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(54) Scroll type compressor

(57) A scroll type compressor has a fixed scroll
member and a movable scroll member. The fixed scroll
member has a fixed scroll base plate and a fixed scroll
wall extending from the fixed scroll base plate. The mov-
able scroll member has a movable scroll base plate and
a movable scroll wall extending from the movable scroll
base plate. The fixed scroll member and the movable
scroll member cooperatively form a compression re-

gion. The movable scroll member orbits relative to the
fixed scroll member to compress refrigerant in the com-
pression region. Each scroll wall is formed in a taper
shape from each base plate toward each distal end of
the scroll wall. The distal end is non-contact with the op-
posing scroll base plate. Clearance between the distal
end and the opposing scroll base plate is less than or
equal to the limit clearance value which maintains air-
tight performance.
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Description
BACKGROUND OF THE INVENTION

[0001] The present invention relates to a scroll type
compressor and more particularly to structure of a fixed
scroll member and a movable scroll member which con-
stitute a compression mechanism in a volute shape.
[0002] In general, the scroll type compressor has a
housing in which the fixed scroll member and the mov-
able scroll member are provided. The fixed scroll mem-
ber has a fixed scroll base plate and a fixed scroll wall
that extends from the fixed scroll base plate. The mov-
able scroll member has a movable scroll base plate and
a movable scroll wall that extends from the movable
scroll base plate. Each scroll wall is engaged with each
other. The fixed scroll member and the movable scroll
member cooperatively form a plurality of compression
chambers as a compression region. As the movable
scroll member orbits about an axis of the fixed scroll
member, the compression chambers move radially in-
ward while their volume decreases.

[0003] Since bendingmomentis applied to each scroll
wall by high pressure generated in the compression
chambers due to the compression performance, the
bending moment deforms each scroll wall. Therefore,
clearance between the scroll walls is increased and
compressed fluid leaks through the clearance. Accord-
ingly, high compression performance is not obtained.
[0004] To obtain the high compression performance
by preventing the compressed fluid from leaking, as
shown in FIG. 4A, a scroll wall 1 was conventionally cre-
ated in a taper shape from a joining portion to a base
plate 2 toward a distal end of the scroll wall 1.

[0005] Still referring to FIG. 4A, in the above constitu-
tion, the scroll wall 1 is strengthened against bending
moment. Therefore, clearance between the scroll walls
1 was effectively restrained from increasing. There,
such a constitution was employed that a tip seal 3 slides
the surface of the opposing base plate 2 to ensure seal-
ing performance in the clearance between the distal end
of the scroll wall 1 and the opposing base plate 2.
[0006] However, as it is taken into consideration that
the compressor used in high speed vehicles is nowa-
days required to be compact and lightweight for its fuel
efficiency, the following problem has occurred in the
above prior art. The thickness of the scroll wall 1 is in-
creased when the tip seal 3 is used. As a result, config-
uration of the compressor is increased in size.

[0007] As shown in FIG. 4A, when the distal end of
the scroll wall 1 is provided with the tip seal 3, thickness
c of the distal end of the scroll wall 1 is determined as
follows. c=a+2*b where width of the tip seal 3 is ex-
pressed by a, and thickness of an outer wall of a groove
formed in the distal end is expressed by b. Thickness of
the portion joining to the scroll wall 1, which is expressed
by d, is also determined to be relatively thick due to in-
crease of the thickness c.
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[0008] On the contrary, as shown in FIG. 4B, when
the distal end of the scroll wall 1 has similar thickness
to the width a of the tip seal 3 in size, thickness e of the
portion joining to the base plate 2 becomes relatively
small. Accordingly, the compressor including the scroll
wall 1 shown in FIG. 4A, has less capacity in the com-
pression chambers than that of FIG. 4B, because of an
increase in thickness of the scroll wall 1 provided with
the tip seal 3. To maintain the capacity in the compres-
sion chambers, the configuration of the compressor is
inevitably increased in size.

SUMMARY OF THE INVENTION

[0009] The present invention addresses a scroll type
compressor which is hard, compact and lightweight with
high quality sealing performance.

[0010] According to the present invention, A scroll
type compressor has a fixed scroll member and a mov-
able scroll member. The fixed scroll member has a fixed
scroll base plate and a fixed scroll wall extending from
the fixed scroll base plate. The movable scroll member
has a movable scroll base plate and a movable scroll
wall extending from the movable scroll base plate. The
fixed scroll member and the movable scroll member co-
operatively form a compression region. The movable
scroll member orbits relative to the fixed scroll member
to compress refrigerant in the compression region. Each
scroll wall is formed in a taper shape from each base
plate toward each distal end of the scroll wall. The distal
end is non-contact with the opposing scroll base plate.
Clearance between the distal end and the opposing
scroll base plate is less than or equal to the limit clear-
ance value which maintains airtight performance be-
tween the distal end and the opposing scroll base plate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The features of the present invention that are
believed to be novel are set forth with particularity in the
appended claims. The invention together with objects
and advantages thereof, may best be understood by ref-
erence to the following description of the presently pre-
ferred embodiments together with the accompanying
drawings in which:

FIG. 1 is a diagram in a cross-sectional view illus-
trating a first preferred embodiment of the scroll
type compressor according to the present inven-
tion;

FIG. 2 is a diagram in a partial enlarged view illus-
trating first and second preferred embodiments of
the scroll type compressor according to the present
invention;

FIG. 3 is a graph illustrating a relation between
clearance in the direction of an axis and a ratio of
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COP according to the present invention;

FIG. 4A is a diagram in a partial cross-sectional
view illustrating a scroll wall with a tip seal according
to the prior art; and

FIG. 4B is a diagram in a partial cross-sectional
view illustrating a scroll wall without a tip seal ac-
cording to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0012] A scroll type compressor according to a first
preferred embodiment of the present invention will be
described with reference to Figs. 1 through 3.

[0013] AsshowninFIG. 1, afronthousing 30, a center
housing 31 and a rear housing 32 are connected to form
a configuration of the compressor. A fixed scroll member
35 is integrally formed with the center housing 31. The
fixed scroll member 35 has a fixed scroll base plate 33
and a fixed scroll wall 34 that extends from the fixed
scroll base plate 33. An inlet 36 for introducing refriger-
ant is also formed in the center housing 31 and is con-
nected to an external refrigerant circuit. A movable scroll
member 39 is accommodated in a space defined by the
center housing 31 and the front housing 30. The mova-
ble scroll member 39 has a movable scroll base plate
37 and a movable scroll wall 38 that extends from the
movable scroll base plate 37. The fixed scroll wall 34
and the movable scroll wall 38 engage with each other.
Thereby, a plurality of compression chambers 40 is de-
fined as a compression region between the fixed scroll
member 35 and the movable scroll member 39. A dis-
charge hole 42 is formed substantially at the center of
the fixed scroll base plate 33. Compressed refrigerant
in the compression chambers 40 is discharged into a
discharge chamber 41 defined between the center
housing 31 and the rear housing 32 through the dis-
charge hole 42. An outlet 43 is formed in the rear hous-
ing 32 to flow refrigerant in the discharge chamber 41
into the external refrigerant circuit.

[0014] Still referring to FIG. 1, one end of a drive shaft
45 is rotatably supported in the front housing 30 by bear-
ing 44 and the other end of the drive shaft 45 extends
outside of the configuration of the compressor. A crank-
shaft 46 is mounted on one end of the drive shaft 45.
The crankshaft 46 is received by a bushing 47, which is
inserted in a boss 48 of the movable scroll member 39.
A self rotation preventing mechanism 49 prevents the
movable scroll member 39 from rotating about its axis,
while allowing the movable scroll member 39 to orbit
about an axis of the fixed scroll member 35.

[0015] AsshowninFIG. 2, the fixed scroll wall 34 and
the movable scroll wall 38 are respectively formed in a
taper shape from portions joining to the scroll base
plates 33 and 37 toward the respective distal ends. The
fixed scroll wall 34 has a pair of side surfaces 34a and
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34b which incline by angles of 8 4 and 6 , with respect
to the direction of an axis of the drive shaft 45 (which is
perpendicular to the scroll base plates 33 and 37), re-
spectively. In a similar manner, the movable scroll wall
38 has a pair of side surfaces 38a and 38b which incline
by angles of 6 5 and 6 4, with respect to the direction of
the axis of the drive shaft 45 (which is perpendicular to
the scroll base plates 33 and 37), respectively. At this
time, the side surfaces 34b and 38a which face each
other are equal in inclination angle. That is, 8 , equals
6 5. In a similar manner, the side surfaces 34a and 38b
which face each other are also equal ininclination angle.
Thatis, 6 | equals 6 4. In addition, when the side surfac-
es 34a and 34b of the fixed scroll wall 34 are equal in
inclination angle, 6  equals 8 ,. In a similar manner,
when the side surfaces 38a and 38b of the movable
scroll wall 38 are equal in inclination angle, 6 5 also
equals 6 4. In this case, the fixed scroll wall 34 and the
movable scroll wall 38 are equal ininclination angle. The
above inclination angle is formed not only by cutting but
also by utilizing a draft upon casting.

[0016] Still referring to FIG. 2, when the compressor
is assembled by engaging the movable scroll member
39 with the fixed scroll member 35, the distal end of the
fixed scroll wall 34 and the opposing surface of the mov-
able scroll base plate 37 are maintained to have clear-
ance G, therebetween so as not to contact with each
other. In a similar manner, the distal end of the movable
scroll wall 38 and the opposing surface of the fixed scroll
base plate 33 are maintained to have clearance G, ther-
ebetween so as not to contact with each other. The
clearance G4 generally equals the clearance G,.
[0017] Now, a method for searching the optimal value
of the clearance G, and G, will be explained with refer-
ence to FIG. 3. In this graph the value of x-axis repre-
sents length of clearance G, and G, in the direction of
the axis expressed by unit of micrometer or u m and the
value of y-axis represents a ratio of Coefficient of Per-
formance or COP of a compressor according to the
presentinvention, which is not provided with the tip seal,
to that of a compressor which is provided with the tip
seal. In both cases that oil circulating inside exists and
doesn't exist, relation between the length of clearance
and the ratio of COP is respectively drawn by line graph.
Even in the case that the distal end is provided with the
tip seal, the length of the clearance represents distance
between the distal end of the scroll wall and the oppos-
ing surface of the scroll base plate.

[0018] Still referring to FIG. 3, note that efficiency of
load L which is required due to a heat absorption in an
evaporator is generally expressed by COP as follows.
COP=Q,/L, where Q,, denotes efficiency of refrigera-
tion.

[0019] Inview of total performance of the compressor,
the ratio of COP is allowable if it is more than or equal
to 0.9. At this time, in the case that the oil circulating
inside exists, FIG. 3 reads that the length of the clear-
ance is less than or equal to 60 u m. In the case that no
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oil circulating inside exists, FIG. 3 reads that the length
of the clearance is less than or equal to 47 u m. Accord-
ingly, itis required that the clearance G, and G, are each
less than or equal to the above upper limit value.
[0020] Then, function of the first preferred embodi-
ment will be explained. As shown in FIG. 1, when the
drive shaft 45 that extends outside of the configuration
of the compressor is rotated by driving force of an ex-
ternal drive source such as a vehicle engine, which is
connected to the drive shaft 45 through a pulley which
is not shown, the movable scroll member 39 orbits about
the axis of the fixed scroll member 35. Refrigerant gas
introduced from the external refrigerant circuit through
the inlet 36 is compressed to be predetermined pressure
in the compression chambers 40 and discharged into
the discharge chamber 41 through the discharge hole
42 by the orbital movement. The pressurized refrigerant
gas discharged into the discharge chamber 41 is sent
to the external refrigerant circuit through the outlet 43.
[0021] As shown in FIG. 2 in combination with FIG. 1,
during the above compression process, bending mo-
ment is applied to the scroll walls 34 and 38 due to com-
pression movement in the compression chambers 40.
In this constitution, however, the fixed scroll wall 34 and
the movable scroll wall 38 are respectively formed in a
taper shape from the portions joining to the scroll base
plates 33 and 37 toward the respective distal ends, while
having relatively sufficient thickness of the portions. Ac-
cordingly, the fixed scroll wall 34 and the movable scroll
wall 38 are restrained from being deformed, thus effec-
tively maintaining a sealing performance therebetween.
[0022] Still referring to FIG. 2, while the distal ends of
the fixed scroll wall 34 and the movable scroll wall 38
are not in contact with the respective opposing surfaces
of the movable scroll base plate 37 and the fixed scroll
base plate 33, sealing performance is respectively en-
sured since the distance therebetween is less than or
equal to the upper limit clearance value which maintains
airtight performance. Thus, total sealing performance in
the compression region is relatively and sufficiently
maintained. Therefore, high compressing performance
is obtained. Besides, since the distal ends of the scroll
wall 34 and 38 and the respective opposing surfaces of
the scroll base plates 37 and 33 are prevented from di-
rectly contacting, power loss is also restrained to be ex-
tremely small while the compressor is driven.

[0023] Especially, as shown in FIG. 3 in combination
with FIG. 1, in the case that the oil circulating inside ex-
ists when the clearance in the direction of the axis of the
drive shaft 45 is less than or equal to 36 pu m, the ratio
of COP is more than or equal to 1. In a similar manner,
in the case that no oil circulating inside exists when the
clearance in the direction of the axis of the drive shaft
45 is less than or equal to 30 u m, the ratio of COP is
also more than or equal to 1. These mean that the com-
pressor according to the present invention has superior
efficiency of refrigeration to the compressor provided
with the tip seal when the clearance G, and G, are less
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than or equal to the foregoing upper limit value. This is
regarded because the compressor provided with the tip
seal losses power due to sliding friction generated be-
tween the tip seal and the opposing surface of the scroll
base plate. Accordingly, in the above description while
the clearance G, and G, are less than or equal to 60 p
m, more preferably, in the case that the oil circulating
inside exists, the clearance G4 and G, are less than or
equal to 36 u m. In a similar manner, while the clearance
G, and G, are less than or equal to 47 u m, more pref-
erably, in the case that no oil circulating inside exists,
the clearance G and G, are less than orequal to 30 u m.
[0024] Referring back to FIG. 2, in this embodiment,
since the distal ends of the scroll walls 34 and 38 are
not provided with the tip seal, while provided in the prior
art, the thickness of the distal ends of the scroll walls 34
and 38 is prevented from inevitably increasing by pro-
viding the tip seal. Accordingly, the thickness of the
scroll wall is determined to be minimized. In spite of the
relatively sufficient thickness of the joint portion, the con-
figuration of the compressor is not increased in size.
[0025] In this embodiment the following effects are
obtained. Firstly, still referring to FIG. 2, since the scroll
walls 34 and 38 are restrained from being deformed to
resist to bending moment by relatively and sufficiently
ensuring the thickness of the joint portions of the scroll
walls 34 and 38, sealing performance is ensured. In ad-
dition, sealing performance is also ensured in clearance
between the distal ends of the scroll walls 34 and 38,
and the respective opposing surfaces of the scroll base
plates 37 and 33. As a result, total sealing performance
in the compression region is relatively and sufficiently
maintained. Thus, high compressing performance is ob-
tained.

[0026] Secondly, since sealing performance is suffi-
ciently ensured therebetween while the distal ends of
the scroll walls 34 and 38 are not in contact with the
respective opposing surfaces of the scroll base plates
37 and 33, relatively sufficient efficiency of compression
is ensured by the distal ends of the scroll walls 34 and
38 with necessary minimal thickness, and the scroll
walls 34 and 38, as a whole, have necessary minimal
thickness. Accordingly, capacity in the compression re-
gion is increased, and in its turn, the compressor is, as
a whole, reduced in size and weight.

[0027] Thirdly, the side surface 34a of the scroll wall
34 and the side surface 38b of the scroll wall 38 facing
each other are equal in inclination angle. Also, the side
surface 34b of the scroll wall 34 and the side surface
38a of the scroll wall 38 facing each other are equal in
inclination angle. Therefore, airtight constitution in the
compression region is easily obtained by a draft upon
casting. In addition, the side surfaces 34a and 34b of
the scroll wall 34 are each equal in inclination angle. Al-
so, the side surfaces 38a and 38b of the scroll wall 38
are equal in inclination angle. Moreover, since these
side surfaces 34a, 34b, 38a and 38b are each set to be
equal in inclination angle even between the scroll mem-
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bers 35 and 39, molding for casting is easily manufac-
tured.

[0028] Fourthly, since the inclination angles of the
side surfaces 34a, 34b, 38a and 38b of the scroll walls
34 and 38 are formed by utilizing a draft upon casting,
cutting process is not required. Therefore, person-hour
for manufacturing is reduced. In addition, since casting
surface or surface as forged is used in this case, the
compressor which is high in surface hardness and du-
rability is obtained.

[0029] A scroll type compressor according to a sec-
ond preferred embodiment of the present invention will
be described with reference to FIG. 2. In this embodi-
ment, the side surfaces 34a, 34b of the scroll wall 34
are different in inclination angle. Also, the side surfaces
38a, 38b of the scroll wall 38 are different in inclination
angle. That s, inclination angles 6 4, 6 , of the side sur-
faces 34a, 34b of the scroll wall 34 are different from
each other. Also, inclination angles 6 5, 6 4 of the side
surfaces 38a, 38b of the scroll wall 38 are different from
each other. However, the side surfaces 34a, 38b and
34b, 38a of the scroll walls 34 and 38 which are facing
each other are equal in inclination angle. That is, the
relation between 6 ¢, 0 5, 0 3 and 0 4 is expressed as fol-
lows. 0,=03.04=04.

[0030] As described above, side surfaces of a scroll
wall are different in inclination angle. When the scroll
member is formed, for example, by casting, it may be
required that the side surfaces of the scroll wall are dif-
ferent in draft in a casting plan. Accordingly, inclination
angles of the side surfaces are predetermined different-
ly. The other constitution of the second embodiment is
similar to the constitution of the first embodiment, and
the overlapped explanation is omitted.

[0031] As constituted above, since each pair of side
surfaces 34a, 38b and 34b, 38a of the scroll walls 34
and 38 facing each other is equal in inclination angle
even if the side surfaces 34a, 34b and 38a, 38b of the
scroll walls 34 and 38 are each different in inclination
angle, sealing performance in the compression cham-
bers 40 is ensured. Thus, compression cycle in the com-
pression chambers 40 is performed without obstruction.
[0032] In this embodiment, the above described ef-
fects of the first embodiment are obtained. In addition,
the following effect is also obtained. Since it is possible
that each side surface of the scroll wall of the scroll
member is different in inclination angle, a design in a
casting plan is relatively freely performed. As a result,
the scroll member is easily manufactured.

[0033] In the present invention, the following embod-
iment is also practiced. The scroll type compressor ac-
cording to the above embodiments has the drive shaft
which protrudes outside of the configuration of the com-
pressor and is operatively connected to the external
drive source such as an engine. However, the above ex-
ternal drive source may be built in type or canned motor
type. That is, electric motor for driving the drive shaft
may be installed in the compressor.
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[0034] As described above, in the present invention,
since thickness of the joint portion of the scroll wall is
larger than that of the distal end of the scroll wall, the
scrollwall is prevented from being deformed. In addition,
sealing performance is ensured in clearance between
the distal end of the scroll wall and the opposing surface
of the scroll base plate. Therefore, airtight performance
in the compression region is, as a whole, maintained.
As aresult, high compressing performance is obtained.
Moreover, since the distal end is not provided with the
tip seal, the scroll wall has, as a whole, relatively small
thickness. As a result, the scroll wall becomes compact
and lightweight. Thus, various prominent effects are ob-
tained.

[0035] The present examples and preferred embodi-
ments are to be considered as illustrative and not re-
strictive and the invention is not to be limited to the de-
tails given herein but may be modified within the scope
of the appended claims.

[0036] A scroll type compressor has a fixed scroll
member and a movable scroll member. The fixed scroll
member has a fixed scroll base plate and a fixed scroll
wall extending from the fixed scroll base plate. The mov-
able scroll member has a movable scroll base plate and
a movable scroll wall extending from the movable scroll
base plate. The fixed scroll member and the movable
scroll member cooperatively form a compression re-
gion. The movable scroll member orbits relative to the
fixed scroll member to compress refrigerant in the com-
pression region. Each scroll wall is formed in a taper
shape from each base plate toward each distal end of
the scroll wall. The distal end is non-contact with the op-
posing scroll base plate. Clearance between the distal
end and the opposing scroll base plate is less than or
equal to the limit clearance value which maintains air-
tight performance.

Claims
1. A scroll type compressor comprising:

a fixed scroll member having a fixed scroll base
plate and a fixed scroll wall extending from the
fixed scroll base plate; and

a movable scroll member having a movable
scroll base plate and a movable scroll wall ex-
tending from the movable scroll base plate,
wherein the fixed scroll member and the mov-
able scroll member cooperatively form a com-
pression region, and wherein the movable
scroll member orbits relative to the fixed scroll
member to compress refrigerant in the com-
pression region, and wherein each scroll wall is
formed in a taper shape from each base plate
toward each distal end of the scroll wall, the dis-
tal end being non-contact with the opposing
scroll base plate, clearance between the distal
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end and the opposing scroll base plate being
less than or equal to the limit clearance value
which maintains airtight performance between
the distal end and the opposing scroll base
plate.

The scroll type compressor according to claim 1
wherein the side surface of the fixed scroll wall and
the side surface of the movable scroll wall, which
are facing each other, have an equal inclination an-
gle with respect to the direction of an axis which is
perpendicular to the base plate.

The scroll type compressor according to claim 2
wherein the side surfaces of the fixed scroll wall and
the movable scroll wall have an equal inclination an-
gle with respect to the direction of the axis.

The scroll type compressor according to claim 1
wherein the limit clearance value is less than or
equal to 60 © m when circulating oil exists in the
compression region.

The scroll type compressor according to claim 4
wherein the limit clearance value is less than or
equal to 36 u m.

The scroll type compressor according to claim 1
wherein the limit clearance value is less than or
equal to 47 u m when no circulating oil exists in the
compression region.

The scroll type compressor according to claim 6
wherein the limit clearance value is less than or
equal to 30 u m.

The scroll type compressor according to claim 1
wherein each scroll wall is formed in a taper shape
from each base plate toward each distal end of the
scroll wall by utilizing a draft upon casting.

A scroll fluid machine comprising:

a fixed scroll member having a fixed scroll base
plate and a fixed scroll wall extending from the
fixed scroll base plate; and

a movable scroll member having a movable
scroll base plate and a movable scroll wall ex-
tending from the movable scroll base plate,
wherein the fixed scroll member and the mov-
able scroll member cooperatively form a com-
pression region, and wherein the movable
scroll member orbits relative to the fixed scroll
member to compress fluid in the compression
region, and wherein each scroll wall is formed
in a taper shape from each base plate toward
each distal end of the scroll wall, the distal end
being non-contact with the opposing scroll base
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plate, clearance between the distal end and the
opposing scroll base plate being less than or
equal to the limit clearance value which main-
tains airtight performance between the distal
end and the opposing scroll base plate.
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