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(57} ABSTRACT

A compressor which is adapted to operate in a dry
condition without any lubricant. The compressor has a
cylinder which defines a compression chamber in its
interior and which is provided with a gas intake and a
gas outlet. A piston which is made substantially en-
tirely of plastic reciprocates in the cylinder and de-
fines a gap with the inner surface thereof, the gas inlet
being in the form of nozzle-shaped openings extending
through the cylinder wall and inclined with respect to
the cylinder axis. In addition to the latter openings
there are balancing bores which extend through the
cylinder wall to provide a stable reciprocation of the
piston, and the axes of these bores not only are in-
clined with respect to the cylinder axis but they are
also inclined with respect to the axes of the inlet open-
ings in a manner according to which air entering
through the latter will retard any tendency of air or
other gas to leak out through the balancing bores.
Preferably there are a pair of pistons which are di-
rectly opposed to each other so that one reciprocates
along its suction stroke while the other reciprocates
along its compression stroke. According to the
method the pistons are reciprocated at a speed of at
least 1500 strokes per minute, so that in this way com-
pressed air or other gas can be supplied to chemical, .
food, or other industries in large quantities for such
purposes as the pneumatic operation of bulk material
conveyors and the like.

14 Claims, 6 Drawing Figures
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1
AIR COMPRESSOR

BACKGROUND OF THE INVENTION

‘The present invention relates to compressors as well
as to methods for operating the same.

It is customary at the present time to provide com-
pressor pistons with different types of piston rings so as
to attempt to achieve between the piston and cylinder
a friction which is as low as possible. However, because
there is unavoidably mechanical contact between the
cylinder wall and the piston there will unavoidably re-
main a substantial amount of friction, so that the extent
to which the friction can be reduced is relatively slight.

It is also conventional to seal the compression cham-
ber with a gland having sealing elements arranged to

wipe the oil off the piston rod or the like. Such con-

structions are particularly suited for low-speed pistons
with a relatively short stroke.

However, constructions of the above type are not
suited for modern comrpessors which are required to
have compression units which are completely free of
lubricant of any type and which are required to have a
high output of compressed gas per unit of time. From
this latter standpoint convenitonal compressors leave
much to be desired. It is for reasons as set forth above
that the known compressors operate at a relatively low
speed. With known compressors the mechanical losses
can be up to 10 percent of the useful capacity. On the
other hand, friction losses necessarily increase in pro-
portion to the increase in the operating speed. High
speed operation in conjunction with mechanical sealing
elements result in considerable reduction in the operat-
ing efficiency of compressor pistons.

The following formula may be used to calcualte fric-
tion losses of this type:

ds/dt = 7/n = dr/dt X 1/G
in which

ds/dt - the speed of deformation

T - tangential stress

n % dynamic strength

G - modulus of rigidity of the oil layer on the inside

cylinder wall.

Piston rings or other types of sealing rings press
against the inner surface of the cylinder as a result of
the compression pressure. In this way they act as a hy-
draulic brake.

SUMMARY OF THE INVENTION

It is accordingly a primary object of the present in-
vention to provide a compressor and operating method
which will avoid the above drawbacks.

Thus, it is a primary object of the invention to pro-
vide a compressor which will eliminate the problems
which are unavoidably encountered with conventional
COMPressors.

In particular it is an object of the present invention
to provide a compressor and operating method which
will-enable not only piston reciprocation without the
use of any lubricant so that a dry, oil-free operation is
achieved, but which will in addition achieve a high out-
put of compressed gas,

In addition it is an object of the present invention to
provide a compressor which will greatly reduce the ex-
tent of leakage losses.

According to the invention the compressor includes
a cylinder which defines a compression chamber in its
interior. An inlet means communicates with the com-
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pression chamber for supplying gas thereto and an out-
let means communicates with the compression cham-
ber for discharging gas thereform. A piston means re-
ciprocates in the cylidner along suction strokes during
which gas enters through the inlet means and compres-
sion strokes during which gas discharges through the
outlet means. This piston is made up substantially en-
tirely of plastic and defines with theinner surface of the
cylinder an annular gap which surrounds the piston
with the latter operating in a completely dry state free
of any oil or other lubricant in the interior of the cylid-
ner. A piston rod is fixed to and extends from the piston
means and a drive means is operatively connected to
the piston rod for reciprocating the latter and th piston
means. According to the invention the drive means
provides for the piston a rate of reciprocation which is
at least 1500 strokes per minute,

At its head end, which is distant from the piston rod,
the piston means carries a blade means in the form of
a ring of metal or other material harder than the plastic
material of the piston, this blade operating on the gas
to retard leakage through the gap between the piston
means and the cylinder. Preferably the plastic of the
piston is molded, either by casting or injection molding,
directly around the blade so as to reduce the manufac-
turing costs as well as to enable the blade to have the
best possible shape for cutting through the gas at the
region of the gap between the piston and the cylinder.

Preferably both the piston and the piston rod are
molded from a single body of plastic. This construction
will improve the friction-free operation of the piston in
the cylinder, with the drive taking place from a drive
means which includes a rotary crank and crosshead ar-
rangement operatively connected with the piston rod.
The piston is firmly fixed through the piston rod to the
reciprocating crosshead which reciprocates by way of
the rotary crank of th drive means, with all of this latter
structure being situated in a suitable crank chamber,
and the desired rigidity in the transmission is achieved
in this way without any additional measures. If desired,
however, the piston rod may be provided with at least
one bracing or reinforcing member, in particular a me-
tallic reinforcing rib or th like extending axially along
the piston rod coaxially with respect to the axis thereof.
However, this reinforcing member may also take the
form of a seamless tube around which the piston rod is
molded, as by injection molding. This construction will
assure a rigidity in the transmission even under extreme
operating conditions at very high compression pres-
sures, high outputs, and high operating speeds, etc.

The piston means can take the form of a piston which
at its head or working end is provided with a central
boss surrounded by a relatively deep annular depres-
sion which may have a depth of up to approximately
two-thirds of the length of the piston. In addition to re-
ducing the weight so as to enhance high-speed opera-
tion, so as to more readily achieve the required high
speeds, this construction enables a favorable influence
on the gas in the compression chamber to be achieved
with a high degree of control also bieng achieved. At
the same time this construction provides for a more ef-
fective cooling of the piston.

According to one construction the compressor may
be provided with a pair of opposed pistons, although
other constructions are possible.

While an arrangement of opposed pistons is indeed
already known, in the particular case of the present in-
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vention this particular arrangement greatly improves
and simplifies the high-speed compressor so that it is
possible to achieve extremely high operating speeds at
low costs.

With the present invention it becomes possible to
provide a ratio of stroke length to cylinder bore diame-
ter which is greater than 1, so that in contrast with
known constructions for outputs of similar types, the
volume in the interior of the cylinder can be considera-
bly reduced by reason of the fact that very high speeds
are possible. This particular construction is outstanding
not only because of the friction-free method of sealing
the piston, without lubrication, but also because of the
high degree of efficiency achieved from the favorable
polytropic exponents. Moreover, because of the ease
with which air can flow a more efficient cooling is
achieved, and this more efficient cooling is achieved in
part by the greater cooling surface at the high speed
operation of the piston in a given unit of time.

BRIEF DESCRIPTION OF DRAWINGS

The invention is illustrated by way of example in the
accompanying drawings which form part of this appli-
cation and in which:

FIG. 1 is a schematic representation of a compressor
where horizontally arranged opposed pistons are driven
through a crosshead type of drive, the piston and piston
rod being indicated with dotted lines and being frag-
mentarily illustrated;

FIG. 2 is a fragmentary partly sectional elevation, at
an enlarged scale as compared to FIG. 1, the sectional
left part of FIG. 2 being taken in a plane which contains
the cylinder axis, and FIG. 2 showing in detail the rela-
tionship between the cylinder and piston and schemati-
cally representing the gas currents;

FIG. 3 is a schematic fragmentary elevation showing
somewhat more than one-half of a compressor assem-
bly of the invention, with inlet openings and balancing
bores being schematically illustrated in FIG. 3;

FIG. 4 is a transverse sectional elevation, taken in a
plane normal to the cylinder axis, and illustrating
thecircumferential distribution of theinlet openings and
balancing bores;

FIG. 5 is an axial section showing, also at an enlarged
scale as compared to FIG. 3, the arrangement of the
inlet openings and balancing bores as well as the piston
within the cylinder and the bell-shaped housing
through which gas enters; and

FIG. 6 is a diagrammatic representation of the angu-
lar relationship between the air inlet openings and the
balancing bores.

DESCRIPTION OF PREFERRED EMBODIMENTS

Referring first to the particular example of the inven-
tion which is illustrated schematically in FIG. 1, the
compressor illustrated therein includes a drive means
10 composed of a rotary crank shaft 11 supported for
rotary movement in any suitable bearings and driven
from any suitable motor, engine, or the like. The rotary
crank shaft 11 has cranks interconnected by a crank
pin extending through a slide block 13 capable of recip-
rocating vertically in a suitable guide formed in a cross-
head 12. Thie corsshead 12 is guided for horizontal re-
ciprocating motion. Thus, as the crank shaft 11 rotates
the crosshead 12 will be reciprocated back and forth
horizontally. Fixed to the crosshead 12 are a pair of pis-
ton rods 14 which are fixed at their ends distant from
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the crosshead 12 to a pair of pistons 15 only one of
which is indicated at the left of FIG. 1. Thus, with this
arrangement there are a pair of opposed piston means
15 which reciprocate horizontally during operation of
the drive means 10. This particular type of drive means
is in itself known and is therefore not illustrated in
greater detail. The rotary cranksahft 11 is driven at
high speed by an unillustrated motor, engine, or the
like, and through the slide block 13 and crosshead 12
the opposed pistons are reciprocated at high speed.
The details of the pistons are shown, for one of the pis-
tons, in FIG. 2. As is apparent from FIG. 2, each piston
rod 14 is composed of an elongated plastic body 14a
formed integrally with the piston means 15 which also
is made of plastic.

The piston means 15 of the invention can be made of
a plastic material such as polyethylene, polypropylene,
polybutene, and especially of polytetrafluoroethylene
or polyamide or of a similar synthetic material contain-
ing appropraite plasticizers or fillers such as hard fi-
bers, thermoplastics, curing or extrusion of synthetic
resins or plastics bieng used in special cases as re-
quired. It is also possible to use plastics such as polyox-
ymethaline or polycarbonate resins. The piston is pref-
erably molded, either by casting or injection molding,
in one piece with the piston rod, although a suitable
rigid connection can be provided between the piston
and piston rod, if desired. Also, it will be noted from
FIGS. 2 and 5 that the piston has a smooth exterior side
surface of constant diameter extending between op-
posed ends of the piston.

As is apparent from FIG. 2, the piston means 15 has
an upper head or working end sitant from the piston
rod and formed with an annular depression 16 which
surrounds the central boss 156 shown in FIG. 2 at the
head end of the piston.

The piston rod 14 can be reinforced by molding it
around or within and around an elongated metal tube
14b which is coaxial with the piston and which is frag-
mentarily illustrated in FIGS. 2 and §

The head end of the piston defines with the interior
of the cylinder 20 the compression chamber 17 which
may be provided with a spring-loaded, adjustable outlet
valve which is not shown in FIG. 2 and which forms an
outlet means for the compressed air. An inlet means is
provided for admitting air into the compression cham-
ber 17, and this inlet takes the form of suitable open-
ings formed in the cylinder wall and through which air
enters, as referred to below.

The blade means 18 which is made of a material such
as a suitable metal much harder than the plastic mate-
rial of the piston means is shown at the left part of FIG.
2 and is also illustrated in FIG. 5. Instead of having the
particular construction illustrated in FIGS. 2 and 5 it is
also possible for the blade means to project slightly be-
yond the end surface 19 indicated in FIG. 2. The nature
of the whirling currents of air or other compressed gas
forming a cushion between the inside surface of the cyl-
inder 20 and the outside of the piston means 185 is illus-
trated schematically by the arrows indicating the flow
patterns of compressed gas in FIG. 2. It will be seen
that the gas flows past the blade means 18 which is
firmly fixed to the piston and into the annular gap 21
which surrounds the piston. From the point where the
compressed gas or air enters into the gap it flows on a
greatly reduced scale, as compared to the volume of air
in the compression chamber 17, to the housing where
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the drive means is located. Because the piston rides on
a layer of compressed air or other gas it is clear that the
friction losses with the invention are only a fraction of
those found in conventional compressors which utilize
mechanical sealing elemtns which frictionally slide
along the inner surface of the cylinder. A much higher
efficiency is achieved with the invention, and the de-
gree of efficiency is increased by the fact that perma-
nently lubricated friction bearings are used in the crank
system and/or lapped shaft journals of special nitriding
steels are used. The bearings which are used at the

drive means in the crank mechanism and crosshead-

mechanism can be completely enclosed and protected.
A further advantage resides in the fact that the usual
methods of sump lubrication, or pumping of lubricants
by a gear pump and oil lines to the bearings can be
completely eliminated with the compressor of the in-
vention. The crank case serves with the compressor of
the invention as an additional cooling chamber. A fur-
ther advantage resides in the fact that a plurality of fil-
ters are mounted on the outer wall of the crank case to
assure that the air is maintained clean. Furthermore,
the possibility of explosions are greatly reduced with
the compressor of the invention.

The use of plastic for the piston means results in a re-
duction in weight. It also makes possible a higher oper-
ating speed which in conjunction with the rigid support
of the piston means through the piston rod which may
be reinforced as pointed out bove results in a practi-
cally friction-free movement of the piston along the in-
terior of the cylinder, with only the air layer forming a
cushion for the piston in the gap which surrounds the
latter between the piston and th inner surface of the
cylinder. No lubrication whatsoever is required and the
piston requires neither sealing rings nor piston rings.

The narrow annular gap between the piston means
and inner surface of th cylinder with the high-speed
crosshead type of drive provided with the invention
produces at high operating speeds on the order of, for
example, about 3000—6000 rpm, or even more, a so-

called dynamic gas contraction which serves to reduce
the escape of compressed gas or air from the compres-
sion chamber to the driving means. This sytem of gas
flow is also rendered effective by using the blade means
18 which has a sharply inclined leading edge at the
head end of the piston means. This edge of the blade
means literally breaks up or cuts into the gas dividing
it up so that a type of countercurrent is created in the
transition from the compression chamber which is of
relatively large diameter to the annular gap which has
only a small radial dimension, and this relationship
leads to a constriction and therefore a reduction of the
available mechanical annular gap between the piston
and cylinder wall. While the hydrodynamics of flow
layers of fluids are not yet fully understood, it may be
assumed that the relative movements of the boundary
layers on the inner surface of th cylinder and the piston
surface produces a whirling motion which prevents the
compressed air from flowing to the region of the drive
means and becoming lost. At the high speeds which are
used in accordance with the method of the invention
the amount of time available for compressed air to es-
cape from the compression chamber extremely small.

The compressor of the invention can be used as a
suction pump or as a vacuum pump. Also the compres-
sor of the invention may be used in control and measur-
ing applications, in dental technology, in the manufac-
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ture of foodstuffs, in the production of plastics, in the
chemical industry (to reduce theh azards of explosion),
in refineries, in mines, in filling machines, in hospitals,
in the petrochemical industry, in munitions factories, in
automatic packaging applications, in glassworks, and in
the iron and steel industry. There is practically no wear
and tear with the compressor of the invention. It is in
fact often wear of conventional piston-type compres-
sors, together with the oil carbon that settles on the-
head or working head of the piston during operation
that causes the hazards of explosion. In fact many fatal-
ities and injuries have been caused by the precipitation
of oil carbon on the working end of the piston.

The compressor of the invention is also particularly
suited for prefabricated assembly. Thus, a plurality of
compressors of the invention can be combined together
to form a single unit.

The particular design and type of compressor con-
struction referred to above results in a balanced circu-
lation of the materials and an almost maintenance-free
compressor which can be operated at very low cost.

The cylinder of the compressor of the invention is
preferably made of a seamless, drawn iron or, in partic-
ular, from a section of steel pipe, wherein general the
drawn pipe is longer than the cylinder.

Referring to FIG. 3, which shows primarily the left
half of an installation according to the invention, it will
be seen that the cylinder 20 carries a bell-shaped hous-
ing element 22 made of metal, preferably sintered or
fritted metal. The bell-shaped housing 22 is open at its
right end, as viewed in FIG. 3. The manner in which
this housing is mounted on the cylinder 20 is particu-
larly apparent from FIG. 5. Thus, it will be seen that the
housing 22 is fixedly carried by a ring which in turn is
fixed directly onto the cylinder 20. At its open end the
housing 22 accommodates in it interior a filter 23
which may be made of a porous plastic material. Intake
air is required to pass through this filter 23 in order to
reach the interior of the housing 22.

An inlet means communicates with the compression
chamber 17 in order to admit air into the latter during
the suction strokes of the piston means 15. This inlet
means includes the nozzle-shaped openings 24 which
are formed in the wall of the cylinder 20, passing there-
through and distributed circumferentially around the
axis of the cylinder at an annular wall portion thereof.
Thus, the air which enters through the inlet openings
24 reach the compression chamber portion 20a indi-
cated in FIG. 5 and in which the piston 15 reciprocates.

Spaced axially from the inlet openings 24, in the di-
rection in which the piston means moves during its
compression strokes, is a balancing means for stabiliz-
ing the movement of the piston means while maintain-
ing the gap surrounding the piston means between the
latter and the inner surface of the cylinder, this balanc-
ing means being constituted by a circumferential wall
portion of the cylinder formed with at least one group
of circumferentially arranged balancing bores 29 in the
form of bores passing also through the cylinder wall as
well as through part of the ring which surrounds the lat-
ter and carries the housing 22. These bores 29 enable
balancing air to provide a stable movement of the pis-
ton means within the cylinder 20. Thus, a second annu-
lar portion of the cylinder 20 is formed with the balanc-
ing bores 29. It will be noted that both the balancing
bores 29 as well as the nozzle-shaped inlet openings 24
have axes which are inclined with respect to the cylin-
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der axis. These inlet openings and balancing bores are
uniformly distributed about the cylinder axis with the
axes of the inlet openings 24 forming elemento of one
cone whose center is situated at the cylinder axis while
the axes of the bores 29 form elements of another cone
whose apex is situated in the cylinder axis.

Returning to FIG. 3 it will be seen that the com-
pressed air is discharged by an outlet means 25 in the
form of a suitable valve assembly which opens to allow
the compressed air to discharge, substantially at the
end of each compression stroke, into a curved, semi-
elastic discharge hose or tube 26 provided with suitable
cooling fins. The compressed air flows away from the
installation of the invention through a pipe 28 provided
with suitable valves 27 which may be biasing or one-
way, non- return valves.

Referring to FIGS. 4-6 which illustrate the details of
the arrangement of the intake openings and balancing
bores 29, it will be seen that the nozzle-shaped inlet
openings 24 have their small ends 24a at the inner sur-
face of the cylinder 20 and their large ends 24b at the
outer surface of the cylinder 20. When the piston
means 15 has reached the end of its suction stroke and
is about to start along its compression stroke, it will
have the dotted line position indicated in FIG. 5, and
at this time filtered air will flow into the region 20a of
the compression chamber in the cylinder 20. It is this
air which will be compressed during the subsequent
compression stroke of the piston 15 which is moved by
the piston rod 14 toward the outlet means 25.

The balancing bores 29 preferably have a circular
uniform cross section and a relatively small diameter as
compared with the average diameter of each inlet
opening 24. These bores 29 are provided primarily to
stabilize or balance the piston in a centralized position
uniformly spaced from the inner surface of the cylinder
so that the gap between the piston and cylinder will
have a uniform thickness at all points. It is possible to
provide two circumferentially distributed rows of bal-
ancing bores 29 which may be axially or circumferen-
tially displaced one with respect to the other. The bal-
ancing bores 29 will function to stabilize the movement
of the piston means 15, achieving a smooth reciprocat-
ing movement thereof. Small amounts of leakage air,
which may pass along the gap 20b indicated in FIG. §
and escape through the bores 29 are countered by the
special axial relationship of the bores 29 and th inlet
openings 24, as is diagrammatically represented in FIG.
6. The angular relationship illustrated in FIG. 6 is be-
tween the axes 29i c of the bores 29 and th axes 24c of
the inlet openings 24. Thus FIG. 6 shows how on the
one hand leakage air will tend to flow out through the
bores 29 in the direction of the arrows 29¢ of FIG. 6,
while the air flowing in, in the direction of the arrows
24c of FIG. 6 will oppose this tendency so that the ex-
tent two which air can escape through the bore 29 is
greatly diminished by the air flowing in through the
inlet openings 24. The angle between the arrows 29¢
and the arrows 24c of FIG. 6 is on the order of 24-30°.
Thus, air admitted into the chamber portion 20a
through the inlet openings 24 forms a stream flowing
along the inner surface fo the cylinder in the manner of
a layer of air such as a boundary layer, and the direc-
tion in wich this inlet air flows is such that it will fiwo
directly toward the gap 20b impinging upon and cutting
off the leadage of air which might tend to flow out of
the chamber portion 20a through the balancing bores
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29, and thus in this way the air from the latter will reli-
ably function to provide the cushioning or supporting
layer of gas on which the piston mvoes.

It is to be noted that the inner ends 24a of the open-
ings 24 anethe corresponding openings 29a at the inner
ends of the bores 29 have a predetermined distinct rela-
tively small axially-spaced relationship illustrated most
clearly in FIG. 5. FIG. 4 also illustrates this relation-
ship, and in FIG. 4 the dimensions of the openings 24
are illustrated at a smaller scale.

Various modifications of the above compressor and
operating method will occur to those skilled in theart.
Thus, a filtering means may be situated directly at the
intake ends 24b of the inlet openings 24. According to
the invention it is preferred to provide a reciprocating
speed for the piston means on the order of 3,000-6,000
strokes per minute. It is also an advantage of the inven-
tion that when one driving motor is substituted for an-
other, such as an electric motor having a higher speed
which may be a speed twice that of a previously used
motor, the compressor of the invention can be oper-
ated very simply in one or more different power ranges.

As may be seen from FIG. 3, the housing which en-
closes the drive means 10 is provided with filters 30
mounted in openings which pass through wall portions
of the housing, so tthat in this way only clean air can
have access to the interior of the housing for the drive
means.

What is claimed is:

1. In a compressor, a cylinder defining a compression
chamber in its interior, inlet means communicating
with said comrpession chamber for admitting into the
latter gas to be compressed therein, outlet means com-
municating with said comrpession chamber for dis-
charging compressed gas therefrom, piston means situ-
ated in said cylinder for reciprocation therein along
suction strokes during which gas enters into said
comprssion chamber through said inlet means and
compression strokes during which gas discharges from
said compression chamber through said outlet means,
said piston means being made substantially entirely of
a plastic material and defining with an inner surface of
said cylinder a gap surrounding said piston means and
remaining at all times substantially dry and free of lu-
brication, a piston rod fixed to and projecting from said
piston means, and drive means operatively connected
with said piston rod for reciprocating the latter an said
piston means therewith in said cylinder along said
strokes, said piston means having a head end sitant
from said piston rod and forming the working end of
said piston means, and blade means of a material sub-
stantially harder than said piston means carried by the
latter at said head end thereof for acting on the gas to
promote a sealing effect at said gap, said blade means
being made of metal and being in the form of a cylindri-
cal member carried by said piston means at the head
end thereof at theouter periphery of said piston means,
said piston means being formed at its head end with an
annular groove and with a central boss surrounded by
said annular groove so that the latter together with said
blade means promote the sealing effect.

2. In a compressor, a cylinder of predetermined bore
diameter defining a compression chamber in its inter-
jor, inlet means communicating with said compression
chamber for admitting into the latter gas to be com-
pressed therein, outlet means communicating with said
compression chamber for discharging compressed gas
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therefrom, piston means situated in said cylinder for
reciprocation therein along suction strokes during
which gas -enters into said compression chamber
through said inlet means and compression strokes dur-
ing which gas discharges from said compression cham-
ber through said outlet means, said strokes each having
a length greater than said cylinder bore diameter, said
piston means being made substantially entirely of a
plastic material, having a smooth exterior side surface
of constant diameter extending between opposed ends
of said piston means and defining with an inner surface
of said cylinder a gap ‘surrounding said piston means
and remaining at all times substantially dry and free of
lubrication, a piston rod fixed to and projecting from
said piston means, and drive means operatively con-
nected with said piston rod for reciprocating the latter
and said piston means therewith in said cylinder along
said strokes at a speed of at least 1,500 strokes per min-
ute, said inlet means including an annular wall portion
of said cylinder formed with permanently open, unin-
terrupted inlet openings passing therethrough and dis-
tributed about the axis of the cylinder, said inlet open-
ings being tapered and forming inlet nozzles and said
inlet openings respectively having axes inclined to the
axis of said cylinder.

3. In a compressor, a cylinder of predetermined bore
diameter defining a compression chamber in its inter-
ior, inlet means communicating with said compression
. chamber for admitting into the latter gas to be com-
pressed therein, outlet means communicating with said
compression chamber for discharging compressed gas
therefrom, piston means situated in said cylinder for
reciprocation therein along suction strokes during
which gas enters into said compression chamber
through said inlet means and compression strokes dur-
ing which gas discharges from said compression cham-
ber through said outlet means, said strokes each having
a length treater than said cylinder bore diameter, said
piston means being made substantially entirely of a
plastic material, having a smooth exterior side surface
of constant diameter extending between opposed ends
of said piston means and defining with an inner surface
of said cylinder a gap surrounding said piston means
and remaining at all times substantially dry and free of
lubrication, a piston rod fixed to and projecting from
said piston means, and drive means operatively con-
nected with said piston rod for reciprocating the latter
and said piston means therewith in said cylinder along
said strokes at a speed of at least 1500 strokes per min-
ute, said piston means being formed at its head end
with an annular groove and with a central boss sur-
rounded by said annular groove.

4. In-a compressor, a cylinder defining a compression
chamber in its interior, inlet means communicating
with said compression chamber for admitting into the
latter gas to be compressed therein, outlet means com-
municating with said compression chamber for dis-
charging compressed gas therefrom, piston means situ-
ated in said cylinder for reciprocation therein along
suction strokes during which gas enters into said com-

pression chamber through said inlet means and com-

pression strokes during which gas discharges from said
compression chamber through said outlet means, said
piston means being made substantially entirely of a
plastic material and defining with an inner surface of
said cylinder a gap surrounding said piston means and
remaining at all times substantially dry and free of lu-
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brication, a piston rod fixed to and projecting from said
piston means, and drive means operatively connected
with said piston rod for reciprocating the latter and said
piston means therewith in said cylinder along said
strokes, said inlet means including an annular wall por-
tion of said cylinder formed with inlet openings passing
therethrough and distributed about the axis of the cyl-
inder, said inlet openings being tapered and forming
inlet nozzles and said inlet openings respectively having
axes inclined to the axis of said cylinder, said cylinder
being also formed along a second annular wall portion
thereof, spaced axially from said inlet openings in the
direction in which said piston means moves during a
compression stroke, with a plurality of bores passing
through the cylinder and providing balancing gas for
stabilizing the movement of said piston means, said
bores also respectively having axes inclined to the cyl-
inder axis, and the axes of said bores bbeing inclined
with respect to the axes of said inlet openings at an
angle which enables gas flowing through said inlet
openings to retard leakage out of said cylinders through
said bores.

5. The combination of claim 4 and wherein a substan-
tially bell-shaped housing is fixed to and surrounds said
cylinder at said annular portions thereof so that said
bores and openings are surrounded by said bell shaped
housing, and a filter situated between said housing and
cylinder for filtering gas entering into said bell-shaped
housing to reach said bores and openings.

6. In a compressor, a cylinder of predetermined bore
diameter defining a compression chamber in its inter-
ior, inlet means communicating with said compression
chamber for admitting into the latter gas to be com-
pressed therein, outlet means communicating with said
comprssion chamber for discharging compressed gas
therefrom, piston means situated in said cylinder for
reciprocation therein along suction strokes during
which gas enters into said compression chamber
through said inlet means and compression strokes dur-
ing which gas discharges from said compression cham-
ber through said outlet means, said strokes each having
a length greater than said cylinder bore diameter, said
piston means being made substantially entirely of a
plstic material, having a smooth exterior side surface of
constant diameter extending between opposed ends of
said piston means and defining with an inner surface of
said cylinder a gap surrounding said piston means and
remaining at all times substantially dry and free of lu-
brication, balacing means for stabilizing the movement
of said piston means in said gap spaced from said inner
surface of said cylinder, said balancing means being ax-
ially spaced from said inlet means in the compression
direction in which said piston means moves during a
compression stroke, and said balancing means being
constituted by a circumferential wall portion of said
cylinder means which has an inner surface defining part
of said gap and an outer surface communicating with
the surrounding atmosphere, said wall portion being
formed with a plurality of bores circumferentially dis-
tributed about the axis of said cylinder means and each
incliend to said axis with each bore having inner and
outer ends respectively at said inner and outer surfaces
of said wall portion, and said inner end of each bore
being displaced from its outer end in said compression
direction, a piston rod fixed to and projecting from said
piston means, and drive means operatively connected
with said piston rod for reciprocating the latter and said
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piston means therewith in said cylinder along said
strokes at a speed of at least 1500 strokes per minute.

7. The combination of claim 6 and wherein said cyl-
inder has the form of a seamless drawn steel pipe.

8. The combination of claim 6 and wherein said pis-
ton means is made of a material selected from the
group consisting of polyethylene, polypropylene, poly-
butene, polytetrafluoroethylene, polyamide, polyox-
ymethaline, and polycarbonate.

9. The combination of claim 6 and wherein said pis-
ton means is operated at a speed of approximately
3,000-6,000 strokes per minute.

10. The combination of claim 6 and wherein a hous-
ing encloses said drive means and has a wall portion
formed with an opening and a filter located in said
opening for cleaning air which enters said housing

_ through said opening.
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11. The combination of claim 6 and wherein said pis-
ton means has a head end distant from said piston rod
and forming the working end of said piston means, and
blade means of a material substantially harder than said
piston means carried by the latter at said head end
thereof for acting on the gas to promote a sealing effect
at said gap.

12. The combination of claim 11 and wherein said
blade means is made of metal.

13. The combination of claim 1 and wherein said pis-
ton rod also is made of a plastic material, said piston
means and piston rod being in the form of a single body
and said piston rod carrying a reinforcing member.

14. The combination of claim 13 and wherein said
reinforcing member is in the form of an elongated tube

extending axially of said rod.
* ¥ k¥ Kk ok
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