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pumping a fluid from a fluid inlet to a fluid outlet, a housing configured to
support the piston assembly, and an eccentric actuator that is enclosed within
the housing. The piston assembly includes a glass cylinder, and a graphite
piston that is actuated by the eccentric actuator to move within the glass cyl-
inder, wherein movement of the piston drives the fluid from the fluid inlet to
the fluid outlet. A motor drives a drive shaft that in turn drives the eccentric
actuator to actuate the graphite piston. A housing cover of the housing re-
ceives a motor shaft support bearing that supports an end of the drive shaft
opposite from an end that is driven by the motor. The pump/compressor may
be a twin head pump/compressor with two oppositely positioned piston as-
semblies actuated by a split eccentric actuator.
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TITLE: PISTON COMPRESSOR WITH GLASS CYLINDER
AND GRAPHITE PISTON

Related Application Data

This application claims priority to U.S. Provisional Application Serial No.
61/971,111, filed on March 27, 2014, the contents of which is incorporated here by

reference.

Field of Invention

The present invention relates generally to fluid pumps and compressors
including gas pumps and compressors, and more particularly to piston compressors,
piston pumps, and motor driven pumps and compressors and enhanced piston

assemblies for use in such pumps and compressors.

Background of the Invention

Compact pumps and compressors, including vacuum pumps and air and gas
compressors, are utilized in a variety of applications. In medical applications in
particular, such pumps and compressors may be used in oxygen concentrator
systems that supply oxygen to users as a medical replacement for an oxygen tank.
Other uses for such pumps and compressors include nitrogen concentrators for food
preservation. Pumps and compressors in such and similar applications typically are
battery powered with long-life batteries, and operate at pressures of approximately

20 psi and at flow rates of 30 L/min or less.

As such, it is important for pumps and compressors in oxygen concentrators
and similar devices to be compact for user portability and discreetness of operation.
It is also important for such pumps and compressors to be essentially noiseless, and
to have efficient air flow through the pump/compressor. It is also important for the
pump or compressor to incorporate an efficient cooling mechanism. Configurations
of conventional pumps and compressors, however, have proven to be deficient in

these aspects.
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Summary of the Invention

A need in the art exists for an improved pump or compressor that overcomes
the above deficiencies of conventional configurations. A pump/compressor includes
an eccentric actuated piston assembly, the piston assembly including a graphite
piston that is actuated by an eccentric actuator and moves within a glass cylinder.
The fit between the glass cylinder and graphite piston acts as a seal to prevent
leakage during the compression or intake stroke, with no other dynamic sealing
element being provided. Efficiency is therefore enhanced without the generation of
significant heat due to reduced frictional losses, as compared to conventional

configurations.

An aspect of the invention, therefore, is a pump/compressor. In exemplary
embodiments, the pump/compressor includes at least one piston assembly for
pumping a fluid from a fluid inlet to a fluid outlet, a housing configured to support the
piston assembly, and an eccentric actuator that is enclosed within the housing. The
piston assembly includes a glass cylinder, and a graphite piston that is actuated by
the eccentric actuator to move within the glass cylinder, wherein movement of the
piston drives the fluid from the fluid inlet to the fluid outlet. A motor drives a drive
shaft that in turn drives the eccentric actuator to actuate the graphite piston. The
housing may include a motor support face to which the motor is attached, and a
housing cover that forms an outer face of the housing opposite to the motor support
face. The housing may receive a motor shaft support bearing that supports an end
of the drive shaft opposite from an end that is driven by the motor.

In exemplary embodiments, the pump/compressor is a twin head pump
compressor. The twin head pump/compressor includes a housing including a first
end and a second end opposite the first end. A first piston assembly is attached to
the first end of the housing for pumping a fluid from a first fluid inlet to a first fluid
outlet, and a second piston assembly is attached to the second end of the housing
for pumping a fluid from a second fluid inlet to a second fluid outlet. A split eccentric
actuator is enclosed within the housing. Each of the first and second piston
assemblies includes a glass cylinder, and a graphite piston that is actuated by the
split eccentric actuator to move within the glass cylinder, wherein movement of the

pistons drives the fluid from the fluid inlets to the fluid outlets.
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These and further features of the present invention will be apparent with
reference to the following description and attached drawings. In the description and
drawings, particular embodiments of the invention have been disclosed in detail as
being indicative of some of the ways in which the principles of the invention may be
employed, but it is understood that the invention is not limited correspondingly in
scope. Rather, the invention includes all changes, modifications and equivalents
coming within the spirit and terms of the claims appended hereto. Features that are
described and/or illustrated with respect to one embodiment may be used in the
same way or in a similar way in one or more other embodiments and/or in

combination with or instead of the features of the other embodiments.

Brief Description of the Drawings

Fig. 1 is a schematic diagram depicting a perspective and exploded view of an
exemplary piston assembly for use in a pump or compressor in accordance with
embodiments of the present invention.

Fig. 2 is a schematic diagram depicting a perspective and exploded view of an
exemplary pump housing and motor assembly for use in a pump or compressor in

accordance with embodiments of the present invention.

Fig. 3 is a schematic diagram depicting a motor side perspective view of an
exemplary pump or compressor system in accordance with embodiments of the

present invention.

Fig. 4 is a schematic diagram depicting a housing side perspective view of the

exemplary pump or compressor system of Fig. 3.

Fig. 5 is a schematic diagram depicting a side cross-sectional view of the

exemplary pump or compressor system of Figs. 3 and 4.

Detailed Description

Embodiments of the present invention will now be described with reference to
the drawings, wherein like reference numerals are used to refer to like elements

throughout. It will be understood that the figures are not necessarily to scale.



10

15

20

25

30

WO 2015/147971 PCT/US2015/011721

Generally, a pump/compressor includes at least one piston assembly for
pumping a fluid from a fluid inlet to a fluid outlet, a housing configured to support the
piston assembly, and an eccentric actuator that is enclosed within the housing. The
piston assembly includes a glass cylinder, and a graphite piston that is actuated by
the eccentric actuator to move within the glass cylinder, wherein movement of the

piston drives the fluid from the fluid inlet to the fluid outlet.

Fig. 1 is a schematic diagram depicting a perspective and exploded view of an
exemplary piston assembly 10 for use in a pump or compressor in accordance with
embodiments of the present invention. The piston assembly 10 includes a cylinder
12 that houses a piston 14 that is moveable within the cylinder. In accordance with
embodiments of the present invention, the cylinder 12 may be a glass cylinder. For
example, the glass cylinder may be formed of a borosilicate glass, although other
suitable glass materials may be employed. The piston 14 may be a carbon graphite
piston. As further described below, the graphite piston is actuated by an eccentric
actuator to move within the glass cylinder, wherein movement of the piston drives
the fluid from the fluid inlet to the fluid outlet.

The use of a glass cylinder with a graphite piston reduces friction, which
improves the overall efficiency of the pump or compressor in which such a piston
assembly is employed. Other advantages of the reduced friction include longer life,
reduced noise, reduced size, and reduced friction heating as compared to
conventional configurations. The configuration of a glass cylinder and graphite
piston creates a dynamic "seal-less" pump or compressor. The fit between the glass
cylinder and graphite piston acts as a seal to prevent leakage during the
compression or intake stroke, with no other dynamic sealing element being provided.
Efficiency is therefore enhanced without the generation of significant heat due to

reduced frictional losses, as compared to conventional configurations.

Referring again to Fig. 1, the graphite piston 14 is topped by a support washer
16 that is held in place by a fastener 18, such as for example a machine screw. A
first or inner sealing gasket 20 may seal the piston assembly relative to a pump
housing (not shown in Fig. 1). A compression head 22 acts as a pump chamber that
receives fluid through a fluid inlet 24, and expels fluid via actuation of the piston
through a fluid outlet 26. In typical applications, such as for example oxygen

concentrators or nitrogen generators referenced above, the fluid may be a
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compressed gas, although any suitable fluid may be employed. A second or outer
sealing gasket 28 may be provided on an outer face of the compression head for
sealing the compression head on the side opposite the piston. As referenced above,
however, an additional dynamic sealing element is not required between the graphite
piston and the pump head, as the fit between the glass cylinder and graphite piston
acts as a seal to prevent leakage during the compression or intake stroke. The
piston assembly further may be secured with an outer cover plate 30.

Fig. 2 is a schematic diagram depicting a perspective and exploded view of an
exemplary pump or compressor housing and motor assembly 40 for use in a pump
or compressor in accordance with embodiments of the present invention. A housing
and motor assembly 40 may include a housing 42 that is configured to support at
least one piston assembly as described with respect to Fig. 1. In particular, the
embodiment depicted in Fig. 2 is configured as a twin head system such that two
piston assemblies may be provided, with one piston assembly respectively
supported on each of two housing ends on opposite sides of the housing 42. It will
be appreciated, however, that a single head configuration also may be employed, in

which only one piston assembly is supported on one of the housing ends.

As seen in Fig. 2, the housing 42 may include a first end 44 for supporting a
first piston assembly as described in Fig. 1. The first end 44 may include a first
recess 46 defined by an outer face 48 and a ridge 50. The recess 46 is configured
to receive the inner gasket 20 referenced above, and otherwise operates to align and
support the glass cylinder and associated graphite piston relative to the housing.

The housing 42 has a second end 52. In twin head embodiments, the second end
52 may have comparable features as the first end 44, including a second recess that
receives a second inner gasket, so as to support and align a second piston assembly
relative to the housing.

The housing 42 further may have a motor support face 54 to which a motor 56
is attached. In exemplary embodiments, the motor 56 may be a brushless direct
current (DC) motor powered by a long-life battery, although any suitable motor may
be employed. Lead wires 58 may be provided that couple the motor to a suitable

controller, such as an external driver or integrated electronics.
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The housing 42 encloses the components that are configured to actuate the
one or two piston assemblies when driven by a motor drive shaft (not shown
specifically in Fig. 2). A first connecting rod 60 actuates a first piston assembly
supported by the first end 44 of the housing, and in the case of a twin head
configuration as depicted in Fig. 2, a second connecting rod 62 actuates a second
piston assembly supported by the second end 52 of the housing. The first and
second connecting rods each respectively may have a support bearing 64 and 66 for
supporting the motor drive shaft. A split eccentric 68 may be provided between the
connecting rods through which the piston assemblies are actuated when the split

eccentric rotates commensurately with the motor drive shaft.

A housing cover 70 may form an outer face of the housing 42 opposite to the
motor support face 54. The housing cover 70 may include a motor shaft bearing
support 72 that may receive a drive shaft support bearing 74. When fully assembled,
the motor shaft support bearing 74 supports an end of the drive shaft opposite from
an end that is received by the motor 56.

One or more piston assemblies as described with respect to Fig. 1, and the
housing and motor assembly as described with respect to Fig. 2, may be combined
into a pump or compressor system. Fig. 3 is a schematic diagram depicting a motor
side perspective view of an exemplary pump or compressor system 80 in
accordance with embodiments of the present invention. Fig. 4 is a schematic
diagram depicting a housing side perspective view of the exemplary pump or
compressor system 80 of Fig. 3. Fig. 5 is a schematic diagram depicting a side
cross-sectional view of the exemplary pump or compressor system of Figs. 3 and 4.
Because the pump or compressor system 80 includes the components of Figs. 1 and
2, components in Figs. 3-5 are afforded common references numerals as like

components of Figs. 1 and 2.

Similarly as above, the embodiment depicted in Figs. 3-5 is configured as a
twin head system such that two piston assemblies may be provided, with one piston
assembly respectively supported on each of two housing ends on opposite sides of
the pump housing. It will be appreciated, however, that a single head configuration
also may be employed, in which only one piston assembly is supported on one of the
housing ends.
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Accordingly, a twin head pump/compressor includes a housing including a
first end and a second end opposite the first end. A first piston assembly is attached
to the first end of the housing for pumping a fluid from a first fluid inlet to a first fluid
outlet, and a second piston assembly is attached to the second end of the housing
for pumping a fluid from a second fluid inlet to a second fluid outlet. A split eccentric
actuator is enclosed within the housing. Each of the first and second piston
assemblies includes a glass cylinder, and a graphite piston that is actuated by the
split eccentric actuator to move within the glass cylinder, wherein movement of the

pistons drives the fluid from the fluid inlets to the fluid outlets.

Referring initially to Figs. 3 and 4, the pump or compressor system 80
includes the housing 42 to which is attached the motor 56. The motor 56 may be a
brushless direct current (DC) motor powered by a long-life battery, although any
suitable motor may be employed, and lead wires 58 may be provided that couple the
motor to a suitable controller, such as an external driver or integrated electronics. A
first piston assembly 10 is attached to the first end 44 of the housing, and a second
piston assembly 10' is attached to the second end 52 of the housing. The piston
assemblies are comparably configured. As described above, the first piston
assembly 10 includes a glass cylinder 12 that houses a graphite piston 14. The
glass cylinder is seated against an inner sealing gasket 20 within the first end 44 of
the housing. The piston assembly 10 further includes the first compression head 22
including the first fluid inlet 24 and first fluid outlet 26. The first compression head 22
is sealed at its outer surface by an outer sealing gasket 28 and outer cover plate 30.
The pump or compressor system further may include supports plates 82 for
attaching the first piston assembly 10 to the first end 44 of the housing 42.
Fasteners 84 may extend through the cover plate 30 and supports plates 82, which
secure the piston assembly 10 to the housing in a manner that permits up and down
movement of the piston 14 within the glass cylinder 12.

Similarly, the second piston assembly 10" includes a glass cylinder 12' that
houses a graphite piston 14'. The glass cylinder is seated against an inner sealing
gasket 20' within the second end 52 of the housing. The second piston assembly 10'
further includes a second compression head 22' including a second fluid inlet 24" and
a second fluid outlet 26'. The second compression head 22' is sealed at its outer

surface by an outer sealing gasket 28' and outer cover plate 30'. The pump or
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compressor system 80 further may include supports plates 82' for attaching the
second piston assembly 10' to the second end 52 of the housing 42. Fasteners may
extend through the cover plate 30' and supports plates 82', which secure the piston
assembly 10' to the housing in a manner that permits up and down movement of the

piston 14' within the glass cylinder 12'.

Fig. 4 depicting the housing side view further shows the housing cover 70 as
attached to the housing 42 via additional fastening elements 86. The motor shaft
support bearing 74 supports a drive shaft 88 at a second end 92 that is opposite to a

first end received within the motor 56.

Additional features of the pump or compressor system 80 are illustrated in the
cross-sectional view of Fig. 5. Fig. 5 depicts the configuration of the drive shaft 88
extending from a first end 90 received by the motor 56, to a second end 92
supported by the motor shaft support bearing 74. The drive shaft 88 thereby extends
through the respective bearings 64 and 66 of the first and second connecting rods 60
and 62, and through the split eccentric 68. The piston assemblies are actuated via
the connecting rods when the split eccentric rotates commensurately as driven by
the motor drive shaft. In particular, the graphite pistons may be driven cyclically up
and down to pump fluid (e.g., compressed gas or other suitable fluid) from the fluid
inlet through the fluid outlets.

An aspect of the invention, therefore, is a pump/compressor. In exemplary
embodiments, the pump/compressor includes at least one piston assembly for
pumping a fluid from a fluid inlet to a fluid outlet, a housing configured to support the
piston assembly, and an eccentric actuator that is enclosed within the housing. Tthe
piston assembly includes a glass cylinder, and a graphite piston that is actuated by
the eccentric actuator to move within the glass cylinder, wherein movement of the
piston drives the fluid from the fluid inlet to the fluid outlet.

In an exemplary embodiment of the pump/compressor, the piston assembly
further comprises a compression head that acts as a pump chamber that receives
fluid through the fluid inlet and expels fluid through the fluid outlet via actuation of the

graphite piston.

In an exemplary embodiment of the pump/compressor, the housing has a

recess for aligning the glass cylinder relative to the housing.
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In an exemplary embodiment of the pump/compressor, the pump/compressor
further includes a gasket that is located in the recess for sealing the glass cylinder

relative to the housing.

In an exemplary embodiment of the pump/compressor, the pump/compressor
further includes a motor and a drive shaft that is driven by a motor, wherein the drive
shaft in turn drives the eccentric actuator to actuate the graphite piston.

In an exemplary embodiment of the pump/compressor, the motor is a

brushless direct current (DC) motor.

In an exemplary embodiment of the pump/compressor, the pump/compressor
further includes a connecting rod located between the eccentric actuator and the
graphite piston, wherein the eccentric actuator actuates the graphite piston via the

connecting rod.

In an exemplary embodiment of the pump/compressor, the housing includes a
motor support face to which the motor is attached, and a housing cover that forms an
outer face of the housing opposite to the motor support face.

In an exemplary embodiment of the pump/compressor, the housing cover
receives a motor shaft support bearing that supports an end of the drive shaft
opposite from an end that is driven by the motor.

In an exemplary embodiment of the pump/compressor, the glass cylinder is

made of a borosilicate glass.

Another aspect of the invention is a twin head pump/compressor. In
exemplary embodiments, the twin head pump/compressor includes a housing
including a first end and a second end opposite the first end, a first piston assembly
attached to the first end of the housing for pumping a fluid from a first fluid inlet to a
first fluid outlet, a second piston assembly attached to the second end of the housing
for pumping a fluid from a second fluid inlet to a second fluid outlet, and a split
eccentric actuator that is enclosed within the housing. Each of the first and second
piston assemblies includes a glass cylinder, and a graphite piston that is actuated by
the split eccentric actuator to move within the glass cylinder, wherein movement of
the pistons drives the fluid from the fluid inlets to the fluid outlets.
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In an exemplary embodiment of the twin head pump/compressor, the first
piston assembly further includes a first compression head that acts as a pump
chamber that receives fluid through the first fluid inlet and expels fluid through the
first fluid outlet via actuation of the graphite piston of the first piston assembly, and
the second piston assembly further includes a second compression head that acts
as a pump chamber that receives fluid through the second fluid inlet and expels fluid
through the second fluid outlet via actuation of the graphite piston of the second

piston assembly.

In an exemplary embodiment of the twin head pump/compressor, the housing
has a first recess for aligning the glass cylinder of the first piston assembly relative to
the first end housing, and a second recess for aligning the glass cylinder of the
second piston assembly relative to the second end of the housing.

In an exemplary embodiment of the twin head pump/compressor, the twin
head pump/compressor further includes a first gasket that is located in the first
recess for sealing the glass cylinder of the first piston assembly relative to the
housing, and a second gasket that is located in the second recess for sealing the

glass cylinder of the second piston assembly relative to the housing..

In an exemplary embodiment of the twin head pump/compressor, the twin
head pump/compressor further includes a motor and a drive shaft that is driven by a
motor, wherein the drive shaft in turn drives the split eccentric actuator to actuate the

graphite pistons.

In an exemplary embodiment of the twin head pump/compressor, the motor is
a brushless direct current (DC) motor.

In an exemplary embodiment of the twin head pump/compressor, the twin
head pump/compressor further includes a first connecting rod located between the
split eccentric actuator and the graphite piston of the first piston assembly, and a
second connecting rod located between the split eccentric actuator and the graphite
piston of the second piston assembly, wherein the split eccentric actuator actuates

the graphite pistons via the connecting rods.

In an exemplary embodiment of the twin head pump/compressor, the housing
includes a motor support face to which the motor is attached, and a housing cover
that forms an outer face of the housing opposite to the motor support face.

10
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In an exemplary embodiment of the twin head pump/compressor, the housing
cover receives a motor shaft support bearing that supports an end of the drive shaft
opposite from an end that is driven by the motor.

In an exemplary embodiment of the twin head pump/compressor, the glass

cylinders of the piston assemblies are made of a borosilicate glass.

Although the invention has been shown and described with respect to a
certain embodiment or embodiments, it is obvious that equivalent alterations and
modifications will occur to others skilled in the art upon the reading and
understanding of this specification and the annexed drawings. In particular regard to
the various functions performed by the above described elements (components,
assemblies, devices, compositions, etc.), the terms (including a reference to a
"means") used to describe such elements are intended to correspond, unless
otherwise indicated, to any element which performs the specified function of the
described element (i.e., that is functionally equivalent), even though not structurally
equivalent to the disclosed structure which performs the function in the herein
illustrated exemplary embodiment or embodiments of the invention. In addition,
while a particular feature of the invention may have been described above with
respect to only one or more of several illustrated embodiments, such feature may be
combined with one or more other features of the other embodiments, as may be
desired and advantageous for any given or particular application.

11
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Claims
What is claimed is:

1. A pump/compressor comprising:

at least one piston assembly for pumping a fluid from a fluid inlet to a fluid
outlet;

a housing configured to support the piston assembly; and

an eccentric actuator that is enclosed within the housing;

the piston assembly comprising a glass cylinder, and a graphite piston that is
actuated by the eccentric actuator to move within the glass cylinder, wherein
movement of the piston drives the fluid from the fluid inlet to the fluid outlet.

2. The pump/compressor of claim 1, wherein the piston assembly further
comprises a compression head that acts as a pump chamber that receives fluid
through the fluid inlet and expels fluid through the fluid outlet via actuation of the

graphite piston.

3 The pump/compressor of any of claims 1-2, wherein the housing has a
recess for aligning the glass cylinder relative to the housing.

4. The pump/compressor of claim 3, further comprising a gasket that is
located in the recess for sealing the glass cylinder relative to the housing.

5. The pump/compressor of any of claims 1-4, further comprising a motor
and a drive shaft that is driven by a motor, wherein the drive shaft in turn drives the

eccentric actuator to actuate the graphite piston.

6. The pump/compressor of claim 5, wherein the motor is a brushless
direct current (DC) motor.

12
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7. The pump/compressor of any of claims 1-6, further comprising a
connecting rod located between the eccentric actuator and the graphite piston,
wherein the eccentric actuator actuates the graphite piston via the connecting rod.

8. The pump/compressor of any of claims 4-7, wherein the housing
includes a motor support face to which the motor is attached, and a housing cover
that forms an outer face of the housing opposite to the motor support face.

9. The pump/compressor of claim 8, wherein the housing cover receives
a motor shaft support bearing that supports an end of the drive shaft opposite from
an end that is driven by the motor.

10.  The pump/compressor of any of claims 1-9, wherein the glass cylinder
is made of a borosilicate glass.

11. A twin head pump/compressor comprising:

a housing including a first end and a second end opposite the first end,;

a first piston assembly attached to the first end of the housing for pumping a
fluid from a first fluid inlet to a first fluid outlet, and a second piston assembly
attached to the second end of the housing for pumping a fluid from a second fluid
inlet to a second fluid outlet; and

a split eccentric actuator that is enclosed within the housing;

each of the first and second piston assemblies comprising a glass cylinder,
and a graphite piston that is actuated by the split eccentric actuator to move within
the glass cylinder, wherein movement of the pistons drives the fluid from the fluid
inlets to the fluid outlets.

12.  The twin head pump/compressor of claim 11, wherein:

the first piston assembly further comprises a first compression head that acts
as a pump chamber that receives fluid through the first fluid inlet and expels fluid
through the first fluid outlet via actuation of the graphite piston of the first piston
assembly; and

the second piston assembly further comprises a second compression head
that acts as a pump chamber that receives fluid through the second fluid inlet and

13
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expels fluid through the second fluid outlet via actuation of the graphite piston of the
second piston assembly.

13 The twin head pump/compressor of any of claims 11-12, wherein the
housing has a first recess for aligning the glass cylinder of the first piston assembly
relative to the first end housing, and a second recess for aligning the glass cylinder
of the second piston assembly relative to the second end of the housing.

14.  The twin head pump/compressor of claim 13, further comprising a first
gasket that is located in the first recess for sealing the glass cylinder of the first
piston assembly relative to the housing, and a second gasket that is located in the
second recess for sealing the glass cylinder of the second piston assembly relative

to the housing..

15.  The twin head pump/compressor of any of claims 11-14, further
comprising a motor and a drive shaft that is driven by a motor, wherein the drive

shaft in turn drives the split eccentric actuator to actuate the graphite pistons.

16.  The twin head pump/compressor of claim 15, wherein the motor is a
brushless direct current (DC) motor.

17.  The twin head pump/compressor of any of claims 11-16, further
comprising a first connecting rod located between the split eccentric actuator and the
graphite piston of the first piston assembly, and a second connecting rod located
between the split eccentric actuator and the graphite piston of the second piston
assembly, wherein the split eccentric actuator actuates the graphite pistons via the

connecting rods.
18.  The twin head pump/compressor of any of claims 14-17, wherein the

housing includes a motor support face to which the motor is attached, and a housing
cover that forms an outer face of the housing opposite to the motor support face.

14
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19.  The twin head pump/compressor of claim 18, wherein the housing
cover receives a motor shaft support bearing that supports an end of the drive shaft
opposite from an end that is driven by the motor.

20. The twin head pump/compressor of any of claims 11-19, wherein the
glass cylinders of the piston assemblies are made of a borosilicate glass.

15
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