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(54) STEPPED SCROLL COMPRESSOR AND DESIGN METHOD THEREFOR

(67)  In order to prevent damage to lap walls in a
stepped scroll compressor, and to increase durability and
reliability, a tooth-base step part (BS), the height of which
increases from the outer circumferential side toward the
inner circumferential side in the spiral direction of a spiral
lap wall (18, 22), is provided on one side surface of an
end plate (17, 21) of a fixed scroll (16) and/or a rotating
scroll (20). A tooth-tip step part (TS), which becomes
lower from the outer circumferential side to the inner cir-
cumferential side in the spiral direction, is provided in the

spiral lap wall (18, 22) of the corresponding other scroll
(16, 20). Among these spiral lap walls (18, 22), only the
ventral surface of the spiral lap wall (18, 22) that is adja-
cent to the tooth-base surface (17a, 21a) closer to the
outer circumferential side in the spiral direction than the
tooth-base step part (BS) and is in a range overlapping
at least the corresponding spiral lap wall (18, 22) is re-
cessed more toward the inside than the original side-sur-
face profile thereof.
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Description
Technical Field

[0001] The presentinvention relatestoa stepped scroll
compressor which prevents a damage of a spiral lap wall
body and a design method thereof.

Background Art

[0002] In a scroll compressor which compresses a re-
frigerant, air, or the like, as described in PTL 1 or the like,
a stepped scroll compressor is known in which respective
step portions are provided at predetermined positions
along a spiral direction of a tooth-tip surface and a tooth-
base surface of a spiral lap wall body erected on end
plates of a fixed scroll and an orbiting scroll, and an outer
peripheral-side lap height of each step portion is higher
than an inner peripheral-side lap height.

[0003] Compared to a non-stepped scroll compressor,
in the stepped scroll compressor, in order to three-dimen-
sionally compress a compression target fluid in both a
circumferential direction and a height direction of the spi-
ral lap wall body, it is possible to increase a compression
ratio without increasing the number of turns of the spiral
lap wall body.

[0004] Accordingly, it is possible to increase a de-
signed volume ratio without increasing an outer diameter
of the scroll compressor, and it is possible to decrease
a size and weight of the scroll compressor.

[0005] PTL 1 discloses that, in the stepped scroll com-
pressor, a thin wall portion is formed on a side surface
of the spiral lap wall body in the vicinities of the step
portions formed on bottom surfaces of the end plates of
the fixed scroll and the orbiting scroll. The thin wall portion
is formed, and thus, it is possible eliminate a noise gen-
erated by the spiral lap wall body of the corresponding
scroll interfering with burr which easily occurs when the
stepped portion on the bottom surface of the end plate
is processed.

Citation List
Patent Literature

[0006] [PTL 1]Japanese Unexamined Patent Applica-
tion Publication No. 2007-224775

Summary of Invention
Technical Problem

[0007] Another problem in the above-described
stepped scroll compressor is a damage on the spiral lap
wall body in an outer peripheral-side section of the spiral
lap wall body, that is, a section in which the lap height is
high.

[0008] In the stepped scroll compressor, the lap height
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of the spiral lap wall body decreases from an outer pe-
ripheral side toward an inner peripheral side stepwise.
Meanwhile, it is possible to increase the compression
ratio by increasing a difference in elevation between the
outermost peripheral-side section and the inner periph-
eral-side section.

[0009] Accordingly, in the outermost peripheral-side
section, the lap height of the spiral lap wall body tends
to be designed to be higher than the lap height of the
spiral lap wallbody in the non-stepped scroll compressor.
[0010] If the lap height of the spiral lap wall body in-
creases, when the spiral lap wall body comes into contact
with the corresponding spiral lap wall body, bending
stress applied to a root of a lap increases, and thus, the
spiral lap wall body is likely to be damaged.

[0011] In the stepped scroll compressor disclosed in
PTL 1, in order to prevent the noise, the thin wall portion
is formed on the side surface of the spiral lap wall body
in the vicinity of the step portion formed on the bottom
surface of the scroll end plate. However, if the spiral lap
wall bodies come into contact with each other on an outer
peripheral side of a region in which the thin wall portion
is formed, there is a risk that the spiral lap wall body is
damaged.

[0012] The present invention is made to solve the
above-described problems, and an object thereof is to
provide a stepped scroll compressor capable of prevent-
ing the damage of the spiral lap wall body in the stepped
scroll compressor, increasing durability and reliability,
and minimizing a compression leakage to prevent a de-
crease in compression performance, and a design meth-
od thereof.

Solution to Problem

[0013] According to a first aspect of the present inven-
tion, there is provided a stepped scroll compressor, in
which a fixed scroll and an orbiting scroll which respec-
tively have spiral lap wall bodies erected on one surface
of each end plate form a pair of compression chambers
which compresses a compression target fluid by causing
the spiral lap wall bodies to mesh with each other, a tooth-
base step portion, in which a height of a tooth-base sur-
face increases from an outer peripheral side toward an
inner peripheral side in a spiral direction of the spiral lap
wall body, is provided on the one surface of the end plate
of at least one of the fixed scroll and the orbiting scroll,
a tooth-tip step portion, in which a height of a tooth-tip
surface decreases from the outer peripheral side toward
theinner peripheral side in the spiral direction, is provided
in the spiral lap wall body of the other scroll corresponding
to the tooth-base step portion, and in at least one of the
fixed scroll and the orbiting scroll, only a ventral surface
of the spiral lap wall body which is adjacent to the tooth-
base surface on the outer peripheral side in the spiral
direction from the tooth-base step portion and is within a
range of overlapping at least the corresponding spiral lap
wall body is retreated inward from an original side surface
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profile.

[0014] According to a second aspect of the present
invention, there is provided a design method of a stepped
scroll compressor, in which a fixed scroll and an orbiting
scrollwhich respectively have spiral lap wall bodies erect-
ed on one surface of each end plate form a pair of com-
pression chambers which compresses a compression
target fluid by causing the spiral lap wall bodies to mesh
with each other, a tooth-base step portion, in which a
height of a tooth-base surface increases from an outer
peripheral side toward an inner peripheral side in a spiral
direction of the spiral lap wall body, is provided on the
one surface of the end plate of at least one of the fixed
scroll and the orbiting scroll, a tooth-tip step portion, in
which a height of a tooth-tip surface decreases from the
outer peripheral side toward the inner peripheral side in
the spiral direction, is provided in the spiral lap wall body
of the other scroll corresponding to the tooth-base step
portion, and in at least one of the fixed scroll and the
orbiting scroll, only a ventral surface and a dorsal surface
of the spiral lap wall body which are adjacent to the tooth-
base surface on the outer peripheral side in the spiral
direction from the tooth-base step portion are retreated
inward from original side surface profiles thereof.
[0015] Accordingto the stepped scroll compressor and
the design method, only a section in which a lap height
of the spiral lap wall body is highest, that is, only the
ventral surface of the spiral lap wall body adjacent to the
tooth-base surface on the outer peripheral side in the
spiral direction from the tooth-base step portion is retreat-
ed inward from the original side surface profile.

[0016] Accordingly, in the section on the outmost pe-
ripheral side in the spiral direction in which the lap height
is highest and a risk of damage is large, the spiral lap
wall bodies of the fixed scroll and the orbiting scroll do
not come into contact with each other, and it is possible
to prevent a damage caused by a contact between the
spiral lap wall bodies in advance.

[0017] An amount by which the ventral surface of the
spiral lap wall body is retracted inward is set to the extent
that it does not adversely affect the compression of the
compression target fluid, for example, approximately 100
pm or less. Accordingly, a compression leakage of the
stepped scroll compressor is minimized, a decrease in
compression performance is prevented, a damage of the
spiral lap wall body is prevented, and it is possible to
increase durability and reliability of the stepped scroll
compressor.

[0018] In the stepped scroll compressor according to
the first aspect of the present invention and the design
method of a stepped scroll compressor according to the
second aspect of the present invention, in the spiral lap
wall body, a spiral length of a section on the inner pe-
ripheral side in the spiral direction from the tooth-tip step
portion except for a non-involute section may be less
than 360°.

[0019] Inotherwords, in a case where the spiral length
of the section on the inner peripheral side in the spiral
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direction from the tooth-tip step portion is less than 360°,
it is preferable to apply the stepped scroll compressor
according to the first aspect of the present invention and
the design method of a stepped scroll compressor ac-
cording to the second aspect of the present invention.
[0020] According to this configuration, in the section
on the inner peripheral side in the spiral direction from
the tooth-base step portion, the ventral surface and the
dorsal surface of the spiral lap wall body are not retreated
inward and the original side surface profiles are main-
tained.

[0021] Here, even when the spiral length of the section
on the inner peripheral side in the spiral direction from
the tooth-tip step portion is less than 360°, if the section
between the tooth-tip step portion and the tooth-base
step portion is combined, the spiral length exceeds 360°.
[0022] Accordingly, when the stepped scroll compres-
sor is operated, in any one of the section on the inner
peripheral side in the spiral direction and the section con-
tinuous to the outer peripheral side in the spiral direction,
the spiral lap wall bodies come into two-contact with each
other, and thus, an orbiting trajectory of the orbiting scroll
with respect to the fixed scroll is determined.

[0023] Accordingly, in the section on the outer periph-
eral side in the spiral direction from the tooth-base step
portion, that is, in the section in which the lap height of
the spiral lap wall body is highest, even when both the
inner side surface and the outer side surface of the spiral
lap wall body are retreated inward, the orbiting scroll is
not moved in the plane direction of the end plate by the
retreated amount, and it is possible to prevent the dam-
age caused by the contact between the spiral lap wall
bodies.

[0024] According to athird aspect of the presentinven-
tion, there is provided a stepped scroll compressor, in
which a fixed scroll and an orbiting scroll which respec-
tively have spiral lap wall bodies erected on one surface
of each end plate form a pair of compression chambers
which compresses a compression target fluid by causing
the spiral lap wall bodies to mesh with each other, a tooth-
base step portion, in which a height of a tooth-base sur-
face increases from an outer peripheral side toward an
inner peripheral side in a spiral direction of the spiral lap
wall body, is provided on the one surface of the end plate
of at least one of the fixed scroll and the orbiting scroll,
a tooth-tip step portion, in which a height of a tooth-tip
surface decreases from the outer peripheral side toward
theinner peripheral side in the spiral direction, is provided
in the spiral lap wall body of the other scroll corresponding
to the tooth-base step portion, and in at least one of the
fixed scroll and the orbiting scroll, only a ventral surface
and a dorsal surface of the spiral lap wall body which are
adjacentto the tooth-base surface on the outer peripheral
side in the spiral direction from the tooth-base step por-
tion are retreated inward from original side surface pro-
files thereof.

[0025] According to a fourth aspect of the present in-
vention, there is provided a design method of a stepped
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scroll compressor, in which a fixed scroll and an orbiting
scrollwhich respectively have spiral lap wall bodies erect-
ed on one surface of each end plate form a pair of com-
pression chambers which compresses a compression
target fluid by causing the spiral lap wall bodies to mesh
with each other, a tooth-base step portion, in which a
height of a tooth-base surface increases from an outer
peripheral side toward an inner peripheral side in a spiral
direction of the spiral lap wall body, is provided on the
one surface of the end plate of at least one of the fixed
scroll and the orbiting scroll, a tooth-tip step portion, in
which a height of a tooth-tip surface decreases from the
outer peripheral side toward the inner peripheral side in
the spiral direction, is provided in the spiral lap wall body
of the other scroll corresponding to the tooth-base step
portion, and in at least one of the fixed scroll and the
orbiting scroll, a ventral surface and a dorsal surface of
the spiral lap wall body which are adjacent to the tooth-
base surface on the outer peripheral side in the spiral
direction from the tooth-base step portion are retreated
inward from original side surface profiles thereof.
[0026] Accordingtothe stepped scroll compressor and
the design method, in the section in which the lap height
of the spiral lap wall body is high, that is, in the range
which is adjacent to the tooth-base surface on the outer
peripheral side in the spiral direction from the tooth-base
step portion and overlaps at least the corresponding spi-
ral lap wall body, the ventral surface and the dorsal sur-
face of the spiral lap wall body are retreated inward from
the original side surface profiles.

[0027] Accordingly, in the section on the outer periph-
eral side in the spiral direction in which the lap height is
high, the spiral lap wall bodies of the fixed scroll and the
orbiting scroll do not come into contact with each other,
and it is possible to prevent a damage caused by a con-
tact between the spiral lap wall bodies in advance.
[0028] Anamount by which each of the ventral surface
and the dorsal surface of the spiral lap wall body is re-
tracted inward is set to the extent that it does not ad-
versely affect the compression of the compression target
fluid, for example, approximately 100 pm orless. Accord-
ingly, the compression leakage of the stepped scroll com-
pressor is minimized, the decrease in the compression
performance is prevented, the damage of the spiral lap
wall body is prevented, and it is possible to increase du-
rability and reliability of the stepped scroll compressor.
[0029] In the stepped scroll compressor according to
the third aspect of the present invention and the design
method of a stepped scroll compressor according to the
fourth aspect of the present invention, in the spiral lap
wall body, a spiral length of a section on the inner pe-
ripheral side in the spiral direction from the tooth-tip step
portion except for a non-involute section may be 360° or
more.

[0030] Inotherwords, in a case where the spiral length
of the section on the inner peripheral side in the spiral
direction from the tooth-tip step portion is 360° or more,
it is preferable to apply the stepped scroll compressor
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according to the third aspect of the present invention and
the design method of a stepped scroll compressor ac-
cording to the fourth aspect of the present invention.
[0031] According to this configuration, the spiral length
of the section on the inner peripheral side in the spiral
direction from the tooth-tip step portion except for the
non-involute section is 360° or more, and in this section,
the ventral surface and the dorsal surface of the spiral
lap wall body are not retreated inward and the original
side surface profiles are maintained.

[0032] Accordingly, when the stepped scroll compres-
sor is operated, the spiral lap wall bodies come into two-
point contact with each other in only the section on the
inner peripheral side in the spiral direction, and thus, the
orbiting trajectory of the orbiting scroll with respect to the
fixed scroll is determined.

[0033] Therefore, in the section on the outer peripheral
side in the spiral direction from the tooth-base step por-
tion, evenwhen the ventral surface and the dorsal surface
of the spiral lap wall body are retreated inward, the orbit-
ing scroll does not move in a plane direction of the end
plate by the retreated amount, and thus, it is possible to
prevent the damage caused by the contact between the
spiral lap wall bodies.

[0034] An amount by which each of the ventral surface
and the dorsal surface of the spiral lap wall body is re-
tracted inward is set to the extent that it does not ad-
versely affect the compression of the compression target
fluid, for example, approximately 100 wm or less. Accord-
ingly, the compression leakage of the stepped scroll com-
pressor is minimized, the decrease in the compression
performance is prevented, the damage of the spiral lap
wall body is prevented, and it is possible to increase du-
rability and reliability of the stepped scroll compressor.
[0035] Inthe configuration, preferably, in a case where
a maximum amount of a retreat amount of each of the
ventral surface and the dorsal surface of the spiral lap
wall body is defined as & and an orbiting radius of the
orbiting scroll is defined as p, the maximum amount § of
the retreat amount is set such that a range of 6/p < 0.01
is satisfied.

[0036] Inthisway,ifthe maximum amountofthe retreat
amount is determined, in the stepped scroll compressor
having various sizes, it is possible to achieve both pre-
vention of the damage of the spiral lap wall body and
prevention of the decrease in performance caused by
the compression leakage.

[0037] In the configuration, at a position of the tooth-
base step portion, a retreat amount of each of the ventral
surface and the dorsal surface of the spiral lap wall body
may gradually decrease from the outer peripheral side
toward the inner peripheral side in the spiral direction.
Accordingly, it is possible to prevent occurrence of noise
caused by an interference of the spiral lap wall body of
the corresponding scroll with a burr whichiis likely to occur
when the tooth-base step portion in the end plate is proc-
essed.

[0038] In the configuration, a retreat amount of each
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of the ventral surface and the dorsal surface of the spiral
lap wall body may increase from a root side of the spiral
lap wall body toward a tip side thereof. Accordingly, it is
possible to prevent the contact between the spiral lap
wall bodies on the tip side and the damage of the spiral
lap wall body without decreasing a thickness dimension
on the root side of the spiral lap wall body and reducing
strength thereof.

Advantageous Effects of Invention

[0039] As described above, according to the stepped
scroll compressor and the design method of the present
invention, the damage of the spiral lap wall body in the
section in which the lap height is high is prevented, the
durability and reliability increase, the compression leak-
age is minimized, and it is possible to prevent the de-
crease in the compression performance.

Brief Description of Drawings
[0040]

Fig. 1 is a longitudinal sectional view of a stepped
scroll compressor according to an embodiment of
the present invention.

Fig. 2 is a longitudinal sectional view of a fixed scroll
according to a first embodiment of the presentinven-

tion.

Fig. 3 is a bottom view of the fixed scroll when viewed
from an arrow llI-1ll of Fig. 2.

Fig. 4 is a conceptual perspective view of the fixed
scroll.

Fig. 5 is a conceptual perspective view of an orbiting
scroll.

Fig. 6 is a developed view of a spiral lap wall body
in the fixed scroll and the orbiting scroll showing the
first embodiment of the present invention.

Fig. 7 is a longitudinal sectional view showing an
aspect in which a side of the spiral lap wall body is
retreated.

Fig. 8 is a longitudinal sectional view showing an
aspect in which the side of the spiral lap wall body
is retreated.

Fig. 9 is a longitudinal sectional view of a fixed scroll
according to a second embodiment of the present
invention.

Fig. 10 is a bottom view of the fixed scroll when
viewed from an arrow X-X of Fig. 9.

Fig. 11 is a view when the fixed scroll and an orbiting
scroll in the second embodiment are combined with
each other.

Fig. 12 is a developed view of a spiral lap wall body
in the fixed scroll and the orbiting scroll showing the
second embodiment of the present invention.

Fig. 13 is a partial plan view around a tooth-base
step portion.
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Description of Embodiments

[0041] Hereinafter, embodiments of the presentinven-
tion will be described with reference to the drawings.
[0042] Fig. 1 is a longitudinal sectional view of a
stepped scroll compressor according to an embodiment
of the present invention. For example, the stepped scroll
compressor 1 is a hermetic electric scroll compressor for
a hydrofluorocarbon (HFC) refrigerant. However, the
present invention is not limited to this type of scroll com-
pressor.

[0043] The stepped scroll compressor 1 includes a tu-
bular bottomed steel hermetic housing 2 which is long in
an up-down direction. A scroll compression mechanism
3isinstalled in an upper portion inside the hermetic hous-
ing 2, and an electric motor 4 is installed in a lower portion
thereof.

[0044] In the hermetic housing 2, a portion above a
partition member 30 provided above the scroll compres-
sion mechanism 3 becomes a discharge chamber 5 to
which a highpressure gas compressed by the scroll com-
pression mechanism 3 is discharged, and a discharge
pipe 6 is connected to the discharge chamber 5. In ad-
dition, a portion below the partition member 30 and the
scroll compression mechanism 3 becomes a suction
chamber 7 into which a low-pressure suction gas is
sucked, and a suction pipe 8 is connected to the suction
chamber 7. The electric motor 4 including a stator 9 and
a rotor 10 is installed on the suction chamber 7 side in
the hermetic housing 2 by press-fitting or the like, and a
crank shaft 11 connected to the rotor 10 of the electric
motor 4 extends in the up-down direction.

[0045] A lower end portion of the crank shaft 11 is sup-
ported by a lower bearing 12 provided in the hermetic
housing 2, and an upper portion of the crank shaft 11 is
rotatably supported by a journal bearing portion 15B of
an upper bearing member 15. In addition, the scroll com-
pression mechanism 3 is fixed in the hermetic housing 2
via the upper bearing member 15. The scroll compres-
sion mechanism 3 is configured to include a fixed scroll
16 which is fixed to the upper bearing member 15 and
an orbiting scroll 20 which is supported on the upper bear-
ingmember 15 so as to be orbited revolvingly with respect
to the fixed scroll.

[0046] As shown in Figs. 2 to 4, the fixed scroll 16 in-
cludes a fixed end plate 17 (end plate) which is fixed to
the hermetic housing 2 and a spiral fixed lap wall body
18 (spiral lap wall body) which is erected on one surface
of the fixed end plate 17, and a discharge port 19 is pro-
vided at a center portion of the fixed end plate 17. In
addition, as shown in Figs. 1 and 5, the orbiting scroll 20
includes an orbiting end plate 21 (end plate) and a spiral
orbiting lap wall body 22 (spiral lap wall body) which is
erected on one surface of the orbiting end plate 21, and
an orbiting boss portion 23 is integrally formed on a rear
surface side of the orbiting end plate 21.

[0047] In the orbiting scroll 20, the rear surface of the
orbiting end plate 21 is supported on a thrust bearing
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portion 15A of the upper bearing member 15, a crank pin
11A installed on an upper end of the crank shaft 11 so
as to have an eccentricity p is connected to the orbiting
boss portion 23 via a drive bush 25 and an orbiting bear-
ing 26 constituting a known driven crank mechanism, and
thus, the orbiting scroll 20 is configured to be capable of
revolving and orbiting around the fixed scroll 16. The ec-
centricity p of the crank pin 11A is an orbiting radius of
the orbiting scroll 20 with respect to the fixed scroll 16.
[0048] In the fixed end plate 17 of the fixed scroll 16
and the orbiting end plate 21 of the orbiting scroll 20,
tooth-base step portions BS are provided, in which
heights of respective tooth-base surfaces 17a and 21a
increase one step from an outer peripheral side toward
an inner peripheral side in a spiral direction of each of
the lap wall bodies 18 and 22. Corresponding to the tooth-
base step portions BS, tooth-tip step portions TS in which
heights of tooth-tip surfaces 18a and 22a decrease from
the outer peripheral side toward the inner peripheral side
in the spiral direction are formed on the lap wall bodies
18 and 22 of other scrolls 16 and 20.

[0049] In the fixed scroll 16 and the orbiting scroll 20,
the fixed lap wall body 18 and the orbiting lap wall body
22 are shifted in phase by 180° and mesh with each other
in a known manner, and thus, a pair of compression
chambers 24 is formed between both the lap wall bodies
18 and 22. The pair of compression chambers 24 is con-
figured so as to perform a compressing action by moving
the orbiting scroll 20 while a volume is decreased from
an outer peripheral position to a central portion as the
orbiting scroll 20 is revolved and orbited.

[0050] An axial height of the crank shaft 11 on an outer
peripheral side of each of the lap wall bodies 18 and 22
is higher than that on an inner peripheral side, and thus,
the compression chambers 24 configure a three-dimen-
sionally compressible scroll compression mechanism 3
in which a gas can be compressed in both a circumfer-
ential direction and a height direction of each of the lap
wall bodies 18 and 22. Tip seals 18b and 22b (refer to
Fig. 5) for sealing a portion between the tooth-tip surfaces
18a and 22a of the respective lap wall bodies 18 and 22
and the tooth-base surfaces 17a and 21a of the other
scrolls are fitted to grooves provided on the tooth-tip sur-
faces 18a and 18b.

[0051] Rotation prevention means 27 including Old-
hamring or the like for preventing a rotation of the orbiting
scroll 20 is incorporated into a portion between the rear
surface of the orbiting end plate 21 of the orbiting scroll
20 andthethrust bearing portion 15A of the upper bearing
member 15. In the fixed end plate 17 of the fixed scroll
16, a discharge cover 28 is provided on the rear surface
side of the fixed end plate 17, and a reed valve type dis-
charge valve 29 for opening and closing the discharge
port 19 is provided.

[0052] In the stepped scroll compressor 1 having the
above-described configuration, if the electric motor 4 is
driven, a low-pressure refrigerant gas (HFC refrigerant)
is sucked into the hermetic housing 2 via the suction pipe
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8, and the refrigerant gas is sucked into the compression
chamber 24 of the scroll compression mechanism 3 via
a refrigerant flow path provided in the upper bearing
member 15 or the like. The refrigerant gas sucked into
the compression chamber 24 is compressed to a high-
temperature and highpressure gas while the orbiting
scroll 20 is revolved and orbited around the fixed scroll
16 and the compression chamber 24 is moved while de-
creasing a volume from an outer peripheral position to a
center side. The compressed refrigerant gas flows into
the discharge chamber 5 by opening a discharge valve
29 and is supplied from the discharge pipe 6 to a heat
exchanger such as a condenser or the like via an external

pipe.
[First Embodiment]

[0053] Next, a first embodiment of the present inven-
tion will be described.

[0054] Fig. 6 is a developed view of the spiral lap wall
bodies 18 and 22 in the fixed scroll 16 and the orbiting
scroll 20 showing the first embodiment of the present
invention. Angular numerical values shown in Fig. 6 cor-
respond to the positions of the same numerical values in
the fixed lap wall body 18 and the orbiting lap wall body
22 shown in Fig. 3, respectively.

[0055] In each of the lap wall bodies 18 and 22, a sur-
face onaradially inner side thereof is referred to a "ventral
surface", and a surface on a radially outer side thereof
is referred to as a "dorsal surface".

[0056] The ventral surface of each of the lap wall bod-
ies 18 and 22 can be divided into three sections such as
a non-involute section from a starting point SP to 0°, a
section A1 from 0° to 450°, a section A2 from 450° to
630°, and a section A3 from 630° to an end point EP
before 900° along a circumferential direction thereof. In
the three sections A1, A2, and A3, lap heights of tooth-
base surfaces 17a and 21a to tooth-tip surfaces 18a and
22a are respectively defined as H1, H2, and H3, and a
magnitude relationship thereof is H1 < H2 < H3.

[0057] Thedorsalsurface of each of the lap wall bodies
18 and 22 can be divided into four sections such as a
non-involute section from a starting point SP to 0°, a sec-
tion B1 from 0° to 270°, a section B2 from 270° to 450°,
and a section B3 from 450° to a point P1 before 720°,
and a section B4 from the point P1 to an end point EP
before 900° along a circumferential direction thereof. The
ventral surfaces of the corresponding lap wall bodies do
not overlap each other in the section B4. In the four sec-
tions B1, B2, B3, and B4, lap heights of the tooth-base
surfaces 17a and 21a to the tooth-tip surfaces 18a and
22a are respectively defined as H1, H2, and H3, and a
magnitude relationship thereof is H1 < H2 < H3.

[0058] In the fixed lap wall body 18 and the orbiting lap
wall body 22, an effective spiral length of a section on an
inner peripheral side in the spiral direction from the tooth-
tip step portion TS, that is, a spiral length of the section
A1 onthe ventral surface except for the non-involute sec-
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tion from the starting point SP to 0° or a spiral length of
the section B1 + B2 on the dorsal surface except for the
non-involute section is 360° or more. That is, when the
fixed lap wall body 18 and the orbiting lap wall body 22
are combined with each other, the section A1 on the ven-
tral surface and the section B1 + B2 on the dorsal surface
of both the lap wall bodies 18 and 22 overlap each other
by one or more laps in the spiral direction.

[0059] In each of the lap wall bodies 18 and 22, re-
spective surfaces of the ventral surface-side sections A3
and the dorsal surface-side sections B2 and B3 adjacent
to outer peripheral-side tooth-base surfaces 17aand 21a
in the spiral direction from the tooth-base step portion BS
are slightly inward retreated from surface profiles of an
original ventral surface and dorsal surface to an extent
that it does not adversely affect compression of a refrig-
erant which is a compression target fluid. In other words,
a thickness of each of the lap wall bodies 18 and 22 be-
comes thinner than that of the related art. In Fig. 3, a
range in which the surface is retracted is indicated by a
symbol xxx, and in Fig. 6, a range in which the surface
is retracted is shaded.

[0060] In addition, the dorsal surface-side section B4
is retreated inward. However, the corresponding spiral
lap wall bodies 18 and 22 do not overlap this surface
(there is no concern of contact), and thus, the surface
may be not retreated.

[0061] Inacase where amaximum amount of a retreat
amount is defined as & and an orbiting radius of the or-
biting scroll 20 is p, the retreat amount is set such that a
range of 6/p < 0.01 is satisfied. As a specific value, for
example, the retreat amountis 100 wm or less, and pref-
erably, approximately 10 to 20 um. As a method of re-
tracting the surface, it is conceivable to manufacture the
lap wall bodies 18 and 22 with a retracted shape from
the beginning, or to post-process the lap wall bodies 18
and 22 which are not retracted. As a method of post-
processing, a mechanical method such as polishing and
cutting, or a chemical method such as etching can be
considered.

[0062] The fixed scroll 16 and the orbiting scroll 20 are
configured as described above. Accordingly, in the sec-
tions in which the lap heights of the lap wall bodies 18
and 22 increase, thatis, in the section A3 (ventral surface
side) and the sections B2 and B3 (dorsal surface side)
on the outer peripheral side in the spiral direction from
the tooth-base step portion BS, both surface of the lap
wall bodies 18 and 22 are retreated inward from the sur-
face profile of the original ventral surface, and thus, in
the sections on the outer peripheral side in the spiral di-
rection in which the lap heights H2 and H3 increases, the
fixed lap wall body 18 and the orbiting lap wall body 22
do not contact with each other. Accordingly, a damage
caused by contact between the lap wall bodies 18 and
22 can be prevented in advance.

[0063] Inthe above-described configuration, the spiral
length in the section A1 (ventral surface side) and the
sections B1 and B2 (dorsal surface side) on the inner
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peripheral side in the spiral direction from the tooth-tip
step portion TS is 360° or more, and in the sections, both
surface of the ventral surface and the dorsal surface of
each of the lap wall bodies 18 and 22 are not retreated
inward and the original side surface profiles are main-
tained.

[0064] Accordingly, when the stepped scroll compres-
sor 1 is operated, the lap wall bodies 18 and 22 come
into two-point contact with each otherin only the sections
A1, B1, and B2 on the inner peripheral side in the spiral
direction, and thus, an orbiting trajectory of the orbiting
scroll 20 with respect to the fixed scroll 16 is determined.
[0065] Therefore, in the sections A3, B2, and B3 on
the outer peripheral side in the spiral direction from the
tooth-base step portion BS, even when the ventral sur-
face and the dorsal surface of each of the lap wall bodies
18 and 22 areretreated inward, the orbiting scroll 20 does
not move in a plane direction of the end plate 21 by the
retreated amount, and thus, it is possible to prevent the
damage caused by the contact between the lap wall bod-
ies 18 and 22.

[0066] The amount by which the ventral surface and
the dorsal surface of each of the lap wall bodies 18 and
22 are retracted inward is set to the extent that it does
not adversely affect the compression of the refrigerant,
for example, approximately 100 wm or less, and thus, a
compression leakage of the stepped scroll compressor
1 is minimized, a decrease in compression performance
is prevented, damages of the lap wall bodies 18 and 22
are prevented, and it is possible to increase durability
and reliability of the stepped scroll compressor 1. In the
sections A1 and B1 on the inner peripheral side in the
spiral direction in which the compression pressure is the
highest, the ventral surface and the dorsal surface of
each of the lap wall bodies 18 and 22 are not retreated,
a gap is generated between both lap wall bodies 18 and
22, and thus, it is possible to the compression leakage
of the refrigerant.

[0067] Inthe retreat amount of the ventral surface and
the dorsal surface of each of the lap wall bodies 18 and
22, in the case where the maximum amount of the retreat
amount is defined as & and the orbiting radius of the or-
biting scroll 20 is defined as p, the maximum amount §
is set such that the range of 8/p < 0.01 is satisfied. Ac-
cordingly, in the stepped scroll compressor having vari-
ous sizes, it is possible to achieve both prevention of
damages of the lap wall bodies 18 and 22, and prevention
of the decrease in performance caused by the compres-
sion leakage.

[0068] The retreat of each of the ventral surfaces and
the dorsal surfaces of the lap wall bodies 18 and 22 does
not necessarily have to be performed uniformly over the
entire height direction of each of the ventral surface and
the dorsal surface. Thatis, any retreat may be performed
as long as the retreat amount increases from a root side
of each of the lap wall bodies 18 and 22 toward a tip side
thereof. For example, as shown in Fig. 7, a longitudinal
sectional shape of each of the lap wall bodies 18 and 22
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may be tapered from a root side toward a tip side, or as
shown in Fig. 8, a longitudinal sectional shape of each
of the lap wall bodies 18 and 22 may be tapered from a
root side toward a tip side stepwise.

[0069] Accordingly, itis possible to prevent the contact
between the lap wall bodies 18 and 22 on the tip side
and the damages of the lap wall bodies 18 and 22 without
decreasing a thickness dimension on the root side of
each of the lap wall bodies 18 and 22 and reducing
strength thereof. If the corresponding fixed lap wall body
18 and the orbiting lap wall body 22 both have the same
tapered sectional shape or the same stepped cross sec-
tional shape, the sectional shapes of both lap wall bodies
18 and 22 are equal and opposite to each other, and
thus, itis possible to prevent the leakage of the refrigerant
by minimizing an intermeshing interval between the wall
bodies 18 and 22.

[Second Embodiment]

[0070] Next, a second embodiment of the present in-
vention will be described.

[0071] Fig. 9is an enlarged longitudinal sectional view
ofthe fixed scroll 16 according to the second embodiment
of the present invention, and Fig. 10 is a bottom view of
the fixed scroll 16. In addition, Fig. 11 is a view when the
fixed scroll and an orbiting scroll are combined with each
other. In addition, Fig. 12 is a developed view of spiral
lap wall bodies 18 and 22 in the fixed scroll and the or-
biting scroll showing the second embodiment of the
present invention. In the fixed scroll 16 and the orbiting
scroll 20 shown here, only the number of turns (angular
numerical value) of each of the lap wall bodies 18 and
22 is different from that of the first embodiment, and the
height of each of the lap wall bodies 18 and 22 or the
basic structure of each portion is similar to that of the first
embodiment. Accordingly, the same reference numerals
are assigned to the respective portions having the same
configurations, and descriptions thereof are omitted.
[0072] The ventral surface of each of the lap wall bod-
ies 18 and 22 can be divided into three sections such as
the non-involute section from the starting point SP to 0°,
the section A1 from 0° to the tooth-tip step portion TS
(point P1), the section A2 from the tooth-tip step portion
TS (P1) to the tooth-base step portion BS (point P2), and
the section A3 from the tooth-base step portion BS (P2)
to the end point EP along the circumferential direction
thereof. In the three sections A1, A2, and A3, the lap
heights of the tooth-base surfaces 17a and 21a to the
tooth-tip surfaces 18a and 22a are respectively defined
as H1, H2, and H3, and the magnitude relationship there-
of is H1 < H2 < H3.

[0073] The dorsal surface of each of the lap wall bodies
18 and 22 can be divided into three sections such as the
non-involute section from the starting point SP to 0°, the
section B1 from 0° to the tooth-base step portion BS, the
section B2 from the tooth-base step portion BS to the
tooth-tip step portion TS (point P1), and the section B3

10

15

20

25

30

35

40

45

50

55

from the tooth-tip step portion TS (P1) to the end point
EP along the circumferential direction thereof. In the
three sections B1, B2, and B3, the lap heights of the
tooth-base surfaces 17a and 21ato the tooth-tip surfaces
18a and 22a are respectively defined as H1, H2, and H3,
and the magnitude relationship thereof is H1 < H2 < H3.
[0074] In the fixed lap wall body 18 and the orbiting lap
wall body 22, the effective spiral length of the section on
the inner peripheral side in the spiral direction from the
tooth-tip step portion TS, that is, the spiral length of the
section B1 from 0° to the tooth-tip step portion TS except
for the non-involute section from the starting point SP to
0°is less than 360°. That is, when the fixed lap wall body
18 and the orbiting lap wall body 22 are combined with
each other, a circumferential length in which the sections
A1 and B1 + B2 on the inner peripheral side of the lap
wall bodies 18 and 22 overlap each other is less than
one lap, the total number of turns also decreases, and
the orbiting radius p of the orbiting scroll is setto be larger
by the decrease in the total number of turns.

[0075] In this way, in a case where the spiral length of
each of the sections A1 and B1+B2 on the inner periph-
eral side in the spiral direction from the tooth-tip step
portion TS is less than 360°, only the ventral surface of
each of the spiral lap wall bodies 18 and 22 adjacent to
the tooth-base surfaces 17a and 21a on the outer pe-
ripheral side in the spiral direction from the tooth-base
step portion BS is retreated slightly inward from the orig-
inal side surface profile to the extent that it does not ad-
versely affect the compression of the refrigerant. Thatis,
the surface is retreated with respect to the section A3 on
the ventral surface side of each of the lap wall bodies 18
and 22. InFig.10, arange in which the surface is retracted
is indicated by a symbol xxx, and in Fig. 12, a range in
which the surface is retracted is shaded. The setting con-
ditions of the retreat amount are similar to those of the
first embodiment.

[0076] In this way, in the section in which the lap height
of each of the lap wall bodies 18 and 22 is highest, in the
section A3 on the outer peripheral side in the spiral di-
rection from the tooth-base step portion BS, the ventral
surface of each of the lap wall bodies 18 and 22 is re-
treated inward from the original side surface profile. Ac-
cordingly, in the sections A3 and B3 on the outmost pe-
ripheral side in the spiral direction in which the lap height
H3 is highest and the risk of the damage is large, the lap
wall bodies 18 and 22 do not come into contact with each
other, and it is possible to prevent the damage caused
by the contact between the lap wall bodies 18 and 22 in
advance.

[0077] In the above-described configuration, in the
sections A1 + A2 on the inner peripheral side in the spiral
direction from the tooth-base step portion BS on the ven-
tral surface side and all sections B1+B2+B3 on the dorsal
surface side, the side surface on the spiral lap wall body
(18, 22) is not retreated inward and the original side sur-
face profile is maintained.

[0078] In the present embodiment, in the section on
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the inner peripheral side in the spiral direction from the
tooth-tip step portion TS, that is, the section A1 on the
ventral surface side, and the sections B1+B2 on the dor-
sal surface side, the spiral length is less than 360°. How-
ever, on the ventral surface side, if the section A2 be-
tween the tooth-tip step portion TS and the tooth-base
step portion BS (point P2) is combined, the spiral length
exceeds 360°. On the dorsal surface side, if the section
from the point P1 to the point P2 in the section B3 is
combined, the spiral length exceeds 360° (also refer to
Fig. 11).

[0079] Accordingly, as shown in Fig. 11, when the
stepped scroll compressor 1 is operated, the sections
(shaded range) from 0° to the point P2 in the respective
lap wallbodies 18 and 22 exceed 360°, the lap wall bodies
18 and 22 come into contact with each other at two points
of T1 and T2 at the position of any one of both sections,
and thus, the orbiting trajectory of the orbiting scroll 20
with respect to the fixed scroll 16 is defined.

[0080] Accordingly, in the section A3 on the outer pe-
ripheral side in the spiral direction from the tooth-base
step portion BS, that is, in the section in which the lap
height H3 of each of the lap wall bodies 18 and 22 is
highest, even when the ventral surface of each of the lap
wall bodies 18 and 22 is retreated inward, the orbiting
scroll 20 is not moved in the plane direction of the end
plate 21 by the retreated amount, and it is possible to
prevent the damage caused by the contact between the
lap wall bodies 18 and 22.

[0081] According to the present configuration and the
design method, in the entire circumference of each of the
lap wall bodies 18 and 22, only the ventral surface side
in the section A3 on the outermost peripheral side having
the highest lap height is retreated, and in other sections
A1 and A2 and the sections B1, B2, and B3 on the dorsal
side, both the ventral surface side and the dorsal surface
side are notretreated. Accordingly, compared to the con-
figuration of the first embodiment, the compression leak-
age of the refrigerant can be suppressed, and particular-
ly, it is possible to prevent a decrease in compression
efficiency in the stepped scroll compressor having the
small number of turns of each of the lap wall bodies 18
and 22.

[0082] Meanwhile, as shown in Fig. 13, at the position
of the tooth-base step portion BS, the retreat amount of
the ventral surface of each of the lap wall bodies 18 and
22 may gradually decrease from the outer peripheral side
toward the inner peripheral side in the spiral direction.
Accordingly, itis possible to prevent occurrence of noise
caused by an interference of the lap wall bodies 18 and
22 of the corresponding scrolls 16 and 20 with the burr
which is likely to occur when the tooth-base step portion
BS in each of the end plates 17 and 21 is processed.
[0083] As described above, according to the stepped
scroll compressor and the design method thereof accord-
ing to the present invention, the damage of the spiral lap
wall body in the section in which the lap height is high is
prevented, durability and reliability increase, the com-
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pression leakage is minimized, and it is possible to pre-
vent the decrease in the compression performance.
[0084] In addition, the present invention is not limited
to only the above-described embodiments, appropriate
modifications or improvements can be added, and em-
bodiments to which the modifications or the improve-
ments are added are included in the scope of the present
invention.

[0085] For example, an internal configuration of the
stepped scroll compressor 1, an attitude arrangement
such as a vertical type compressor and a horizontal type
compressor, a usage thereof, a type of the compression
target fluid, detailed shapes of the fixed scroll 16 and the
orbiting scroll 20, or the like do not necessarily have to
conform to the above-described embodiments.

[0086] In addition, in the present embodiment, the
compressor is described in which the tooth-base step
portions BS are provided on the tooth-base surfaces 17a
and 21a of both the fixed scroll 16 and the orbiting scroll
20 and the tooth-tip step portions TS are provided on the
tooth-tip surfaces 18a and 22a of both the fixed scroll 16
and the orbiting scroll 20. However, the presentinvention
can be applied to a compressor in which only the tooth-
base step portion BS is provided on one scroll and only
the tooth-tip step portion TS is provided on the other
scroll.

[0087] Inaddition, in the presentembodiment, the ven-
tral surface or the dorsal surface of each of both the fixed
lap wall body 18 of the fixed scroll 16 and the orbiting lap
wall body 22 of the orbiting scroll 20 is retreated. How-
ever, it is considered that only the lap wall body of either
one of the scrolls is retreated. In this case, in either the
ventral surface or the dorsal surface of the lap wall body,
a contact with the corresponding lap is prevented.

Reference Signs List

[0088]

1: scroll compressor

16: fixed scroll

17: fixed end plate (end plate)

17a, 21a:  tooth-base surface

18: fixed lap wall body (spiral lap wall body)
18a, 22a:  tooth-tip surface

20: orbiting scroll

21: orbiting end plate (end plate)

22: orbiting lap wall body (spiral lap wall body)
24 compression chamber

BS: tooth-base step portion

TS: tooth-tip step portion

p: orbiting radius of orbiting scroll

Claims

1. A stepped scroll compressor,
wherein a fixed scroll and an orbiting scroll which
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respectively have spiral lap wall bodies erected on
one surface of each end plate form a pair of com-
pression chambers which compresses a compres-
sion target fluid by causing the spiral lap wall bodies
to mesh with each other,

wherein a tooth-base step portion, in which a height
of a tooth-base surface increases from an outer pe-
ripheral side toward an inner peripheral side in a spi-
ral direction of the spiral lap wall body, is provided
on the one surface of the end plate of at least one
of the fixed scroll and the orbiting scroll,

wherein a tooth-tip step portion, in which a height of
a tooth-tip surface decreases from the outer periph-
eral side toward the inner peripheral side in the spiral
direction, is provided in the spiral lap wall body of
the other scroll corresponding to the tooth-base step
portion, and

wherein in at least one of the fixed scroll and the
orbiting scroll, only a ventral surface of the spiral lap
wall body which is adjacent to the tooth-base surface
on the outer peripheral side in the spiral direction
from the tooth-base step portion and is within arange
of overlapping at least the corresponding spiral lap
wall body is retreated inward from an original side
surface profile.

A stepped scroll compressor,

wherein a fixed scroll and an orbiting scroll which
respectively have spiral lap wall bodies erected on
one surface of each end plate form a pair of com-
pression chambers which compresses a compres-
sion target fluid by causing the spiral lap wall bodies
to mesh with each other,

wherein a tooth-base step portion, in which a height
of a tooth-base surface increases from an outer pe-
ripheral side toward an inner peripheral side in a spi-
ral direction of the spiral lap wall body, is provided
on the one surface of the end plate of at least one
of the fixed scroll and the orbiting scroll,

wherein a tooth-tip step portion, in which a height of
a tooth-tip surface decreases from the outer periph-
eral side toward the inner peripheral side in the spiral
direction, is provided in the spiral lap wall body of
the other scroll corresponding to the tooth-base step
portion, and

wherein in at least one of the fixed scroll and the
orbiting scroll, a ventral surface and a dorsal surface
of the spiral lap wall body which are adjacent to the
tooth-base surface on the outer peripheral side in
the spiral direction from the tooth-base step portion
are retreated inward from original side surface pro-
files thereof.

The stepped scroll compressor according to claim 1,
wherein in the spiral lap wall body, a spiral length of
a section on the inner peripheral side in the spiral
direction from the tooth-tip step portion except for a
non-involute section is less than 360°.
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10

4.

The stepped scroll compressor according to claim 2,
wherein in the spiral lap wall body, a spiral length of
a section on the inner peripheral side in the spiral
direction from the tooth-tip step portion except for a
non-involute section is 360° or more.

The stepped scroll compressor according to any one
of claims 1 to 4,

wherein in a case where a maximum amount of a
retreat amount of each of the ventral surface and the
dorsal surface of the spiral lap wall body is defined
as & and an orbiting radius of the orbiting scroll is
defined as p, the maximum amount & of the retreat
amount is set such that a range of 8/p < 0.01 is sat-
isfied.

The stepped scroll compressor according to any one
of claims 2 to 4,

wherein at a position of the tooth-base step portion,
a retreat amount of each of the ventral surface and
the dorsal surface of the spiral lap wall body gradually
decreases from the outer peripheral side toward the
inner peripheral side in the spiral direction.

The stepped scroll compressor according to any one
of claims 1 to 4,

wherein a retreat amount of each of the ventral sur-
face and the dorsal surface of the spiral lap wall body
increases from a root side of the spiral lap wall body
toward a tip side thereof.

A design method of a stepped scroll compressor,
wherein a fixed scroll and an orbiting scroll which
respectively have spiral lap wall bodies erected on
one surface of each end plate form a pair of com-
pression chambers which compresses a compres-
sion target fluid by causing the spiral lap wall bodies
to mesh with each other,

wherein a tooth-base step portion, in which a height
of a tooth-base surface increases from an outer pe-
ripheral side toward an inner peripheral side in a spi-
ral direction of the spiral lap wall body, is provided
on the one surface of the end plate of at least one
of the fixed scroll and the orbiting scroll,

wherein a tooth-tip step portion, in which a height of
a tooth-tip surface decreases from the outer periph-
eral side toward the inner peripheral side in the spiral
direction, is provided in the spiral lap wall body of
the other scroll corresponding to the tooth-base step
portion, and

wherein in at least one of the fixed scroll and the
orbiting scroll, only a ventral surface of the spiral lap
wall body which is adjacent to the tooth-base surface
on the outer peripheral side in the spiral direction
from the tooth-base step portion and is withinarange
of overlapping at least the corresponding spiral lap
wall body is retreated inward from an original side
surface profile.
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A design method of a stepped scroll compressor,
wherein a fixed scroll and an orbiting scroll which
respectively have spiral lap wall bodies erected on
one surface of each end plate form a pair of com-
pression chambers which compresses a compres-
sion target fluid by causing the spiral lap wall bodies
to mesh with each other,

wherein a tooth-base step portion, in which a height
of a tooth-base surface increases from an outer pe-
ripheral side toward an inner peripheral side in a spi-
ral direction of the spiral lap wall body, is provided
on the one surface of the end plate of at least one
of the fixed scroll and the orbiting scroll,

wherein a tooth-tip step portion, in which a height of
a tooth-tip surface decreases from the outer periph-
eral side toward the inner peripheral side in the spiral
direction, is provided in the spiral lap wall body of
the other scroll corresponding to the tooth-base step
portion, and

wherein in at least one of the fixed scroll and the
orbiting scroll, a ventral surface and a dorsal surface
of the spiral lap wall body which are adjacent to the
tooth-base surface on the outer peripheral side in
the spiral direction from the tooth-base step portion
are retreated inward from original side surface pro-
files thereof.

The design method of a stepped scroll compressor
according to claim 8,

wherein in the spiral lap wall body, a spiral length of
a section on the inner peripheral side in the spiral
direction from the tooth-tip step portion except for a
non-involute section is less than 360°.

The design method of a stepped scroll compressor
according to claim 9,

wherein in the spiral lap wall body, a spiral length of
a section on the inner peripheral side in the spiral
direction from the tooth-tip step portion except for a
non-involute section is 360° or more.
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