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(57) Abstract: A pump (110) including a housing having
an inlet (112) and an outlet (114) with a respective one
way inlet valve (122) configured to allow flow of fluid
into the housing and one way outlet valve (124) con-
figured to allow flow of fluid out of the housing, a pump-
ing arrangement (115) having a piston member (120) po-
sitioned in the housing and a drive member (135), the
drive member (135) extending through a drive member
opening (133) in the housing and being operable to cause
axial movement of the piston member (120) in first and
second opposite directions, a piston seal (130) extending
between the piston member (120) and the housing so as
to separate a volume within the housing into a first cham-
ber (116) defining a first volume at one side of the piston
member (120) and a second chamber (118) defining a
second volume at the other side of the piston member
(120) and being in fluid communication with the drive
member opening (133), the piston member (120) having a
piston valve (140) allowing flow of fluid from the first
chamber (116) to the second chamber (118), such that
movement of the piston member (120) in the first direc-
tion causes the first volume to increase and the second
volume to decrease thereby causing fluid to flow into the
first chamber (116) through the inlet valve (122) and
causing fluid to flow from the second chamber (118)
through the outlet valve (124), and such that movement

of the piston member in the second direction causes the first volume to decrease, thereby causing fluid to flow from the first chamber
(116) into the second chamber (118) through the piston valve (140), and a drive member seal (132) through which the drive member
(135) extends, that inhibits flow of fluid from the second chamber (118) through the drive member opening (133) in the housing.
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DIAPHRAGM PUMP

Description of Invention

The present invention relates to a pump and in particular to a vacuum seal
pump, of the sort generally known as a double acting diaphragm pump.

Vacuum seal pumps are generally known and are used to remove a fluid,
typically air, from a sealed volume. Diaphragm pumps use positive
displacement to remove the fluid — by expanding the volume of a first
chamber, allowing fluid to flow into the chamber through in inlet, sealing the
inlet, and exhausting gas from the chamber. Pumps of the type known as
double-acting diaphragm pumps include a mechanically-operated diaphragm
that divides the chamber into a first and a second chamber. Fluid from the first
chamber is vented to the second chamber as the diaphragm is operated to
reduce the volume in the first chamber and increase the volume in the second,
typically through a check valve in the diaphragm. On returning the diaphragm
to its initial position, the second chamber is compressed, and fluid is vented
from the second chamber through an outlet.

Vacuum seal pumps generally require a piston of relatively large sectional
thickness, in order to generate and withstand the pressures required to force
fluid through the pump to create a partial vacuum. Typically a piston is
provided with a counter bore arrangement into which a drive rod locates, to
provide the pumping arrangement for working the pump. Pistons of the prior
art are susceptible to seizing in place, and in such circumstance, may require
replacement of either the piston or driver rod where one or both parts are

damaged in freeing the piston.
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In double-acting diaphragm pumps, the valve between the first and second
chambers is disposed centrally on the axis of the piston. A valve of substantial
thickness is typically required, to withstand the pressures generated by the
crankshaft in moving the piston. Such a valve can require a relatively high
pressure to cause the valve to open, which in turn can result in a noisy

operation.

In order to seal the chamber of the pump from atmosphere, a seal is provided
surrounding the drive shaft that operates the piston. This seal is flexible, to
allow movement of the shaft, and typically forms a part of the wall of the first
chamber, into which fluid is drawn from the inlet. As a consequence of the
seal being flexible, the volume of the first chamber increases under pressure,
as the seal flexes outwardly of the chamber, which reduces the compression
ratio of the pump. Typically, the terminal pressure achieved by a pump of this
type is approximately 25-25.5"Hg (84,425-86114Pa). A further disadvantage
of a pump in which the seal forms a part of the wall of the first chamber, is that
in the event of seal failure, the first chamber loses its priming ability entirely,
rendering the pump inoperable.

With reference to Figure 1 of the drawings, a fluid pump 10 of the type known
in the art is shown, the pump 10 having a housing 35 with an inlet 12 and an
outlet 14 with respective inlet valve 22 configured to allow flow of fluid into the
housing 35 and outlet valve 24 configured to allow flow of fluid out of the
housing 35. The fluid pumped by the device is generally air, although it should
be understood that the pump may be used to pump other fluids.

The pump 10 includes a pumping arrangement (generally shown at 15) having
a piston member 20 and a drive member 38, the drive member 38 extending
through a drive member opening 33 in the housing 35. The drive member 38
is operable to cause axial movement of the piston member 20 in first and
second opposite directions. A piston seal 30 is disposed between the edge of
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the piston member 20 and the housing, surrounding perimeter of the piston
member 20, so as to separate the volume within the housing into a first
chamber 16 defining a first volume within the housing 25 and a second
chamber 18 defining a second volume within the housing 35. The piston
member 20 has a piston valve (generally shown at 26), located on the central
axis of the piston member and drive member 38, allowing flow of fluid from the
first chamber 16 to the second chamber 18 when the fluid in the first chamber
is under pressure. A drive member seal 32 is disposed adjacent the drive
member 38, surrounding the drive member 38, so as to prevent flow of fluid
through the opening 33 from the first chamber 16.

Operation of the pump 10 is achieved by movement of the drive member 38 in
the first and second directions, causing respective movement of the piston
member 20 to increase and decrease the volumes of the first and second
chambers, respectively. By moving the piston member 20 in a first direction,
from a first position in which the volume of the first chamber 16 is relatively
small, and the volume of the second chamber 18 is relatively large, to a
second position in which the volume of the first chamber 16 is relatively large
and the volume of the second chamber 18 is relatively small, fluid is caused to
flow into the first chamber 16 through the inlet valve 22, and from the second
chamber 18 through the outlet valve 24. Movement of the piston member 20
in the second direction causes the first volume to decrease and the second
volume to increase, thereby causing fluid to flow from the first chamber 16 into
the second chamber 18 through the piston valve 26.

An aspect of the invention provides a pump including:

a housing having an inlet and an outlet with a respective one way inlet
valve configured to allow flow of fluid into the housing and a one way outlet
valve configured to allow flow of fluid out of the housing,

a pumping arrangement having a piston member positioned in the
housing and a drive member, the drive member extending through a drive
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member opening in the housing and being operable to cause axial movement
of the piston member in first and second opposite directions,

a piston seal extending between the piston member and the housing so
as to separate a volume within the housing into a first chamber defining a first
volume at one side of the piston member and a second chamber defining a
second volume at the other side of the piston member and being in fluid
communication with the drive member opening, the piston member having a
piston valve allowing flow of fluid from the first chamber to the second
chamber, such that movement of the piston member in the first direction
causes the first volume to increase and the second volume to decrease
thereby causing fluid to flow into the first chamber through the inlet valve and
causing fluid to flow from the second chamber through the outlet valve, and
such that movement of the piston member in the second direction causes the
first volume to decrease, thereby causing fluid to flow from the first chamber
into the second chamber through the piston valve, and

a drive member seal through which the drive member extends, that
inhibits flow of fluid from the second chamber through the drive member
opening in the housing.

Another aspect of the invention provides a pump, including:

a housing having an inlet and an outlet with a respective one way inlet
valve configured to allow flow of fluid into the housing and a one way outlet
valve configured to allow flow of fluid out of the housing,

a pumping arrangement having a piston member positioned in the
housing and a drive member substantially coaxial with the piston member, the
drive member being operable to cause axial movement of the piston member
in first and second opposite directions, and

a piston seal extending between the piston member and the housing so
as to separate a volume within the housing into a first chamber defining a first
volume at one side of the piston member and a second chamber defining a
second volume at the other side of the piston, the piston member having a
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piston valve disposed at a position spaced radially from a central axis of the
piston member and configured to enable flow of fluid from the first chamber to
the second chamber, such that movement of the piston member in the first
direction causes the first volume to increase and the second volume to
decrease thereby causing fluid to flow into the first chamber through the inlet
valve and causing fluid to flow from the second chamber through the outlet
valve, and such that movement of the piston member in the second direction
causes the first volume to decrease, thereby causing fluid to flow from the first

chamber into the second chamber through the piston valve.

Another aspect of the invention provides a pump including:

a housing having an inlet and an outlet with a respective one way inlet
valve configured to allow flow of fluid into the housing and a one way outlet
valve configured to allow flow of fluid out of the housing,

a pumping arrangement having a piston member positioned in the
housing and a substantially coaxial drive member, the drive member being
operable to cause axial movement of the piston member in first and second
opposite directions,

a piston seal extending between the piston member and the housing so
as to separate a volume within the housing into a first chamber defining a first
volume at one side of the piston member and a second chamber defining a
second volume at the other side of the piston, the piston member having a
piston valve allowing flow of fluid from the first chamber to the second
chamber, such that movement of the piston member in the first direction
causes the first volume to increase and the second volume to decrease
thereby causing fluid to flow into the first chamber through the inlet valve and
causing fluid to flow from the second chamber through the outlet valve, and
such that movement of the piston member in the second direction causes the
first volume to decrease, thereby causing fluid to flow from the first chamber

into the second chamber through the piston valve, and
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a connection arrangement between the piston member and drive

member, comprising:

a first connection member supported on the drive member and
positioned at one side of the piston member,

a second connection member positioned at an opposite side of
the piston member, and

a securing means for holding the first and second connection
members relative each other so as to hold the piston member relative to the
drive member in a clamped arrangement between the first and second
connection members, substantially to prevent axial or radial relative movement

therebetween.

Further features of the invention are set forth in the dependent claims
appended hereto.

An embodiment of the invention will now be described by way of example only
with reference to the accompanying drawings of which

FIGURE 2 shows a cross-section through a pump according to the invention,
FIGURE 3 shows a valve of the type included in a pump according to the
invention,

FIGURE 4 shows a pumping arrangement of a pump according to the
invention,

FIGURE 5 shows a cross-section through a pump according to the invention,
with its pumping arrangement in a first position, and

FIGURE 6 shows the pump of FIGURE 5 having its pumping arrangement in a
second position.

A pump according to embodiments of the invention is now described with
reference to Figures 2 to 6, wherein a pump 110 is shown, the pump having a
housing 135 with an inlet 112 and an outlet 114 with a respective inlet valve
122 configured to allow flow of fluid into the housing 135 and outlet valve 124
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configured to allow flow of fluid out of the housing 135. The housing 135 is
generally comprised of a first casing 134 and a second casing 150, forming a
substantially enclosed volume, the first and second casings being fastened to
one another by bolts, or the like, and including a fluid-tight seal, e.g. such as a
gasket, therebetween. The pump 110 includes a pumping arrangement 115
having a piston member 120 and a drive member 135, the drive member 152
extending through a drive member opening 133 in the housing 135 and being
operable to cause axial movement of the piston member 120 in first and
second opposite directions. In embodiments, the drive member 152 is a rod
driven by a crankshaft. It will be appreciated that other forms of drive member
may be provided, that are operable to effect axial movement of the piston

member 120.

In embodiments, the piston member 120 is substantially circular in plan view
(e.g. disk-shaped), as is standard, having a first surface 121 and a second,
opposite, surface 123. The piston member 120 includes a central axial bore
for receiving a securing means 148, such as a bolt. The piston member 120
includes, around its periphery, a portion of increased thickness 125, and a
recess 127 inset into its radially outwardly facing edge. Preferably, the piston
member 120 has a thickness in the range of 18-37mm.

In embodiments, the pumping arrangement further includes a connection
arrangement wherein the piston member 120 is clamped between a first
connection member 142 supported on the drive member 152, and a second
connection member 146, adapted to engage with the second surface 123 of
the piston member 120. The piston member 120 is therefore sandwiched
between the first and second connection members (142, 146). The bolt 148
has a threaded shaft 136 which passes through central bores in the piston
member 120, first connection member 142 and second connection member
146, and engages with a threaded bore in the drive member 152, so as to hold
the piston member 120 relative to the drive member 152.



WO 2013/171453 PCT/GB2013/051004

10

15

20

25

30

In embodiments, the first connection member 142 is a first collar, having a
central bore adapted to receive an end portion of the drive member 152 and a
portion of the securing member 148. In the embodiment of Figure 2, the first
collar 142 comprises a projecting formation 162 and the first surface 121
comprises a raised formation 160, in the form of a raised ring, which provides
a recess (i.e. within the ring) such that the projecting formation 162 cooperates
with the recess as to prevent radial movement of the piston member 120
relative to the first collar 142. Alternatively, the first collar 142 may comprise a
recess, and the first surface of the piston member may comprise a
corresponding projecting formation. It will be apparent that, as a further
alternative, other forms of cooperating formations may be provided to prevent

radial movement between the piston member 120 and first collar 142.

In embodiments, the second connection member 146 is a second collar, and
has a bearing surface adapted to abut the second surface 123 of the piston
member 120. The second surface 123 has a recessed portion at its centre,
adapted to receive and locate the bearing surface of the second connection
member 146, so as to prevent relative radial movement between

therebetween.

A pump having the connection arrangement as described is less susceptible to
seizing of the pumping arrangement 115, since the piston member 120 is not
connected (e.g. bolted) directly to the drive member 152. By providing first
and second connection members 142, 146, the connection between the parts
is spaced, allowing greater freedom of movement. Furthermore, in the unlikely
event of a seizure occurring, the parts may be disassembled more easily,
allowing individual components to be replaced, as it is less likely that the
piston member 120 and drive member 152 become irreversibly attached (i.e.
seized) to one another in operation. Pumps of the prior art include piston
valves that are aligned coaxially with the drive member and piston member. In
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such an arrangement, it is not possible to secure the piston member to the
drive member by way of an axial securing means, as provided in the present

invention.

The pump 110 includes a piston seal 130 around the perimeter of the piston
member 120, connecting the edge of the piston member 120 to an inner wall
of the housing 135 and forming a fluid-tight seal therebetween. The piston
seal 130 and piston member 120 form a diaphragm separating a first and a
second chamber, the first chamber 116 defining a first volume within the
housing 135 and the second chamber 118 defining a second volume within the
housing 135.

In embodiments, the piston member 120 has a piston valve 140 that is
disposed at a position offset axially (i.e. spaced radially) from the central axis
of the piston member 120 and drive member 152. Preferably, the piston valve
140 is disposed at a position in the range of 69-97mm from the central axis of
the piston member 120. The piston valve 140, inlet valve 124 and outlet valve
122 are all of identical construction, as shown in Figure 3, the valves having a
valve seat 154 shaped so as to nest within recessed portions of the housing.
The shape of the valves is such that the sealing ring 164 of each valve is
‘wiped’ down the valve seat 154 in use, which results in a self-cleaning effect,
which aids positive sealing of the valve. The valves are of light construction,
such that the pressure required to operate the valve is lower than that typically
required by valves employed in vacuum pumps of the prior art. The light
nature of the valves allows the pump to operate more responsively, and
require less power, than other equivalent pumps. With less pressure being
required to operate the valves, the pump operates more quietly than standard
pumps due to a reduction in sound pressure waves generated by operation of
the pump when pumping free air. Furthermore, the commonality of the valves
means that the production of the pump has lower tooling requirements,

resulting in production efficiencies.
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The second chamber 118 of the pump 110 has a drive member opening 133
which connects the second chamber 118 to atmosphere. A drive member seal
162 is disposed adjacent, and surrounding, the drive member 152, so as to
prevent flow of fluid through the opening 133 from the second chamber 118.
The drive member seal 162 is a resiliently flexible seal so as to allow
movement of the drive member, whilst maintaining a fluid-tight seal

therebetween.

In the event that the drive member seal 162 fails, and pressure is lost from the
second chamber 118 to atmosphere, the pump of the invention still retains its
priming ability, and the pump 110 may continue to function as a single-stage
pump. The action of the piston member 120 causes fluid to be drawn into the
first chamber 116, which is sealed from the second chamber 118 by the piston
valve 140. This allows the pump to continue to draw fluid into the pump
through the inlet, and the single primary stage pump as shown is still capable
of up to 22.5"Hg (75983 Pa).

Since the drive member seal 162 is flexible, in pumps that incorporate the seal
in the wall of the first chamber, the compression ratio of the pump suffers due
to the seal flexing under pressure. This is not the case in the present
invention, as the drive member seal is provided in a wall in the second
chamber. In the pump of the present invention, the terminal pressure across
the pump is improved over the prior art to approximately 27-28"Hg (91179-
94556Pa).

In operation, as the piston member 120 moves in the first direction, from a first
configuration (Figure 5) to a second configuration (Figure 6), the first volume
increases and the second volume decreases, thereby causing fluid to flow into
the first chamber 116 through the inlet valve 122. At the same time, fluid flows
from the second chamber 118 through the outlet valve 124. Movement of the
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piston member 120 in the second direction causes the first volume to decrease
and the second volume to increase, thereby causing fluid to flow from the first
chamber 116 into the second chamber 118 through the piston valve 140.

When used in this specification and claims, the terms "comprises" and
"comprising" and variations thereof mean that the specified features, steps or
integers are included. The terms are not to be interpreted to exclude the
presence of other features, steps or components.

The features disclosed in the foregoing description, or the following claims, or
the accompanying drawings, expressed in their specific forms or in terms of a
means for performing the disclosed function, or a method or process for
attaining the disclosed result, as appropriate, may, separately, or in any
combination of such features, be utilised for realising the invention in diverse

forms thereof.



WO 2013/171453 PCT/GB2013/051004

10

15

20

25

30

12

CLAIMS

1. A pump including:

a housing having an inlet and an outlet with a respective one way inlet
valve configured to allow flow of fluid into the housing and a one way outlet
valve configured to allow flow of fluid out of the housing,

a pumping arrangement having a piston member positioned in the
housing and a drive member, the drive member extending through a drive
member opening in the housing and being operable to cause axial movement
of the piston member in first and second opposite directions,

a piston seal extending between the piston member and the housing so
as to separate a volume within the housing into a first chamber defining a first
volume at one side of the piston member and a second chamber defining a
second volume at the other side of the piston member and being in fluid
communication with the drive member opening, the piston member having a
piston valve allowing flow of fluid from the first chamber to the second
chamber, such that movement of the piston member in the first direction
causes the first volume to increase and the second volume to decrease
thereby causing fluid to flow into the first chamber through the inlet valve and
causing fluid to flow from the second chamber through the outlet valve, and
such that movement of the piston member in the second direction causes the
first volume to decrease, thereby causing fluid to flow from the first chamber
into the second chamber through the piston valve, and

a drive member seal through which the drive member extends, that
inhibits flow of fluid from the second chamber through the drive member

opening in the housing.

2. A pump according to claim 1, wherein the drive member seal is

resiliently deformable.
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3. A pump according to claim 1 or claim 2, wherein the drive member is
substantially coaxial with the piston member, and the piston valve is disposed
at a position spaced radially from a central axis of the piston member.

4. A pump according to any one of the preceding claims, further including
a connection arrangement between the piston member and drive member,
comprising:

a first connection member positioned at one side of the piston
member,

a second connection member positioned at an opposite side of
the piston member, and

a securing means for holding the first and second connection
members relative each other so as to hold the piston member relative to the
drive member in a clamped arrangement between the first and second
connection members, substantially to prevent axial or radial relative movement

therebetween.

5. A pump, including:

a housing having an inlet and an outlet with a respective one way inlet
valve configured to allow flow of fluid into the housing and a one way outlet
valve configured to allow flow of fluid out of the housing,

a pumping arrangement having a piston member positioned in the
housing and a drive member substantially coaxial with the piston member, the
drive member being operable to cause axial movement of the piston member
in first and second opposite directions, and

a piston seal extending between the piston member and the housing so
as to separate a volume within the housing into a first chamber defining a first
volume at one side of the piston member and a second chamber defining a
second volume at the other side of the piston, the piston member having a
piston valve disposed at a position spaced radially from a central axis of the
piston member and configured to enable flow of fluid from the first chamber to
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the second chamber, such that movement of the piston member in the first
direction causes the first volume to increase and the second volume to
decrease thereby causing fluid to flow into the first chamber through the inlet
valve and causing fluid to flow from the second chamber through the outlet
valve, and such that movement of the piston member in the second direction
causes the first volume to decrease, thereby causing fluid to flow from the first
chamber into the second chamber through the piston valve.

6. A pump according to claim 3 or claim 5, wherein the piston valve is
disposed at a position closer to a periphery of the piston member than to the

central axis of the piston member.

7. A pump according to claim 3 or claim 5, wherein the piston valve is
disposed at a position closer to a central axis of the piston member than to a
periphery of the piston member.

8. A pump according to claim 3 or claim 5, wherein the piston valve is
disposed at a position approximately equally spaced from a periphery of the

piston member and from a central axis of the piston member.

9. A pump according to claim 3 or claim 5, wherein the piston valve is
disposed at a position in the range of 69-97mm from the central axis of the

piston member.

10. A pump according to claim 3, or any one of claims 5 to 9, further
including a connection arrangement between the piston member and drive
member, comprising:

a first connection member positioned at one side of the piston
member,

a second connection member positioned at an opposite side of
the piston member, and



10

15

20

25

30

WO 2013/171453 PCT/GB2013/051004

15

a securing means for holding the first and second connection
members relative each other so as to hold the piston member relative to the
drive member in a clamped arrangement between the first and second
connection members, substantially to prevent axial or radial relative movement

therebetween.

11. A pump including:

a housing having an inlet and an outlet with a respective one way inlet
valve configured to allow flow of fluid into the housing and a one way outlet
valve configured to allow flow of fluid out of the housing,

a pumping arrangement having a piston member positioned in the
housing and a substantially coaxial drive member, the drive member being
operable to cause axial movement of the piston member in first and second
opposite directions,

a piston seal extending between the piston member and the housing so
as to separate a volume within the housing into a first chamber defining a first
volume at one side of the piston member and a second chamber defining a
second volume at the other side of the piston, the piston member having a
piston valve allowing flow of fluid from the first chamber to the second
chamber, such that movement of the piston member in the first direction
causes the first volume to increase and the second volume to decrease
thereby causing fluid to flow into the first chamber through the inlet valve and
causing fluid to flow from the second chamber through the outlet valve, and
such that movement of the piston member in the second direction causes the
first volume to decrease, thereby causing fluid to flow from the first chamber
into the second chamber through the piston valve, and

a connection arrangement between the piston member and drive
member, comprising:

a first connection member positioned at one side of the piston

member,
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a second connection member positioned at an opposite side of
the piston member, and

a securing means for holding the first and second connection
members relative each other so as to hold the piston member relative to the
drive member in a clamped arrangement between the first and second
connection members, substantially to prevent axial or radial relative movement

therebetween.

12. A pump according to claim 4, claim 10 or claim 11, wherein the first
connection member is positioned in the second chamber and the second

connection member is positioned in the first chamber.

13. A pump according to claim 4, or to any one of claims 10 to 12, wherein
the first connection member has a central bore through which the securing

member extends.

14. A pump according to claim 4, or to any one of claims 10 to 13, wherein

the second connection means includes a recess to receive the drive member.

15. A pump according to claim 4, or to anyone one of claims 10 to 14,
wherein one or both of the first connection member and piston member
comprises a location formation, so as to prevent radial movement of the piston

member relative to the first connection member.

16. A pump according to claim 15, wherein the location formation

comprises a recessed formation or a projecting formation.

17. A pump according to claim 4, or to any one of claims 10 to 16, wherein
the second connection member has a central bore through which the securing

means extends.
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18. A pump according to claim 17, wherein the second connection member

is received in a recess in the piston member.

19. A pump according to any one of the preceding claims, wherein each of

the input valve, the output valve, and the piston valve is a check valve.

20. A pump according to any one of the preceding claims, wherein the
pump includes a discharge valve operable to discharge fluid from the first

chamber to atmosphere.

21. A pump according to any one of the preceding claims, wherein the
pump includes a discharge valve operable to discharge fluid from the second

chamber to atmosphere.

22. A pump according to any one of the preceding claims, wherein the
piston member has a thickness in the range of 18-37mm.

23. A pump substantially as hereinbefore described with reference to and /

or as shown in Figures 2 to 6 of the accompanying drawings.

24.  Any novel feature or novel combination of features described herein
and/or in Figures 2 to 6 of the accompanying drawings.
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