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(54) HYBRID COMPRESSOR

(57) A hybrid compressor has a first compression
mechanism driven only by an external drive source; a
second compression mechanism driven only by a built-
in electric motor; suction paths for sucking gas to be com-
pressed into the first compression mechanism; commu-
nication paths for sucking the gas from the first compres-
sion mechanism side into an electric motor side suction
chamber; and suction passageways for sucking the gas
from the electric motor side suction chamber to the sec-
ond compression mechanism side. The positions and/or
number of the communication paths and/or the suction
passageways, and/or the positions and/or number of
communication openings, which are openings of the

communication paths and opened at the electric motor
side suction chamber, and/or suction openings, which
are openings of the suction passageways, opened at the
electric motor side suction chamber, and located on a
side opposite to the side of the communication openings,
are limited so that, with respect to at least a part of the
gas sucked into the electric motor side suction chamber
via the communication paths, a gas flow is formed from
the communication openings to the suction openings. In
this structure, a built-in electric motor section can be ap-
propriately cooled over a wider area by the sucked gas,
so that a rise in temperature of the motor section can be
properly suppressed.
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Description

Technical Field of the Invention

[0001] The present invention relates to a hybrid com-
pressor in which a first compression mechanism driven
by an external drive source and a second compression
mechanism driven by a built-in electric motor are assem-
bled integrally and which is used in air conditioning sys-
tems for vehicles, etc., and specifically, to a hybrid com-
pressor the motor section of which can be cooled more
effectively.

Background Art of the Invention

[0002] Various proposals have been carried out for this
type of hybrid compressors (for example, Patent docu-
ment 1). A conventional hybrid compressor has a struc-
ture, for example, as shown in Fig. 1. Hybrid compressor
1 depicted in Fig. 1 is a scroll type compressor, and has
a first compression mechanism 2 and a second compres-
sion mechanism 3. First compression mechanism 2 has
a fixed scroll 10, a movable scroll 11 forming a plurality
of pairs of operational spaces (fluid pockets) 12 by en-
gaging with fixed scroll 10, a drive shaft 13 driving mov-
able scroll 11 at an orbital movement by engaging with
movable scroll 11, an electromagnetic clutch 15 for an
on-off operation of the transmission of a driving force
between a pulley 14, to which the driving force from a
drive source for running a vehicle (not shown) provided
as an external drive source is transmitted via a belt, and
the drive shaft 13, a ball coupling 16 for preventing the
rotation of movable scroll 11, and a suction port 18 formed
on a casing 17. The gas to be compressed (for example,
refrigerant) sucked from suction port 18 into a suction
chamber 20 through a suction path 19 is taken into op-
erational spaces 12, the operational spaces 12 are
moved toward the center of fixed scroll 10 while the vol-
umes of the operational spaces 12 are decreased, and
by this operation, the refrigerant gas in the operational
spaces 12 is compressed. A discharge hole 21 is formed
on the central portion of fixed scroll 10, and the com-
pressed refrigerant gas is discharged to a high-pressure
side of an external refrigerant circuit through the dis-
charge hole 21, a discharge path 22 and a discharge port
23.
[0003] On the other hand, second compression mech-
anism 3 has a fixed scroll 30, a movable scroll 31 forming
a plurality of pairs of operational spaces (fluid pockets)
32 by engaging with fixed scroll 30, a drive shaft 33 driving
movable scroll 31 at an orbital movement by engaging
with movable scroll 31, and a ball coupling 34 for pre-
venting the rotation of movable scroll 31. An electric mo-
tor 35 is incorporated in order to drive the drive shaft 33
of this second compression mechanism 3. Electric motor
35 has a rotor 36 fixed to drive shaft 33 and a stator 37
having a motor coil part, the stator 37 is fixed to a stator
housing 38 or a stator housing 38 which is formed as a

part of the compressor housing, and the whole of electric
motor 35 is contained in the stator housing 38. An elec-
tricity is supplied to electric motor 35 via a power supply
portion 50. In this second compression mechanism 3,
the gas to be compressed (for example, refrigerant)
sucked from suction port 18 into suction chamber 20 of
first compression mechanism 2 is sucked into a suction
chamber 40 of second compression mechanism 3 and a
portion of electric motor 35 (an electric motor side suction
chamber) through a communication path 39. The gas
sucked into suction chamber 40 of second compression
mechanism 3 is taken into operational spaces 32, the
operational spaces 32 are moved toward the center of
fixed scroll 30 while the volumes of the operational spac-
es 32 are decreased, and by this operation, the refriger-
ant gas in the operational spaces 32 is compressed. A
discharge hole 41 is formed on the central portion of fixed
scroll 30, and the compressed refrigerant gas is dis-
charged to the high-pressure side of the external refrig-
erant circuit through the discharge hole 41 and a dis-
charge path 42.
[0004] Fixed scroll 10 of first compression mechanism
2 and fixed scroll 30 of second compression mechanism
3 are disposed back to back, and both fixed scrolls 10
and 30 are formed as an integrated fixed scroll member
43. In this example, communication path 39 is formed in
this fixed scroll member 43.
[0005] In the hybrid compressor 1, when first compres-
sion mechanism 2 is only operated, an electricity is not
supplied to electric motor 35 for driving second compres-
sion mechanism 3, and the electric motor 35 is not rotat-
ed. Therefore, second compression mechanism 3 does
not operate. When the hybrid compressor 1 is driven only
by electric motor 35, the electric motor 35 is turned to be
on and rotated, the rotation of the electric motor 35 is
transmitted to drive shaft 33 of second compression
mechanism 3, and the orbital movement of movable
scroll 31 is performed by the drive shaft 33. At that time,
electromagnetic clutch 15 of first compression mecha-
nism 2 is not excited, and the rotation of the drive source
for running a vehicle as a first drive source is not trans-
mitted to the first compression mechanism 2. Therefore,
first compression mechanism 2 does not operate. When
both first and second compression mechanisms 2 and 3
are driven simultaneously, the driving force from the drive
source for running a vehicle is transmitted to movable
scroll 11 of first compression mechanism 2 as well as
electric motor 35 is turned to be on and the driving force
thereof is transmitted to movable scroll 31 of second com-
pression mechanism 3.
[0006] In the hybrid compressor 1 thus constructed,
the control for switching between first compression
mechanism 2 and second compression mechanism 3
and for simultaneous operation is performed in accord-
ance with the load condition for cooling, etc. For example,
in a light load condition where a great cooling ability is
not required in a vehicle interior, a sole operation mode
of the motor side having a small displacement (that is,
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second compression mechanism 3 side), or a simulta-
neous operation mode, in which the external drive source
side having a great displacement relative to the motor
side (that is, first compression mechanism 2 side) is ro-
tated at a low rotational speed and the motor is also op-
erated, is employed. The motor is operated through the
control of the rotational speed, for example, by duty con-
trolling the pulse voltage applied to the motor from a high
voltage part in accordance with the demand from an ex-
clusive drive control circuit. The motor coil part has a
resistance, an electric current flows through the resist-
ance, and the motor coil part is heated. The motor coil
part is cooled by the passage of the refrigerant or by the
thermal transmission from the motor coil part to the stator
housing side and the heat radiation from the stator hous-
ing to the atmosphere, etc. The temperature of the motor
coil part is decided depending upon the balance between
the amount of the above-described heating and the
amount of the above-described heat radiation. In the op-
erational mode of sole drive of the motor side (second
compression mechanism 3 side) or the simultaneous op-
erational mode where first compression mechanism 2 is
driven at a low rotational speed and second compression
mechanism 3 is also driven, when the amount of the
above-described heating of the motor coil part exceeds
the amount of the above-described heat radiation (for
example, when the vehicle condition is turned from a
highway running in a summer time to a vehicle stopping
and idling in a parking zone), the temperature of the motor
coil part may exceed an acceptable temperature, and at
worst, the initiation of the motor may be damaged. There-
fore, it is necessary to properly cool the motor portion
including the motor coil part so that the temperature
thereof does not exceed the acceptable temperature.
[0007] From the viewpoint described above, in partic-
ular, from the viewpoint of improvement of the cooling
ability of the motor portion, a structure is known wherein
the refrigerant sucked through the communication path
is sucked into the suction chamber of the electric motor
side, and therefrom, sucked into suction chamber 40 of
second compression mechanism 3. For example, as de-
picted in Fig. 2, a structure is employed wherein the re-
frigerant sucked into suction chamber 20 of first com-
pression mechanism 2 via suction path 19 is sucked into
electric motor side suction chamber 51 through a com-
munication path 52 extended up to the electric motor side
suction chamber 51 (a communication path correspond-
ing to communication path 39 depicted in Fig. 1), the
refrigerant is used for cooling the motor by being passed
through the vicinity of motor 35, and therefrom, the re-
frigerant is sucked into suction chamber 40 of second
compression mechanism 3 via suction passageway 53.
[0008] In the motor cooling structure using the refrig-
erant as shown in Fig. 2, the respective members have
been structured, for example, as shown in Figs. 3 to 6.
Figs. 3 and 4 depict an example of a center plate 54
provided between electric motor side suction chamber
51 and second compression mechanism 3, and to this

center plate 54, communication paths 52 having commu-
nication openings 55 as openings at electric motor side
suction chamber 51, and suction passageways 53 having
suction openings 56 as openings at electric motor side
suction chamber 51, are provided. As shown in Fig. 4,
communication openings 55 and suction openings 56 are
almost over the entire circumference.
[0009] Further, Figs. 5 and 6 depict an example of a
fixed scroll member 57 which is formed by forming a fixed
scroll of first compression mechanism 2 and a fixed scroll
of second compression mechanism 3 integrally in a form
of back to back, and in this fixed scroll member 57, com-
munication paths 52 are provided in the circumferential
direction as shown in Fig. 6. Where, symbols 58 repre-
sent bolt holes which are provided at four positions in the
circumferential direction.
[0010] However, in the conventional hybrid compres-
sor having the structure as depicted in Figs. 3 to 6, as
shown by arrows in Fig. 2, the refrigerant gas sucked into
electric motor side suction chamber 51 from suction
chamber 20 side of first compression mechanism 2
through communication path 52 and communication
opening 55 is likely to be sucked to suction opening 56
which is located at a closest position relative to the com-
munication opening 55, and therefrom, the refrigerant
gas is sucked into suction chamber 40 of second com-
pression mechanism 3 via suction passageway 53.
Therefore, in a place apart from these communication
opening 55 and suction opening 56, there is a fear that
the refrigerant gas stays in electric motor side suction
chamber 51. As a result, a motor portion, which is posi-
tioned apart from these communication opening 55 and
suction opening 56, may not be cooled sufficiently by the
sucked gas, and it may be overheated.
Patent document 1: JP-A-2004-278339

Disclosure of the Invention

Problems to be solved by the Invention

[0011] Accordingly, an object of the present invention
is to provide a structure of a hybrid compressor which
can appropriately cool a section of a built-in electric motor
over a wider area by sucked gas, thereby suppressing a
rise in temperature of the motor section more properly,
and further thereby making it possible to enlarge an avail-
able motor operational range.

Means for solving the Problems

[0012] To achieve the above-described object, the
present invention provides a hybrid compressor has a
first compression mechanism driven only by an external
drive source, a second compression mechanism driven
only by a built-in electric motor, a suction path for sucking
gas to be compressed into the first compression mech-
anism, a communication path for sucking the gas from
the first compression mechanism side into an electric mo-
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tor side suction chamber, and a suction passageway for
sucking the gas from the electric motor side suction
chamber to the second compression mechanism side,
and the hybrid compressor is characterized in that posi-
tions and/or number of the communication path and/or
the suction passageway, and/or positions and/or number
of a communication opening, which is an opening of the
communication path that is opened at the electric motor
side suction chamber, and/or a suction opening, which
is an opening of the suction passageway that is opened
at the electric motor side suction chamber and located
on a side opposite to the side of the communication open-
ing, are limited so that, with respect to at least a part of
the gas sucked into the electric motor side suction cham-
ber via the communication path, a gas flow is formed
from the communication opening to the suction opening.
[0013] In this hybrid compressor, a structure may be
employed wherein the communication opening is provid-
ed only at a position on one side in the electric motor side
suction chamber, and the suction opening is provided
only at a position on a side opposite to the above-de-
scribed one side in the electric motor side suction cham-
ber.
[0014] Further, a structure may be employed wherein
the communication opening, the communication path,
the suction passageway and the suction opening are pro-
vided at plurality conditions, respectively.
[0015] Further, a structure may be employed wherein
a center plate is provided between the electric motor side
suction chamber and the second compression mecha-
nism, and the communication opening and the suction
opening are formed on the center plate.
[0016] Furthermore, a structure may be employed
wherein a fixed scroll of the first compression mechanism
and a fixed scroll of the second compression mechanism
are integrally formed as a common fixed scroll member,
and a part of the communication path is formed on the
fixed scroll member.
[0017] Where, as the external drive source, a drive
source for running a vehicle (including both an engine
such as an internal combustion engine and an electric
motor for running a vehicle in a case of an electric car,
etc.) can be employed. Further, as the gas to be com-
pressed, refrigerant can be employed.
[0018] In such a hybrid compressor according to the
present invention, when a rise in temperature occurs in
the built-in electric motor, particularly in its coil portion,
by the heating accompanying with increase of electric
current, an excessive rise in temperature of the motor
section may be appropriately suppressed as follows.
Namely, in the aforementioned conventional structure,
because the sucked gas is likely to flow from the com-
munication opening at the electric motor side suction
chamber to the suction opening located at the closest
position, the sucked gas is liable to stay in a motor portion
apart from both openings and the motor portion becomes
hard to be cooled, and therefore, the motor section may
be overheated. In the present invention, however, by dis-

posing the communication path, particularly, the commu-
nication opening, and the suction passageway, particu-
larly, the suction opening, at positions opposite to each
other, the sucked gas flowing from the communication
opening to the suction opening flows over a wide area
without staying, the motor is properly cooled over a wide
area, and occurrence of an overheating may be prevent-
ed. Further, as the result that the motor is appropriately
cooled over a wide area, the available operational range
of the motor can be enlarged.

Effect according to the Invention

[0019] Thus, in the hybrid compressor according to the
present invention, the sucked gas for cooling can be
flowed over a wide area in the electric motor side suction
chamber without being stayed, the whole of the motor
can be appropriately cooled, and a rise in temperature
of the motor at the time of motor operation can be sup-
pressed low. Therefore, occurrence of an inconvenience
accompanying with an overheating of the motor can be
avoided, and the available operational range of the motor
can be enlarged.

Brief explanation of the drawings

[0020]

[Fig. 1] Fig. 1 is a vertical sectional view of a con-
ventional hybrid compressor.
[Fig. 2] Fig. 2 is a schematic vertical sectional view
showing an example of a structure for cooling a motor
section in the conventional hybrid compressor.
[Fig. 3] Fig. 3 is a schematic vertical sectional view
showing an example of a center plate in the structure
depicted in Fig. 2.
[Fig. 4] Fig. 4 is an elevational view showing an ex-
ample of the disposition of communication openings
and suction openings of the center plate depicted in
Fig. 3.
[Fig. 5] Fig. 5 is a schematic vertical sectional view
showing an example of a fixed scroll member in the
structure depicted in Fig. 2.
[Fig. 6] Fig. 6 is an elevational view showing an ex-
ample of the disposition of communication paths of
the fixed scroll member depicted in Fig. 5.
[Fig. 7] Fig. 7 is a schematic vertical sectional view
showing an example of a structure for cooling in a
hybrid compressor according to an embodiment of
the present invention.
[Fig. 8] Fig. 8 is an elevational view showing an ex-
ample of the disposition of communication paths of
a fixed scroll member in the structure depicted in Fig.
7.
[Fig. 9] Fig. 9 is an elevational view showing an ex-
ample of the disposition of communication openings
and suction openings of a center plate in the structure
depicted in Fig. 7.
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Explanation of symbols

[0021]

1: hybrid compressor
2: first compression mechanism
3: second compression mechanism
10: fixed scroll
11: movable scroll
13: drive shaft
14: pulley
15: electromagnetic clutch
16: ball coupling
18: suction port
19: suction path
20: suction chamber
21: discharge hole
22: discharge path
23: discharge port
30: fixed scroll
31: movable scroll
33: drive shaft
34: ball coupling
35: electric motor
36: rotor
37: motor coil part (stator)
38: stator housing
39: first communication path
40: suction chamber
41: discharge hole
42: discharge path
43: fixed scroll member
50: power supply portion
51: electric motor side suction chamber
52: communication path
53: suction passageway
61: communication path
62: communication opening
63: suction passageway
64: suction opening
65: fixed scroll member
66: portion which is not provided with communication
path and communication opening
67: center plate
68: suction opening
69: suction passageway
70: portion which is not provided with suction open-
ing and suction passageway

The Best mode for carrying out the Invention

[0022] Hereinafter, desirable embodiments of the
present invention will be explained referring to figures.
Fig. 7 depicts a structure of a hybrid compressor accord-
ing to an embodiment of the present invention, in corre-
spondence with Fig. 2 aforementioned. Since the struc-
ture depicted in Figs. 1 and 2 is applied correspondingly
to the basic structure of the hybrid compressor depicted

in Fig. 7, the explanation will be omitted by attaching the
same symbols as those attached in Figs. 1 and 2 to the
portions having substantially same structures as those
shown in Figs. 1 and 2. Hereinafter, points different from
the structure shown in Figs. 1 and 2 will be mainly ex-
plained. Where, the arrows depicted in Fig. 7 show an
example of a refrigerant gas flow at the time of motor
operation.
[0023] The structure depicted in Fig. 7 is different from
the structure depicted in Fig. 2, in that communication
paths 61 for sucking the gas to be compressed, which
has been sucked from suction path 19 into suction cham-
ber 20 of first compression mechanism 2 (in this embod-
iment, low-temperature refrigerant gas before compres-
sion), into electric motor side suction chamber 51, and/or,
communication openings 62 which are openings of the
communication paths 61 at electric motor side suction
chamber 51, and, suction passageways 63 of the refrig-
erant gas from electric motor side suction chamber 51 to
suction chamber 40 of second compression mechanism
3, and/or, suction openings 64 which are openings of the
suction passageways 63 at electric motor side suction
chamber 51, are disposed at positions apart from each
other in the electric motor side suction chamber 51, par-
ticularly, at positions opposite to each other.
[0024] For example, as an example of a fixed scroll
member 65 in this embodiment is shown in Fig. 8 in cor-
respondence with Fig. 6 aforementioned, communication
paths 61 are provided only at the upper portion depicted
in Fig. 8, and the communication paths 61 are not pro-
vided for the lower and side portions 66 depicted in Fig.
8, in which communication paths 52 have been provided
in Fig. 6. Namely, in the structure for disposing commu-
nication paths 52 in Fig. 6, the communication paths 52
are abolished in these portions 66. Accompanying with
this disposition of communication paths 61, communica-
tion openings 62, which are openings of the communi-
cation paths 61 at electric motor side suction chamber
51, are also provided only at the upper portion depicted
in Fig. 8, and they are not provided at positions corre-
sponding to the above-described portions 66.
[0025] Further, for example, as an example of a center
plate 67 in this embodiment is shown in Fig. 9 in corre-
spondence with Fig. 4 aforementioned, suction openings
68 and suction passageways 69 are provided only at the
lower portion depicted in Fig. 9, and the suction openings
68 and suction passageways 69 are not provided for the
upper portions 70 depicted in Fig. 9, in which suction
openings 56 and suction passageways 53 have been
provided in Fig. 4. Namely, in the structure for disposing
suction openings 56 and suction passageways 53 in Fig.
4, the suction openings 56 and suction passageways 53
are abolished in these portions 70.
[0026] Thus, for electric motor side suction chamber
51, particularly the positions and/or numbers of commu-
nication openings 62 and suction openings 68 are limited,
and in particular, they are located at positions opposite
to each other. By this, the refrigerant gas sucked from
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communication openings 62 and flowing to suction open-
ings 68 in electric motor side suction chamber 51 flows
over a wide area without staying, as shown in Fig. 7.
[0027] Consequently, motor 35 can be appropriately
cooled over the entire area, and a rise in temperature of
the motor 35 at the time of motor operation can be sup-
pressed low. Therefore, occurrence of the inconvenience
accompanying with an overheating of the motor can be
avoided, and the available operational range of the motor
can be enlarged.

Industrial Applications of the Invention

[0028] The present invention can be applied to any hy-
brid compressor into which a first compression mecha-
nism and a second compression mechanism are inte-
grally incorporated and the second compression mech-
anism of which is driven by a built-in electric motor.

Claims

1. A hybrid compressor having a first compression
mechanism driven only by an external drive source,
a second compression mechanism driven only by a
built-in electric motor, a suction path for sucking gas
to be compressed into said first compression mech-
anism, a communication path for sucking the gas
from said first compression mechanism side into an
electric motor side suction chamber, and a suction
passageway for sucking the gas from said electric
motor side suction chamber to said second compres-
sion mechanism side, characterized in that posi-
tions and/or number of said communication path
and/or said suction passageway, and/or positions
and/or number of a communication opening, which
is an opening of said communication path that is
opened at said electric motor side suction chamber,
and/or a suction opening, which is an opening of said
suction passageway that is opened at said electric
motor side suction chamber and located on a side
opposite to the side of said communication opening,
are limited so that, with respect to at least a part of
the gas sucked into said electric motor side suction
chamber via said communication path, a gas flow is
formed from said communication opening to said
suction opening.

2. The hybrid compressor according to claim 1, wherein
said communication opening is provided only at a
position on one side in said electric motor side suc-
tion chamber, and said suction opening is provided
only at a position on a side opposite to said one side
in said electric motor side suction chamber.

3. The hybrid compressor according to claim 1, wherein
said communication opening, said communication
path, said suction passageway and said suction

opening are provided at plurality conditions, respec-
tively.

4. The hybrid compressor according to claim 1, wherein
a center plate is provided between said electric motor
side suction chamber and said second compression
mechanism, and said communication opening and
said suction opening are formed on said center plate.

5. The hybrid compressor according to claim 1, wherein
a fixed scroll of said first compression mechanism
and a fixed scroll of said second compression mech-
anism are integrally formed as a common fixed scroll
member, and a part of said communication path is
formed on said fixed scroll member.

6. The hybrid compressor according to claim 1, wherein
said external drive source is a drive source for run-
ning a vehicle.

7. The hybrid compressor according to claim 1, wherein
said gas to be compressed is refrigerant.
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