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This invention relates to compressors and more partic-
ularly to an improved gas compressor having a novel
piston and cylinder assembly, and a control system in
which a plurality of piston and cylinder assemblies may
be operated with a high degree of efficiency in a multiple
stage gas compressor.

In compressors in which gas is compressed at relatively
high pressures, it is essential that the moving parts of the
compressor system be sealed. to minimize the escape of
gas. As the pressure of the gas on which the compres-
sor operates is increased, the problém is magnified with
the result that in many compressors the degree of com-
pression that can be achieved is limited by the effective-
ness of the seals. In conventional piston and cylinder
compressors, it is well known to ihount one or more pis-
ton rings on the piston which engages the cylinder wall
to reduce the flow of gas past the piston, In general, if
known types of piston sealing rings are constructed of a
soft enough material to provide an effective seal, the pis-
ton rings rapidly become worn and lose their efficiency.
On the other hand, if the piston rings are constructed of
relatively hard material to withstand wear, they general-
ly do not provide a good seal.

In multiple stage piston and cylinder compressors

where several stages are operated together synchronously, -

the efficiency of the over-all system is limited because the
stroke of each of the pistons is a fixed distance, and with
a given source of power the pumping efficiency varies as
a function of the pressure of the gas upon which the
compressor is operating.

Accordingly, it is an object of the present invention
to provide a piston and cylinder assembly including a
new and improved seal between the piston and the cylin-
der.

It is another object of the present invention to provide
a new and improved piston sealing ring having superior
qualities of sealing efficiency and durability.

It is a further object of the present invention to provide
a new and improved multiple stage compressor.

It is still another object of the invention to provide an
improved multiple stage compressor including superior
piston and cylinder seals along with a novel compressor
control system.

It is an additional object of the invention to provide an
improved multiple stage compressor system including a
novel compressor control system., ‘

Also among the objects of this invention is to provide
improvements over the prior art devices heretofore in-
tended to accomplish similar purposes.

It is additionally among the objects of this invention
'to provide in a new and improved piston construction,
new and improved, efficient and highly effective piston
ring construction. }

Another further object of the invention is the provision
of a new and improved piston ring construction in a piston
of the character described having maximum ability to
withstand high pressures and achieving an optimum seal-
ing and wiping action. :

Another object of the invention resides in the pro-
vision of new and improved materials and structure there-
-of for obtaining optimum efficiency at minimum cost as-
sociated with ease of production and assembly or disas-
-sembly for renewal or replacement. :

Yet another object of the invention is the provision of
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a new and improved unique combination of materials
adapted to obtain a self-lubricating piston action with
optimum wiping characteristics and sealing properties in
the combination illustrated, described and claimed.

Yet another object of the invention is the provision of
new and improved ring for retaining and installing or
disassembling a piston of the desired character described
without modification of the basic piston structure but
merely by the substitution, elimination or addition of
piston ring membess for varying the effective piston ring
area without altering the over-all structure of the piston,

Yet another object of the invention is the provision in
a piston of the character described of new and improved
means for removably inserting or replacing any desired
number of such piston ring members as herein described.

Yet a further object of the invention is the provision
of new and improved ring members per se in a piston of
the character described, or its like, which is continuous,
self-lubricating and simple to replace or repair.

Another further object of the invention is the provision
of new and improved ring expander means for use in
connection with a piston ring of the preferred character
described.

A further specific object of the invention is the pro-
vision of replaceable.piston construction and seat mem-
bers therefor which are capable of ready adjustment for
establishing a desired degree of tension against the cylin-
der wall.

Another object of the invention is the provision of new
and improved piston means, including new and improved
piston ring means adapted to scour and seat with utmost
accuracy and effectiveness against the corresponding
cylinder wall.

Other objects and purposes will appear from the fol-
lowing description considered in the light of the accom-
panying drawings and claims.

In the drawings:

FIGURE 1 is a sectional view of a portion of a stage
of a compressor including an illustrative embodiment of
the improved piston and cylinder sealing feature of the
invention;

FIGURE 2 is an enlarged sectional view of a portion
of the piston and cylinder arrangement of FIGURE 1;

FIGURE 3 is a perspective view of an expandable ring
for use in the apparatus of FIGURES 1 and 2; and

FIGURE 4 is a circuit diagram of a multiple stage
compressor including a control system in accordance with
the invention.

By way of illustration but not of limitation, as a pre-
ferred embodiment of the invention, there is shown in
the drawings a cylinder and piston arrangement includ-
ing a gas cylinder 1 and an hydraulic cylinder 2. The
gas cylinder 1 is enclosed at the right-hand end as by a
cylinder head 3 which is preferably threaded into the gas
cylinder 1, wherein there is mounted, for reciprocation, a
gas cylinder piston 4, linked to a piston rod 5, preferably
by means of a universal joint type or other preferred
connection comprising the members 6 and 7, which are
fastener to the piston rod 5 as by means of a cap screw 8.

Within the hydraulic cylinder 2 there is also mounted
an hydraulic piston 9 to which the piston rod 5§ is con-
nected as by means of a threaded stud, or the like 16.
The end of the hydraulic cyliner 2 adjacent the gas cyl-
inder 1 is sealed by means of cap assembly 11 which
preferably includes a supply line 12 through which hy-
draulic fluid is introduced into the hydraulic cylinder 2
for movement of the hydraulic piston 9. The gas cylinder
1 is attached to the cap assembly 11 by means of a
threaded cap ring 13. The piston rod 5 is slidably sup-

.ported in the cap assembly 11, and an hydraulic fluid

seal 14 surrounding the piston rod 5 inhibits the flow of
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hydraulic fluid along the surface of the piston rod 5.

The apparatus of FIGURE 1 illustrates an hydraulic
fluid piston 9 which is adapted to drive a pair of gas
cylinders.  Accordingly, an additional gas cylinder and
piston arrangemént may be connected to the left-hand
end of the piston 9, therein shown as by means of a
connecting rod 15, only a portion of which is shown. In
addition, the cap assembly 11 includes a supply line 16
which is connected to the hydraulic cylinder at a suc-
cessive compression stage whereby a plurality of com-
pression stages may be operated from an initial or single
source of hydraulic fluid.

In order to seal the piston 4 within the gas cylinder
1 so that leakage of gas around the piston 4 is minimized,
the circumference of the piston 4 includes an annular
seat 17 for receiving a piston ring assembly. Such as-
sembly is shown in detail in FIGURE 2, and includes any
number of carbon-metal, or the like, bearing rings 18.
Adjacent the bearing ring or rings 18 are a series of

brass, or the like, sealing rings 19—23, each of which *

is L-shaped in cross section. Nested in said L-shaped
rings 19—23 there are supported spring steel expander
rings 24-—-28 normally biasing specially constructed piston
rings 29—33 radially outwardly against the cylinder wall.

The construction of a preferred expander ring is shown =

in FIGURE 3, in which the same is tapered towards its
opposed ends to equalize the expansion stress. Each of
the specially constructed piston rings 29—33 comprises a
continuous ring of tetrafluoroethylene resin (Teflon) or its
like, impregnated with glass fibers, or their like. This
resin is remarkably well adapted to provide an effective
.seal under the encountered temperatures with the inner
surfaces of the gas cylinder so as to prevent the flow of
gas past the piston.

Due to the fact that, unreinforced, the resin is subject
to excessive wear in use, it is necessary to incorporate
therein a selected quantity of glass fibers. And the com-
bination thereof has been found to resist wear and fortify
the resin without diminishing the extraordinary gas-seal-
ing characteristics of the resultant piston ring. Thus, it
has been found that an amount of glass fibers equal to
approximately 25% of the piston ring by volume increases
the useful life of the rings approximately five-hundred-
fold. Even greater amounts of glass fibers can also be
used to advantage, as will appear.
~ In order to minimize the flow of gases around and
under the L-shaped rings 19—23, the seals 34—39 are
included, and since these seals are mot subject to wear,
‘they may compromise substantially pure tetrafluoroethyl-
ene, or its like.

Because the piston rings 29—33 engage and wear
against the inner wall, a hard layer 40 on the inner
surface of the cylinder is needed. Such is advantageously
formed by a plating of chromium having an appropriate
thickness, e.g., approximately .003 inch, which is treated
for required hardness and strength.

The fiberglass filler for the Teflon piston rings tend
to be abrasive, and cut into or polish the cylinder wall
against which they move. This abrasive polishing quality,
which would normally be impractical in cylinder walls of
ordinary ferrous construction, is used to advantage by
means of the hardened surface coating provided by the
preferred chromium plate on the inmer surface of the
subject cylinder wall. Thereby, the abrasive polishing ac-
tion provides a smooth and accurate surface against which
the glass-filled Teflon forms a virtually perfect seal.

The L-shaped rings 19—23, the expander rings 24—28,
and the piston rings 29—33 are held in place on the
piston 4 by means of any number of second bearing rings
41, which are similar to the above-mentioned bearing
ring 18. A retainer ting 95 is threaded into the piston 4
to lock the piston rings 29—33 and associated parts in
place.

desired split-ring leakage in piston rings of conventional
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The Teflon rings are unbroken so as to avoid the un-
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‘rods 48 and 49.
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construction. The use of the retainer ring structure per-
mits the replaceable insertion of the unbroken Teflon
annuli as and for piston rings, because the L.-shaped
brass retainer rings and the springy expander rings re-
tained therein are all individually and collectively remov-
able and replaceable.

A silicone or other seal is included between the gas
cylinder 1 and the cylinder head 3 to eliminate any seep-
age of gas which might otherwise occur past the cylinder
head 3.

Said cylinder head 3 includes an intake check valve
97, which opens to allow gas to enter the cylinder 1 as
the piston 4 travels to the left, and an outlet check valve
98, through which the gas passes from the gas cylinder 1
when the piston 4 travels to the right, and vice versa
in the opposed piston and cylinder on the corresponding
left side of the apparatus.

In operation, hydraulic fluid, under pressure, is in-

troduced into the conduit 12 which pushes the hydraulic
piston 9 the left along with any other pistons in succes-
sive stages which are similarly connected by means of
conduit 16. As the hydraulic piston travels to the left
the gas piston 4 follows, the valve 97 opens, and gas is
taken into the cylinder 1 between the piston 4 and the
cylinder head 3. At a predetermined pressure point in
the cycle, the hydraulic fluid is shut off from the conduit
12 and introduced to the opposite side of the piston 9
through a conduit (not shown) which may be similar
to the conduit of the cap assembly 11.
" The introduction of hydraulic fluid under pressure on
the left-hand side of the piston 2 causes the piston 4 to
travel to the right in a compression stroke in which the
gas passes from the cylinder 1 through the valve 98.

In a particular embodiment, another gas cylinder and
piston arrangement may be connected to the left-hand
end of the hydraulic piston 4 via the connecting rod 15.
Of course, the cycle of operation in the gas cylinder and
piston connected to the left-hand end of the hydraulic
piston 9 will be opposite with respect to the gas cylinder
1 and piston 4. That is, as the piston 4 advances to the
left for a gas intake stroke, the left-hand piston will be
advancing to the left for a compression stroke and while
the gas piston 4 is advancing to the right on a compres-
sion stroke, the left-hand gas piston will be traveling in
a gas intake stroke.

In FIGURE 4 there is illustrated a multiple stage gas
compressor including three compression stages, each of
which is preferably constructed in a manner similar to
the new and improved piston and cylinder assembly
shown in FIGURES 1-3. Thus, the multiple stage com-
pressor of FIGURE 4 includes a first stage having a left-
hand gas cylinder 42, a right-hand gas cylinder 43, and
an hydraulic cylinder 44. A gas piston 45, and a gas
piston 46 in the gas cylinders 42 and 43 are each con-
nected to an hydraulic piston 47 by means of the piston
In a similar fashion, the second stage
includes the gas cylinders 50 and 51, an hydraulic cyl-
inder 52, the pistons 53, 54 and 55, and the connecting
rods 56 and 57. Likewise, the third stage includes the
gas cylinders 58 and 59, the hydraulic cylinder 60, the
pistons 61, 62 and 63, and the connecting rods 64 and 65.

In operation, referring particularly to the apparatus
of FIGURE 4, the hydraulic cylinder pistons 47, 55 and
63 are adapted to be moved back and forth by alternately
connecting a source of hydraulic fluid under pressure to
opposite sides of the hydraulic pistons. One suitable
method for supplying hydraulic fluid under pressure is

‘shown in which a diesel engine 66 drives a pump 67.

The pump intake extends into a reservoir 68, which con-
tains a quantity of hydraulic fluid. Any conventional
filter 69 may be included in the intake line. The pump
67 supplies hydraulic fluid under pressure to a fluid con-
duit 70 which is connected to a suitable valve 71.
Preferably, this is a four-way valve, in which the arrows

‘on the drawing diagrammatically illustrate the path of
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hydraulic fluid flow therethrough in one of the respec-
tive positions of the same. Thus, when the valve is in
one position, the hydratilic supply conduit 70 is connected
to a left-hand hydraulic cylinder supply line 72, and a
right-hand hydraulic cylinder supply line 73 is connected
to a return conduit 74 which discharges into the reservoir
68. In another position of the valve 71, the supply lines
72 and 73 are cross-coupled to the conduits 70 and 74,
so that fluid is passed from the supply conduit 70 to the
right-hand supply line 73, while the left-hand supply line
72 is connected to the discharge conduit 74 for releasing
fluid into the reservoir 68. By switching the valve from
one position to the other, the hydraulic pistons 47, 55
and ‘63 are correspondingly urged first in one and then
in the opposite direction, and thereby also the gas cyl-
inder pistons 45, 46, 53, 54, 61 and 62 are reciprocated.

A gas to be compfessed, or to be further compressed,
such as helium, is introduced to the multiple stage com-
pressor of FIGURE 4 via an inlet valve 75, which is con-
nected via the check valves 76 -and 77 to the first stage
gas cylinders 42 and 43. As the pistons 45, 47 and 46
move towards the left, the check valve 77 opens to allow
gas to enter the right-hand gas cylinder 43, while the
check valve 76 remains closed. On the other hand, when
the pistons 45, 46 and 47 move to the right, the check
valve 76 opens to allow gas to enter the left-hand gas
cylinder 42 while the check valve 77 remains closed.

As indicated in FIGURE 4, successive stages of the
compressor include gas cylinders of smaller diameter, as
desired, and in accordance with sound engineering re-
‘quirements. By connecting the gas cylinders 42 and 43
of the first stage to the gas cylinders of the second stage,
‘the gas is expelled from the first stage into the smaller
gas cylinder chambers of the second stage, thereby effect-
'ing a compression of the gas. For this purpose the gas
cylinders 42 and 43 of the first stage are connected via
the check valves 78 and 79 to the intake check valves 80
and 81 of the second stage gas cylinders 50 and 51. In
a similar manner the outlet check valves 82 and 83 of the
second stage gas cylinders 50 and 51 are connected to the
dinlet check valves 84 and 85 of the third stage gas cyl-
.inders 58 and 59, ’

In operation, as the pistons move to the right, gas is
forced into the left-hand gas cylinders 42, 50 and 58 from
the inlet valve 75 in the case of the first stage, and from
the preceding stage in the case of the second and third
stages. When the pistons move to the left, gas is taken
-into the gas cylinders 43, 51 and 59 in the case of the first
stage from the inlet valve 75 and the case of the second
and third stages from the preceding stage. The third
stage gas cylinders 58 and 59 are connected to the outlet
line 86 via the check valves 87 and 88. Suitable safety
valves and the like devices can obviously be added, as
well as cooling apparatus within the skill of the art for
securing against excess pressures and conveying away the
heat of compression of the gases.

By virtue of a new and improved control system, the
multiple stage compressor of FIGURE 4 is adapted to
handle the compression of gases over a wide range of
inlet pressures while at the same time operating with a
high efficiency. It will be appreciated that the length of
the stroke of each of the pistons depends upon the pres-
sure of the gas against which the piston is working, and
the capacity of the pump 67 to deliver hydraulic fluid at
a high enough pressure to move the piston against the
pressure of the gas. Of course, as the piston moves, the
pressure of the gas increases due to the compression of
gas resulting from the transfer of the gas into succes-
sively smaller chambers. Thus, when the inlet pressure
of the gas is relatively low, it may be expected that the
pump 67 will be capable of forcing hydraulic fluid into
the hydraulic cylinders 44, 52 and 69, to cause the pistons
to travel through a relatively long stroke. However,
where the inlet pressure is relatively high, the stroke is

automatically shortened as needed to correspond to the
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capacity of the pump 67 to deliver hydraulic fluid under
pressure and to insure that the maximum efficiency of the
pump will be realized.

It has been found that the pressure of the hydraulic
fluid is the optimum measurement of the efficiency of
operation of the pump.  Accordingly, there is provided
in the multiple stage pump of FIGURE 4 a pressure
sensitive switch 89 connected to the left-hand hydraulic
cylinder supply line 72, and another pressure sensitive
switch 90 connected to the right-hand hydraulic cylinder
supply line 73. These pressure switches 89 and 98 are
pre-set and adapted to sense the condition where the
fluid ‘in the hydraulic cylinders approaches a predeter-
mined level. Whenever the hydraulic pressure reaches
such predetermined level, an appropriate one of the

switches 89 and 90 is actuated. By linking the pressure

switches 89 and 90 to the valve 71, the valve 71 is actu-
ated to reverse the flow of hydraulic fluid into the hydrau-
lic cylinders 42, 54 and 60, so that the travel of the pis-
tons is reversed. The pressure sensitive switches 89 and
90 may be hydraulically or mechanically linked to the
valve 71, or as in the embodiment of FIGURE 4, a pair
of solenoids 91 and 92 may be electrically energized by
the pressure switches 89 and 90 to switch the valve 71.
By means of the control system described above, the over-

. all operation of the compressor is controlled as a func-
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tion of the hydraulic pressure so that maximum efficiency
is achieved beyond any prior art apparatus.

An additional feature of the multiple stage compressor
of FIGURE 4 is the connection of the hydraulic cylin-
ders 44, 52 and 60 in parallel so that hydraulic fluid is

supplied to each of the hydraulic cylinders from a single

source. Due to the common connection of the supply
lines 72 and 73, the hydraulic pressure in each of the
hydraulic cylinder 42, 54 and 60 is inherently equalized,
and since the hydraulic pistons 47, 55 and 63 are not
mechanically linked together, the length of the stroke in
each stage of the compressor automatically adjusts itself
to the most efficient mode of operation in accordance
with the pressure of the gas being compressed in each
individual compressor stage and the capacity of the hy-
draulic fluid pump 67 to deliver hydraulic fluid under
pressure.

-~ This invention features the provision of new and im-

proved piston ring construction either alone or in associ-
ation with new and improved expander rings, retainer
rings, and hardened complementary cylinder walls. It
also features a new and improved unbroken piston an-
nulus of novel and valuable properties in combination
with the described, preferred structure, or its like. In
addition, the invention features the provision of a multi-
stage compressor structure having new and improved hy-
draulically actuated and pressure-controlled operation to
overcome the erratic and inefficient low-inlet pressure
capacity of prior art compressors. Moreover, the instant
apparatus, by its pressure-controlled switching operation,
assures the necessary piston displacement in the first com-
pression stages, giving optimum efficiency and rated
capacity, irrespective of inlet or outlet pressures for the
apparatus. Among other features is the provision of a
construction promoting full use of all compression stages
for a subject gas within the limits of available power.
While I have herein shown and described what 1 be-
lieve to be the preferred embodiment of this invention,

5 it is understood that modifications may be made in the

combination, subcombination and methods thereof with-
in the skill of the art and in the light of the instant dis-
closure without departing from the spirit of the invention

~within the scope of the claims.

I claim:

1. In a gas compressor the combination of a plurality
of pump stages, each of which includes a pair of gas
cylinders and pistons, and a fluid operated driving cylin-
der and piston, and piston rods connecting the gas cylin-
der pistons and the driving cylinder pistons; a. source of
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driving fluid under pressure; means connecting the source
of driving fluid to the driving cylinders of each of the
stages in parallel; valve means for selectively applying
driving fluid to opposite sides of each of the driving cylin-
der pistons to cause reciprocating motion of the driving
cylinder pistons within the driving cylinders; valve means
to admit gas to the first stage gas cylinders; and means in-
terconnecting gas cylinders on one side of the driving cyl-
inders to gas cylinders of a succeeding stage on the oppo-
site side of the driving cylinders to provide a progressive
flow through successive stages thereof.

2. In a gas compressor, the combination of a plurality
of pump stages, each of which includes a pair of gas
cylinders and pistons, a hydraulic cylinder and piston,
and piston rods connecting the gas cylinder pistons and
the hydraulic cylinder pistons; a source of hydraulic fluid
under pressure; means connecting the source of hydraulic
fluid to the hydraulic cylinders of each of the stages in
parallel; valve means for selectively applying hydraulic
fluid to opposite sides of each of the hydraulic cylinder
pistons to cause reciprocating motion of the hydraulic
pistons within the hydraulic cylinders; valve means to
admit gas to first stage gas cylinders and means intercon-
necting the gas cylinders to provide a progressive flow
through successive stages thereof, the gas cylinders of
each pump stage being on opposite sides of their respec-
tive hydraulic cylinders and gas cylinders being connected
to discharge into gas cylinders of a succeeding stage which
are on the opposite side of the hydraulic cylinder of the
succeeding stage. ‘

3. In a gas compressor the combination of a plurality
of pump stages, each of which includes a pair of gas cylin-
ders and pistons, a hydraulic cylinder and piston, and
piston rods connecting the gas cylinder pistons and the
hydraulic cylinder piston; a source of hydraulic fluid under
pressure; means connecting the source of hydraulic fluid
to the hydraulic cylinders of each of the stages in paral-
lel; valve means for selectively applying hydraulic fluid
to opposite sides of each of the hydraulic cylinder pistons
to cause reciprocating motion of the hydraulic pistons
within the hydraulic cylinders; means interconnecting the
gas cylinders of each of said stages for compressing gases
as the hydraulic cylinder pistons are reciprocated, and a
pressure sensing device connected to the hydraulic cylin-
ders and the valve means for actuating the valve means
to reverse the travel of the hydraulic cylinder pistons
whenever the fluid within the hydraulic cylinders achieves
a predetermined pressure. .

4. In a gas compressor, the combination of a plu-
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rality of stages; cach of said stages including a pair of
gas -cylinders and cooperating pistons, an intermediate
hydraulic cylinder and piston, and a piston rod connect-
ing the gas pistons and hydraulic piston whereby the
pistons travel together in unison; said gas cylinders being
oppositely disposed about the hydraulic cylinders so that
in each stage the gas piston of one gas cylinder moves
in a compression stroke while the gas piston in the other
gas cylinder moves in an intake stroke; means connecting
the gas cylinders of each stage to the gas cylinders of a
successive stage so that gas may be transferred from
each gas cylinder during a compression stroke to a gas
cylinder of a succeeding stage during an intake stroke;
a source of hydraulic fluid under pressure; a first hy-
draulic fluid supply line connected to the hydraulic cylin-
ders to each of the stages on one side of each of the
hydraulic pistons; a second hydraulic fluid supply line
connected to the hydraulic cylinders of each of the stages
on the other side of the pistons; a valve connected to
the first and second hydraulic fluid supply lines and the
source of hydraulic fluid under pressure; said valve being
adapted to alternately pass hydraulic fluid to the first
and second fluid supply lines whereby the hydraulic pis-
tons are reciprocated in the hydraulic cylinders; and a
pressure sensing device linked to the hydraulic cylinder
supply lines for semsing a condition when the pressure
within the hydraulic cylinders rises to a predetermined
level; and means linked between the pressure sensing
device and the valve for actuating the valve to change
the flow of hydraulic fluid from one of the hydraulic
fluid supply lines to the other of the hydraulic fluid sup-
ply lines whereby the direction of travel of the hydraulic
piston is reversed whenever the pressure of the hydraulic
fluid rises to said predetermined level.
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