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RECIPROCATING COMPRESSOR 

0001. This application claims the priority of Japanese 
Patent Application No.JP 2010-092732, filed Apr. 14, 2010, 
the disclosure of which is expressly incorporated by reference 
herein in its entirety. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to a reciprocating 
compressor in which pistons reciprocate within cylinders. 
0004 2. Description of the Related Art 
0005 According to an oscillating compressor disclosed in 
Japanese Patent Application Laid-Open Publication No. 
2007-32532, in a two-stage reciprocating compressor in 
which air compressed in a low-pressure compressor unit is 
compressed in a high-pressure compressor unit, a piston 
reciprocates while oscillating within a cylinder, thereby com 
pressing air in each of the low-pressure compressor unit and 
the high-pressure compressor unit. 
0006. According to a two-stage compressor disclosed in 
Japanese Patent Application Laid-Open Publication No. 
H11-62822, in a two-stage reciprocating compressor in 
which air compressed in a low-pressure compressor unit is 
compressed in a high-pressure compressor unit, a piston with 
a piston body fixed to a connecting rod is used in the low 
pressure compressor unit, so that the piston reciprocates 
while oscillating (tilting) within a cylinder. On the other hand, 
a piston with a piston body oscillating with respect to a 
leading end of a connecting rod is used in the high-pressure 
compressor unit, so that a leading end of the piston recipro 
cates without tilting within a cylinder. 
0007. In the oscillating compressor disclosed in Japanese 
Patent Application Laid-Open Publication No. 2007-32532, 
the piston is formed without consideration of a tilt angle of the 
piston within the low-pressure or high-pressure cylinder. It is 
therefore not possible to improve the sealing performance and 
lifetime of the piston. 
0008. In the two-stage compressor disclosed in Japanese 
Patent Application Laid-Open Publication No. H11-62822, 
the piston with the piston body oscillating with respect to the 
leading end of the connecting rod is used in the high-pressure 
compressor unit. This causes an increase in the axial length of 
the piston, and therefore it is difficult to downsize the piston. 

SUMMARY OF THE INVENTION 

0009. Accordingly, in view of the above-described prob 
lems, an object of the present invention is to provide a recip 
rocating compressor with pistons of low- and high-pressure 
compressor units being compact and having high sealing 
performance by forming the pistons in consideration of tilt 
angles of the pistons within cylinders. 
0010. In order to address the problems discussed above, 
according to one aspect of the present invention, there is 
provided a reciprocating compressor including: a low-pres 
Sure compressor unit having a low-pressure piston and a 
low-pressure cylinder for compressing air with the low-pres 
Sure piston reciprocating while oscillating within the low 
pressure cylinder, a high-pressure compressor unit having a 
high-pressure piston and a high-pressure cylinder for further 
compressing the air compressed in the low-pressure compres 
Sor unit with the high-pressure piston reciprocating while 
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oscillating within the high-pressure cylinder; and a motor for 
driving the low-pressure compressor unit and the high-pres 
Sure compressor unit. A maximum tilt angle during oscilla 
tion of the low-pressure piston is made larger than a maxi 
mum tilt angle during oscillation of the high-pressure piston. 
0011. According to another aspect of the present inven 
tion, there is provided a reciprocating compressor including: 
a motor having a rotating shaft; a low-pressure compressor 
unit having a low-pressure cylinder and a low-pressure piston 
for compressing air; and a high-pressure compressor unit 
having a high-pressure cylinder and a high-pressure piston for 
further compressing the air compressed in the low-pressure 
compressor unit. The low-pressure piston and the high-pres 
Sure piston each include: an eccentric portion for performing 
eccentric motion with rotation of the rotating shaft of the 
motor, a connecting rod extending from the eccentric portion; 
and a piston body provided on a leading end of the connecting 
rod. When an eccentric amount of the eccentric portion of the 
low-pressure piston with respect to the rotating shaft of motor 
is represented by r1 and an eccentric amount of the eccentric 
portion of the high-pressure piston with respect to the rotating 
shaft of motor is represented by r2, the low- and high-pressure 
pistons are formed in such a manner that r1 > r2 is established. 
0012. According to the present invention, it is possible to 
provide a two-stage reciprocating compressor provided with 
a piston, which is compact and having high sealing perfor 
aCC. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 The present invention will become fully understood 
from the detailed description given hereinafter and the 
accompanying drawings, wherein: 
0014 FIG. 1 is a diagram showing a low-pressure com 
pressor unit and a high-pressure compressor unit of a com 
pressor according to an embodiment of the present invention; 
0015 FIG. 2 is an enlarged view of the high-pressure 
compressor unit according to the embodiment of the present 
invention; 
0016 FIG. 3 is a general view of the reciprocating com 
pressor according to the embodiment of the present invention; 
and 
0017 FIG. 4 is a diagram showing oscillating motion of a 
piston according to the embodiment of the present invention. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0018. An embodiment of the present invention will be 
described with reference to FIGS. 1 to 4. 
0019. A compressor according to the embodiment of the 
present invention will be described with reference to FIG. 1. 
The compressor according to this embodiment has a crank 
case 1. A motor 3 having a shaft (a rotating shaft) 2 is attached 
to the crankcase 1. A low-pressure piston 4 including a con 
necting rod 4A and a piston body 5, and a high-pressure 
piston 8 including a connecting rod 8A and a piston body 11 
are attached to the shaft 2 of the motor 3 through eccentric 
portions 7 and 13 for converting a rotational motion to a 
reciprocating motion. The low-pressure piston body 5 is com 
posed of a retainer 5A, and the high-pressure piston body 11 
is composed of a base 11A and a top 12A. 
0020. The low-pressure piston body 5 is provided with a 
lip ring 6. The high-pressure piston body 11 is provided with 
a lip ring 9 and a piston ring 10. 
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0021. The lip ring 6 is provided with a skirt portion (a lip 
portion) for increasing a contact area with a cylinder 14. The 
skirt portion is mounted facing a low-pressure compression 
chamber, thereby allowing the ensuring of the sealing perfor 
mance between the piston 4 and the cylinder 14. 
0022. Next, a description will be given with reference to 
the enlarged view of the high-pressure compressor unit 
shown in FIG. 2. The lip ring 6, the lip ring 9, and the piston 
ring 10 are made of resin material having excellent resistance 
to abrasion and self-lubricating property and each formed in 
an approximately annular shape. The piston ring 10 is Sub 
stantially rectangular in cross section, and has a uniform 
radial width over the almost entire circumference thereof. 
Also, an abutment joint (not shown) is circumferentially 
formed on the piston ring 10. This abutment joint allows 
expansion and contraction in diameter while maintaining the 
sealing performance. Additionally, when the high-pressure 
piston 8 is at the top dead center position or the bottom dead 
center position, the inner diameter of the piston ring 10 in a 
state brought into contact with an inner peripheral Surface of 
a high-pressure cylinder 17 to be described later is larger than 
the Smallest diameter of a piston ring groove into which the 
piston ring 10 is mounted. Thus, the piston ring 10 is radially 
movable with respect to the high-pressure piston 8. 
0023 The lip ring 9 is mounted in the direction opposite to 
the lip ring 6 (the skirt portion of the lip ring 9 faces the 
crankcase), so that the centers of the lip ring 9 and the piston 
body 11 are aligned. Also, when the cylinder 17 is assembled 
in the crankcase 1, the lip ring 9 is brought into contact with 
an inner wall surface of the cylinder 17 to define an assembly 
position of the cylinder 17, so that the centers of the cylinder 
17 and the piston body 11 are aligned. Thus, centering of the 
piston ring 10 mounted on the piston body 11, and the cylin 
der 17 can be performed. Further, the lip ring 9 can prevent 
contact between the piston body 11 and the cylinder 17 when 
the piston ring 10 becomes worn, and therefore the lifetime of 
the piston body 11 and the cylinder 17 can be improved. In 
addition, the lip ring 9 is interposed between the base 11A and 
the connecting rod 8A. Thus, compression heat generated in 
the cylinder 17 can be prevented from being transmitted from 
the piston body 11 to the connecting rod 8A, so that the 
temperature of a large end can be lowered. It is therefore 
possible to improve the lives of bearings provided on outer 
peripheries of the eccentric portions 7 and 13. 
0024. The lip ring 6 is mounted on the low-pressure piston 
4, thereby allowing reduction in manufacturing cost. Also, the 
lip ring 9 and the piston ring 10 are mounted on the high 
pressure piston 8, thereby allowing improvement in assembly 
performance, sealing performance, and resistance to abra 
S1O. 

0025. The crankcase 1 is mounted with the low-pressure 
cylinder 14, an air valve 15, a cylinder head 16, the high 
pressure cylinder 17, an air valve 18, and a cylinder head 19. 
With the low-pressure piston 4 including the low-pressure 
connecting rod 4A, and the high-pressure piston 8 including 
the high-pressure connecting rod 8A, compression chambers 
are formed within the respective cylinders. 
0026. In the compressor according to the embodiment of 
the present invention, when the motor 3 is driven to rotate the 
shaft 2, the eccentric portions 7 and 13 allow the low- and 
high-pressure pistons 4 and 8 to reciprocate within the cylin 
ders 14 and 17, respectively, thereby driving the low-pressure 
compressor unit including the low-pressure piston 4 and cyl 
inder 14, and the high-pressure compressor unit including the 
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high-pressure piston 8 and cylinder 17. Also, the compressor 
according to the embodiment of the present invention has a 
two-stage compression structure in which the low-pressure 
compressor unit Sucks air into the cylinder 14 through the 
cylinder head 16 and the air valve 15 from the atmospheric 
pressure and compresses the Sucked air to discharge the com 
pressed air to the high-pressure compressor unit through a 
pipe (not shown), and then the high-pressure compressor unit 
Sucks the compressed air discharged from the low-pressure 
compressor unit and further compresses the air to discharge 
the air to a storage tank. At this time, the low- and high 
pressure compressor units and the pipe is air-cooled by the 
rotation of a fan 20 mounted coaxially with the shaft 2. 
0027. In general, in the case of air compressors which 
perform single-stage compression, air is Sucked from the 
atmospheric pressure and compressed to the maximum pres 
Sure by a piston to be discharged. However, due to compres 
sion heat generated at the time of compression, discharge 
efficiency decreases, or, noise, vibration and the like due to 
torque fluctuations of a motor are generated. Therefore, the 
motor needs to have the capability for providing a high power 
output, resulting in an increase in size. Also, under high 
pressure, a pressure ratio (discharge absolute pressure? suc 
tion absolute pressure) increases, thereby raising the dis 
charge temperature and deteriorating the Suction efficiency. 
Therefore, it becomes difficult to ensure the discharge air 
quantity. Furthermore, the rise of the discharge temperature 
might cause an increase in distortion and leakage of an air 
valve. Also, in compressors which perform intermittent run 
ning, moisture in the Suction air is condensed, thereby 
increasing the occurrence of drain, which might cause a fail 
le 

0028. Therefore, for example, in the compressor disclosed 
in Japanese Patent Application Laid-Open Publication No. 
H11-62822, the above-described problems are avoided by 
adopting the following two-stage compression structure. For 
example, in order to raise the pressure to about 1 MPa or 
more, on the low-pressure side, air is sucked from the atmo 
spheric pressure to be subjected to pressure rising and tem 
porarily intermediate cooling, and then on the high-pressure 
side, the air Subjected to pressure rising and intermediate 
cooling by the low-pressure side is Sucked and further Sub 
jected to pressure rising to be discharged. In particular, por 
table Small compressors adopt the two-stage compression 
structure in view of low vibration, low noise, miniaturization 
(downsizing of a motor, weight reduction of a compressor 
unit). 
0029. In the two-stage compression, the respective pres 
Sure ratios on the low- and high-pressure sides are reduced, 
relative to the case of the single-stage compression, thereby 
allowing improvement in efficiency, reduction in heat genera 
tion, and reduction in performance deterioration caused by 
the heat generation described above. Furthermore, torque 
fluctuations of the motor can be reduced and therefore low 
vibration and low noise can be realized. 
0030. Next, the design of a typical two-stage compressor 
will be described. 
0031. The two-stage compressor disclosed in Japanese 
Patent Application Laid-Open Publication No. H11-62822 
adopts a reciprocating piston structure in which a connecting 
rod is connected to a piston through a needle bearing on the 
high-pressure side. In the embodiment of the present inven 
tion, on the other hand, Such needle bearing is removed, and 
a rocking piston mechanism with the connecting rod and the 
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piston body integrally formed is employed, thereby realizing 
durability improvement by reducing movable portions, 
weight reduction and low noise, and reduction in cost by 
reducing the number of components. 
0032. Also, the oscillating compressor disclosed in Japa 
nese Patent Application Laid-Open Publication No. 2007 
32532 includes the pistons formed without relatively consid 
ering the angles at which the pistons are tilted within the low 
and high-pressure cylinders. Consequently, in the low-pres 
Sure compressor unit, the piston tilt angle is minimized, in 
spite of the fact that, even when the piston tilt angle is made 
larger than that of the high-pressure side, its influence on the 
sealing performance and abrasion property is Small. For this 
reason, the downsizing and weight reduction of the piston 
cannot be sufficiently achieved. Also, in the high-pressure 
compressor unit, the piston tilt angle is not designed to be 
made sufficiently small, in spite of the fact that, when the 
piston tilt angle is made too large, its influence on the sealing 
performance and abrasion property increases. For this reason, 
the sealing performance and lifetime of the piston cannot be 
achieved. 

0033. In view of the foregoing, in the embodiment of the 
present invention, the low-pressure piston 4 and the high 
pressure piston 8 include the rocking piston mechanism in 
which: the connecting rods 4A and 8A and the piston bodies 
5 and 11 are integrally formed; the piston bodies 5 and 11 are 
tilted as the connecting rods 4A and 8A are tilted; and the 
piston bodies 5 and 11 reciprocate while oscillating within the 
cylinders 14 and 17. Also, the compressor according to this 
embodiment is designed in consideration of the angles at 
which the low-pressure piston 4 and the high-pressure piston 
8 are tilted within the cylinders 14 and 17, respectively. 
0034. Hereinafter, the design of the two-stage compressor 
according to the embodiment of the present invention will be 
described in detail. 

0035. The motor powers, that is, the shaft powers (the 
workloads w) of the low- and high-pressure sides increase 
with an increase in the respective pressure ratios of Suction 
pressure to discharge pressure. The shaft power of the two 
stage compressor depends on the Sum of the shaft powers of 
the low- and high-pressure sides. Also, the shaft power 
decreases as the pressure ratios on the low- and high-pressure 
sides decrease. That is to say, when the pressure ratios on the 
low- and high-pressure sides become equal, the shaft power 
becomes minimum. In view of the foregoing, in the embodi 
ment of the present invention, various sizes (such as bore 
diameter and stroke) of the low- and high-pressure pistons 4 
and 8 are designed based on the shaft power in consideration 
of the maximum pressure of the compressor. 
0036. Here, the motor shaft powers of the low- and high 
pressure sides are calculated. Required shaft power LS and 
theoretical adiabatic aerodynamic force Lad are expressed by 
the following equations (1) and (2): 

Lad (1) 
nad 

where LS represents the required shaft power, and m repre 
sents the overalladiabatic efficiency. 
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Lad---x 8. - E - ) (2) 

where Lad represents the theoretical adiabatic aerodynamic 
force: QS represents the actual air Volume in Suction condi 
tion; PS represents the suction absolute pressure; Pd repre 
sents the discharge absolute pressure; and K represents the 
specific heat ratio. 
0037 Here, the actual air volume Qs shown in the equation 
(2) is determined by the parameters of the members compos 
ing the compressor and the efficiency of the compressor, as 
expressed by the following equation (3): 

Qs = xDxSXN xny (3) 

where D represents the bore diameter; S represents the stroke; 
N represents the rotational speed; and mV represents the volu 
metric efficiency. 
0038. As described above, the motor power (the total shaft 
power) decreases as the pressure ratios on the low- and high 
pressure sides in the two-stage compression and the differ 
ence in shaft power therebetween decrease. In the embodi 
ment of the present invention, therefore, in order to minimize 
the motor power, assuming that the pressure ratios on the low 
and high-pressure sides in the two-stage compression are 
equal, the various sizes of the low- and high-pressure pistons 
4 and 8 are calculated as expressed by the following equations 
(4) and (5): 

L=LS1+LS2 (4) 

where L represents the total shaft power; LS1 represents the 
low-pressure required shaft power, and LS2 represents the 
high-pressure required shaft power. 

PAP1 =P2A (5) 

where Pm represents the intermediate absolute pressure; P1 
represents the low-pressure Suction absolute pressure; and P2 
represents the high-pressure discharge absolute pressure. 
0039. On the basis of the equations (1) and (2), LS1 and 
LS2 are expressed as follows: 

L1 = -- x10'x2' } (6) T. 1 O.060 p1. 

where QS1 represents the actual air Volume in Suction condi 
tion on the low-pressure side. 

where QS2 represents the actual air Volume in Suction condi 
tion on the high-pressure side. 
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0040. Here, in consideration of the equation (5), using the 
constant K, the equations (6) and (7) are transformed as 
follows: 

Ls2=Pm Cs2xK (9) 

0041. The equation (3) is substituted into the equations (8) 
and (9) as: 

where D1 represents the low-pressure bore diameter; D2 rep 
resents the high-pressure bore diameter; S1 represents the 
low-pressure stroke; and S2 represents the high-pressure 
stroke. 
0042. The motor shaft power becomes minimum when the 
low- and high-pressure sides are equal in pressure ratio and 
shaft power. Therefore, the following equations are obtained 
by the equations (10) and (11): 

Pir P2 (13) 
- = - Pm = - 
P1 Pi P1 

0043 Based on the above, in the embodiment of the 
present invention, respective bore diameters and strokes of 
the low-pressure piston 4 and the high-pressure piston 8 are 
determined by the equations (12) and (13). 
0044) Note that, in the equations (12) and (13), P2 must be 
made sufficiently large relative to P1 to obtain compressed air 
at high pressure. That is to say, in the equation (12), Pm must 
be made sufficiently large relative to P1. In this case, D1 must 
be made sufficiently large relative to D2, or S1 must be made 
sufficiently large relative to S2 to satisfy the equation (12) (to 
at least approximate the left- and right-hand values). 
0045. Here, the relationship between the low-pressure 
bore diameter D1 and the high-pressure bore diameter D2 
will be described. 
0046 Firstly, the low-pressure bore diameter D1 and the 
high-pressure bore diameter D2 are preferably set to satisfy 
D1-D2. This is because, in the case of the two-stage com 
pression, the pressure in the high-pressure compression 
chamber is higher than that in the low-pressure compression 
chamber, and therefore the area of the high-pressure piston 8 
is reduced to reduce a load thereon so as to reduce a load F of 
the piston 8 applied in the longitudinal direction of the con 
necting rod 8A from a top surface of the piston 8 and down 
size the bearing provided on the outer periphery of the eccen 
tric portion 13 on the center side of the connecting rod 8A. 
0047. Meanwhile, as will be described later, in the 
embodiment of the present invention, in consideration of the 
center-of-gravity balance of the product, it is necessary to 
prevent the high-pressure bore diameter D2 from being 
extremely small relative to the low-pressure bore diameter 
D1. 
0048. The center-of-gravity balance of the product is 
important, especially in portable air compressors. As shown 
in FIG. 3, the portable air compressor is mounted with a 
compressor body 21 including the low- and high-pressure 
compressor units described in FIG. 1, and the motor 3, for 
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example, on a pair of air tanks 22 (roughly in the center 
thereof). Also, various auxiliary components, in particular, a 
reducing valve 23 (26), a pressure gauge 24 (27), and an air 
outlet coupler 25 (28), which are large in mass, are mounted 
symmetrically with respect to the compressor body 21, 
thereby performing layout in consideration of the center-of 
gravity balance of the product. 
0049. With regard to the compressor body 21 with the 
largest mass thereamong, the center-of-gravity balance of the 
compressor body itself is also important. 
0050. As described above, the low- and high-pressure bore 
diameters D1 and D2 and the low- and high-pressure strokes 
S1 and S2 are determined so that the low- and high-pressure 
sides are made equal in shaft power and pressure ratio. The 
two-stage compression structure according to the embodi 
ment of the present invention as shown in FIG. 1 includes the 
opposed two cylinders, and therefore the center-of-gravity 
balance of the compressor body 21 is greatly influenced by 
the lengths and sizes of the low- and high-pressure cylinders 
14 and 17, air valves 15 and 18, cylinder heads 16 and 19 
protruding from the crankcase 1. As described above, it is a 
common practice to make the high-pressure bore diameter D2 
smaller than the low-pressure bore diameter D1 to reduce the 
high-pressure piston load F. However, an extreme difference 
between the bore diameters D1 and D2 causes differences in 
size, not only between the connecting rods 4A and 8A but also 
between the cylinders 14 and 17 forming the respective com 
pression chambers, the air valves 15 and 18, and the cylinder 
heads 16 and 19, thereby losing the lateral balance of the 
compressor body 21. As a result, the center-of-gravity bal 
ance of the overall product is deteriorated. This also occurs in 
the case where there is a difference in lengths 1 (the lengths 
from the centers of the eccentric portions 7 and 13 to the 
leading ends, i.e. top Surfaces, of the piston bodies 5 and 11) 
of the low- and high-pressure connecting rods 4A and 8A. In 
this case, in addition to the deterioration in the center-of 
gravity balance, the air cooled by the cooling fan 20 mounted 
on the compressor body 21 is less likely to reach the larger one 
in the length from the compressor body 21 to the cylinder 
head 16 (19), thereby producing an increase in temperature. 
As a result, performance deterioration and lifetime shorten 
ing might be caused. Also, when the compressor body 21 is 
mounted on the air tanks 22, the cylinder head of the larger 
one in length protrudes from between the air tanks 22. As a 
result, a disadvantage of an increase in dimension of the 
product might occur. 
0051. Therefore, in the light of the balance of the product, 
making an extreme difference in bore diameter D and con 
necting rod length 1 between the low- and high-pressure sides 
is preferably avoided. 
0052 Referring to FIG. 3, the compressor body 21 is 
mounted in Such a manner that the axial direction of the shaft 
2 and the longitudinal direction of the air tanks 22 are per 
pendicular to each other, thereby satisfying both miniaturiza 
tion and weight balance. However, the present invention is not 
limited thereto, and the compressor body 21 may be mounted 
in such a manner that the axial direction of the shaft 2 and the 
longitudinal direction of the air tanks 22 face in the same 
direction. In this case, by locating the shaft 2 in between the 
two air tanks 22, the center-of-gravity balance can be ensured. 
Furthermore, the size is determined so that the cylinder head 
is prevented from protruding from between the air tanks 22, 
thereby allowing realization of miniaturization. 
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0053. In view of the above, it is necessary to make the 
high-pressure bore diameter D2 smaller than the low-pres 
sure bore diameter D1 to reduce the piston load on the high 
pressure side, while it is necessary to prevent D1 from being 
extremely large relative to D2 to keep balance. In the embodi 
ment of the present invention, therefore, D1, D2, S1, and S2 
are determined in consideration of the foregoing. 
0054. In the equation (12), when S1<S2 is set without 
making a large difference between D1 and D2, Pm is not 
made sufficiently large relative to P1. Thus, in the equation 
(13), P2 is not made sufficiently large relative to P1. More 
specifically, no compressed air at high pressure is obtainable. 
In the embodiment of the present invention, therefore, S1DS2 
is set, thereby making the low- and high-pressure shaft pow 
ers subequal and preventing the center-of-gravity balance 
between the high- and low-pressure sides from being largely 
lost, so that compressed air at high pressure is obtainable. 
0055 For example, in order to prevent the center-of-grav 

ity balance from being largely lost, D1 is preferably set twice 
or less as large as D2. In this case, ifS1<S2 is set, Pm becomes 
four times or less as large as P1, and thus compressed air at 
sufficiently high pressure cannot be obtained. Therefore, in 
order to obtain compressed air at Sufficiently high pressure, 
S1 must be designed large relative to S2, and S1DS2 must be 
Set. 

0056 Next, the oscillating motion of the piston 4 (8) and 
the connecting rod 4A (8A) in the rocking piston mechanism 
will be described with reference to FIG. 4. 
0057. As shown in FIG. 4, while the piston 4 (8) and the 
connecting rod 4A (8A) move toward the top dead center 
position and the bottom dead center position during the Suc 
tion and discharge processes, the connecting rod 4A (8A) 
becomes oblique with respect to a central shaft 20 of the 
cylinder 14 (17) by the eccentricity of the eccentric portion 7 
(13). 
0058. The maximum tilt angle of the piston 4 (8) with 
respect to the cylinder 14 (17) during oscillation will be 
described. During oscillation of the piston 4 (8) within the 
cylinder 14 (17), when the maximum angle at which the 
longitudinal axis of the connecting rod 4A (8A) is tilted with 
respect to the cylinder central shaft 20, or the maximum angle 
at which a virtual plane normal to the cylinder central shaft 20 
and the top surface of the piston attached to a connecting rod 
upper portion are tilted, is set as a tilt angle 0, the tilt angle 0 
is determined by, the length 1 of the connecting rod 4A (8A), 
that is, the length from the center of the eccentric portion 7 
(13) to the leading end (top surface) of the piston body 5 (11), 
and the eccentric amount r of the eccentric portion 7 (13) with 
respect to the shaft 2 of the motor 3, as expressed by the 
following equation (14): 

0 = tan () (14) 

where 1 represents the connecting rod length; and r represents 
the eccentric amount (=stroke S/2). 
0059. Since S1 >S2 is set as described above, when the 
low-pressure eccentric amount is represented by r1 and the 
high-pressure eccentric amount is represented by r2, the rela 
tionship therebetween is r1 > r2. Also, since the low-pressure 
connecting rod length 11 and the high-pressure connecting 
rod length 12 are made subequal to stabilize the center of 
gravity of the compressor including the low- and high-pres 
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sure compressor units, the relationship of r1/11 dr2/12 is estab 
lished. Thus, on the basis of the equation (14), when the 
low-pressure maximum tilt angle is represented by 01 and the 
high-pressure maximum tilt angle is represented by 02, the 
relationship of 01-02 is established. 
0060. Therefore, regarding the center-of-gravity balance 
of the compressor body as described above, the tilt angle 0 is 
minimized while considering differences in the bore diameter 
D and the connecting rod length 1 between the low- and 
high-pressure sides, and the low- and high-pressure bore 
diameters D and strokes S (the stroke S equals two multiplied 
by the eccentric amount r), and the connecting rod lengths 1 
are determined by the foregoing equations while preventing 
the low-pressure maximum tilt angle 01 from becoming 
Smaller than the high-pressure maximum tilt angle 02. Thus, 
occurrence of the performance deterioration due to leakage of 
the compressed air is avoided, in particular, the performance 
deterioration on the high-pressure side can be prevented. 
Further, by equalizing the center-of-gravity balance of the 
compressor body, compressed air at high pressure can be 
obtained while preventing the deterioration in the center-of 
gravity balance of the product and unequal cooling. 
0061 Hereinafter, further advantages obtained by design 
ing the compressor So as to prevent the maximum tilt angle 02 
of the high-pressure piston 8 with respect to the high-pressure 
cylinder 17 from becoming larger than the maximum tilt 
angle 01 of the low-pressure piston 4 with respect to the 
low-pressure cylinder 14 will be described. 
0062. In the embodiment of the present invention, the 
piston body 5 of the low-pressure piston 4 is mounted with the 
lip ring 6 that is flexible and has high followability to a change 
in the gap between the cylinder 14 and the lip ring 6, thereby 
reducing the tendency to cause the performance deterioration 
due to leakage of compressed air from a gap formed in an 
oscillating direction of the piston 4. On the other hand, the 
piston body 11 of the high-pressure piston 8 is mounted with 
the piston ring 10 requiring stiffness under high pressure and 
temperature. The piston ring 10 is poor in followability to a 
change in the gap relative to the lip ring 6, and thus the 
performance deterioration due to leakage of compressed airis 
likely to be caused. It is therefore necessary to prevent the 
high-pressure side from being affected by leakage of com 
pressed air, in consideration of the angle at which the piston 8 
is tilted with respect to the cylinder 17. 
0063. While the connecting rod 4A (8A) moves toward the 
top dead center position and the bottom dead center position 
during the Suction and discharge processes, the connecting 
rod 4A (8A) becomes oblique with respect to the central shaft 
20 of the cylinder 14 (17) by the eccentricity of the eccentric 
portion 7 (13). At this time, the contact surface between the lip 
ring 6 (the piston ring 10) and the cylinder 14 (17) is formed 
in an elliptical shape (as viewed from the upper side of the 
cylinder central shaft) with the oscillating direction (the hori 
Zontal direction in FIG. 4) corresponding to the long axis. 
Thus, a gap between a side 6A (9A) in the oscillating direction 
of the lip ring 6 (the piston ring 10) and the cylinder 14 (17) 
is likely to be formed. In particular, during the compression 
process in which the piston 4 (8) moves toward the top dead 
center position, the performance deterioration is likely to be 
caused due to leakage of compressed air from the gap. 
0064. Therefore, in the embodiment of the present inven 
tion, as described above, the compressor is designed so as to 
prevent the high-pressure maximum tilt angle 02 from 
becoming larger than the low-pressure maximum tilt angle 
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01. Therefore, a maximum gap T2 formed between the high 
pressure piston 8 and the cylinder 17 can be prevented from 
becoming larger than a maximum gap T1 formed between the 
low-pressure piston 4 and the cylinder 14. This allows pre 
vention of occurrence of the performance deterioration due to 
leakage of compressed air, in particular, on the high-pressure 
compressor unit. 
0065. It should be noted that, in the embodiment of the 
present invention, the piston ring 10 having stiffness higher 
than the lip ring is mounted on the high-pressure piston body 
11, thereby also reducing the tendency to the performance 
deterioration due to abrasion. 

0066. Also, although the embodiment of the present 
invention has been described by using the case where the lip 
ring 6 is provided on the low-pressure piston body 5, a piston 
ring may be provided in place of the lip ring, in the same 
manner as the high pressure side. In this case, followability to 
the gap is reduced on the low-pressure compressor unit, how 
ever, since pressure in the compression chamber of the low 
pressure compressor unit is lower than that of the high-pres 
sure compressor unit, the low-pressure piston body 5 with the 
piston ring may be adopted by taking a measure Such as 
reducing the thickness of the piston ring to thereby increase 
the followability. When the low-pressure piston body 5 is 
provided with the piston ring, the performance deterioration 
due to abrasion of the piston 4 can be also prevented on the 
low-pressure compressor unit. 
0067. Furthermore, although the embodiment of the 
present invention adopting both the lip ring 9 and the piston 
ring 10 for use in the high-pressure piston body 11 has been 
described, if the performance deterioration due to abrasion 
becomes no problem, in place of the piston ring 10, a single 
lip ring may be provided facing the high-pressure compres 
sion chamber, in the same manner as the low-pressure piston 
body 5. Alternatively, such lip ring may be used together with 
the lip ring 9. In this case, further reduction in weight and cost 
of the high-pressure piston 8 can be realized. 
0068 Moreover, regarding the pressure in the compres 
sion chamber, the gas load F to be applied toward the con 
necting rod central axis from the piston top Surface (in the 
case where the piston body 5 (11) is the upper side and the 
connecting rod 4A (8A) is the lower side), and a horizontal 
component f of the gas load F occur, thereby pressing the lip 
ring 6 (9) against the cylinder 14 (17). Thus, the surface 
abrasion of the lip ring 6 (9) or the cylinder 14 (17) advances, 
which can result in performance deterioration. Since the gas 
load F is large especially on the high-pressure compressor 
unit, it is necessary to reduce the Surface abrasion of the lip 
ring 9, the piston ring 10, and the cylinder 17 on the high 
pressure compressor unit to prevent the performance deterio 
ration. 

0069. The horizontal component f of the gas load F 
increases as the tilt angle 0 corresponding to the angle at 
which the piston 4 (8) is tilted with respect to the cylinder 14 
(17) increases. In the embodiment of the present invention, as 
described above, the compressor is designed so as to prevent 
the high-pressure maximum tilt angle 02 from becoming 
larger than the low-pressure maximum tilt angle 01. There 
fore, especially on the high-pressure compressor unit in 
which the surface abrasions of the lip ring 9, the piston ring 
10, and the cylinder 17 could be a problem, it is possible to 
reduce the abrasions thereof and prevent the performance 
deterioration. 
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0070. As described above, in the embodiment of the 
present invention, the low-pressure piston 4 and the high 
pressure piston 5 are constructed according to the above 
described dimensional relationship therebetween, thereby 
minimizing the tilt angle 0. Also, the low- and high-pressure 
bore diameters D and strokes S (the stroke S equals two 
multiplied by the eccentric amount r), and connecting rod 
lengths lare determined by the foregoing equations (1) to (14) 
So as to prevent the high-pressure maximum tilt angle 02 from 
becoming larger than the low-pressure maximum tilt angle 
01, thereby allowing prevention of the performance deterio 
ration due to leakage of compressed air, especially on the 
high-pressure side. 
0071. It should be understood that the foregoing descrip 
tion is only illustrative of the preferred embodiment of the 
present invention, and should not be taken as a limitation of 
the technical scope of the invention. That is to say, various 
embodiments of the invention are possible without departing 
from the technical principles or essential of the invention. 

1. A reciprocating compressor comprising: 
a low-pressure compressor unit having a low-pressure pis 

ton and a low-pressure cylinder for compressing air with 
the low-pressure piston reciprocating while oscillating 
within the low-pressure cylinder; 

a high-pressure compressor unit having a high-pressure 
piston and a high-pressure cylinder for further com 
pressing the air compressed in the low-pressure com 
pressor unit with the high-pressure piston reciprocating 
while oscillating within the high-pressure cylinder; and 

a motor for driving the low-pressure compressor unit and 
the high-pressure compressor unit, 

wherein a maximum tilt angle during oscillation of the 
high-pressure piston is prevented from becoming larger 
than a maximum tilt angle during oscillation of the low 
pressure piston. 

2. The reciprocating compressor according to claim 1, 
wherein a maximum gap formed between the high-pressure 
piston and the high-pressure cylinder during oscillation of the 
high-pressure piston is prevented from becoming larger than 
a maximum gap formed between the low-pressure piston and 
the low-pressure cylinder during oscillation of the low-pres 
Sure piston. 

3. The reciprocating compressor according to claim 1, 
wherein the low-pressure piston and the high-pressure piston 
each include: an eccentric portion coupled to a rotating shaft 
of the motor for performing rotational motion; a piston body 
for compressing air within the cylinder, and a connecting rod 
for connecting the eccentric portion and the piston body, the 
piston body being fixed to the connecting rod. 

4. The reciprocating compressor according to claim 3, 
wherein the piston body performs oscillating motion with the 
rotational motion of the eccentric portion. 

5. The reciprocating compressor according to claim 1, 
wherein a bore diameter of the high-pressure piston is pre 
vented from being made larger than a bore diameter of the 
low-pressure piston. 

6. The reciprocating compressor according to claim 3, 
wherein a length from a center of the eccentric portion to a 
leading end of the low-pressure piston and a length from a 
center of the eccentric portion to a leading end of the high 
pressure piston are made subequal. 
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7. The reciprocating compressor according to claim 1, 
wherein the low-pressure piston and the high-pressure piston 
each include a piston body for compressing air within the 
cylinder, and 

wherein the piston body of the low-pressure piston is pro 
vided with a lip ring, and the piston body of the high 
pressure piston is provided with a piston ring. 

8. The reciprocating compressor according to claim 1, 
wherein the low-pressure piston and the high-pressure piston 
each include a piston body for compressing air within the 
cylinder, and 

wherein the piston body of the low-pressure piston is pro 
vided with a piston ring, and the piston body of the 
high-pressure piston is provided with a piston ring. 

9. A reciprocating compressor comprising: 
a motor having a rotating shaft; 
a low-pressure compressor unit having a low-pressure cyl 

inder and a low-pressure piston for compressing air, and 
a high-pressure compressor unit having a high-pressure 

cylinder and a high-pressure piston for further com 
pressing the air compressed in the low-pressure com 
pressor unit, 

the low-pressure piston and the high-pressure piston each 
including: an eccentric portion for performing eccentric 
motion with rotation of the rotating shaft of the motor; a 
connecting rod extending from the eccentric portion; 
and a piston body provided on a leading end of the 
connecting rod, 

wherein, when an eccentric amount of the eccentric portion 
of the low-pressure piston with respect to the rotating 
shaft of motor is represented by r1 and an eccentric 
amount of the eccentric portion of the high-pressure 
piston with respect to the rotating shaft of motor is 
represented by r2, the low- and high-pressure pistons are 
formed in such a manner that r1 > r2 is established. 

10. The reciprocating compressor according to claim 9. 
wherein a maximum gap formed between the high-pressure 
piston and the high-pressure cylinder during oscillation of the 
high-pressure piston is made Smaller than a maximum gap 
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formed between the low-pressure piston and the low-pressure 
cylinder during oscillation of the low-pressure piston. 

11. The reciprocating compressor according to claim 9. 
wherein the low-pressure piston and the high-pressure piston 
each include the piston body fixed to the connecting rod. 

12. The reciprocating compressor according to claim 9. 
wherein the respective piston bodies reciprocate while oscil 
lating within the high- and low-pressure cylinders with eccen 
tric motion of the eccentric portion. 

13. The reciprocating compressor according to claim 9. 
wherein a bore diameter of the high-pressure piston is made 
smaller than a bore diameter of the low-pressure piston. 

14. The reciprocating compressor according to claim 9. 
wherein, when a length from a center of the eccentric portion 
of the low-pressure piston to a leading end of the piston body 
of the low-pressure piston is represented by 11 and a length 
from a center of the eccentric portion of the high-pressure 
piston to a leading end of the piston body of the high-pressure 
piston is represented by 12, the low- and high-pressure pistons 
are formed so that r1/11r2/12 is established. 

15. The reciprocating compressor according to claim 9. 
wherein the piston body of the low-pressure piston is pro 
vided with a lip ring, and the piston body of the high-pressure 
piston is provided with a piston ring. 

16. The reciprocating compressor according to claim 9. 
wherein the piston body of the low-pressure piston is pro 
vided with a piston ring, and the piston body of the high 
pressure piston is provided with a piston ring. 

17. The reciprocating compressor according to claim 2, 
wherein the low-pressure piston and the high-pressure piston 
each include: an eccentric portion coupled to a rotating shaft 
of the motor for performing rotational motion; a piston body 
for compressing air within the cylinder, and a connecting rod 
for connecting the eccentric portion and the piston body, the 
piston body being fixed to the connecting rod. 

18. The reciprocating compressor according to claim 10, 
wherein the low-pressure piston and the high-pressure piston 
each include the piston body fixed to the connecting rod. 

c c c c c 


