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surface of the case, a low-pressure compressor element
for compressing air, where the low-pressure compressor
element is powered by a rotational drive force provided
from the output shaft, an intercooler for cooling com-
pressed air discharged from the low-pressure compres-
sor element, a high-pressure compressor element for fur-
ther compressing the compressed air that has been
cooled by the intercooler, where the high-pressure com-
pressor element is powered by a rotational drive force
provided from the motor output shaft, and a fan connect-
ed to the output shaft, where the fan is interposed be-
tween the end surface of the housing and the intercooler
in the axial direction.
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to a two-stage re-
ciprocating compressor.

BACKGROUND

[0002] A known two-stage reciprocating compressor
is configured to compress air in two stages, so that the
compressor can produce compressed air at high pres-
sure. The two-stage reciprocating compressor includes
a low-pressure cylinder and a high-pressure cylinder. In
the two-stage reciprocating compressor, air is com-
pressed in the low-pressure cylinder, and the resulting
air is fed into the high-pressure cylinder, where the com-
pressed air is further compressed. The compressed air
produced by the high-pressure cylinder is fed to a pneu-
matic machine via an outlet port. In a case where such
two-stage reciprocating compressors are installed in
commercial vehicles, the compressed air discharged
from the high-pressure cylinder head is fed to, for exam-
ple, brakes and air suspensions. A conventional two-
stage reciprocating compressor is disclosed in Japanese
Patent Application Publication No. 2013-040586.
[0003] The step of compressing the air results in gen-
eration of compression heat. This raises the temperature
of the cylinders and pistons while the reciprocating com-
pressor is in operation. In addition, electric motors are
driven by a current applied thereto, and the applied cur-
rent results in generation of Joule’s heat. This raises the
temperature of the electric motors. To address the high-
temperature issue, cooling fans are often provided in con-
ventional reciprocating compressors. A two-stage recip-
rocating compressor with a cooling fan is disclosed in
Japanese Patent Application Publications Nos. Hei
9-264253 and 2016-070233.

RELEVANT REFERENCES
LIST OF RELEVANT PATENT LITERATURE
[0004]

Patent Literature 1: Japanese Patent Application
Publication No. 2013-040586
Patent Literature 2: Japanese Patent Application
Publication No. Hei 9-264253
Patent Literature 3: Japanese Patent Application
Publication No. 2016-070233

SUMMARY

[0005] There is a demand for further improved cooling
in a two-stage reciprocating compressor with a cooling
fan.

[0006] One of the objects of the present disclosure is
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to achieve better cooling in a two-stage reciprocating
compressor. Other objects of the disclosure will be ap-
parentwith reference to the entire description in this spec-
ification.

[0007] A two-stage reciprocating compressor relating
toone aspect of the presentinventionincludes arotatable
drive source accommodated within a case, an output
shaft for outputting rotation provided from the rotatable
drive source, where the output shaft extends in an axial
direction such that one end thereof protrudes through an
end surface of the case, a low-pressure compressor el-
ement for compressing air, where the low-pressure com-
pressor element is powered by a rotational drive force
provided from the output shaft, an intercooler for cooling
compressed air discharged from the low-pressure com-
pressor element, a high-pressure compressor element
for further compressing the compressed air thathas been
cooled by the intercooler, where the high-pressure com-
pressor element is powered by a rotational drive force
provided from the motor output shaft, and a fan connect-
ed to the output shaft, where the fan is interposed be-
tween the end surface of the housing and the intercooler
in the axial direction.

[0008] Inoneaspectofthe presentinvention, aplurality
of ribs are provided on an outer surface of the case and
extend in the axial direction.

[0009] Inoneaspectofthe presentinvention, aplurality
of different ribs are provided on the case and extend in
a direction perpendicular to the axial direction,

[0010] The two-stage reciprocating compressor relat-
ing to one aspect of the present invention further includes
a silencer for feeding the air to the low-pressure com-
pressor element.

[0011] The two-stage reciprocating compressor relat-
ing to one aspect of the present invention further includes
a cover covering at least one of the case, the low-pres-
sure compressor element, the intercooler, the high-pres-
sure compressor element or the fan.

[0012] An aspect of the presentinvention relates to an
automobile. The automobile includes the above-de-
scribed two-stage reciprocating compressor.

ADVANTAGEOUS EFFECTS

[0013] Embodiments of the present invention can
achieve better cooling in a two-stage reciprocating com-
pressor.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014]

Fig. 1 is a perspective view schematically showing
a two-stage reciprocating compressor according to
one embodiment of the invention.
Fig. 2 is a schematic side view of the two-stage re-
ciprocating compressor of Fig. 1.
Fig. 3 schematically shows a section of the two-stage
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reciprocating compressor of Fig. 2 along the line A-A.
Fig. 4 is a perspective view schematically showing
a two-stage reciprocating compressor according to
another embodiment of the invention.

Fig. 5 is a sectional view schematically showing a
two-stage reciprocating compressor according to yet
another embodiment of the invention.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0015] A two-stage reciprocating compressor 1 ac-
cording to a variety of embodiments of the invention will
be now described with reference to Figs. 1 to 3. Fig. 1is
a perspective view schematically showing the two-stage
reciprocating compressor 1 according to one embodi-
ment of the invention, Fig. 2 is a schematic side view of
the two-stage reciprocating compressor 1 of Fig. 1, and
Fig. 3 schematically shows a section of the two-stage
reciprocating compressor 1 along the line A-A in Fig. 2.
As used herein, the phrase "top-bottom direction" basi-
cally refers to the top-bottom direction specified in Fig. 1
unless otherwise construed in the context. As used here-
in, the phrase "front-rear direction" basically refers to the
front-rear direction specified in Fig. 2 unless otherwise
construed in the context. Fig. 2 shows an axis C coinci-
dent with the central axis of a crankshaft, which will be
described below. The axis C extends in the front-rear
direction. As used herein, the terms "axial direction" and
"radial direction" respectively denote the direction ex-
tending along the axis C and the direction extending per-
pendicularly to the axis C.

[0016] Asshown in Fig. 1, the two-stage reciprocating
compressor 1 includes a housing 10. The housing 10
includes a motor case 11, a crank case 12, afirst cylinder
13a and a second cylinder 13b. The first and second
cylinders 13aand 13b are both provided above the crank
case 12. The housing 10 has, on the bottom surface
thereof, four legs attached via supporting portions 19.
The two-stage reciprocating compressor 1 is installed at
a desired site with the use of the legs 18.

[0017] On the outer surface of the motor case 11, a
plurality of first ribs 11a extending in the axial direction
and a plurality of second ribs 11b extending in the top-
bottom direction are provided. The top end of each of the
second ribs 11b is connected to the rear and of a corre-
sponding one of the first ribs 11a. Some of the first ribs
11a extend from the rear end to the front end of the motor
case 11, and the rest extend forwardly from the rear end
of the motor case 11 and are connected to the second
ribs 11b before reaching the front end of the motor case
11.

[0018] The motor case 11 has an inner space formed
therein, and the inner space extends through the motor
case 11 alongthe axis C. The motor case 11 substantially
has a hollow columnar shape. In the inner space within
the motor case 11, a motor 22 is provided. The motor 22
includes a stator coil 22a attached to the inner wall of the
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motor case 11, arotor 22b enclosed within and positioned
radially inside the stator coil 22a, and a motor rotating
shaft 22c rotatable with the rotor 22b. The motor 22 may
include a rotation sensor for detecting a rotational posi-
tion of the rotor 22b. The through-hole extending through
the motor case 11 is closed at the rear end thereof by a
rear cap 23. The rear surface of the rear cap 23 thus
constitutes a rear end surface 11c of the motor case 11.
The rear cap 23 has at the radial center thereof a through
hole formed therein, through which the inner space within
the motor case 11 is connected to the external space.
The motor rotating shaft 22¢ extends through the through
hole formed in the rear cap 23 to the outside of the hous-
ing 10. The motorrotating shaft 22c s rotatably supported
on the motor case 11 via a bearing.

[0019] A fan 24 is attached to the rear end of the motor
rotating shaft 22c¢ protruding backward through the motor
case 11. The fan 24 is rotatable around the central axis
C along with the motor rotating shaft 22c. The rotation of
the fan 24 creates an air flow fi and an air flow fo. The
air flow fi runs toward the fan 24 from the rear side in the
axial direction, and the air flow fo runs in the axial direction
along the outer surface of the housing 10 from the front
side of the fan 24.

[0020] The crank case 12 has an inner space formed
therein, and the inner space extends through the crank
case 12 along the axis C. The inner space within the
crank case 12 is segmented by a barrier wall 20 from the
inner space within the motor case 11. The through-hole
extending through the crank case 12 is closed at the front
end thereof by a front cap 21. The front cap 21 includes
a cap body 21a substantially shaped like a disc and a
dome 21b provided at the radial center of the cap body
21a and protruding frontward.

[0021] In the inner space within the crank case 12, a
crank mechanism is provided. The crank mechanism in-
cludes a crankshaft 15. The crankshaft 15 extends along
the central axis C in the crank case 12 and the motor
case 11. The crankshaft 15 is supported at the front end
thereof by the front cap 21. The crankshaft 15 extends
into the motor case 11 through a through hole formed in
the barrier wall 20 and is supported, in the motor case
11, on the inner peripheral surface of the hollow motor
rotating shaft 22c. The crankshaft 15 is attached to the
motor rotating shaft 22c such that the crankshaft 15 can
rotate around the central axis C together with the motor
rotating shaft 22c. This allows the rotational driving force
provided from the motor 22 to be transmitted to the crank-
shaft 15 via the motor rotating shaft 22c.

[0022] The crankshaft 15 has a first eccentric portion
15a and a second eccentric portion 15b positioned be-
hind the first eccentric portion 15a in the axial direction.
The first and second eccentric portions 15a nad 15b are
shaped like a circle when seen in a section resulting from
cutting along a plane perpendicular to the axis C. The
center of the eccentric portion 15a is off the axis C. The
first eccentric portion 15a is connected to a first piston
16a via afirst conrod 14a. Similarly, the second eccentric
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portion 15b is connected to a second piston 16b via a
second conrod 14b. The rotation of the crankshaft 15 is
converted by the first conrod 14a into reciprocation of the
first piston 16a and converted by the second conrod 14b
into reciprocation of the second piston 16b. As a result,
the first piston 16a reciprocates within the first cylinder
13a and the second piston 16b reciprocates within the
second cylinder 13a.

[0023] The first and second eccentric portions 15a and
15b respectively have different phases. For example, the
phase of the first eccentric portion 15ais 180° apart from
the phase of the second eccentric portion 15b. Due to
such adifference in phase, as the first piston 16ais driven
in such a direction that the first piston 16a compresses
the cylinder chamber of the first cylinder 13a, the second
piston 16b is driven in such a direction that the second
piston 16b expands the cylinder chamber of the second
cylinder 13b. On the other hand, as the second piston
16b is driven in such a direction that the second piston
16b compresses the cylinder chamber of the second cyl-
inder 13b, the first piston 16ais driven in such a direction
that the first piston 16a expands the cylinder chamber of
the first cylinder 13a.

[0024] Afirstcylinderhead 17ais provided on the distal
end of the first cylinder 13a, and a second cylinder head
17b is provided on the distal end of the second cylinder
13b. The first cylinder head 17aincludes an inlet port 27a
for sucking airinto the inner space within the first cylinder
head 17a and an outlet port 27b for discharging com-
pressed air. The inner space within the first cylinder head
17a is partitioned into an inlet chamber and an outlet
chamber by a barrier wall. Air, which flows into the inlet
chamber of the first cylinder head 17a through the inlet
port 27a from the outside, is sucked into the first cylinder
13a, compressed by the first piston 16a reciprocating
within the cylinder 13a, and then discharged into the out-
let chamber. The compressed air runs through the outlet
port 27b of the first cylinder head 17a and a pipe 26a and
is introduced into an intercooler 25, where the com-
pressed air is cooled. After this, the cooled air runs
through a pipe 26b and is then introduced into the second
cylinder head 17b. The second cylinder head 17b in-
cludes an inlet port 28a for sucking the compressed air
into the inner space within the second cylinder head 17b
from the pipe 26b and an outlet port (not shown) for dis-
charging the compressed air that has been subjected to
the second-stage compression in the second cylinder
13b. The compressed air, which flows into the second
cylinder head 17b through the inlet port 28a, is sucked
into the second cylinder 13b, subjected to the second-
stage compression by the first piston 16b reciprocating
within the cylinder 13b, and then discharged out of the
second cylinder head 17b through the outlet port. The
compressed air produced by the second-stage compres-
sion in the second cylinder 13b may be fed to a variety
of pneumatic machines, which are not shown. The pneu-
matic machines include a variety of devices configured
to be operable by compressed air. In a case where the
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two-stage reciprocating compressor 1 is installed in com-
mercial vehicles, the compressed air discharged from
the second cylinder 13b may be fed to, for example, air
brakes, air suspensions and othervarious pneumatic ma-
chines installed in commercial vehicles.

[0025] As described above, the air introduced into the
two-stage reciprocating compressor 1 from the outside
is subjected to first-stage compression in the first cylinder
13a and to second-stage compression in the second cyl-
inder 13b. Accordingly, the first cylinder 13a is a low-
pressure cylinder, and the second cylinder 13b is a high-
pressure cylinder. The firstand second cylinders 13a and
13b may be herein referred to as low-pressure and high-
pressure compressor elements, respectively. The low-
pressure compressor element may include the first piston
16a and the first cylinder head 17a. The high-pressure
compressor element may include the second piston 16b
and the second cylinder head 17b.

[0026] As shown in Fig. 3, the intercooler 25 is behind
the fan 24 in the axial direction. In other words, the fan
24 is interposed between the intercooler 25 and the rear
end surface of the motor case 11. The intercooler 25 is
attached to the motor case 11 via, for example, bolts,
which are not shown.

[0027] Theintercooler25isconnected tothe outletport
27b of the first cylinder head 17a through the pipe 26a
and to the inlet port 28a of the second cylinder head 17b
through the pipe 26b. The intercooler 25 has a serpentine
pipe connecting together the pipes 26a and 26b and a
large number of fins provided on the serpentine pipe. The
pipe of the intercooler 25 receives, from the pipe 26a,
the high-temperature compressed air, which has been
produced by the compression in the first cylinder 13a. As
described above, the air flow fi is created as the fan 24
rotates and runs through the intercooler 25. The air flow
fi runs along the outer surface of the fins and pipe of the
intercooler 25, so that the compressed air is cooled while
passing through the intercooler 25.

[0028] The following describes how the two-stage re-
ciprocating compressor 1 operates. As a current is ap-
plied to the stator coil 22a, the rotor 22b rotates relative
to the stator coil 22a. The rotation of the rotor 22b is
transmitted to the crankshaft 15 and fan 24 via the motor
rotating shaft 22c. The rotation of the crankshaft 15 is
converted by the first conrod 14a into reciprocation of the
first piston 16a and converted by the second conrod 14b
into reciprocation of the second piston 16b. As the first
and second pistons 16a and 16b reciprocate in this way,
air is introduced from the outside and subjected to the
first-stage compression in the first cylinder 13a and to
the second-stage compression in the second cylinder
13b. The air compressed in the first cylinder 13a is cooled
through the intercooler 25 and then introduced into the
second cylinder 13b. The intercooler 25 receives cooling
wind from the fan 24, which is rotatable by the rotational
driving force fed from the motor 22.

[0029] Fig. 4 is a perspective view showing the two-
stage reciprocating compressor 1 according to another
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embodiment of the invention. The two-stage reciprocat-
ing compressor 1 shown in Fig. 4 is different from the
two-stage reciprocating compressor 1 shown in Fig. 1 in
that the former has a cover 40. The cover 40 is a sound-
proofing cover. The cover 40 may cover the two-stage
reciprocating compressor 1 entirely. In the embodiment
illustrated, the legs 18 of the two-stage reciprocating
compressor 1 are exposed through the cover 40 for the
purposes of facilitating the mounting of the two-stage re-
ciprocating compressor 1 to automobiles. The cover 40
may have a through hole provided therein, through which
the inside of the cover 40 is connected to the outside of
the cover 40. The cover 40 is made of a soundproofing
material. For example, the cover 40 is made of a felt,
polyvinylchloride or other soundproofing materials. The
cover 40 can prevent the sound generated by the two-
stage reciprocating compressor 1 from leaking out.
[0030] Fig. 5 is a perspective view showing the two-
stage reciprocating compressor 1 relating to another em-
bodiment of the invention. The two-stage reciprocating
compressor 1 shown in Fig. 5 is different from the two-
stage reciprocating compressor 1 shown in Fig. 1 in that
the former has a silencer 50. The silencer 50 is attached
to the dome 21b of the front cover 21. The silencer 50
has a hollow columnar shape, for example. The inner
space within the silencer 50 is divided into a first chamber
for sucking ambient air through an inlet port 50a and a
silencing chamber connected to the first chamber and
receiving air from the first chamber. The inlet port 50a
may be provided at any position in the silencer 50. The
inner space within the silencer 50 may have a space de-
fined therein in addition to the first and silencing cham-
bers. The silencing chamber is connected to the inlet port
27a of the first cylinder head 17a. Once the motor 22 is
driven, the inlet chamber in the first cylinder head 17a
generates negative pressure, which causes air to be in-
troduced into the first chamber of the silencer 50 from
the outside. The air runs through the first chamber and
then into the silencing chamber. As the air is expanded
in the silencing chamber, the noise is silenced. This can
reduce the sucking noise generated when the ambient
air is sucked.

[0031] The above-described two-stage reciprocating
compressor 1 may be installed in, for example, commer-
cial automobiles. An aspect of the present invention re-
lates to an automobile including the two-stage recipro-
cating compressor 1.

[0032] Advantageous effects of the above embodi-
ments will be described below. In an embodiment of the
present invention, the fan 24 is interposed between the
intercooler 25 and the rear end surface 11c of the motor
case 11 in the axial direction. This facilitates the passage
of the cooling wind generated by the fan 24 through the
intercooler 25, thereby allowing the intercooler 25 to cool
the compressed air in an improved manner. In a conven-
tional two-stage reciprocating compressor, the intercool-
er is provided between the fan and the rear end surface
of the motor case in the axial direction. With such ar-
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rangement in the conventional two-stage reciprocating
compressor, the cooling wind fed from the fan to the in-
tercooler collides with the rear end surface of the motor
case, which disturbs the air flow. The cooling wind fed
from the fan thus does not sufficiently contribute to the
cooling of the intercooler. In the embodiments of the
present invention, the fan and intercooler are differently
positioned in the axial direction relative to each other,
which can improve the cooling.

[0033] In the embodiment described above, the first
ribs 11a extending in the axial direction and the second
ribs 11b extending in the top-bottom direction are provid-
ed on the outer surface of the motor case 11. While the
two-stage reciprocating compressor 1 is in operation, the
current applied to the stator coil 22a generates Joule’s
heat, and the heat generated by the stator coil 22a is
transmitted to the motor case 11. Since the first and sec-
ond ribs 11a and 11b contribute to enlarge the surface
area of the outer surface of the motor case 11, they can
efficiently dissipate the heat generated by the stator coil
22a to the air. The first ribs 11a also guide the cooling
wind fed from the fan 24 in the axial direction along the
outer surface of the motor case 11. This means the cool-
ing wind fed from the fan 24 can flow between adjacent
ones ofthefirstribs 11a. The cooling wind can thus further
improve the heat dissipation efficiency.

[0034] The dimensions, materials, and arrangements
of the constituent elements described herein are not lim-
ited to those explicitly described for the embodiments,
and these constituent elements can be modified to have
any dimensions, materials, and arrangements within the
scope of the present invention. Furthermore, constituent
elements not explicitly described herein can also be add-
ed to the embodiments described, and it is also possible
to omit some of the constituent elements described for
the embodiments.

[0035] The following describes some modification ex-
amples. The motor case 11 and crank case 12 may be
formed as a single integral structure. The motor case 11
and crank case 12 may be formed as separate members.
The two-stage reciprocating compressor 1 may have a
control circuit for controlling the motor 22 therein.

LIST OF REFERENCE NUMBERS

[0036]

1 two-stage reciprocating compressor
10 housing

11 motor case

12 crank case

13a first cylinder (low-pressure cylinder)

13b  second cylinder (high-pressure cylinder)
14a first conrod

14b  second conrod

15 crankshaft
15a first eccentric portion
15b  second eccentric portion
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16a first piston

16b  second piston

17a first cylinder head
17b  second cylinder head
18 leg

19 supporting portion

21 front cap

22 motor

22a  stator coll

22b  rotor

22¢  motor rotating shaft
23 rear cap

24 fan

25 intercooler

Claims

1. A two-stage reciprocating compressor comprising:

a rotatable drive source accommodated within
a case;

an output shaft for outputting rotation provided
from the rotatable drive source, the output shaft
extending in an axial direction such that one end
thereof protrudes through an end surface of the
case;

a low-pressure compressor element for com-
pressing air, the low-pressure compressor ele-
ment being powered by a rotational drive force
provided from the output shaft;

an intercooler for cooling compressed air dis-
charged from the low-pressure compressor el-
ement;

a high-pressure compressor element for further
compressing the compressed air that has been
cooled by the intercooler, the high-pressure
compressor element being powered by a rota-
tional drive force provided from the motor output
shaft; and

afan connected to the output shaft, the fan being
interposed between the end surface of the hous-
ing and the intercooler in the axial direction.

The two-stage reciprocating compressor of claim 1,
wherein a plurality of ribs are provided on an outer
surface of the case and extend in the axial direction.

The two-stage reciprocating compressor of claim 2,
wherein a plurality of different ribs are provided on
the case and extend in a direction perpendicular to
the axial direction.

The two-stage reciprocating compressor of any one
of claims 1 to 3, further comprising a silencer for feed-

ing the air to the low-pressure compressor element.

The two-stage reciprocating compressor of any one
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of claims 1 to 4, further comprising a coverincreasing
at least one of the case, the low-pressure compres-
sor element, the intercooler, the high-pressure com-
pressor element or the fan.

An automobile comprising the two-stage reciprocat-
ing compressor of any one of claims 1 to 5.
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