143 in the bush assem-
bly 137 is improved.

[0134] As illustrated in FIG. 8, in the scroll compressor
101 of this embodiment, the connected portion 143A is
arranged displaced in a lengthwise direction (rightward
in FIG. 8) of the bush 141 with respect to the bush 141,
and a stepped portion 147 is formed between the contact
end surface 141b of the bush 141, the contact end sur-
face 141b facing the end surface 119Aa of the disk por-
tion 119A of the rotating shaft 119, and an end surface
143Ab of the connected portion 143A. The stepped por-
tion 147 is formed by the connected portion 143A being
attached to the bush 141, such that the end surface
143Ab of the connected portion 143A is a little separate
from the end surface 119Aa of the disk portion 119A of
the rotating shaft 119 more than the contact end surface
141b of the bush 141. In this stepped portion 147, a join-
ing portion 149, which joins the bush 141 and the con-
nected portion 143A together, is provided. The joining
portion 149 is formed on the end surface 143Ab of the
connected portion 143A and on a side surface of the bush
141, in the stepped portion 147, and is formed such that
the joining portion 149 does not protrude towards the end
surface 119Aa of the disk portion 119A of the rotating
shaft 119, more than the contact end surface 141b of the
bush 141. The joining portion 149 is formed by laser weld-
ing. Not being limited to laser welding, the joining portion
149 may be formed by any other welding.

[0135] As described above, in the scroll compressor
101 of this embodiment, the bush assembly 137 includes:
the bush 141, into which the eccentric pin 125 is inserted,
which has the contact end surface 141b that comes into
contact with the end surface 119Aa of (the disk portion
119A of) the rotating shaft 119, and which is inserted in
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the cylindrically shaped boss 135c¢ provided at the bottom
surface of the orbiting scroll 135; the balance weight 143
having the connected portion 143A and the weight 143B,
the connected portion 143A arranged in the outer periph-
eral portion of the bush 141 and near the contact end
surface 141b, and the weight 143B provided, in the can-
tilevered shape, in the portion of the outer periphery of
the connected portion 143A, so as to stick out in the di-
rection going away from the contact end surface 141b;
the stepped portion 147 provided between the connected
portion 143A and the contact end surface 141b of the
bush 141; and the joining portion 149, which is provided
in the stepped portion 147 and joins the bush 141 and
the connected portion 143A together.

[0136] According to this scroll compressor 101, in as-
sociation with the action of the centrifugal force of the
weight 143B, which is provided in the portion of the outer
periphery of the connected portion 143A, so as to stick
out in the direction going away from the contact end sur-
face 141b, in the cantilevered shape, the moment having
the starting point at the connected portion 143A acts so
that the weight 143B is rotated towards the contact end
surface 141b, and in the stepped portion 147, this mo-
ment acts so that the connected portion 143A is caused
to approach the bush 141. Therefore, excessive load is
not applied to the joining portion 149 provided in the
stepped portion 147, rigidity of the joining between the
bush 141 and the connected portion 143A is increased,
and removal of the connected portion 143A from the bush
141, or positional displacement of the connected portion
143A with respect to the bush 141, is prevented.
[0137] Whatis more, since the joining portion 149 join-
ing the bush 141 and the connected portion 143A togeth-
er is provided in the stepped portion 147, the joining por-
tion 149 is prevented from protruding to the contact end
surface 141b of the bush 141 coming into contact with
the end surface 119Aa of the rotating shaft 119, and thus
the joining portion 149 is prevented from interfering with
the end surface 119Aa of the rotating shaft 119 and
processing of the joining portion 149 for preventing the
interference is omitted. Further, since the weight 143B
is provided in the direction going away from the contact
end surface 141b, so as to stick out from the connected
portion 143A, in the cantilevered shape, and in the
stepped portion 147, the joining portion 149 is provided
between the connected portion 143A and the contactend
surface 141b at the side opposite to the side to which the
weight 143B sticks out; regardless of the presence of the
weight 143B, the joining portion 149 is provided easily.
[0138] Further, in the bush assembly 137 in the scroll
compressor 101 of this embodiment, the joining portion
149 may be provided on the whole circumference in a
circumferential direction of the bush 141, but as illustrat-
edinFIG. 9, the joining portion 149 is preferably provided
at plural positions (three positions in FIG. 9) in the cir-
cumferential direction of the bush 141. The circumferen-
tial direction of the bush 141 refers to a direction along
a peripheral surface of the bush 141, with reference to a
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center O of the bush 141.

[0139] According to this scroll compressor 101, if the
joining portion 149 is formed by welding, when the joining
portion 149 is provided at plural positions in the circum-
ferential direction of the bush 141, rather than being pro-
vided on the whole circumference in the circumferential
direction of the bush 141, thermal deformation of the bush
141 and the connected portion 143A due to the welding
heat is reduced.

[0140] Further, in the bush assembly 137 in the scroll
compressor 101 of this embodiment, when the joining
portion 149 is provided at plural positions in the circum-
ferential direction of the bush 141, the joining portion 149
is preferably arranged evenly in the circumferential di-
rection of the bush 141. In FIG. 9, the joining portion 149
is provided at three positions in the circumferential direc-
tion of the bush 141, and is evenly arranged at 120° in-
tervals with reference to the center O of the bush 141.
[0141] According to this scroll compressor 101, when
the joining portion 149 is formed by welding, since the
joining portion 149 is arranged evenly in the circumfer-
ential direction of the bush 141, even if thermal deforma-
tion of the bush 141 or the joining portion 143A due to
the welding heat is caused, the thermal deformation is
equalized and local deformation is reduced.

[0142] Further, in the bush assembly 137 in the scroll
compressor 101 of this embodiment, when the joining
portion 149 is provided at plural positions in the circum-
ferential direction of the bush 141, more of the positions
of the joining portion 149 are preferably situated near
where the weight 143B is provided. When the joining por-
tion 149 is evenly arranged in the circumferential direc-
tion of the bush 141, as illustrated in FIG. 9, in a config-
uration where the joining portion 149 is provided at an
odd number of positions in the circumferential direction
of the bush 141, more of the positions of the joining por-
tion 149 are situated near where the weight 143B is pro-
vided.

[0143] According to this scroll compressor 101, in as-
sociation with the action of the centrifugal force of the
weight 143B, the moment having the starting point at the
connected potion 143A acts near where the weight 143B
is provided, and thus when the joining portion 149 is pro-
vided at plural positions in the circumferential direction
of the bush 141, by more of the positions of the joining
portion 149 being situated near where the weight 143B
is provided, the effect of increasing the rigidity of the join-
ing between the bush 141 and the connected portion
143A is achieved.

[0144] Further, preferably in the bush assembly 137 in
the scroll compressor 101 of this embodiment, as illus-
trated in FIG. 9, an oil feeding groove 151 is provided in
the outer peripheral portion of the bush 141 and along
the extending direction of the cylindrical shape, and the
joining portion 149 is arranged separately from a radial
direction range of the oil feeding groove 151.

[0145] According to this scroll compressor 101, the oil
feeding groove 151 is for feeding the lubricating oil to the
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scroll compression mechanism 107, and when the joining
portion 149 is formed by welding, by the joining portion
149 being arranged separately from the radial direction
range of the oil feeding groove 151, thermal deformation
of the oil feeding groove 151 due to the welding heat is
reduced, and the lubricating oil is fed smoothly by the oil
feeding groove 151.

[0146] Further, preferably in the bush assembly 137 in
the scroll compressor 101 of this embodiment, the bush
141 is formed of a sintered material, and the balance
weight 143 is formed of a cast iron material.

[0147] According to this scroll compressor 101, since
the bush 141 is a sliding member connected to the ec-
centric pin 125 and the boss 135c of the orbiting scroll
135, the bush 141 is preferably formed of a sintered ma-
terial having a hardness that is comparatively high. Fur-
ther, since the balance weight 143 has the weight 143B,
which balances the dynamic unbalance generated due
to unbalanced weights of the orbiting scroll 135, the boss
135c, the orbiting bearing 145, the bush assembly 137,
and the like, in association with the orbiting motion of the
orbiting scroll 135; the balance weight 143 is preferably
formed of a cast iron material having a density that is
comparatively high.

[0148] Further, in the bush assembly 137 in the scroll
compressor 101 of this embodiment, the bush 141 and
the connected portion 143A of the balance weight 143
are preferably fixed by shrinkage fitting or interference
fitting.

[0149] According to this scroll compressor 101, be-
cause the bush 141 and the connected portion 143A of
the balance weight 143 are fixed by shrinkage fitting or
interference fitting, synergistically with the inclusion of
the joining portion 149, the effect of obtaining the rigidity
of the joining between the bush 141 and the connected
portion 143A is achieved. When the bush 141 and the
connected portion 143A are joined together (when the
joining portion 149 is provided), an inner diameter of the
hole portion 143Aa of the connected portion 143A is
formed smaller than the outer diameter of the bush 141,
the bush 141 and the connected portion 143A are fitted
to each other by shrinkage fitting or interference fitting,
and thereafter, the joining portion 149 is formed by weld-
ing. As described above, by fitting together the bush 141
and the connected portion 143Ain advance by shrinkage
fitting or interference fitting, the joining portion 149 is
formed by welding without displacement between the
bush 141 and the connected portion 143A being caused.
[0150] Further, preferably in the bush assembly 137 in
the scroll compressor 101 of this embodiment: the bush
141 is provided rotatably with respect to the eccentric pin
125; the limit pin 142, which is inserted in the limit hole
126 formed on the end surface 119Aa of the rotating shaft
119 and restricts the rotational range, is provided; and
the joining portion 149 is arranged separately from the
radial direction range of the part where the limit pin 142
is attached (the fitting hole 141c, in which the limit pin
142 is fitted).
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[0151] According to this scroll compressor 101, when
the joining portion 149 is formed by welding, since the
joining portion 149 is arranged separately from the radial
direction range of the part where the limit pin 142 is at-
tached, thermal deformation of the part where the limit
pin 142 is attached due to the welding heat is reduced,
and the attachment of the limit pin 142 is prevented from
being hindered.

[0152] In the above described scroll compressor 101,
the configuration, in which the limit hole 126 is formed
on the end surface 119Aa of the rotating shaft 119 and
the limit pin 142 is attached to the bush 141, is adopted,
but limitation is not made thereto. Although notillustrated
specifically in the drawings, the limit pin 142 may be at-
tached to the end surface 119Aa of the rotating shaft 119
and the limit hole 126 may be formed in the bush 141.
[0153] In this case, preferably in the bush assembly
137 in the scroll compressor 101 of this embodiment: the
bush 141 is provided rotatably with respect to the eccen-
tric pin 125; the limit hole 126, in which the limit pin 142
fixed to the end surface 119Aa of the rotating shaft 119
is inserted and which restricts the rotational range, is pro-
vided; and the joining portion 149 is arranged separately
from a radial direction range of a part where the limit hole
126 is formed.

[0154] According to this scroll compressor 101, when
the joining portion 149 is formed by welding, since the
joining portion 149 is arranged separately from the radial
direction range of the part where the limit hole 126 is
formed, thermal deformation of the part where the limit
hole 126 is formed due to the welding heat is reduced,
and accuracy of the rotational range restricted by the limit
hole 126 is prevented from being reduced.

[0155] Further, in the scroll compressor 101 of this em-
bodiment, the maximum number of rotations per second
of the rotating shaft 119 exceeds 145 rps.

[0156] According to this scroll compressor 101, by the
above described configuration, bending of the eccentric
pin 125 is reduced, and rigidity of the joining between the
bush 141 and the connected portion 143A in the bush
assembly 137 is increased, and thus the scroll compres-
sor 101 having the maximum number of rotations per
second of the rotating shaft 119 exceeding 145 rps is
realized.

[0157] The scroll fluid machine is not limited to the
scrollcompressor 1 or 101, and may be a scroll expander.
Although not illustrated specifically in the drawings, in a
scroll expander, which is a scroll fluid machine, an orbit-
ing scroll engaging with a fixed scroll is caused to orbit
by compressed fluid, causing the fluid to expand and
causing rotational drive power to be generated in a ro-
tating shaft. That is, the above described configurations
of the eccentric pin 25 or 125 of the rotating shaft 19 or
119 and configuration of the bush assembly 37 or 137 of
the scroll compression mechanism 7 or 107 are also ap-
plicable to the scroll expander.
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Reference Signs List

[0158]

1, 101 SCROLL COMPRESSOR (SCROLL
FLUID MACHINE)

3,103 HOUSING

19, 119 ROTATING SHAFT

19a, 119Aa UPPER END SURFACE (END SUR-
FACE)

19b, 119Ab OUTER EDGE

25,125 ECCENTRIC PIN

25a, 125a FIRST CIRCULAR ARC

25b, 125b SECOND CIRCULAR ARC

25¢ PIN SLIDE SURFACE

33,133 FIXED SCROLL

35, 135 ORBITING SCROLL

35¢, 135¢ BOSS

37,137 BUSH ASSEMBLY

41, 141 BUSH

41b, 141b CONTACT END SURFACE

41c BUSH SIDE SLIDE SURFACE

43, 143 BALANCE WEIGHT

43A, 143A CONNECTED PORTION

43Aa, 143Aa  HOLE PORTION

43B, 143B WEIGHT

47,147 STEPPED PORTION

49, 149 JOINING PORTION

51, 151 OIL FEEDING GROOVE

CE SHAFT CENTER

LE ECCENTRIC CENTER

R RADIUS

Ra FIRST RADIUS

Rb SECOND RADIUS

p DISTANCE

Claims

1. A scroll fluid machine (1, 101), comprising:

a fixed scroll (31) fixed to a housing (3, 103);
an orbiting scroll (35) that is configured to en-
gage with the fixed scroll (31) and is configured
to be orbitally movable;

a rotating shaft (19, 119) that is configured to be
supported rotatably with respect to the housing
(3, 103) and has an eccentric pin (25, 125) ec-
centric with respect to a shaft center (CE); and
a bush (41, 141) that is interposed between the
eccentric pin (25, 125) and the orbiting scroll (35)
and is configured to transmit rotational move-
ment of the eccentric pin (25, 125) as orbital
movement of the orbiting scroll (35), wherein

an outer shape of the eccentric pin (25, 125) has: a
first circular arc (25a, 125a) formed in a range of an
outer shape of the rotating shaft (19, 119), with a first
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radius (Ra) having a length exceeding a part of an
outer edge (19b, 119Ab) of the rotating shaft (19,
119), the first radius (Ra) having its center at a po-
sition of an eccentric center (LE); and a second cir-
cular arc (25b, 125b) formed in a portion where the
first radius (Ra) exceeds the outer edge (19b,
119Ab), with a second radius (Rb) having a length
equal to or less than a radius (R) forming the outer
edge (19b, 119Ab), the second radius (Rb) having
its center at a position of the shaft center (CE).

The scroll fluid machine (1, 101) according to claim
1, wherein the first radius (Ra), the second radius
(Rb), the radius (R), and a distance (p) between the
position of the shaft center (CE) and the position of
the eccentric center (LE) satisfy a relation of (Ra2 +
p2)12<Rb<R.

The scroll fluid machine (1, 101) according to claim
1 or 2, having a bush assembly (37, 137), the bush
assembly (37, 137) comprising:

a bush (41, 141), into which the eccentric pin
(25, 125) is inserted, which has a contact end
surface (41b, 141b) that is configured to come
into contact with an end surface (19a, 119a) of
the rotating shaft (19, 119), and which is config-
ured to be inserted in a boss (35c¢, 135c) that is
provided at a bottom surface of the orbiting scroll
(35) and that is cylindrically shaped;

abalance weight (43, 143) that has a connected
portion (43A, 143A) arranged in an outer periph-
eral portion of the bush (41, 141) and near the
contact end surface (41b, 141b), and a weight
(43B, 143B) provided, in a cantilevered shape,
in a portion of an outer periphery of the connect-
ed portion (43A, 143A), so as to stick out in a
direction of going away from the contact end sur-
face (41b, 141b);

a stepped portion (47, 147) provided between
the connected portion (43A, 143A) and the con-
tact end surface (41b, 141b) of the bush (41,
141); and

ajoining portion (49, 149) that is provided in the
stepped portion (47, 147) and joins the bush (41,
141) and the connected portion (43A, 143A) to-
gether.

4. The scroll fluid machine (1, 101) according to claim

3, wherein in the bush assembly (37, 137), the joining
portion (49, 149) is provided at plural positions in a
circumferential direction of the bush (41, 141).

The scroll fluid machine (1, 101) according to claim
4,whereininthe bushassembly (37, 137), the joining
portion (49, 149) is evenly arranged in the circum-
ferential direction of the bush (41, 141).
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The scroll fluid machine (1, 101) according to claim
4 or 5, wherein in the bush assembly (37, 137), more
of the positions of the joining portion (49, 149) are
situated near where the weight (43B, 143B) is pro-
vided.

The scroll fluid machine (1, 101) according to any
one of claims 4 to 6, wherein in the bush assembly
(37, 137), an oil feeding groove (51, 151) is provided
along an extending direction of a cylindrical shape,
on an outer peripheral portion of the bush (41, 141),
and the joining portion (49, 149) is arranged sepa-
rately from a radial direction range of the oil feeding
groove (51, 151).

The scroll fluid machine (1, 101) according to any
one of claims 3 to 7, wherein in the bush assembly
(37, 137), the bush (41, 141) is formed of a sintered
material, and the balance weight (43, 143) is formed
of a cast iron material.

The scroll fluid machine (1, 101) according to any
one of claims 3 to 8, wherein in the bush assembly
(37,137), the bush (41, 141) and the connected por-
tion (43A, 143A) of the balance weight (43, 143) are
fixed by shrinkage fitting or interference fitting.

The scroll fluid machine (1) according to any one of
claims 4 to 9, wherein the bush assembly (37) is
configured to slidingly move with respect to the ec-
centric pin (25), by a bush side slide surface (41c),
which comes into contact with a pin side slide surface
(25¢) provided on a side portion of the eccentric pin
(25), being provided on an inner peripheral portion
of the bush (41), and the joining portion (49) is ar-
ranged separately from a radial direction range of
the bush side slide surface (41c).

The scroll fluid machine (1, 101) according to any
one of claims 1 to 10, wherein the rotating shaft (19,
119) is configured to reach a maximum number of
rotations per second exceeding 145 rps.
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FIG.9
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