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Description

Detailed Description Of The Invention

Technical Field

[0001] The present invention relates to a lubrication
system of a reciprocating piston type compressor for en-
gine supercharging, and particularly to a lubrication sys-
tem of a reciprocating piston type compressor for engine
supercharging provided with a pump cylinder body,
pump pistons, fitted into a cylinder hole of the pump cyl-
inder body at both ends of the cylinder hole, defining first
and second pump chambers communicating with a su-
percharging port of an engine, and drive means, ar-
ranged in a drive chamber formed in a central part of the
pump piston for supplying reciprocating movement to
the pump piston by driving using a drive shaft of the en-
gine.

Related Art

[0002] Up to now, as a lubrication system for an en-
gine supercharging compressor, it has been known to
branch a compressor lubrication oilway from a pressu-
rized oilway between an oil pump and a lubrication sec-
tion, inside an engine lubrication oilway sequentially
communicating with the oil pump, lubrication section
and oil pan of an engine, to open the compressor lubri-
cation oilway onto a sliding surface of the compressor,
and to supply engine lubrication oil to the compressor
using discharge pressure of the oil pump (for example,
to Japanese patent Publication No. Sho. 56-10451).

Problems To Be Solved By The Invention

[0003] Conventionally, the capacity of the engine oil
pump has primarily been determined depending on the
various parts of the engine to be lubricated, which
means that if engine lubrication oil is supplied to the
compressor using this oil pump, as has conventionally
been the case, the supply capacity of the pump was de-
termined by the operating conditions of the compressor,
and it was difficult to carry out fine control.
[0004] The present invention has been conceived in
order to solve the above described problems, and an
object of the invention is provide a lubrication system for
an engine supercharging compressor in which the com-
pressor is precisely lubricated according to its operating
conditions, even while using the engine lubricating oil.

Means Of Solving The Problems

[0005] in order to achieve the above described object,
a first aspect of the present invention is directed to a
lubrication system of a reciprocating piston type com-
pressor for engine supercharging, comprising a pump
cylinder body, pump pistons, fitted into a cylinder hole

of the pump cylinder body at both ends of the cylinder
hole, defining first and second pump chambers commu-
nicating with a supercharging port of an engine, and
drive means, arranged in an operation chamber formed
in a central part of the pump piston for supplying recip-
rocating movement to the pump piston by driving using
a drive shaft of the engine, wherein a compressor lubri-
cation oilway is branched off from an engine lubrication
oilway sequentially communicating with an oil pump, a
lubrication section and an oil pan of the engine, a down-
stream end of this compressor lubrication oilway opens
out into a section, at an inner surface of the pump cyl-
inder body, communicating with the drive chamber, and
a second pump having a smaller capacity than the oil
pump, for supplying some of the lubricating oil flowing
in the engine lubrication oilway to the pump cylinder
body side, is fitted into the compressor lubrication oil-
way.
[0006] According to this first aspect, by controlling the
second oil pump there is no affect on the operation of
the engine oil pump, and an appropriate amount of lu-
bricating oil can be drawn out from and engine lubricat-
ing oilway depending of the operating conditions of the
reciprocating piston type compressor and supplied to
the compressor. As well as lubricating reciprocal sliding
surfaces of the pump cylinder body and the pump piston,
the lubricating oil supplied to the compressor can lubri-
cate various parts of the drive means by penetrating
even during operation.
[0007] In addition to the above described aspect, a
second aspect of the present invention further compris-
es an annular groove facing the operation chamber be-
ing formed on an inner surface of the pump cylinder
body, and the downstream end of this compressor lubri-
cation oilway opening out into this annular groove.
[0008] According to the second aspect, an oil sump is
formed between the annular groove and the outer sur-
faces of the pump piston and lubricating oil is retained,
which means that lubrication of reciprocally sliding sur-
faces of the pump cylinder body and the pump piston
can be carried out effectively.

|Effects Of The Invention|

[0009] According to a first aspect of the present inven-
tion there is provided a lubrication system of a recipro-
cating piston type compressor for engine supercharg-
ing, comprising a pump cylinder body, pump pistons, fit-
ted into a cylinder hole of the pump cylinder body at both
ends of the cylinder hole, for defining first and second
pump chambers communicating with a supercharging
port of an engine, and drive means, arranged in a drive
chamber formed in a central part of the pump piston for
supplying reciprocating movement to the pump piston
by driving using a drive shaft of the engine, wherein a
compressor lubrication oilway is branched off from an
engine lubrication oilway sequentially communicating
with an oil pump, a lubrication section and an oil pan of
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the engine, a downstream end of this compressor lubri-
cation oilway opens out into a section, at an inner sur-
face of the pump cylinder body, communicating with the
operation chamber, and a second pump having a small-
er capacity than the oil pump, for supplying some of the
lubricating oil flowing in the engine lubrication oilway to
the pump cylinder body side, is fitted into the compres-
sor lubrication oilway. This means that by controlling the
second oil pump there is no affect on the operation of
the engine oil pump, and an appropriate amount of lu-
bricating oil is drawn out from and engine lubricating oil-
way depending of the operating conditions of the recip-
rocating piston type compressor and supplied to the
compressor, making it possible to lubricate reciprocal
sliding surfaces of the pump cylinder body and the pump
piston, and to supply an appropriate amount of lubricat-
ing oil to drive means for the drive chamber.
[0010] According to a second aspect of the present
invention, there is provided an annular groove facing the
operation chamber formed on an inner surface of the
pump cylinder body and the downstream end of this
compressor lubrication oilway opens out into this annu-
lar groove. This means that an oil sump is formed in the
annular groove between the outer surfaces of the pump
piston and lubricating oil is held in this sump, so it is
possible to effectively lubricate reciprocal sliding surfac-
es of the pump cylinder body and the pump piston.

Brief Description Of The Drawings

[0011] Fig. 1 is a cross-sectional side view of a super-
charged engine, for use with a motorcycle, of an embod-
iment of the present invention.
[0012] Fig. 2 is a cross section along line 2 - 2 in Fig. 1.
[0013] Fig. 3 is a cross section along line 3-3 3 in Fig.
1.
[0014] Fig. 4 is an enlarged cross sectional side view
of the reciprocating piston type compressor in Fig. 1.
[0015] Fig. 5 is a cross section along line 5 - 5 in Fig. 4.
[0016] Fig. 6 is a cross section along line 6 - 6 in Fig. 5.
[0017] Fig. 7 is a drawing in the direction of arrow 7
in Fig. 4.
[0018] Fig. 8 is a plan view of disassembled essential
parts of the above described compressor.
[0019] Fig. 9 is a cross sectional view of the disas-
sembled essential parts of the above described com-
pressor.
[0020] Fig. 10 is a chart showing operation open and
close timing of the inlet valve, exhaust valve and super-
charging valve of the above described engine, and op-
eration timing of pump piston of the above described
compressor.
[0021] Fig. 11 is a chart showing variations in rotation
angle of a pump piston side needle bearing in the above
described compressor.
[0022] Fig. 12 is a cross sectional view of a plunger
pump for supplying lubricating oil to the compressor.
[0023] Fig. 13 is a cross sectional view along line 13

- 13 in Fig. 12.
[0024] Fig. 14 is a cross sectional view showing a
modified example of the drive section of the plunger
pump.

Embodiments Of The Invention

[0025] Embodiments of the present invention will now
be described based on practical examples shown in the
attached drawings.
[0026] In Fig. 1 to Fig. 3, reference numeral E repre-
sents a supercharged engine mounted in a motor cycle
as a power source. An engine body 1 of this engine E
is comprised of a cylinder head 1b bolted to an upper
surface of a cylinder block 1a, and a combustion cham-
ber 3 facing a head of a piston 2 contained in a cylinder
bore 8 of the cylinder block 1a, as well as an intake port
4, exhaust port 5 and supercharging port 6 respectively
opening out into the combustion chamber 3, are formed
in this cylinder head 1b. The diameters of these ports
are set such that the intake port 4 is the largest, the su-
percharging port is the next largest and the exhaust port
is the smallest.
[0027] The inner ends of the intake port 4 and the ex-
haust port 5 are arranged along a straight line X orthog-
onal to the axis Y of the cylinder bore 8 and are lined up
either side of the axis Y. Also, the inside of the super-
charging port 6 partially interjects between the insides
of the intake port 4 and the exhaust port 5.
[0028] The intake port 4 and the exhaust port 5 com-
municate with an intake manifold and an exhaust man-
ifold (neither of which are shown in the drawings), as in
a normal engine, but the supercharging port 6 commu-
nicates with a discharge duct 57 of a reciprocating piston
type compressor C arranged adjoining an outer end of
a supercharging cam 11c. An intake valve 7i, exhaust
valve 7e and supercharging valve 7c respectively open-
ing and closing the insides of the intake port 4, the ex-
haust port 5 and the supercharging port 6, a spark plug
10 for igniting a fuel/air mixture introduced into the com-
bustion chamber 3, and a single valve gear cam shaft
11 for opening and closing the three valves 7i, 7e and
7c are attached to the cylinder head 1b.
[0029] An electrode 10a of the spark plug 10 is ar-
ranged so as to protrude between the inside of the intake
port 4 and the exhaust port 5 at the opposite side to the
inside of the supercharging port 6.
[0030] Also, the valve gear cam shaft 11 is arranged
along the straight line X, and the intake valve 7i and the
exhaust valve 7e are arranged either side of the axis Y
and aligned so as to form a V-shape along the straight
line X. This makes it possible to arrange the supercharg-
ing cam shaft 11c between the intake valve 7i and the
exhaust valve 7e, thus enabling reduction in the size of
the engine E. The supercharging valve 7c is arranged
in parallel to the axis Y. Valve springs 12i, 12e and 12c
are respectively attached to each of the valves 7i, 7e
and 7c to exert force in a direction of closing them.
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[0031] The valve gear cam shaft 11 is supported on
the cylinder head 1b via a pair of left and right ball bear-
ings 15 and 16. A tapered intake cam 11i and a tapered
exhaust cam 11e, directly engaging with each valve
head of the intake calve 7i and the exhaust valve 7e and
arranged between the two bearings 15 and 16, and a
supercharging cam shaft 11c engaging with the valve
head of the supercharging valve 7c via a rocker arm 19
axially supported on the cylinder head 1b, and arranged
between the cams 11i and 11e, are formed on the valve
gear cam shaft 11.
[0032] The inside of the intake port 4 and the exhaust
port 5 are also arranged so as to completely face the
cylinder bore 8, and the inside of the supercharging port
6 is arranged so that part of it protrudes to the outside
of the cylinder bore 8. In other words, part of the com-
bustion chamber 3 is caused to protrude outside the cyl-
inder bore 8, and the supercharging valve 7c is arranged
so that part of the supercharging port 6 is hollowed out
at the protruding part of the combustion chamber 3. Ac-
companying this, part of the supercharging valve 7c also
protrudes outside of the cylinder bore 8, and a gap g
that is slightly larger than the opening and closing stoke
of the supercharging valve 7c is provided between the
protruding part and an upper surface of the cylinder
block 1a. The opening and closing stroke of the super-
charging valve 7c is much smaller than the opening and
closing stroke of the intake valve 7i and exhaust valve
7e.
[0033] A first squish area 13 of the combustion cham-
ber 3 is defined between the supercharging valve 7c and
one side of a head surface of the piston 2 flattening out
at the upper limit of travel of the piston 2, and a second
squish area 14 of the combustion chamber 3 is defined
between the other side of the head surface of the piston
2, also flattening out at the upper limit of travel of the
piston 2.
[0034] The combustion chamber 3 of the cylinder
head 1b has a deepest section 3a offset to the sparkplug
10 side from the axis Y, and a concave section 2a cor-
responding to this deepest section 3a is formed in the
head surface of the piston 2.
[0035] A driven sprocket 18 driven from a crank shaft
(not shown) connected to the piston 2 via a chain 17 is
fastened to an end of the valve gear cam shaft 11 that
projects outside the left bearing 15.
[0036] Further, if the valve gear cam shaft 11 is driven
from the crank shaft via the chain 17, the intake exhaust
and supercharging valves 7I, 7e and 7c respectively
open and close at the timing shown in Fig. 10 by coop-
eration of the valves 11i, 11e and 11c for intake exhaust
and supercharging, as well as the valve springs 12, 13
and 14. Accordingly, spanning from the intake stroke to
the compression stroke, the supercharging valve 7c is
only open for the fixed time period from immediately be-
fore the intake valve 7i closes until after the valve is
closed. During this valve opening time, namely from af-
ter the intake stroke until the compression stroke has

commenced, high pressure air from the compressor C
is supercharged from the supercharging port 6 into the
combustion chamber 3. As a result, charging efficiency
is increased, and it is possible for the engine E to exhibit
high output power.
[0037] Particularly, part of the inside of the super-
charging port 6 is arranged protruding from the cylinder
bore 8, and so it becomes possible to sufficiently enlarge
the diameter of the supercharging port 6, sufficient su-
percharging is obtained without completely sacrificing
the overall diameter of the intake port 4 and the exhaust
port 5, and it is possible to effectively increase charging
efficiency. Also, since there is no need to specially in-
crease the diameter of the cylinder bore 8, it is not easy
for knocking to occur. In this case, part of the super-
charging valve 7c for opening and closing the inside of
the supercharging port 6 also projects from the cylinder
bore 8 and opposes the upper surface of the cylinder
block 1a, and the gap g slightly larger than the opening
and closing stroke of the supercharging valve 7c is pro-
vided between these opposing surfaces. This means
that the supercharging valve 7c can be opened and
closed without interfering with the cylinder block 1a. Al-
so, since the opening and closing stroke of the super-
charging valve 7c is much smaller than that of the intake
valve 7l and the exhaust valve 7e, reduction in compres-
sion ratio accompanying formation of the gap g is com-
paratively small.
[0038] The inner ends of the intake port 4 and the ex-
haust port 5 opening into the combustion chamber 3 are
arranged along a straight line X orthogonal to the axis
Y of the cylinder bore 8, and either side of the axis Y,
and the inner end of the supercharging port 6 is ar-
ranged so as to partially project between the inner ends
of the intake port 4 and exhaust port 5. Therefore, part
of the inner end of the supercharging port 6 is caused
to project outside the cylinder bore 8, it is possible to
sufficiently increase the diameter without each of the
ports 4, 5 and 6 interfering with each other, and further
improvements to charging efficiency and exhaust effi-
ciency can be obtained.
[0039] On the other hand, the electrode 10a of the
spark plug 10 is arranged projecting between the inner
ends of the intake port 4 and the exhaust port 5 at the
opposite side to the supercharging port 6, which means
that the electrode 10a can be allowed to approach the
central section of the combustion chamber 3 without ob-
structing the intake port 4, exhaust port 5 and super-
charging port 6, with the result that the propagation time
taken for a flame occurring at the time of ignition to reach
all edges of the combustion chamber is shortened con-
siderably, which can contribute to the prevention of
knocking.
[0040] Using the supercharging valve 7c, a larger first
squish area 13 of the combustion chamber 3 is defined
between the supercharging valve 6 and one side of the
head surface of the piston 2, while a second squish area
14 of the combustion chamber 3 is defined between the
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cylinder head 1b and the other side of the head surface
of the piston 2. This means that in the period of time
after the compression stroke the mixture in the combus-
tion chamber 3 is strongly compressed by the first and
second squish areas 13 and 14 and quickly forced to
the side of the deepest section 3a of the combustion
chamber 3, with the result that the mixture in the com-
bustion chamber 3 is well stirred, and at the time of ig-
nition the flame propagation time is improved contribut-
ing to prevention of knocking and rarefied combustion.
[0041] The deepest part 3a of the combustion cham-
ber 3 is located offset to the spark plug 10 side from the
axis Y of the cylinder bore 8 and the concave section 2a
is formed in the head surface of the piston 2 correspond-
ing to the deepest section 3a, which means that at the
time of ignition it is easy to generate a flame in the deep-
est section 3a and the hollow section 2a, and this flame
spreads smoothly from the deepest section 3a and the
hollow section 2a to edges including the first and second
squish regions 13 and 14, and it is possible to obtain a
favorable combustion state of the mixture.
[0042] Next, description will be given of a reciprocat-
ing piston type compressor C, using Fig. 4 to Fig. 7.
[0043] A reciprocating piston type compressor C com-
prises a pump cylinder body 20 having bearing bosses
21 and 22 projecting beyond both left and right outer
side surfaces, a pump piston 25 slidably fitted into a cyl-
inder hole 24 of the pump cylinder body 20, and a pump
crankshaft 26 for driving this pump piston 25. The pump
cylinder body 20 has the left bearing boss 21 fitted into
an attachment hole27 on a right side wall of the cylinder
head 1b and fastened with bolts 28 (refer to Fig. 7).
[0044] The pump piston 25 is not provided with a pis-
ton ring, but slides directly inside the cylinder hole 24 of
the pump cylinder body 20, and lubricating grease is
coated onto the sliding surfaces of the pump piston 25
and the cylinder hole 24.
[0045] There are bearing holes 22a and 23a reaching
as far as the inner surface of the pump cylinder body 20
in the bearing bosses 21 and 22, a pump crankshaft 26
is supported by ball bearings 29 and 30 fitted into these
bearing holes 21a and 22a, and one end of the pump
crankshaft 26 is connected to the valve gear cam shaft
11 via splines 31. An oil seal 32 for tightening around
the outer edge of the pump crankshaft 26 outside the
bearing 29 is fitted into to the left bearing hole 21a. This
oil seal 32 is constructed as a high pressure type to the
extent that it can withstand the valve opening pressure
of a relief valve 75 that will be described later.
[0046] A seal plug 32 adjoining the outside surface of
the bearing 30 is fitted into the bearing hole 22a, and a
cap 34 for covering this seal plug 33 is screwed to the
outer edge of the bearing boss 22.
[0047] The two ends of the cylinder hole 24 of the
pump cylinder body 20 are closed off by first and second
pump cylinder heads 231 and 232 forming a pair, and
first and second piston heads 251 and 252 defining first
and second pump chambers 361 and 362 between these

pump cylinder heads 231 and 232 are formed on either
end of the pump piston 25.
[0048] A circular operating chamber 37 penetrating
between the two piston heads 251 and 252 and biased
to the side of the second piston head 252 and a piston
pin hole 38 penetrating through the first piston head 251
in a sideways direction for supporting the piston pin 39
are formed in the pump piston 25, and a crank pin 26a
of the pump crankshaft 26, and a connecting rod 40 for
connecting this crank pin 26a to the piston pin 39, are
housed in the operating chamber 37.
[0049] The connecting rod 40 has a first bearing hole
40a in an end at the cranks pin 26a side and a second
bearing hole 40b in an end at the piston pin 39 side, and
the crank pin 26a and the piston pin 39 are respectively
supported by first and second needle bearings 41 and
42 fitted into these bearing holes 40a and 40b.
[0050] An oil sump 46 is formed in the connecting rod
40, and oil holes 47 and 48 respectively leading to the
two bearing holes 40a and 40b are cut through this oil
sump 46.
[0051] In order to simplify the manufacture of the
pump piston 25, the pump piston is split up into two pis-
ton half bodies 25a and 25b between the operating
chamber 37 and the piston pin hole 38, and these two
piston half bodies are fastened together using a plurality
of bolts 49.
[0052] As shown in Fig. 4 to Fig. 6, engagement holes
50 in opposite surfaces of the pump cylinder body 20,
annular discharge chambers 51 having a smaller diam-
eter than the engagement holes 50, and cylindrical in-
take chambers 52 surrounding the discharge chambers
51 are respectively provided in the first and second
pump cylinder heads 231 and 232, and with these en-
gagement holes engaged with both outer ends of the
pump cylinder body 20 the two pump cylinder heads 231
and 232 are integrally fastened together using a plurality
of bolts 53 and nuts 54.
[0053] Also, a first connecting pipe 551 for connecting
between these two intake chambers 52, 52, and a sec-
ond connecting pipe for connecting between the two dis-
charge chambers 51, 51, are respectively attached to
the two pump cylinder heads 231 and 232, and an intake
duct 56 for connecting the intake chamber 52 to a central
portion of an intake manifold (not shown) of the engine
E, and a discharge duct 57 for connecting the discharge
chamber 51 to the supercharging port 6 of the engine E
are connected to the second pump cylinder head 232.
[0054] Valve systems 58 for the engagement holes 50
are provided between the pump cylinder body 20 and
each of the pump cylinder heads 231 and 232, as de-
scribed in the following.
[0055] As shown in Fig. 8 and Fig. 9, a valve system
58 is composed of an annular dorsal plate 60, a thin in-
take valve plate 61, a valve seat plate 62 and a thin dis-
charge valve plate 63, stacked in that order on top of
each other. These structural members 60, 61, 62 and
63 are formed circularly having substantially the same
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outer diameter as the end sections of the pump cylinder
body 20. These valve systems 58 have the dorsal plate
60 located on the end surface side of the pump cylinder
body 20, are fitted inside the engagement holes 50 of
the pump cylinder heads 231 and 232 corresponding to
the end sections of the pump cylinder body 20 and are
held between the pump cylinder body 20 and each of
the pump cylinder heads 231 and 232 using the bonding
force connecting between the first and second pump cyl-
inder heads 231 and 232 while inserting them into the
pump cylinder body 20 provided by the bolts 53 and nuts
54, as described above.
[0056] In this case, a first knock pin 651 is engaged in
first locating holes 641 provided in each of the pump cyl-
inder heads 231 and 232; the discharge valve plate 63
and the valve seat plate 62, while a second knock pin
652 is engaged in second locating holes 642 provided in
the valve seat plate 62, the intake valve plate 61 and the
dorsal plate 60.
[0057] Four groups of three intake holes 67 are cut
close to the center of the valve seat plate 62 and spaced
90°apart in the circumferential direction, and two groups
of 7 discharge holes 68 are cut close to the outside of
the valve seat plate 62 spaced 180° apart from one an-
other in the circumferential direction.
[0058] Four intake reed valves 61a corresponding to
the four sets of intake holes 67, and two elongated arc
shaped holes 69 respectively encircling the two sets of
discharge holes 68 so as not to block them off, are pro-
vided in the intake valve sheet 61. Each intake reed
valve 61a has a base end extremely close to the outer
edge of the intake valve plate 61 and a tip end extremely
close to the center of the intake valve plate 61, and is
formed by cutting slits in the intake valve plate 61 along
its perimeter so as to extend in a radial direction of the
intake valve plate 61.
[0059] Notch-like regulating sections 60a corre-
sponding to the base ends of each of the intake reed
valves 61a are provided on the inside of the dorsal plate
60, and bending fulcrums of the intake reed valves 61a
are regulated by these regulating sections 60a. By form-
ing the regulating sections 60a as these notches, the
bending length of the intake reed valves 61a can be
made extremely long without interfering with opening
edges of the cylinder hole 24 of the pump cylinder body
20. If it is desired to make this bending length short, the
regulating sections 60a can be made to jut out.
[0060] Two discharge reed valves 63a corresponding
to the two groups of discharge holes 68, and a large cir-
cular hole 70 encircling the four sets of intake holes 67
so as not to block them off, are provided in the discharge
valve plate 63. The discharge reed valves 63a are
formed by cutting slits in the discharge valve plate 63
along its perimeter.
[0061] An annular partition 62a engaging with inner
surfaces of the intake chambers 52 of corresponding
pump cylinder heads 231 and 232 is formed on the upper
surface of the valve seat plate 62 passing through the

circular hole 70, and this annular partition divides the
intake chamber 52 from the discharge chamber 51.
[0062] As shown in Fig. 5, a valve attachment hole 71
opening into an outer side surface of the pump cylinder
body 20 , and a relief hole 72 penetrating through a bot-
tom wall of the valve attachment hole 71 are provided
in a side wall of the pump cylinder body 20, and an an-
nular recess 77 connecting the relief hole 72 with the
operation chamber 37 is formed at part of the inner sur-
face of the pump cylinder body 20 opposite to the pump
piston 25.
[0063] A valve housing 73 fits over the outside of the
first connecting pipe 551, and a plurality of communica-
tion holes 74 for connecting the inside of the valve hous-
ing 73 with the inside of the connecting pipe 551 are
formed in the peripheral walls of the connecting pipe
551. A relief valve 75 for opening and closing the relief
holes 72, and a valve spring for urging the relief valve
75 in a closing direction against a specified set load, are
contained in the valve housing 73.
[0064] In Fig. 4, reference numeral 80 represents in-
spection holes provided in each of the pump cylinder
heads 231 and 232, and reaching to the intake chamber
52, and they are normally closed off by bolts 81.
[0065] During running of the engine E, if the pump
crankshaft 26 of the compressor C is driven by the valve
gear cam shaft 11, the pump piston 25 is forcedly sup-
plied with reciprocating movement through the connect-
ing rod 40 and the first and second pump chambers 361
and 362 alternate between decompression and com-
pression.
[0066] At the time of decompression of the first pump
chamber 361, due to the fact that the discharge holes
68 are closed off by the discharge reed valve 63a and
the intake holes 67 are open by the intake reed valve
61a, air inside the intake manifold (not shown) of the
engine E is inducted from the intake duct 56 passing
sequentially through the first connecting pipe 551, the
intake chamber 52 and the intake holes 67 to the pump
chamber 361. Also, at the time of compression of the
pump chamber 361, since the intake holes 67 are closed
off by the intake reed valve 61a and the discharge holes
658 are opened by the discharge reed valve 63a, com-
pressed air in the pump chamber 361 is supplied from
the discharge holes 68, passing sequentially through
the discharge chamber 51, the second connecting pipe
552 and the discharge duct 57, to the supercharging port
6 of the engine E.
[0067] At the time of decompression of the second
pump chamber 362, similarly to the case for the first
pump chamber 361, due to the fact that the discharge
reed valve 63a is closed and the intake reed valve 61a
is open, air inside the intake manifold of the engine E is
inducted from the intake duct 56 without passing
through the first connecting pipe 551, to the intake cham-
ber 52, the intake holes 67 and the pump chamber 362.
Also, at the time of compression of the pump chamber
362, similarly to the case for the first pump chamber 361,
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since the intake reed valve 61a is closed and the dis-
charge reed valve 63a is open, compressed air in the
pump chamber 362 is discharged from the discharge
holes 68 to the discharge chamber 51 and the discharge
duct 57, without passing through the second connecting
pipe 552 and supplied to the supercharging port 6 of the
engine E.
[0068] In the compressor C, the first and second
pump chambers 361 and 362 are alternately caused to
operate by a single pump piston 25, which means that
the size of each part of the pump piston 25 is made small
for overall amount of flow per unit time, and it is possible
to realize significant reduction in size of the compressor
C.
[0069] Also, since the pump crankshaft 26 is support-
ed by a pair of ball bearings 29 and 30 on both side walls
of the pump cylinder body 20, it is possible to firmly sup-
port the pump crankshaft 26 using the high rigidity pump
cylinder body 20.
[0070] Since the pump piston 25 is driven from the
pump crankshaft 26 through the connecting rod 40, var-
iation on the swinging speed of the connecting rod 40
relative to the piston pin 39 during rotation of the pump
crankshaft 26 is smooth, and so, as shown in Fig. 11,
variations in the rotational speed of a needle bearing 42
supporting the piston pin 39 are also always smooth and
it is possible to increase the durability of the needle bear-
ing 42.
[0071] The pump piston 25 slides directly on the in-
side of the cylinder hole 24 of the pump cylinder body
20 without the provision of piston rings, which means
that power loss due to the sliding resistance of piston
rings can be kept small. However, since there are no
piston rings, compressed air of each of the pump cham-
bers 361 and 362 passes through a miniscule gap be-
tween the pump piston 25 and the inner surface of the
cylinder hole 24 and leakage to the operating chamber
37 is unavoidable, but by causing the operating cham-
ber to be pressurized using this leakage a difference be-
tween the pressure at the time of compression of the
first and second pump chambers 361 and 362 and the
pressure of the operating chamber 37 is reduced. As a
result, the amount of gas leaking to the operating cham-
ber 37 is reduced, and it is possible to increase the op-
erating efficiency of each of the pump chambers 361 and
362.
[0072] In the case that the inside of the operating
chamber 37 has been pressurized to equal to or greater
than a specified pressure, the relief valve 75 is opened
and excess pressure of the operating chamber 37 is re-
leased to the low pressure first connecting pipe 551,
which means that over-pressurization of the operating
chamber 37 is prevented, it is possible to increase the
durability of other seal portions other than the oil seal
32, and it is possible to prevent leakage of gas from the
operating chamber 37 to the cylinder head 1b of the en-
gine E. Since the gas that has been released to the first
connecting pipe 551 is again taken in to the first and sec-

ond pump chambers 361 and 362, there is no release of
gas to the outside and no waste.
[0073] Lubrication systems for the engine E and the
reciprocating piston type compressor C will now be de-
scribed with reference to Fig. 1 and Fig. 13.
[0074] First of all, as in the normal case, the lubrica-
tion system of the engine E comprises an oil pan 83 for
holding lubricating oil, an oil pump P1 for sucking up lu-
bricating oil from the oil pan 83 through a strainer 84, a
pressurized oilway 87a for guiding lubrication oil that
has been discharged by the oil pump P1 to lubrication
sections 86 (a piston, crankshaft, valve mechanism,
etc.) inside the engine E, and a low pressure oilway 87b
for returning lubricating oil that has completed lubrica-
tion of the lubrication sections 86 to the oil pan 83. Lu-
bricating oilways 87 for the engine E are constituted by
the pressurized oilway 87a and low pressure oil way
87b.
[0075] Next description will be given of the lubrication
system of the reciprocating piston type compressor C.
[0076] A bypass oilway 88 for bypassing the lubricat-
ing sections 86 is connected to the lubricating oilways
87 for the engine, and branched oilway 89 branched
midway along the bypass oilway 88 is connected to the
reciprocating piston type compressor C through a plung-
er pump P2 (second oil pump). An orifice 90 is provided
in an upstream part of the bypass oilway 88, and acts
as a regulator so that at least a required mount of lubri-
cating oil flows from the pressurized oilway 87a to the
bypass oilway 88.
[0077] The plunger pump P2 is comprised of a pump
body 92 fastened to an outer side surface of the pump
cylinder body 20 of the compressor C, a plunger 91 de-
fining a pump chamber 93 and slidably fitted into a cyl-
inder hole 92a of the pump body 92, a solenoid 95, at-
tached to an upper surface of the pump body 92 for im-
parting a discharge function on the plunger 91 via a mov-
able core 93 upon excitation, and a return spring 97 for
urging the plunger 91 in an intake function direction via
a retainer 96. The plunger pump P2 has a lower capacity
than the oil pump P1 of the engine E.
[0078] An intake port 98 for connecting the branched
oilway 89 to the pump chamber 93, and a discharge port
99 for connecting the pump chamber 93 to an inner sur-
face of the pump cylinder body 20 of the compressor C
opposite to the pump piston 25, specifically, the annular
groove 77, are provided in the pump body 92, and an
intake valve 100 and a discharge valve 101 are respec-
tively installed in the intake port 98 and the discharge
port 99.
[0079] A cover 102 for covering the solenoid 95 is also
fitted into the pump body 92, and an adjustment bolt 103
for adjusting the stroke of the movable core 94 is
screwed into the cover 102.
[0080] The branched oilway 89 has a specified vol-
ume to allow it to have a sump function, and is provided
with a specified difference H between an upper inlet and
a lower outlet . A filter 104 is provided at the inlet side
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of the branched oilway 89, so as to expose a filtration
surface to a flow of lubricating oil for the engine E inside
the bypass oilway 88.
[0081] During running of the engine, a lot of the lubri-
cating oil discharged by the oil pump P1 is supplied to
the lubricating sections 86 through the pressurized oil-
way 87a, but some is made to flow to the bypass oilway
88 while being regulated by the orifice 90. Some of this
portion of the lubricating oil flows to the branched oilway
89 side, while after it has passed through the by pass
oilway 88 the remainder is recombined in the low pres-
sure oilway 87b with lubricating oil that has finished lu-
bricating the lubricating sections 86 and flows back to
the oil pan 83.
[0082] During this operation, the plunger 91 is carry-
ing out a pumping operation in the plunger pump P2 due
to repeated excitation and demagnetization of the sole-
noid 95, which means that during the intake stroke lu-
bricating oil is inducted from the branched oilway 89 to
the pump chamber 93, and during the discharge stroke
where lubricating oil is supplied from the discharge port
99 to the annular groove 77 on the inner surface of the
pump cylinder body 20.
[0083] The annular groove 77 forms an oil sump be-
tween the outer surfaces of the pump piston 25, and mu-
tually sliding surfaces of the pump cylinder body 20 and
the pump piston 25 are effectively lubricated by the oil
retained in this sump.
[0084] As well as this, lubricating oil that has been
supplied to the annular groove 77 also flows in to the
pump chamber 37 of the pump piston 2 and is scattered
by the reciprocating movement of the pump piston 25 to
lubricate the bearings 29 and 30 supporting the pump
crankshaft 26, and is then held in the sump 46 of the
connecting rod 40, passes through the oil holes 47 and
48 and lubricates the needle bearings 41 and 42 respec-
tively supporting the crank pin 26a and the piston pin 39.
[0085] These various flows of lubricating oil leak out
to the first and second pump chambers 361 and 362
through a sliding surface gap between the pump cylin-
der body 20 and the pump piston 25, accompany the
reciprocating movement of the pump piston 25, and the
oil is used up by being supplied to the engine E together
with supercharging air. In order to compensate for the
used up amount, a lubricating oil discharge amount of
the plunger pump P2 is adjusted by controlling the
number of times the solenoid 95 is energized. Accord-
ingly, while using lubricating oil of the engine E in the
lubrication of the compressor C, it is possible to supply
an appropriate amount of lubricating oil in small
amounts according to the operating conditions to the
compressor C, without affecting the operation of the oil
pump P1 of the engine.
[0086] Lubricating oil is usually flowing in the bypass
oilway 88, and since bubble retention does not occur, it
is possible to supply oil free from bubbles into the
branched oilway 89 through the filter 104. Also, this
branched oilway 89 has an oil retaining function and has

an inlet facing upwards, which means that since only a
little lubricating oil flows in the branched oilway 89, even
if bubbles do arise in this oil these bubbles immediately
climb the branched oilway 89 and move to the bypass
oilway 88, and are discharged to the oil pan 83 together
with lubricating oil that passes through the bypass oil-
way 88. Accordingly, the plunger pump P2 always sup-
plies an appropriate amount of bubble free lubricating
oil from the branched oilway 89 to the compressor C,
and this enables lubrication to be carried out accurately.
[0087] In addition, the filtering surface of the filter 104
is exposed to the flow of engine lubricating oil in the by-
pass oilway 88 which means that the filtering surface is
always cleaned and there is no build up of foreign sub-
stances, a so-called self cleaning effect is obtained, and
it is possible to preemptively prevent a reduction in the
intake amount of the plunger pump P2 that would be
caused by silting up of the filtering . surface.
[0088] Also, since a specified difference H is provided
between the upper inlet and lower outlet of the branched
oilway 89, the weight of the lubricating oil inside the
branched oilway 89 is applied to the intake port 98 of
the compressor C and the plunger pump P2 can supply
lubricating oil at the same time as commencing opera-
tion without delaying the compressor C.
[0089] Fig. 14 shows a modified example where the
drive section of the above described plunger pump P2
adopts a negative pressure drive system in place of a
solenoid drive system. In this modified example, an op-
erating piston 105 linked to the upper end of the plunger
91 is slidably engaged with a cylinder 106 of the pump
body 92. The inside of this cylinder 106 is divided into
an upper atmospheric air chamber 107 and a lower
transformation chamber 108 by the operating piston
105, and an extending pathway 109 of the transforma-
tion chamber 108 is provided so as to switchably con-
nect alternately to the an atmospheric air pathway 111
or a negative pressure pathway 112 via a magnetic
switching valve 110. The atmospheric pathway 111 is
open to the atmosphere, while the negative pressure
pathway 112 is connected to a source of negative pres-
sure (for example, the inside of the intake manifold of
the engine E). A return spring 113 for urging the plunger
91 in the direction of an intake operation via the operat-
ing piston 105 is housed in the transformation chamber
108. The remainder of the structure is the same as the
above described plunger pump P2, and so parts in the
drawing corresponding to parts of the plunger pump P2
have the same reference numbers, and description
thereof will be omitted.
[0090] If atmospheric air and negative pressure are
alternately supplied to the transformation chamber 108
through the atmospheric air pathway 11 and the nega-
tive pressure pathway 112 by repeated switching of the
magnetic switching valve 110, the operating piston 105
is caused to rise and fall and a pumping movement can
be supplied to the plunger 91. Accordingly, it is possible
to adjust the amount of lubricating oil discharged by the
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plunger 91 by controlling the number of times the switch-
ing valve 110 is switched.
[0091] The present invention is not limited to the em-
bodiments described above, and various design modi-
fications are possible without departing from the scope
of the invention. For example, The magnetic plunger P2
can be constructed so that an intake operation is sup-
plied to the plunger 91 by excitation of the plunger P2
and a discharge operation is supplied to the plunger 91
by the urging force of the return spring 97. Also, it is
possible to fix the stroke of the movable core 94 and do
away with the adjustment bolt 103, and if the solenoid
95 is constructed so that it is extremely resistant to
weather corrosion it is also possible to do away with the
cover 102.

Description Of The Numerals

[0092]

E engine
p1 oil pump
P2 second oil pump
6 supercharging port
11 drive shaft (valve gear cam shaft)
20 pump cylinder body
24 cylinder hole
25 pump piston
26, 40 drive means (pump crankshaft, connecting

rod)
83 oil pan
86 lubrication section
87 lubrication oilway for engine
89 lubrication oilway for compressor (branched

oilway)

Claims

1. A lubrication system of a reciprocating piston type
compressor for engine supercharging, comprising
a pump cylinder body (20), pump pistons (25), fitted
into a cylinder hole (24) of the pump cylinder body
(20) at both ends of the cylinder hole (24), for de-
fining first and second pump chambers (361, 362)
communicating with a supercharging port (6) of an
engine (E), and drive means, arranged in an oper-
ation chamber (37) formed in a central part of the
pump piston (25) for supplying reciprocating move-
ment to the pump piston (25) using a drive shaft (11)
of the engine (E), wherein,

a compressor lubrication oilway (89) is
branched off from an engine lubrication oilway (87)
sequentially communicating with an oil pump (P1),
a lubrication section (86) and an oil pan (83) of the
engine (E), a downstream end of this compressor
lubrication oilway (89) opens out into a section, at
an inner surface of the pump cylinder body (20),

communicating with the operation chamber (37),
and a second pump (2) having a smaller capacity
than the oil pump (P1), for supplying some of the
lubricating oil flowing in the engine lubrication oil-
way (87) to the pump cylinder body (20) side, is fit-
ted into the compressor lubrication oilway (89).

2. The lubrication system of a reciprocating piston
type compressor for engine supercharging as dis-
closed in claim 1, wherein an annular groove (77)
facing the operation chamber (37) is formed on an
inner surface of the pump cylinder body (20), and
the downstream end of this compressor lubrication
oilway (89) opens out into this annular groove (77).

Patentansprüche

1. Schmiersystem für einen Kolbenverdichter einer
aufgeladenen Brennkraftmaschine, umfassend: ei-
nen Pumpenzylinderkörper (20), Pumpenkolben
(25), die in eine Zylinderbohrung (24) des Pumpen-
zylinderkörpers (20) an beiden Enden der Zylinder-
bohrung (24) eingesetzt sind, um erste und zweite
Pumpenkammern (361, 362) zu definieren, die mit
einem Aufladeanschluß (6) einer Maschine (E) in
Verbindung stehen, und ein Antriebsmittel, das in
einer Arbeitskammer (37) angeordnet ist, die in ei-
nem zentralen Abschnitt des Pumpenkolbens (25)
ausgebildet ist, um den Pumpenkolben (25) unter
Verwendung einer Antriebswelle (11) der Maschine
(E) zu einer Hubbewegung zu veranlassen, wobei

ein Verdichterschmierölpfad (29) von einem
Maschinenschmierölpfad (87) abzweigt und se-
quentiell mit einer Ölpumpe (P1), einem Schmier-
abschnitt (86) und einer Ölwanne (83) der Maschi-
ne (E) verbunden ist, wobei ein stromabwärts an-
geordnetes Ende dieses Verdichterschmierölpfa-
des (89) sich an einer Innenoberfläche des Pum-
penzylinderkörpers (20) in einen Abschnitt öffnet,
der mit der Arbeitskammer (37) in Verbindung steht,
und wobei eine zweite Pumpe (2) mit einer kleine-
ren Kapazität als die Ölpumpe (P1) zum Zuführen
von etwas Schmieröl, das im Maschinenschmieröl-
pfad (87) fließt, zur Seite des Pumpenzylinderkör-
pers (20), in den Verdichterschmierölpfad (89) ein-
gesetzt ist.

2. Schmiersystem für einen Kolbenverdichter einer
aufgeladenen Brennkraftmaschine nach Anspruch
1, wobei eine ringförmige Nut (77), die der Arbeits-
kammer (37) zugewandt ist, auf einer Innenoberflä-
che des Pumpenzylinderkörpers (20) ausgebildet
ist, und wobei sich das stromabseitige Ende dieses
Verdichterschmierölpfades (89) in diese ringförmi-
ge Nut (77) öffnet.
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Revendications

1. Système de lubrification d'un compresseur de type
à piston à mouvement alternatif destiné à la surali-
mentation d'un moteur, comprenant un corps de cy-
lindre de pompe (20), des pistons de pompe (25)
ajustés à l'intérieur d'un orifice de cylindre (24) du
corps de cylindre de pompe (20) aux deux extrémi-
tés de l'orifice de cylindre (24), afin de définir une
première et une seconde chambre de pompe (361,
362) en communication avec un orifice de surali-
mentation (6) d'un moteur (E), et des moyens d'en-
traînement aménagés dans une chambre de fonc-
tionnement (37) formée dans une partie centrale du
piston de pompe (25) afin de procurer un mouve-
ment alternatif au piston de la pompe (25) à l'aide
d'un arbre d'entraînement (11) du moteur (E), dans
lequel :

un passage d'huile de lubrification de compres-
seur (89) est en dérivation à partir d'un passage
d'huile de lubrification du moteur (87) en com-
munication en séquence avec une pompe à
huile (P1), une section de lubrification (86) et
un bac à huile (83) du moteur (E), une extrémité
aval de ce passage d'huile de lubrification de
compresseur (89) s'ouvre à l'intérieur d'une
section, sur une surface interne du corps de cy-
lindre de pompe (20), en communication avec
la chambre de fonctionnement (37), et une se-
conde pompe (2) ayant une capacité plus faible
que la pompe à huile (P1), destinée à fournir
une certaine quantité d'huile de lubrification qui
s'écoule dans le passage de lubrification su
moteur (87) du côté du corps de cylindre de
pompe (20), est ajustée à l'intérieur du passage
d'huile de lubrification du compresseur (89).

2. Système de lubrification d'un compresseur de type
à piston à mouvement alternatif destiné à la surali-
mentation d'un moteur selon la revendication 1,
dans lequel une gorge annulaire (77) faisant face à
la chambre de fonctionnement (37) est formée sur
une surface interne du corps de cylindre de pompe
(20), et dans lequel l'extrémité aval de ce passage
d'huile de lubrification de compresseur (89) s'ouvre
à l'intérieur de cette gorge annulaire (77).
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