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APPARATUS FOR LUBRICATING A ROTARY
SWASH PLATE TYPE COMPRESSOR

The present invention relates to an improvement of
a rotary swash-plate type compressor mainly adapted
to be used for the air conditioning of a vehicle, and
more particularly relates to a novel apparatus for lubri-
cating a rotary swash-plate type compressor in which
the oil pump for distributing lubricating oil has been
eliminated by directly leading the lubricating oil sepa-
rated from the refrigerant drawn from a refrigerating
circuit, into several slidably moving and rotating sec-
tions in the rotary swash-plate type compressor (here-
inafter, referred to only as a compressor).

Generally, a compressor of this type includes an oil
separating mechanism, because the lubrication for the
slidably moving and rotating sections of the compressor
are necessarily carried out by using the oil mixed within
the refrigerant after separating it, and the oil separating
mechanism is usually formed in the suction chambers,
that is, the spaces disposed above the drive shaft pro-
vided with several slidably moving members such as
bearings which should be always in the lubricated state.

The lubricating oil separated from the refrigerant by
means of the oil separating mechanism flows down
once and is stored in a main oil reservoir disposed at
the bottom section of the compressor body. Subse-
quently, in the conventional lubricating system, the oil
stored in the main oil reservoir is pumped up through
a suction pipe by the oil pump cooperable with the
drive shaft and also capable of distributing the oil in the
slidably moving sections through the supply passage
bored in the axially central portion of the drive shaft.

However, there are many drawbacks in such a lubri-
cating system including the high cost of the compres-
sor, in that the lubricating oil having once flowed down
into the reservoir, must be pumped up again for supply
to all sliding sections of the compressor for the purpose
of lubrication.

Also, the disposition of the above-mentioned oil
pump has not only necessiated much experience and
skill to carry out the design, fabricating and assembling
operation of incorporating the pump in the compressor
but also has necessitated additional driving power to
rotate the oil pump during the operation of the com-
Ppressor.

An object of the present invention is to simplify the
lubricating mechanism of a rotary swash-plate type
compressor, so that fabricating and assembling opera-
tions of the compressor may be simplified and also, so
that the entire compressor may be made more com-
pact.

Another object of the present invention is to provide
an improved apparatus for lubricating a compressor in
which burning of the sliding sections of the compressor
at the starting moment of the operation is completely
prevented.

Still another object of the present invention is to pro-
vide a compressor at low cost due to simplification of
the internal mechanism, especially the lubricating
mechanism thereof.

Further objects and advantages of the present inven-
tion will become apparent from the ensuing descrip-
tions of several preferred embodiments with reference
to the accompanying drawings wherein;

FIG. 1 is a vertical sectional view of a compressor ac-
cording to the prior art;
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FIG. 2 is a schematically perspective view of paired
cylinder blocks according to the prior art;

FIGS. 3 and 4 are schematically perspective views of
preferred embodiments of paired cylinder blocks ac-
cording to the present invention;

FIG. § is a vertical sectional view of a preferred em-
bodiment of the compressor showing the lubricating
mechanism thereof;

FIG. 6 is a front view of another embodiment show-
ing a front cylinder block according to the present in-
vention;

FIG. 7 is a vertical sectional view of another embodi-
ment of the compressor according to the present inven-
tion taken along the line A—C of FIG. 6,

FIG. 8 is a vertical section view similar to FIG. 7 but
taken along the line B—C of FIG. 6; and

FIG. 9 is a rear view of a front valve plate according
to a preferred embodiment of the present invention.

Referring now to FIG. 1 and FIG. 2, a conventional
swash-plate type compressor is shown in which 1 and
2 are a pair of front and rear cylinder blocks split verti-
cally by a plane normal to the axis of both cylinder
blocks 1 and 2 while being arranged face to face in se-
ries. At the front and rear end surfaces of the paired
cylinder blocks, 1, 2, there are attached front and rear
housings 8, 6 also arranged in series in the axial direc-
tion via respective valve plates 3, 4 so as to sandwich
the entire cylinder blocks 1 and 2.

Also, these cylinder blocks are rigidly combined with
each other by a shell 7 while being restricted to a pre-
determined positional relationship. Drive shaft 8 coop-
erable with the driving section of the vehicle's engine,
is arranged to extend in through-bores 40, 41 bored
longitudinally in the central portions of both cylinder
blocks 1 and 2, and is rotatably supported by needle
bearings 46, 47 mounted at the respective outer ends
of said blocks 1, 2, while a rotary swash-plate 9 is keyed
on the shaft 8 around the combined portion of cylinder
blocks 1 and 2. Three pairs of six cylinder bores 45 in
cylinder blocks 1, 2 are located substantially in parallel
with the axis of drive shaft 8 and with double acting pis-
tons 12 are slidably inserted therein.

Each of the pistons 12 is provided with head sections
at the ends thereof which are slidably fitted within cyl-
inder bores 45 and is provided with a section connect-
ing both heads which is cut away at one side thereof so
as to cross over above the outer fringe of swash-plate
9, The cut away portions of pistons 12 are associated
with both side faces of swash-plate 9 by means of balls
11 and shoes 10, respectively, so that the rotating mo-
tion of swash-plate 9 provides reciprocating motions of
pistons 12. The axial thrust load from the pumping ac-
tion of pistons 12 is assumed by a pair of thrust bearings
42, 43 arranged between end surfaces of boss sections
of swash-plate 9 and respective cylinder blocks 1 and
2-

Chambers 13 and 14 located at the front portion of
front cylinder block 1 and at the rear portion of rear
cylinder block 2, respectively, make use of the spaces
disposed above drive shaft 8, each of which is a sectori-
ally formed space enclosed by the walls of shell 7 and
the two neighbouring cylinder bores 45. 15 shows a
suction passageway axially connecting both chambers
13 and 14 which has a cross sectional area smaller than
the cross sectional areas of chambers 13, 14.

The passageway 15 and both chambers 13 and 14
provide a complete suction chamber 28 inside shell 7.
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A suction opening 16 for introducing refrigerant into
said chamber 28 is connected through shell 7 to pas-
sageway 15, while a discharge opening 17 for discharg-
ing refrigerant compressed by the compressor is con-
nectedly arranged at a portion of the rear housing 6. As
shown in FIG. 2, lubricating oil supplied to chambers
13 and 14 covered by shell 7 flows down through the
passing grooves 22 and 23 channeled at the circumfer-
ential surfaces of respective cylinder blocks 1 and 2
and is then stored in oil reservoir 24. The lubricating oil
stored in oil reservoir 24 is pumped upwardly by oil
pump 28, which cooperates with drive shaft 8 of the
compressor, through suction pipe 26, and is then dis-
tributed to respective bearings by means of an oil sup-
ply passage 27 bored in the center of drive shaft 8.

The present invention will now be illustrated based
upon several preferred embodiments shown in the ac-
companying drawings.

Referring to FIGS. 3, 4 and 5, channels 18, 19 for
flowing the lubricating oil downwardly are formed on
the end surfaces of front cylinders 1 and 2 with which
surfaces valve plates 3, 4 are in contact, respectively.
However, channels 18, 19 may be formed on the sur-
faces of valve plates 3 and 4 or, may be grooved on
both facing surfaces of the cylinder blocks and valves.
Holes 20, 21 shown in FIG. 4 are formed in cylinder
blocks 1 and 2 and illustrate another embodiment in-
stead of the above-mentioned channels. Holes 20, 21
provided for the downward flow of lubricating oil ex-
tend from the bottom surfaces of chambers 13, 14 to
the upper portions of drive shaft 8.

Now, gaseous refrigerant, evaporated by passing
through an evaporator (not shown) circulates in prede-
termined refrigerating circuits, and then returns to the
COMPTEssor.

The refrigerant is drawn from suction opening 16
formed to extend through shell 7 into suction passage-
way 1§ and here, it is branched into two separate
streams which advance through respective chambers
13 and 14 to be sucked into the bore sections of respec-
tive cylinder blocks 1, 2.

During the above-mentioned flowing operation of the
refrigerant, the lubricating oil contained in the refriger-
ant is partially separated on account of the difference
between the two inertias, when the gaseous refrigerant
directed at the inner wall of passageway 1S turns at
right angles while branching into two separate streams.

Also, the oil still remaining in the refrigerant sepa-
rates into oil particles under the force of gravity while
the refrigerant branches flowing into respective cham-
bers 13 and 14 provided with large cross sectional ar-
eas, are reduced in speed. The lubricating oil separated
from the refrigerants is collected at the bottoms of
chambers 13 and 14 and then flows down through
channels 18, 19 and into the clearances between drive
shaft 8 and bores of respective cylinder blocks 1, 2 so
as to lubricate all bearings, while the oil leaking from
the bearings lubricates the swash-plate sections (re-
ferred to by arrows in FIG. §). In another embodiment
shown in FIG. 4, the oil in chambers 13, 14 flows down
through holes 20 and 21 to carry out lubrication of the
bearings.

Next, another embodiment will be illustrated.

Referring now to FIG. 6 to FIG. 9, oil grooves 38, 44
are channeled on valve plates 3, such that both ends of
both grooves are connected to the through-hole 30
bored at the center of valve plate 3. The other end of
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oil groove 38 is connected to the above-mentioned
chamber 13, while the other end of oil groove 44 is
connected to main oil reservoir 24 disposed at the bot-
tom section of shell 7.

These oil grooves 38, 44 are also connected via
through-hole 30 to a supplementary oil reservoir 39
which is connected to sealing chamber 37 formed at
the axially central portion of the above-mentioned
front housing § and having a seal member 36 inside. In
the embodiment shown, main oil reservoir 24 is pro-
vided by shell 7 which forms the outer periphery of the
entire compressor body. However, in the embodiment
in which the entire cylinder blocks, 1, 2 form the outer
periphery of the entire compressor body, one of the
above-mentioned spaces formed inside cylinder blocks
1, 2 which is arranged at a lower part of drive shaft 8
is adapted to be used for the main oil reservoir.

An oil groove 48 provided for passage of lubricating
oil is connected to chamber 14 at one end thereof and
is connected to through-hole 31 bored at the center of
valve plate 4 at the other end thereof.

This oil groove 48 is also connected via through-hole
31 to supplementary oil reservoir 32 which is centrally
located with rear housing 6 and opens onto the end of
drive shaft 8 having a a bottom portion explained here-
inafter. The dispositions of the above-mentioned oil
grooves 38, 48 and 44 are not limited to the positions
shown on valve plates 3, 4. That is, oil grooves 38, 48
and 44 can be disposed at any such position consistent
with obtaining the desired operations and effects,
where the lubricating oil separated from the refrigerant
within chambers 13, 14 is capable of being led into nee-
dle bearings 46, 47 and also, supplementary oil reser-
voirs 32 and 39 formed inside housings 5, 6 through
said oil grooves 38 and 48 and moreover, the oil led
and stored within supplementary oil reservoir 39 is ca-
pable of flowing into main oil reservoir 29. For exam-
ple, oil grooves 38, 48 and 44 may be disposed on cylin-
der blocks 1, 2, at the surface of each end thereof to
which surfaces valve plates 3, 4 arc connectedly at-
tached respectively.

33 shown in FIG. 7 and FIG. 8 is an oil supply passage
longitudinally bored inside the above-mentioned drive
shaft 8 and part way therealong thus providing the hole
with a bottom portion.

The opening of the hole, i.e. the other end, is con-
nected to the above-mentioned supplementary oil res-
ervoir 32. This oil hole is provided with open oil supply
inlets 34 and 35§ at positions which correspond to the
positions where thrust bearings 42 and 43 are arranged,
respectively.

The entire arrangement above-mentioned is illus-
trated based upon the embodiment in which shell 7
forms the outer periphery of the compressor body.
However, the arrangement may be applied to the com-
pressor in which the outer periphery thereof is formed
by the cylinder blocks, that is to say the above-
mentioned shell 7 is completely eliminated.

In the compressor of the present invention having the
above-mentioned arrangement, gaseous refrigerant va-
porized by an evaporator not shown circulates through
a predetermined refrigerating circuit and returns to the
compressor so as to be led into suction chamber 28
through suction opening 16 formed to extend through
shell 7.

The refrigerant led into suction chamber 28 is di-
rected at the inside wall of suction passageway 15 and
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here it is forcibly turned at right angles while branching
into two separate streams. This forced alteration of the
refrigerant flow brings about a partial separation of the
lubricating oil from the refrigerant. The refrigerant is
branched in suction passageway 1§ into two separate
streams which are led into chambers 13, 14 having
large cross sectional areas which reduce their flowing
speed there so that oil particles having relative large
weight are separated from the refrigerant and are de-
posited in the bottoms of chambers 13, 14.

The respective refrigerant branches in chambers 13,
14 from which the lubricating oil is completely elimi-
nated are drawn into the cylinder bore sections of each
cylinder block 1, 2 and after being compressed there,
are discharged from discharge opening 17. On the
other hand, the separated oil deposited in respective
chambers 13 and 14 flows along the bottom surfaces
thereof along with the flow of the refrigerant branches,
50 as to be led and stored in respective supplementary
oil reservoirs 39 and 32 of front and rear housings §
and 6 through the above-mentioned oil grooves 38 and
48. A part of the lubricating oil stored in supplemen-
tary oil reservoir 39 lubricates needle bearing 46 as
well as seal member 36 set in sealing chamber 37 of the
front housing S. The excess oil remaining in supple-
mentary oil reservoir 39 is led to and stored in main oil
reservoir 24 through the above-mentioned oil groove
44.

The lubricating oil stored in supplementary oil reser-
voir 32 which is formed in rear housing 6, is led into oil
hole 33 of drive shaft 8 and then, it is supplied to lubri-
cate thrust bearings 42 and 43 through respective oil
supply inlets 34 and 3§ by action of the centrifugal
force due to the rotation of drive shaft 8. The oil
strecams in thrust bearings 42 and 43 are directed there-
from by action of the centrifugal force due to both
bearings and a part of the flowing oil attaches to swash-
plate 9 so that shoes 10 and balls 11 associated with
swash-plate 9 may be lubricated, while the other part
of the oil is directed along the inner wall of the com-
pressor to flow down along the wall surface into the
main oil reservoir 24.

Also, a part of the lubricating oil stored in the above-
mentioned supplementary oil reservoir 32 lubricates
needle bearing 47, and also thrust bearing 43 via
through-bore 41 of cylinder block 2, then flows down
into main oil reservoir 24 in the same manner as above.

As will be understood, the existence of both supple-
mentary oil reservoirs 39 and 32 prevents burning of
the rotating elements of the compressor such as needle
and thrust bearings which might occur at the moment
of starting of the operation of the compressor.

Thus, the apparatus according to the present inven-
tion is capable of carrying out lubricating operation by
using an amount of oil which is proportional to the
amount of the refrigerant circulating in a predeter-
mined refrigerating circuit.

At the same time, the apparatus according to present
invention eliminates the conventional oil pump so that
the effective volume of the rear housing is increased
while the drawing distance of the refrigerant is short-
ened so as to increase the volumetric efficiency of the
compressor.

Also, the above-mentioned fact provides a capability
of reducing the volume of the housings and the oil res-
ervoir arranged at the bottom portion of the shell with-
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out decreasing the compressing efficiency so that a
compact compressor can be obtained.

Furthermore the compressor is always equally lubri-
cated at both front and rear sections and also, the lubri-
cating oil reserved in the main oil reservoir is never
pumped up because of elimination of the oil pump so
that the lubricating oil in the main oil reservoir is never
exhausted.

Also, the presence of the supplementary oil reser-
voirs has the effect of preventing the burning of all slid-
ing and moving sections of the compressor even at the
starting moment of its operation.

The invention has been described in detail with refer-
ence to several preferred embodiments thercof, but it
will be understood that variations and modifications
can be further effected within the spirit and scope of
the invention.

1 claim:

1. An apparatus for lubricating a rotary swash-plate
type compressor for compressing refrigerant which has
entrained oil therein, said compressor being of the type
including a pair of front and rear cylinder blocks which
are combined with each other in an axial alignment to
form combined blocks having a combining portion
therebetween, separate housings mounted at front and
end sections of said combined cylinder blocks and sep-
arated therefrom by separate respective valve plates, a
drive shaft inserted in a shaft-bore formed in said com-
bined cylinder blocks, a suction inlet to said compres-
sor, a swash-plate keyed on said drive shaft in the vicin-
ity of said combining portion and capable of rotating in
a8 unitary state with said drive shaft, and a separate
thrust bearing between each cylinder block and said
swash-plate around said shaft bore; said apparatus
comprising a chamber in each said block extending be-
tween said suction inlet and the respective valve plate
and positioned to change the direction of refrigerant
entering said inlet, first passageways extending from
the bottoms of said chambers for directing oil sepa-
rated in said chambers to said shaft, and second pas-
sageways directing oil from said first passageways
means to said thrust bearings.

2. An apparatus for lubricating a rotary swash-plate
type compressor according to claim 1 characterized in
that said first passageways for leading the separated oil
comprise oil grooves pierced through the junction-
surfaces between said cylinder blocks and said valve
plates, and said second passageways comprise the
shaft-bore of said combined cylinder blocks.

3. An apparatus for lubricating a rotary swash-plate
type compressor according to claim 1 characterized in
that said first passageways for leading the separated oil
comprise oil channels arranged in said cylinder blocks,
and said second passageways comprise the shaft-bore
of said combined cylinder blocks.

4. An apparatus for lubricating a rotary swash-plate
type compressor according to claim 1 characterized in
that said first passageways for leading the scparated oil
comprise oil channels arranged in said valve plates, and
said second passageways comprise the shaft-bore of
said combined cylinder blocks.

S. An apparatus for lubricating a rotary swash-plate
type compressor according to claim 1 characterized in
that said first passageways for leading the separated oil
comprise oil grooves pierced through the junction-
surface between said rear cylinder block and said cor-
responding valve plate, and said second passageways
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comprise an oil hole longitudinally bored in said drive
shaft having an opening at its rear end communicating
with said first passageways and open oil inlets located
to direct oil from said oil hole to said thrust bearings.

6. An apparatus for lubricating a rotary swash-plate
type compressor according to claim 1 characterized in
that said first passageways for leading the separated oil
comprise oil channels arranged in said cylinder blocks,
and said second passageways comprise an oil hole lon-
gitudinally bored in said drive shaft having an opening
at its rear end communicating with said first passage-
ways and open oil inlets located to direct oil from said
oil hole to said thrust bearings.

7. An apparatus for lubricating a rotary swash-plate
type compressor according to claim 1 characterized in
that said first passageways for leading the separated oil
comprise oil channels arranged in said valve plates, and
said second passageways comprise an oil hole longitu-
dinally bored in said drive shaft having an opening at
its rear end communicating with said first passageways
and open oil inlets located to direct oil from said oil
hole to said thrust bearings.

8. An apparatus for lubricating a rotary swash-plate
type compressor according to claim 1 comprising a
supplementary oil reservoir within at least one of said
front and rear housings, characterized in that said first
passageways for leading the separated oil extend be-
tween a chamber and said supplementary oil reservoir
and said second passageways extend through an axial
through-hole in said corresponding valve plate.

9. An apparatus for lubricating a rotary swash-plate
type compressor according to claim 8 comprising a
main oil reservoir at the lower portion of said compres-
sor and comprising an oil channel means connecting
said supplementary oil reservoir to the main oil reser-
voir,

10. An apparatus for lubricating a rotary swash-plate
type compressor according to claim 8 comprising a
main oil reservoir at the lower portion of said compres-
sor and comprising an oil channel means connecting
said supplementary oil reservoir to the main oil reser-
voir said oil channel means extending at least partly in
the corresponding cylinder block.
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11. An apparatus for lubricating a rotary swash-plate
type compressor according to claim 8 comprising a
main oil reservoir at the lower portion of said compres-
sor and comprising an oil channel means connecting
said supplementary oil reservoir to the main oil reser-
voir said oil channel means extending at least partly in
a valve plate.

12. An apparatus for lubricating a rotary swash-plate
type compressor according to claim 1 comprising sup-
plementary oil reservoirs found within said front and
rear housings characterized in that said first passage-
ways for leading the separated oil extend via axial
through holes in said respective valve plates to said sup-
plementary reservoirs.

13. An apparatus for lubricating a rotary swash-plate
type compressor according to claim 12 comprising a
main oil reservoir at the lower portion of said compres-
sor, and further comprising an oil channel connecting
one of said supplementary oil reservoirs to the main oil
reservoir.

14. An apparatus for lubricating a rotary swash-plate
type compressor according to claim 12 comprising a
main oil reservoir at the bottom portion of said com-
pressor, and comprising oil channels connecting said
supplementary oil reservoirs to the main oil reservoir,
at least a part of the oil channels being in the corre-
sponding cylinder block.

15. An apparatus for lubricating a rotary swash-plate
type compressor according to claim 12 comprising a
main oil reservoir at the bottom portion of said com-
pressor, and comprising oil channels connecting said
supplementary oil reservoir to the main oil reservoir at
least a part of the oil channels being in a valve plate.

16. An apparatus for lubricating a rotary swash-plate
type compressor according to claim 1 wherein said
chambers have larger cross sectional areas than said
suction inlet to said compressor, whereby the running
speed of the refrigerant in said chambers is less than in
said inlet, and oil remaining in the refrigerant separates
into oil particles which fall under the force of gravity

to the bottoms of said chambers.
] * - * L]
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Signed and sealed this 27th day of August 1974.

(SEAL)

\ttest!

1cCOY M. GIBSON, JR. C. MARSHALL DANN
\ttesting Officer Commissioner of Patents

PO-1050 (10-69) USCOMM-DC €0376-F=
# LU.S. GOVERNMENT PRINTING OFFICE : 196% 0—366-334



~ UNITED STATES PATENT OFFICE
CERTIFICATE OF CORRECTION

Patent No. 3,750,848 Dateq August 7, 1973

Shozo Nakayama
Inventor(s)

It is certified that error appears in the above-identified patent
and that said Letters Patent are hereby corrected as shown below:

On the cover sheet [73] Assignee: “Kabushiki Kaisha
Toyada, Jidashokki Seisakusko, Archi-ken, Japan" should read

.- Kabushiki Kaisha Toyoda Jidoshokki Seisakusho, Aichi-ken,

Japan --.

Signed and sealed this 27th day of August 1974.

(SEAL)

Attest;
i McCOY M. GIBSON, JR. C. MARSHALL DANN
. Attesting Officer Commissioner of Patents
%

SRM PO-1050 (10-69)
USCOMM-DC €0376-Fu.
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