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(54) Diaphragm pump

(57) The present invention relates to a wear reduc-
tion member 310 for use in a diaphragm pump 300,
whereby the wear reduction member is a low-friction
member configured to be locatable in the diaphragm
pump between a diaphragm 312 and an adjacent surface
so as to form low-frictional mating contact with the dia-
phragm and inhibit frictional mating contact between the
diaphragm and the adjacent surface. The wear reduction
member may have a substantially planar configuration.
Alternatively, the wear reduction member may have a
cap-like configuration whereby a peripheral portion of the
wear reduction member is configured to bend over an
edge of the adjacent surface away from the diaphragm.
The present invention also relates to a diaphragm pump
comprising at least one wear reduction member. The
wear reduction member may be located between the di-
aphragm and the piston 306 or between the diaphragm
and clamping member 314. The present invention further
relates to a pumping system comprising a diaphragm
pump with a wear reduction member.
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Description

FIELD OF INVENTION

[0001] This invention relates to diaphragm pumps. The
invention relates particularly to a member for improving
the lifetime of a diaphragm pump and further relates to
a pumping system comprising a diaphragm pump with
the member.

BACKGROUND OF INVENTION

[0002] A diaphragm pump uses a reciprocating dia-
phragm to pump fluid. Certain types of diaphragm pump
comprise a reciprocating piston to mechanically drive the
diaphragm in a reciprocating motion. In such pumps, the
diaphragm is arranged to form a barrier between the pis-
ton and the pumping chamber by securing a peripheral
region of the diaphragm to the housing of the pump. Typ-
ically, a central region of the diaphragm is secured to the
piston such that the central region of the diaphragm is
reciprocally displaced relative to the peripheral region as
the piston drives the diaphragm. During an intake stroke
of the piston, the diaphragm is driven to form a concave
configuration such that the volume of the pumping cham-
ber increases and fluid is drawn into the pumping cham-
ber via at least one inlet. During a discharge stroke of
the piston, the diaphragm is driven to form a convex con-
figuration such that the volume of the pumping chamber
decreases and the fluid is forced out of the pumping
chamber via at least one outlet.
[0003] Figure 1 a depicts an exploded view of a con-
ventional diaphragm pump whereby a diaphragm (D) is
clamped between a piston (P) and clamping washer (W)
and secured via a screw (S).
[0004] Unfortunately, diaphragms in this type of dia-
phragm pump are susceptible to mechanical fatigue
(wear) during use. Mechanical fatigue is induced due to
the abrasive (frictional) contact formed between the dia-
phragm and adjacent surfaces. Abrasive wear typically
occurs on the underside of the diaphragm as it moves
(slides) across the driving surface (PS) of the piston.
Abrasive wear may also occur on the upperside of the
diaphragm as it moves (slides) relative to the abutting
surface (WS) of the clamping washer. The abrasive ac-
tion is particularly pronounced as the diaphragm slides
across or over the edge of the clamping washer/piston.
[0005] Mechanical fatigue may also be induced due to
the bending (flexing) of the diaphragm during the oper-
ating cycle. Bending wear may occur on the upperside
of the diaphragm because the diaphragm is subject to
bending stress as it is driven to form a concave configu-
ration. Bending wear may occur on the lowerside of the
diaphragm because the diaphragm is subject to bending
stress as it is driven to form a convex configuration.
[0006] Since the diaphragm follows the same motion
profile with every intake stroke and discharge stroke of
the piston, the abrasive action and bending action occurs

repeatedly in the same regions of the diaphragm. Hence,
wear is concentrated in localised regions of the dia-
phragm and may ultimately lead to tears or perforations
in the diaphragm.
[0007] Figure 1b depicts a diaphragm that has suffered
mechanical fatigue whilst being utilised in the diaphragm
pump of Figure 1a. It can be seen in Figure 1b that a
pronounced wear line (L) has formed on the underside
of the diaphragm. The wear line corresponds to an un-
derside region of the diaphragm that was subject to re-
peated abrasion by the piston and bending stress during
the operating cycle.
[0008] Unfortunately, the operational lifetime of a dia-
phragm is shortened due to the problem of mechanical
fatigue.
[0009] The problem of diaphragm pump failure may be
avoided by regularly replacing the diaphragm. However,
this is both time consuming, requires operational down-
time and is expensive. Moreover, this may not be a prac-
ticable solution if the diaphragm pump must remain
sealed or the diaphragm pump/diaphragm is inaccessi-
ble. Accordingly, conventional diaphragm pumps with a
reciprocating piston are not considered to be suitable for
continuous, long-term applications and are generally on-
ly provided for intermittent or occasional use.
[0010] In an attempt to extend the useful service life
of a diaphragm, CA 2 251 222 describes how a portion
of the diaphragm exposed to the greatest abrasive wear
may be made thicker so that the diaphragm is able to
resist abrasive contact between the diaphragm and pis-
ton. Although this design helps to improve the lifetime of
a diaphragm, it is complex and expensive to manufac-
ture.
[0011] GB 304 105 describes a diaphragm pump hav-
ing a diaphragm mounted above a flexible piston. The
flexible piston comprises a series of separate and rela-
tively slidable concentric rings coupled together or sup-
ported by angularly-movable parts, operated by a piston
rod, so that they advance sequentially or progressively
in an axial direction during a working stroke. A leather
disc is disposed between the diaphragm and flexible pis-
ton so that the diaphragm does not become torn or oth-
erwise damaged by the peripheral edges of the concen-
tric rings. The leather disc is provided to address the spe-
cific problems associated with the sharp peripheral edges
of the concentric rings of flexible pistons and as a result
is only configured to extend across the concentric rings.
It can be seen in Figure 1 of GB 304 105 that a central
region of the diaphragm is in abrasive mating contact
with the central region of the piston (sleeve 7, bush 8 and
the upper end 9 of the piston rod 10). Accordingly, the
central region of the diaphragm will be susceptible to
abrasive wear during operation and may fail.
[0012] JP 3160172 describes a diaphragm comprising
a centre plate part 14 and a holding part 15 formed from
a hard rubber material so as to minimise wear from mu-
tual rubbing. Disadvantageously, this integrated dia-
phragm is complex and unduly expensive to manufac-
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ture.
[0013] Embodiments of the present invention seek to
address or overcome at least some of the above-men-
tioned problems associated with conventional dia-
phragms and diaphragm pumps. Embodiments of the
present invention seek to improve the operational lifetime
of the diaphragm pump by minimising the wear of the
diaphragm. Embodiments of the present invention seek
to minimise the wear of the diaphragm by providing a
wear reduction member.

STATEMENTS OF INVENTION

[0014] A first aspect of the present invention relates to
a wear reduction member that is suitable for improving
the operational lifetime of a diaphragm pump by restrict-
ing the wear of a diaphragm. The wear reduction member
is a low-friction member configured to be locatable in a
diaphragm pump between a diaphragm and an adjacent
surface so as to form low-frictional mating contact with
the diaphragm and inhibit frictional mating contact be-
tween the diaphragm and the adjacent surface.
[0015] Providing a wear reduction member that inhibits
frictional mating contact between the diaphragm and an
adjacent surface and forms a low-frictional mating con-
tact with the diaphragm restricts abrasive wear of the
diaphragm. The provision of the wear reduction member
thereby helps to extend the lifetime of the diaphragm.
[0016] The wear reduction member is a low-friction
member that exhibits a low coefficient of friction. The
wear reduction member exhibits a sufficiently low coef-
ficient of friction such that the low-frictional contact
formed between wear reduction member and diaphragm
induces limited or minimal abrasive wear of the dia-
phragm. The coefficient of friction may be less than ap-
proximately 0.1, preferably less than approximately 0.06.
[0017] The wear reduction member preferably com-
prises a first low-friction surface configured to form a low-
frictional mating contact with a surface of the diaphragm
and a second surface configured to form a mating contact
with the adjacent surface.
[0018] The wear reduction member may be manufac-
tured from a material having low-friction properties,
whereby the wear reduction member comprises a first
low friction surface and a second low friction surface.
Alternatively, the wear reduction member may comprise
an outer layer of material having low-friction properties
so as to form the first low-friction surface. The wear re-
duction member may comprise a friction-reducing coat-
ing applied to an outer layer of the member so as to form
the first low-friction surface. The wear reduction member
may be a composite member comprising a first low-fric-
tion outer layer and a second layer.
[0019] The low-friction surface may be a self-lubricat-
ing surface so as to help restrict wear of the diaphragm.
[0020] The low-friction surface may be a sacrificially
wearing surface so as to help restrict wear of the dia-
phragm.

[0021] A wear reduction member may be locatable be-
tween a diaphragm and a driving surface of a piston.
Additionally or alternatively, a wear reduction member
may be locatable between a diaphragm and a clamping
surface of a clamping member.
[0022] For example, the wear reduction member may
be suitable for reducing wear of a diaphragm in a dia-
phragm pump wherein:

the member is adapted to be locatable between the
diaphragm and one of a piston or a clamping member
of the diaphragm pump;
the member is configured to inhibit frictional mating
contact between the diaphragm and the respective
piston or clamping member; and
the member comprises a first low-friction surface to
form a low-frictional mating contact with the dia-
phragm and a second surface to form a mating con-
tact with the respective piston or clamping member.

[0023] The wear reduction member is preferably a flex-
ible member so that it is able to flex (bend) in correspond-
ence with the reciprocating diaphragm during the oper-
ating cycle of the diaphragm pump. Providing a flexible
wear reduction member reduces relative movement be-
tween the diaphragm and the wear reduction member
during the operating cycle and thereby helps to reduce
abrasive wear of the diaphragm.
[0024] The wear reduction member is preferably a me-
chanically resilient member so that it is able to withstand
operating stress. The resilient wear reduction member
preferably provides a resilient biasing action on the dia-
phragm. The member may comprise a material having a
Young’s modulus in the range of approximately 0.3 to
1.0 GPa, and preferably in the range of approximately
0.4 to 0.7GPa.
[0025] Providing a resilient wear reduction member
helps the wear reduction member to at least substantially
maintain a low-frictional mating contact with the dia-
phragm throughout the operation of the diaphragm pump.
[0026] Providing a flexible and resilient wear reduction
member helps to control the flexing of the diaphragm
during the operating cycle and thereby reduce the bend-
ing stress/bending wear of the diaphragm.
[0027] Preferably, the wear reduction member is con-
figured to be easily locatable between the diaphragm and
adjacent surface so that it is simple to install.
[0028] Preferably, the wear reduction member may be
retrofitted to a conventional diaphragm pump.
[0029] Preferably, the wear reduction member is re-
movably mountable between the diaphragm and adja-
cent surface. Hence, the member may be replaced as
and when required so as to further extend the operational
lifespan of the diaphragm and pump.
[0030] The wear reduction member preferably com-
prises an attachment hole through which securing means
may extend so as to secure the member between the
diaphragm and adjacent surface. The attachment hole
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is preferably a centrally located aperture. The attachment
hole is configured to receive any suitable securing
means, such as a screw means or clip means.
[0031] So as to prevent frictional contact between the
diaphragm and adjacent surface, a wear reduction mem-
ber preferably comprises an outer diameter that is greater
than an outer diameter of the adjacent surface.
[0032] Since the periphery of the diaphragm is secured
to the housing of the pump, the outer diameter of a planar
wear reduction member is preferably less than the diam-
eter of the diaphragm.
[0033] The wear reduction member may be any suit-
able shape and size. For example, the wear reduction
member may have a generally circular, oval, square or
polygonal (e.g. hexagonal) shape. The wear reduction
member may be an annulus shaped member having a
centrally located attachment hole.
[0034] In an embodiment, the wear reduction member
may have a substantially planar or plate-like configura-
tion. For example, the wear reduction member may be a
disc of PTFE material with a centrally located hole.
[0035] A wear reduction member having a planar con-
figuration may comprise a central portion and a periph-
eral portion whereby the central portion is configured to
so as to be located between the diaphragm and adjacent
surface and the peripheral portion is configured so as to
extend beyond the edge of the adjacent surface in a di-
rection substantially parallel to the diaphragm.
[0036] In an alternative embodiment, the wear reduc-
tion member may have a lid or cap-like configuration such
that the wear reduction may be mounted over (sit on,
encase) the adjacent surface.
[0037] For example, the wear reduction member may
comprise a central portion and a peripheral portion
whereby the central portion is configured so as to be lo-
cated between the diaphragm and adjacent surface and
the peripheral portion is configured to extend (bend) over
the edge of the adjacent surface in a direction away from
the diaphragm.
[0038] The wear reduction member may have a gen-
erally U-shaped cross-section. The wear reduction mem-
ber may have a cap-like configuration that is pre-formed
during manufacturing. Alternatively, the wear reduction
member may deform during use to have a cap-like con-
figuration. The peripheral portion may have a fluted for-
mation or substantially flat formation.
[0039] Providing a wear reduction member with a cap-
like configuration helps to reduce the mechanical wear
of the diaphragm without having a deleterious effect on
the pumping effect of the diaphragm.
[0040] A second aspect of the present invention relates
to a diaphragm pump comprising:

a diaphragm coupled to a reciprocating piston via a
clamping member;
a wear reduction member located between the dia-
phragm and one of the piston or the clamping mem-
ber;

wherein the wear reduction member is configured to in-
hibit frictional mating contact between the diaphragm and
the respective piston or clamping member and comprises
a low-frictional surface configured to form a low-frictional
mating contact with the diaphragm.
[0041] Preferably, the diaphragm pump comprises se-
curing means and the wear reduction member comprises
an attachment hole through which the securing means
may extend so as to secure the wear reduction member.
[0042] Preferably, the securing means are removable
securing means. The securing means may comprise a
screw means or clipping means.
[0043] Preferably, the diaphragm pump comprises a
first wear reduction member located between the dia-
phragm and the piston, and a second wear reduction
member located between the diaphragm and the clamp-
ing member.
[0044] By suitable selection of the wear reduction
member, the improved diaphragm operational lifetime
may be achieved without significantly affecting the per-
formance of the diaphragm pump (in comparison to the
volumetric change or pumping rate of a diaphragm pump
without a member).
[0045] A third aspect of the present invention provides
a pumping system comprising a diaphragm pump ac-
cording to the second aspect of the invention.

BRIEF DESCRIPTION OF FIGURES

[0046] For a better understanding of the present inven-
tion and to show more clearly how it may be carried into
effect, reference will now be made, by way of example
only, to the accompanying drawings, in which:
[0047] Figure 1a depicts an exploded view of part of a
diaphragm pump according to the prior art;
[0048] Figure 1b depicts an underside view of a dia-
phragm that has become worn whist being used in the
diaphragm pump of Figure 1a;
[0049] Figure 2a depicts a plan view of an embodiment
of a wear reduction member according to a first aspect
of the invention;
[0050] Figure 2b depicts a cross-sectional view
through the wear reduction member of Figure 2a;
[0051] Figures 3a-3d depict cross-sectional views
through four further embodiments of the wear reduction
member according to the first aspect of the invention;
[0052] Figure 4a depicts an assembled view of a first
embodiment of a diaphragm pump according to a second
aspect of the invention;
[0053] Figure 4b depicts an exploded view of a part of
the diaphragm pump of Figure 4a;
[0054] Figure 4c depicts a perspective view of an as-
sembled part of the diaphragm pump of Figure 4a;
[0055] Figure 4d depicts a cross-sectional view of the
diaphragm pump of Figure 4a;
[0056] Figure 4e depicts a cross-sectional view of the
diaphragm pump of Figure 4a during a discharge stroke;
and
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[0057] Figure 5a depicts a cross-sectional view of a
second embodiment of a diaphragm pump according to
the second aspect of the invention;
[0058] Figure 5b depicts a cross-sectional view of the
diaphragm pump of Figure 5a during a discharge stroke;
[0059] Figure 6 depicts a cross-sectional view of a third
embodiment of a diaphragm pump according to a second
aspect of the invention;
[0060] Figure 7 depicts a pumping system comprising
a diaphragm pump according to a third aspect of the in-
vention.

DETAILED DESCRIPTION

[0061] The present invention seeks to improve the lon-
gevity of a diaphragm in a diaphragm pump by limiting
(inhibiting, restricting) the mechanical wear of the dia-
phragm.
[0062] As explained above, a diaphragm becomes
worn in a conventional diaphragm pump because it is in
frictional mating contact with at least one adjacent sur-
face. Due to the frictional mating contact, the diaphragm
is subject to an abrasive wearing action as it is recipro-
cately driven relative to the adjacent surface during the
operation of the pump.
[0063] According to the first aspect of the invention,
abrasive wear of a diaphragm may be restricted by pro-
viding a wear reduction member between the diaphragm
and an adjacent surface that previously formed an abra-
sive mating contact with the diaphragm.
[0064] The wear reduction member is located between
and arranged in mating contact with the diaphragm and
the adjacent surface.
[0065] The wear reduction member is configured to at
least limit any frictional mating contact between the dia-
phragm and the adjacent surface. By limiting the frictional
mating contact, the abrasive wearing action that occurs
between the reciprocating diaphragm and the adjacent
surface during the operation of the diaphragm pump is
at least reduced. The wear reduction member is prefer-
ably configured to substantially prevent any mating con-
tact between the diaphragm and the adjacent surface
such that substantially no abrasive wearing action can
occur between the reciprocating diaphragm and adjacent
surface during the operational cycle.
[0066] The wear reduction member is a low-friction
member that is configured to form a low-frictional mating
contact with the diaphragm. The wear reduction member
has a lower coefficient of friction than the adjacent sur-
face that was previously in mating contact with the dia-
phragm. Due to the low-frictional contact, the abrasive
wearing action between the reciprocating diaphragm and
wear reduction member is limited and so the diaphragm
is subject to limited abrasive wear. Since the wear reduc-
tion member has a lower coefficient of friction than the
adjacent surface, the diaphragm suffers less abrasive
wear when it is arranged in mating contact with the wear
reduction member than when it is arranged in mating

contact with the adjacent surface.
[0067] By at least reducing the abrasive wearing action
between the diaphragm and adjacent surface and limiting
the abrasive wearing action between the diaphragm and
wear reduction member, abrasive wear of the diaphragm
is controlled (curbed, minimised) and so its operational
lifespan is improved.
[0068] The wear reduction member preferably com-
prises a first low-friction surface that is configured to form
a low-frictional mating contact with the diaphragm and a
second, opposing surface that is configured to form a
mating contact with the adjacent surface.
[0069] The first surface is a low-friction surface that
exhibits a low coefficient of friction. The first surface has
a lower coefficient of friction than the adjacent surface
that was previously in mating contact with the diaphragm.
So as to minimise the abrasive wear of the diaphragm,
the coefficient of friction of the low-friction surface is pref-
erably less than approximately 0.1 and even more pref-
erably less than approximately 0.06.
[0070] The second surface may also be a low-friction
surface that exhibits a low coefficient of friction. A wear
reduction member comprising a first low-friction surface
and second-low friction surface may be easier to manu-
facture and/or may be simpler to install because either
surface can be arranged in mating contact with the dia-
phragm.
[0071] The wear reduction member may be manufac-
tured from a material having a low coefficient of friction.
This type of wear reduction member may be manufac-
tured simply and cheaply. For example, by stamping, cut-
ting etc. a wear reduction member from a sheet of low-
friction material.
[0072] Alternatively, the wear reduction member may
comprise an outer layer of low-friction material configured
so as to form a first low-friction surface. The wear reduc-
tion member may comprise an outer coating having a
friction reducing effect so as to form a first low-friction
surface. The wear reduction member may be a compos-
ite member comprising a first outer layer of low-friction
material and a second layer.
[0073] The wear reduction member may comprise any
suitable low-friction material or coating. For example, the
wear reduction member may comprise PTFE having a
coefficient of friction of approximately 0.04. Other suita-
ble low-friction materials include UHMWPE, Tufnol, PCV,
acetal, oilon, HDPE, polypropylene, PEEK and/or poly-
thene.
[0074] The first low-friction surface of the wear reduc-
tion member may be a self-lubricating surface so as to
help minimise abrasive wear of the diaphragm.
[0075] The first low-friction surface of the wear reduc-
tion member may be a sacrificially wearing surface so as
to help minimise mechanical wear of the diaphragm.
[0076] The wear reduction member may be any suit-
able thickness. The wear reduction member may have a
thickness in the range of approximately 0.1mm - 2.0mm,
preferably in the range of approximately 0.25mm -
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0.75mm.
[0077] The wear reduction member is preferably a flex-
ible member. The wear reduction member is preferably
flexible so that it is able to flex with the diaphragm as the
diaphragm is reciprocately displaced during the operat-
ing cycle of the diaphragm pump.
[0078] The thickness of the wear reduction member
may be selected so as to provide a suitably flexible mem-
ber. Additionally or alternatively, the wear reduction
member may comprise a flexible material so as to form
a suitably flexible member.
[0079] Providing a flexible wear reduction member that
is able to flex in correspondence with the diaphragm re-
duces relative movement, and thereby abrasive action,
between the wear reduction member and diaphragm dur-
ing the operating cycle.
[0080] The wear reduction member is preferably a re-
silient member. The wear reduction member is preferably
resilient so that it is able to withstand operating stress.
The resilient wear reduction member preferably provides
a resilient biasing action on the diaphragm and thereby
helps to maintain a mating contact between the wear
reduction member and diaphragm. The wear reduction
member may be sufficiently resilient so as to substantially
retain its pre-formed shape. Alternatively, the wear re-
duction may be sufficiently resilient to allow the wear re-
duction member to deform (change shape) in use. For
example, as discussed in more detail below, the wear
reduction member may be manufactured with a cap-like
configuration or it may deform to develop a cap-like con-
figuration during use.
[0081] The resilient wear reduction member may com-
prise a Young’s modulus in the range of approximately
0.3 -1.0Pa and preferably in the range of approximately
0.4 - 0.7Pa. The wear reduction member may comprise
a resilient material to form a suitably resilient member.
[0082] As mentioned above, a conventional dia-
phragm is also subject to bending stress, and thereby
wears, as it is forced to bend during reciprocating motion.
[0083] However, providing a wear reduction member,
even a flexible wear reduction member that is able to flex
in correspondence with the diaphragm during the oper-
ating cycle, may moderate the flexing and thereby the
bending profile of the diaphragm. As a result, the bending
stress is spread over a broader region and so wear in-
duced by bending is reduced.
[0084] The wear reduction member is preferably easily
locatable in a diaphragm pump between the diaphragm
and adjacent surface. The wear reduction member is not
only suitable for use in new diaphragm pumps but it may
also be retrofitted to existing, conventional diaphragm
pumps.
[0085] The wear reduction member is preferably re-
movably mountable in a diaphragm pump. As a result,
the wear reduction member may be removed and re-
placed as and when required so as to continuously inhibit
wear of the diaphragm.
[0086] The wear reduction member may be configured

to be locatable between a diaphragm and a piston. In this
case, the first low-friction surface of the wear reduction
member is located in mating contact with the underside
surface of the diaphragm and the second surface is lo-
cated in mating contact with a driving surface of the pis-
ton.
[0087] The wear reduction member may be configured
to be locatable between the diaphragm and a clamping
member. In this case, the first low-friction surface of the
wear reduction member is located in mating contact with
the upperside surface of the diaphragm and the second
surface is located in mating contact with a clamping sur-
face of the clamping member.
[0088] Thus, according to a second aspect of the in-
vention, a diaphragm pump may comprise a wear reduc-
tion member located between the diaphragm and the pis-
ton or the diaphragm and the clamping member. Alter-
natively, a diaphragm pump may comprise a first wear
reduction member located between the diaphragm and
the piston and a second wear reduction member located
between the diaphragm and the clamping member.
[0089] The wear reduction member may comprise an
attachment hole. The attachment hole is configured such
that securing means may extend through the attachment
hole and thereby secure the wear reduction member. The
attachment hole is preferably centrally located in the wear
reduction member. The securing means may be any suit-
able type of securing means such as a screw means,
clipping means etc. The securing means is preferably a
releasable securing means so that the wear reduction
member may be releasably secured. The attachment
hole may be any suitable shape and size. The attachment
hole may be circular, oval, square or polygonal in shape.
The attachment hole may comprise a diameter in the
range of approximately 1.0mm -5.0mm. The size and
shape of the attachment hole diameter is selected in ac-
cordance with the type and configuration of the securing
means.
[0090] The wear reduction member may be any suit-
able shape or size. The size and shape of the wear re-
duction member is selected in accordance with the size
and shape of the diaphragm and adjacent surface.
[0091] So as to inhibit frictional contact between the
diaphragm and adjacent surface, a wear reduction mem-
ber is preferably larger in size than the adjacent surface.
For example, the wear reduction member may have a
diameter that is greater than the diameter of the adjacent
surface. A wear reduction member locatable between a
diaphragm and a piston preferably has a diameter that
is greater than the diameter of the driving surface of the
piston. In this case, the wear reduction member may have
a diameter that is at least 10mm greater, preferably at
least 20mm greater, than the diameter of the driving sur-
face of the piston. A wear reduction member locatable
between a diaphragm and clamping member preferably
has a diameter that is greater than the abutting surface
of the clamping washer. In this case, the wear reduction
member may have a diameter that is at least 10mm great-
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er, preferably at least 20mm greater, than the diameter
of the abutting surface of the clamping member.
[0092] Since the peripheral edge of the diaphragm is
secured in the diaphragm pump, the wear reduction
member is preferably smaller in size than the diaphragm.
For example, the wear reduc4ion member may have a
diameter that is preferably less than the diameter of the
diaphragm. The wear reduction member may have a di-
ameter in the range of approximately 50.0mm - 500mm.
[0093] The wear reduction member may be generally
circular, oval, square or polygonal (e.g. hexagonal) in
shape. The wear reduction member may be an annulus
shaped member having a centrally located attachment
hole and substantially circular peripheral edge.
[0094] The wear reduction member may have a sub-
stantially planar or plate-like configuration. For example,
the wear reduction member may be a disc having a cen-
trally located attachment hole and a diameter greater
than the adjacent surface.
[0095] When the wear reduction member is fitted in a
diaphragm pump, a central portion of wear reduction
member is located between the diaphragm and adjacent
surface and thereby forms a low friction mating contact
with the diaphragm and inhibits frictional mating contact
between the diaphragm and adjacent surface and a pe-
ripheral portion of the wear reduction member extends
beyond the edge of the adjacent surface in a direction
substantially parallel to the diaphragm.
[0096] The peripheral portion of a planar wear reduc-
tion member is preferably configured to form a low friction
mating contact with the diaphragm. The peripheral por-
tion of a planar wear reduction member may be config-
ured to at least substantially remain in contact with the
diaphragm throughout at least a substantial part of the
operating cycle.
[0097] Alternatively, the wear reduction member may
have a lid or cap-like configuration. For example, the wear
reduction member may be a dish-shaped member having
a bottom wall, a side wall and a centrally located attach-
ment hole.
[0098] When a wear reduction member having a cap-
like configuration is fitted in a diaphragm pump, a central
portion of the wear reduction member is located between
the diaphragm and adjacent surface and thereby forms
a low friction mating contact with the diaphragm and in-
hibits frictional mating contact between the diaphragm
and adjacent surface and a peripheral portion of the wear
reduction member extends over the edge of the adjacent
surface in a direction away from the diaphragm.
[0099] The central portion and peripheral portion are
preferably arranged such that the cap-like wear reduction
member has a generally U-shaped cross-section.
[0100] The cap-like wear reduction member may be
configured to be mountable over the piston or clamping
member such that a peripheral portion extends over the
edge of the driving surface of the piston/clamping surface
of the clamping member in a direction away from the
diaphragm.

[0101] The wear reduction member may be manufac-
tured (pre-formed) with a cap-like configuration. Alterna-
tively, the wear reduction member may develop a cap-
like configuration during use.
[0102] The central portion forms a bottom wall of the
wear reduction member. The central portion preferably
conforms to the shape and size of the adjacent surface.
Depending on the profile of the adjacent surface, the cen-
tral portion may be substantially flat or curved. An attach-
ment hole may be formed in the central portion. The at-
tachment hole is preferably centrally located in the central
portion.
[0103] The peripheral portion forms a side wall of the
wear reduction member. The peripheral portion may
have a fluted (grooved) formation or substantially flat
(planar) formation.
[0104] A skilled person will appreciate that, when the
peripheral portion of a wear reduction is arranged in mat-
ing contact with the diaphragm, the peripheral portion of
wear reduction member may restrict (impede, hinder) the
flexing of the diaphragm during the operating cycle. The
restricting effect of the peripheral portion may be suffi-
cient to compromise the pumping action of the dia-
phragm.
[0105] The present invention seeks to address these
problems by providing a wear reduction member with a
cap-like configuration. The peripheral portion of the cap-
like wear reduction member is configured to bend away
from the diaphragm so as to limit (restrict, control) mating
contact with the diaphragm during the operating cycle.
[0106] The configuration of the peripheral portion al-
lows the diaphragm to flex freely (without mating contact
with the peripheral portion) during at least a part of the
operating cycle, preferably during a substantial part of
the operating cycle. When located between a diaphragm
and piston, the cap-like wear reduction member may al-
low the diaphragm to flex freely during a discharge stroke
until the diaphragm is sufficiently flexed during the dis-
charge stroke to form a mating contact with the peripheral
portion. The peripheral portion is preferably configured
such that it does not form a mating contact with the dia-
phragm until the peak period of the discharge stroke.
Accordingly, the pumping action of the diaphragm during
the discharge stroke is at least substantially maintained
and the bending profile of the diaphragm is moderated
to reduce bending wear during the peak period of the
discharge stroke. Likewise, when located between a di-
aphragm and clamping member, the cap-like wear re-
duction member may allow the diaphragm to flex freely
during the intake stroke until the diaphragm is sufficiently
flexed during the intake stroke to form a mating contact
with the peripheral portion. The peripheral portion is pref-
erably configured such that it does not form a mating
contact with the diaphragm until the peak period of the
intake stroke. Thus, the pumping action of the intake
stroke is at least substantially maintained and the bend-
ing profile is moderated to reduce bending wear during
the peak period of the intake stroke.
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[0107] By limiting the mating contact between the di-
aphragm and peripheral portion, the cap-like wear reduc-
tion member is able to reduce the mechanical wear of
the diaphragm without significantly reducing the pumping
volume or rate of diaphragm pump.
[0108] The configuration of the peripheral portion may
help to locate the wear reduction member more easily
and accurately on the adjacent surface.
[0109] The wear reduction member may be snugly fit-
ted over the driving surface of the piston/clamping sur-
face of the clamping member.
[0110] Figures 2a and 2b depict a first embodiment of
a wear reduction member according to the first aspect of
the invention.
[0111] This particular wear reduction member 200 is
substantially planar, has an annular shape and compris-
es a centrally located attachment hole 202, a first outer
surface 204a, a second outer surface 204b and a sub-
stantially circular peripheral edge 206. Figure 2b shows
how the peripheral edge of the wear reduction member
has a substantially flat end surface that is substantially
perpendicular to the first outer surface and second outer
surface.
[0112] The wear reduction member has a thickness T
of 0.5mm, an inner diameter D1 of 8mm and an outer
diameter D2 of 70mm.
[0113] The wear reduction member is configured such
that it may be located between the diaphragm and driving
surface of a piston. The wear reduction member is also
configured such that it may be alternatively located be-
tween the diaphragm and abutting surface of a clamping
washer.
[0114] The attachment hole (202) is configured to re-
ceive attachment means (e.g. a screw or clipping means)
such that the wear reduction member can be securely
mounted.
[0115] The wear reduction member (200) is a low-fric-
tion, flexible, resilient, self-lubricating member. The wear
reduction member is formed from PTFE with a coefficient
of friction of approximately 0.04 and a Young’s modulus
of approximately 0.5 GPa. The wear reduction member
has been simply and inexpensively punched from a sheet
of PTFE. The wear reduction member is configured such
that in use, either the first outer surface 204a or the sec-
ond outer surface 204b may be disposed in mating con-
tact with the diaphragm.
[0116] Figure 3a depicts a cross-sectional profile of a
second embodiment of a wear reduction member (200’)
whereby the peripheral edge (206’) of the wear reduction
member is rounded. Figure 3b depicts a cross-sectional
profile of a third embodiment of a wear reduction member
(200") whereby the peripheral edge (206") of the wear
reduction member is tapered. Advantageously, a wear
reduction member with a rounded or tapered peripheral
edge may help to reduce abrasive contact between the
diaphragm and peripheral edge of the wear reduction
member and thereby wear of the diaphragm.
[0117] Figure 3c depicts a cross-sectional profile of a

fourth embodiment of a wear reduction member (200"’)
whereby the wear reduction member is a composite
member comprising two layers - a durable layer 208 cou-
pled to a low-friction layer 210. This wear reduction mem-
ber is configured such that, in use, the low friction layer
will be disposed in mating contact with the diaphragm.
[0118] In an alternative embodiment of a wear reduc-
tion member (not depicted), the wear reduction may com-
prise a first low-friction outer layer, central durable layer
and second low-friction outer layer. This wear reduction
member is configured such that, in use, the low-friction
outer layers are respectively disposed in mating contact
with the diaphragm and adjacent surface.
[0119] Figured 3d depicts a cross-sectional profile of
a fifth embodiment of a wear reduction member (200"").
This particular wear reduction member has a cap-like
configuration with a generally U-shaped cross section
and comprises a central portion 200a, peripheral portion
200b and a centrally located attachment hole 200c. The
wear reduction member is configured such that, in use,
it may be mounted on the adjacent surface so that the
central region is disposed between the diaphragm and
adjacent surface and the peripheral portion bends over
the edge of the adjacent surface in a direction away from
the diaphragm. Advantageously, a diaphragm pump with
a cap-like wear reduction member has a superior pump-
ing action than a diaphragm pump with a substantially
planar wear reduction member that is configured to at
least substantially maintain a mating contact with the di-
aphragm during at least a substantially part of the oper-
ating cycle.
[0120] A second aspect of the invention relates to a
diaphragm pump comprising at least one wear reduction
member so as to improve the operational lifetime of the
diaphragm and thereby diaphragm pump.
[0121] The diaphragm pump may comprise a wear re-
duction member located between the diaphragm and pis-
ton so as to minimise wear on the underside of the dia-
phragm. Alternatively or additionally, the diaphragm
pump may comprise a wear reduction member located
between the diaphragm and clamping member so as to
minimise wear on the upperside of the diaphragm.
[0122] Figures 4a-4e relate to an embodiment of a di-
aphragm pump 300 according to the second aspect of
the invention whereby a wear reduction member 310 is
located between a diaphragm 312 and a piston 306.
[0123] Figure 4a depicts an assembled view of the di-
aphragm pump. The diaphragm pump 300 comprises a
first housing 302 releasably coupled to a second housing
318. The first housing and second housing are releasably
coupled by a circumferential clamp 320.
[0124] Figure 4d depicts a cross-sectional view of the
assembled diaphragm pump. Referring to Figure 4d, the
first housing 302 comprises a first diaphragm sealing lip
304 and the second housing 318 comprises a second
diaphragm sealing lip 326. The first diaphragm sealing
lip and second diaphragm sealing lip are configured to
releasably secure the periphery of a diaphragm 312 when
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the first housing and second housing are releasably cou-
pled together.
[0125] The diaphragm and inner surface of the first
housing define a driving chamber 319a. The diaphragm
and inner surface of the second housing define a pump-
ing chamber 319b. The diaphragm forms a barrier be-
tween the driving chamber and the pumping chamber.
[0126] The driving chamber is configured to house
driving means to reciprocally drive the diaphragm. The
driving means include a motor 328 or any other suitable
drive mechanism configured to reciprocately drive a pis-
ton 306. The piston comprises an elongate body portion
(shaft) and head portion with a driving surface 308. The
reciprocating motion 330 is substantially perpendicular
to the driving surface of the piston.
[0127] The central region of the diaphragm is coupled
to the centre of the head portion of the piston. As the
piston reciprocates, the diaphragm is driven between a
concave configuration and a convex configuration.
[0128] The second housing 318 is provided with an
inlet 322 and an outlet 324 through which fluid is drawn
into and expelled from the pumping chamber during
pumping operation.
[0129] During an intake stroke of the piston, the central
region of the diaphragm is retracted relative to the pe-
ripheral region of the diaphragm so as to form a concave
configuration. The volume of the pumping chamber in-
creases as the diaphragm flexes into the concave con-
figuration and so fluid is drawn into the pumping chamber
via the inlet 322. During a discharge stroke of the piston,
the central region of the diaphragm is displaced relative
to the peripheral region so as to form a convex configu-
ration (see Figure 4e). The volume of the pumping cham-
ber decreases as the diaphragm flexes into the convex
configuration and so fluid is forced out of the pumping
chamber via the outlet 324.
[0130] In this particular diaphragm pump, a wear re-
duction member 310 is located between the diaphragm
312 and piston 306. The upperside of the wear reduction
member is arranged in mating contact with the diaphragm
312 and the underside of the wear reduction member is
arranged in mating contact with the driving surface of the
piston 308.
[0131] The wear reduction member 310 and dia-
phragm 312 are clamped in place on the driving surface
308 of the piston 306 via a clamping washer 314 and
releasably secured by a securing screw 316.
[0132] The wear reduction member is a substantially
planar, annulus-shaped disc comprising PTFE. Hence
the wear reduction member has a low coefficient of fric-
tion, is flexible and also resilient to operating stress.
[0133] As can be seen in Figures 4d and 4e, the wear
reduction member is configured so as to prevent any mat-
ing contact between the underside surface of the dia-
phragm 312 and driving surface 308 of the piston. As a
result, abrasive wearing action between the diaphragm
and driving surface is avoided.
[0134] Since the wear reduction member is a low fric-

tion member, the wear reduction member forms a low-
frictional mating contact with the underside of the dia-
phragm. As a result, the abrasive wearing action between
the diaphragm and wear reduction member is minimal
and so the diaphragm is only subject to limited abrasive
wear.
[0135] It can be seen in Figures 4d and 4e that the
diameter of the wear reduction member is greater than
the diameter of the driving surface of the piston so as to
prevent any mating contact between the diaphragm and
piston. The diameter of the wear reduction member is
also less than the diameter of the diaphragm so that it is
easily locatable between the diaphragm and piston. In
this particular example, the wear reduction member com-
prises a diameter D2 of approximately 70mm, the driving
surface of the piston has a diameter D3 of approximately
54mm and the diaphragm has a diameter D4 of approx-
imately 98mm. Hence, the wear reduction member has
a peripheral portion having a diameter of 16mm extend-
ing beyond the edge of the driving surface of the piston.
Since the wear reduction member is substantially planar
it extends in a direction that is generally parallel to the
diaphragm so as to at least substantially maintain a mat-
ing contact with the diaphragm along the diameter length
of the wear reduction member.
[0136] During the operating cycle, the wear reduction
member flexes in correspondence with the diaphragm.
For example, the wear reduction member flexes to form
a convex shape in accordance with the diaphragm during
the discharge stroke of the piston - as shown in Figure
4e. The flexing of the wear reduction member reduces
relative movement between the wear reduction member
and the diaphragm and thereby further inhibits abrasive
wear of the diaphragm.
[0137] In the absence of the wear reduction member,
as per the prior art example depicted in Figure 1a, the
diaphragm would deform significantly during operation
leading to bending stress and bending wear. In direct
contrast, the flexible and resilient properties of the wear
reduction member are such that the diaphragm bends
(flexes) more gradually during reciprocating motion. Due
to the reduced bending profile, the bending stress is dis-
tributed more broadly and so bending wear of the dia-
phragm is restricted.
[0138] The resilient properties of the wear reduction
member also help the wear reduction member to at least
maintain a mating contact with the diaphragm at least
substantially throughout the operating cycle.
[0139] Since the peripheral portion of the wear reduc-
tion member remains in mating contact with the dia-
phragm at least substantially throughout the operating
cycle, the flexing of the diaphragm and thereby pumping
effect is somewhat impeded. However, the wear reduc-
tion member is suitably flexible and resilient so as not to
have a significantly deleterious effect on the pumping
volume of the diaphragm pump.
[0140] Test results have shown that the prior art dia-
phragm pump as depicted in Figure 1a has a continuous
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operating lifespan of approximately 2 weeks before the
diaphragm fails due to mechanical fatigue. However, it
has been found that the diaphragm pump as depicted in
Figures 4a-4e has a continuous operating lifespan of at
least approximately 12 months. The increase in life ex-
pectancy is a significant improvement.
[0141] The diaphragm 312 illustrated in Figures 4d and
4e is substantially planar, and accordingly may be
matched with a substantially planar wear reduction mem-
ber 310.
[0142] Non-planar diaphragms are known in the indus-
try, an example of which is a diaphragm having a sub-
stantially planar inner region and a conically shaped outer
region. Such a non-planar diaphragm may be coupled
with a substantially planar wear reduction member with
a greater diameter than the diameter of the inner region
of the diaphragm.
[0143] A non-planar diaphragm may advantageously
be used with a non-planar wear reduction member. For
example, a diaphragm having a substantially planar inner
region and a conically shaped outer region may advan-
tageously be coupled with a wear reduction member
shaped in correspondence, with a substantially planar
inner region and a conically shaped outer region.
[0144] In an alternative embodiment (not shown) the
wear reduction member with a substantially planar con-
figuration may be provided between the diaphragm and
the clamping washer of a diaphragm pump. Accordingly,
the wear reduction member would inhibit any mating con-
tact and thereby abrasive wearing contact between the
diaphragm and clamping washer and form a low-friction
mating contact with the diaphragm.
[0145] Referring now to a second embodiment of the
diaphragm pump 300’ according to a second aspect of
the invention whereby a wear reduction member 310’
having a cap-like configuration is located between a di-
aphragm 312’ and a piston 306’.
[0146] Figured 5a depicts a cross-sectional view of the
assembled diaphragm pump. Referring to 5a, the dia-
phragm comprises a first housing 302’ releasably cou-
pled to a second housing 318’. The first housing and sec-
ond housing are releasably coupled by a circumferential
clamp 320’. The first housing 302’ comprises a first dia-
phragm sealing lip 304’and the second housing 318’
comprises a second diaphragm sealing lip 326. The first
diaphragm sealing lip and second diaphragm sealing lip
are configured to releasably secure the periphery of a
diaphragm 312P’ when the first housing and second
housing are releasably coupled together.
[0147] The diaphragm and inner surface of the first
housing define a driving chamber 319a’. The diaphragm
and inner surface of the second housing define a pump-
ing chamber 319b’. The diaphragm forms a barrier be-
tween the driving chamber and the pumping chamber.
[0148] The driving chamber is configured to house
driving means to reciprocally drive the diaphragm. The
driving means include a motor 328’ or any other suitable
drive mechanism configured to reciprocately drive a pis-

ton 306’. The piston comprises an elongate body portion
(shaft) and head portion with a driving surface 308’. The
reciprocating motion 330’ is substantially perpendicular
to the driving surface of the piston.
[0149] The central region of the diaphragm is coupled
to the centre of the head portion of the piston. As the
piston reciprocates, the diaphragm is driven between a
concave configuration and a convex configuration.
[0150] The second housing 318’ is provided with an
inlet 322’ and an outlet 324’ through which fluid is drawn
into and expelled from the pumping chamber during
pumping operation.
[0151] During an intake stroke of the piston, the central
region of the diaphragm is retracted relative to the pe-
ripheral region of the diaphragm so as to form a concave
configuration. The volume of the pumping chamber in-
creases as the diaphragm flexes into the concave con-
figuration and so fluid is drawn into the pumping chamber
via the inlet 322’. During a discharge stroke of the piston,
the central region of the diaphragm is displaced relative
to the peripheral region so as to form a convex configu-
ration (see Figure 5b). The volume of the pumping cham-
ber decreases as the diaphragm flexes into the convex
configuration and so fluid is forced out of the pumping
chamber via the outlet 324’.
[0152] In this particular diaphragm pump, a wear re-
duction member 310’ is located between the diaphragm
312’ and piston 306’. The wear reduction member 310’
and diaphragm 312’ are clamped in place on the driving
surface 308’ of the piston 306’ via a clamping washer
314’ and releasably secured by a securing screw 316’.
[0153] The wear reduction member has a cap-like con-
figuration with a generally U-shaped cross-section. The
wear reduction member comprises a central portion
310a’ and a peripheral portion 310b’. The peripheral por-
tion has a fluted formation. The wear reduction member
has a low coefficient of friction and is flexible. The wear
reduction member is formed with a cap-like configuration
during the manufacturing process and is sufficiently re-
siliently to at least substantially maintain its cap-like con-
figuration during use.
[0154] The central portion of the wear reduction mem-
ber 310a’ is located between the diaphragm 312’ and the
driving surface of the piston 308. The upperside of the
central portion is arranged in mating contact with the di-
aphragm and the underside of the central portion is ar-
ranged in mating contact with the driving surface of the
piston. The central portion is configured so as to prevent
any mating contact between the diaphragm and the driv-
ing surface of the piston. As a result, abrasive wearing
action between the diaphragm and driving surface is
avoided. Since the wear reduction member is a low fric-
tion member, the upperside of the central portion forms
a low-frictional mating contact with the underside of the
diaphragm. As a result, abrasive wearing action between
the central portion and diaphragm is minimal.
[0155] The peripheral edge portion of the wear reduc-
tion member 310b’ is configured to bend (curve) beyond
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the edge of the driving surface of the piston such that it
extends in a direction away from the diaphragm. Hence,
the peripheral edge portion only forms a mating contact
with the diaphragm as the diaphragm flexes into a convex
configuration during a discharge stroke of the piston -
see the peripheral portion forming a mating contact with
a section of the diaphragm 332’ shown in Figure 5b. In-
deed, the peripheral portion of the wear reduction mem-
ber is preferably configured so that it only forms a mating
contact with the diaphragm during the peak period of the
discharge stroke as the diaphragm is flexed to its most
convex configuration. Since the wear reduction member
is a low friction member, the peripheral portion forms a
low frictional mating contact with the diaphragm during
the discharge stroke. As a result, abrasive wearing action
between the peripheral portion and the diaphragm is min-
imal.
[0156] The flexible and resilient properties of the wear
reduction member are such that the diaphragm bends
(flexes) more gradually when the diaphragm forms a mat-
ing contact with the wear reduction member during the
discharge stroke of the piston. Due to the reduced bend-
ing profile, the bending stress is distributed more broadly
and so bending wear of the diaphragm is restricted.
[0157] The resilient properties of the wear reduction
member also help the wear reduction member to main-
tain the mating contact with the diaphragm.
[0158] Since the peripheral portion of the wear reduc-
tion member is configured so that it only forms a mating
contact with the diaphragm during the discharge stroke,
the flexing of the diaphragm is unrestricted during at least
the intake stroke of the piston. Indeed, the peripheral
portion of the wear reduction is configured such that the
flexing of the diaphragm is unrestricted during a substan-
tial part of the operating cycle. Accordingly, the wear re-
duction member is able to reduce the mechanical wear
of the diaphragm without significantly reducing the pump-
ing volume or rate of the diaphragm pump. For example,
in the case of a 60W diaphragm pump, a pumping rate
of 15L/min may be maintained when fitted with a wear
reduction member having a cap-like configuration.
[0159] Test results have shown that the diaphragm
pump as depicted in Figures 5a and 5b has a continuous
operating lifespan of at least approximately 12 months.
The increase in life expectancy is a significant improve-
ment. Test results have shown that the diaphragm pump
depicted Figures 5a and 5b also has a better pumping
volume than the diaphragm pump depicted in Figures
4a-4e because the peripheral portion of the cap-like wear
reduction member does not impede the reciprocating ac-
tion of the diaphragm as significantly as the peripheral
portion of the planar wear reduction member.
[0160] In a further embodiment of a diaphragm pump
(not shown), the wear reduction member having a cap-
like configuration may be provided between the dia-
phragm and the clamping washer. Accordingly, the wear
reduction member would inhibit mechanical wear of the
diaphragm without significantly reducing the pumping

rate of the diaphragm pump.
[0161] Referring now to the third embodiment of the
diaphragm pump depicted in Figure 6, Figure 6 shows a
diaphragm pump provided with two wear reduction mem-
bers. A first wear reduction member 410 is located be-
tween the piston 408 and the diaphragm 412. The second
wear reduction member 434 is located between the
clamping washer 414 and the diaphragm 412.
[0162] The first wear reduction member and second
wear reduction member are substantially planar wear re-
duction members comprising PTFE. Accordingly, the
wear reduction members have a low coefficient of friction,
are flexible and resilient to operating stress.
[0163] It can be seen in Figure 6 that the peripheral
diameter D5 of the wear reduction members is greater
than the peripheral diameters D6 of the piston 410 and
clamping washer 414, and less than the peripheral diam-
eter D4 of the diaphragm 412. In this particular embodi-
ment, the peripheral diameter D5 of the wear reduction
members is 70 mm, the peripheral diameter D6 of the
piston410/clamping washer 414 is 54 mm, and the pe-
ripheral diameter D4 of the diaphragm 412 is 98 mm.
Accordingly, each wear reduction member comprises a
peripheral portion having a diameter of 16mm extending
beyond the edge of the respective piston or clamping
washer.
[0164] The diaphragm pump of figure 6 is configured
such that in use the piston displaces the central region
412C of the diaphragm 412 to either side of the periphery
412P, as the piston outwardly extends and inwardly re-
tracts with respect to the housing 402, causing the pump-
ing chamber 419 respectively to have a minimal and max-
imal volume. The two wear reduction members 410 and
434 are configured to prevent contact between the dia-
phragm and both the driving surface 408 of the piston
and the clamping surface of the clamping washer 414,
thereby reducing associated abrasive wear of the dia-
phragm that would otherwise occur. Moreover, the two
wear reduction members 410 and 434 are configured to
form a low-friction mating contact with the diaphragm so
as to further minimise abrasive wear.
[0165] The driving surface of the piston 408 has a
curved outer edge 408R facing towards the diaphragm
412, and contacting the intervening member 410. The
driving surface of the clamping washer 414 has a curved
outer edge 414R facing towards the diaphragm 412, and
contacting the intervening member 434. Wear reduction
member 410 restricts the bending profile of the dia-
phragm as it flexes around edge 408R to form a convex
configuration. Likewise, wear reduction member 434 re-
stricts the bending profile of the diaphragm as it flexes
around edge 414R to form a concave configuration.
Hence, the wear reduction members 410 and 434 reduce
the bending action and thereby wear of the diaphragm.
[0166] Wear reduction members and diaphragm
pumps according to the present invention are suitable
for use in pumping systems. Due to the improved life
expectancy, wear reduction members and diaphragm
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pumps according to the present invention may now be
considered to be useful in continuous pumping systems.
[0167] Examples of pumping systems in which a wear
resistant member and diaphragm pump according to the
present invention may be utilised include systems for
pumping fluids comprising immiscible parts, such as a
combination of oil and aqueous liquid (e.g. water) and
systems for pumping suspensions of solids in liquid, and
hot or cold fluids.
[0168] A pumping system, within which the diaphragm
pump of the present invention (i.e. comprising a wear
reduction member) may find use, is a separation system
for separating oil floating on a body of water, an example
of which is described in European patent application
number EP1815900. Although diaphragm pumps using
a reciprocating piston are thought to be particularly ad-
vantageous for this application because they do not im-
part significant additional energy to the fluid and thereby
the risk of emulsification is low, diaphragm pumps have
previously been deemed unsuitable due to the low oper-
ational lifetime of the diaphragms. The present invention
addresses this problem by providing a wear reduction
member.
[0169] Referring now to an embodiment of a pumping
system depicted in Figure 7, Figure 7 shows a pumping
system 500 comprising a sump 550, a diaphragm pump
552 according to the second aspect of the present inven-
tion, a separator 554 and a collection drum 556. The
sump 550 contains a body of water 558, and a layer of
oil 560 floating on the water. A floating pick up 562 is
connected to the diaphragm pump 552 by a collection
conduit 564, through which a combination of oil and water
are drawn into the pump. The combination of oil and water
drawn into the pump may also include entrained air. The
output conduit 566 from the diaphragm pump 552 feeds
the pumped combination of oil and water to the separator
554, which substantially separates the oil and water. The
separated water is returned to the sump 550 through a
return conduit 568. The separated oil is fed to the collec-
tion drum 556 through a collection conduit 570. Advan-
tageously the diaphragm pump 552, separator 554 and
collection drum 556 are integrated into a single separa-
tion unit 572.
[0170] The diaphragm pump 552 avoids imparting a
significant level of energy to the pumped liquid, avoiding
or substantially reducing the risk of forming an emulsion
in a pumped combination of oil and water. Moreover, the
diaphragm pump 552 is able to operate continuously with
an improved lifespan.
[0171] Throughout the description and claims of this
specification, the words "comprise" and "contain" and
variations of the words, for example "comprising" and
"comprises", means "including but not limited to", and is
not intended to (and does not) exclude other moieties,
components , integers or steps.
[0172] Throughout the description and claims of this
specification, the singular encompasses the plural unless
the context otherwise requires. In particular, where the

indefinite article is used, the specification is to be under-
stood as contemplating plurality as well as singularity,
unless the context requires otherwise.
[0173] Features, integers, characteristics or com-
pounds described in conjunction with a particular aspect,
embodiment or example of the invention are to be un-
derstood to be applicable to any other aspect, embodi-
ment or example described herein unless incompatible
therewith.

Claims

1. A wear reduction member for use in a diaphragm
pump, whereby the wear reduction member is a low-
friction member configured to be locatable in the di-
aphragm pump between a diaphragm and an adja-
cent surface so as to form low-frictional mating con-
tact with the diaphragm and inhibit frictional mating
contact between the diaphragm and the adjacent
surface.

2. A wear reduction member according to claim 1,
wherein the wear reduction member is a low friction
member that exhibits a low coefficient of friction of
less than approximately 0.1, preferably less than ap-
proximately 0.06.

3. A wear reduction member according to claim 1 or 2,
wherein the wear reduction member preferably com-
prises a first low-friction surface configured to form
a low-frictional mating contact with a surface of the
diaphragm and a second surface configured to form
a mating contact with the adjacent surface.

4. A wear reduction member according to any preced-
ing claim, whereby the low-friction surface is a self-
lubricating surface and/or a sacrificially wearing sur-
face.

5. A wear reduction member according to any preced-
ing claim, wherein the wear reduction member is lo-
catable between a diaphragm and a driving surface
of a piston and/or the wear reduction member is lo-
catable between a diaphragm and a clamping sur-
face of a clamping member.

6. A wear reduction member according to any preced-
ing claim, wherein the wear reduction member is a
flexible member.

7. A wear reduction member according to any preced-
ing claim, wherein the wear reduction member is a
resilient member having a Young’s modulus in the
range of approximately 0.3 to 1.0 GPa, preferably in
the range of approximately 0.4 to 0.7GPa.

8. A wear reduction member according to any preced-
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ing claim, wherein the wear reduction member is re-
movably mountable between the diaphragm and ad-
jacent surface.

9. A wear reduction member according to any preced-
ing claim, wherein the wear reduction member com-
prises an attachment hole through which securing
means can extend.

10. A wear reduction member according to claim 9,
wherein the wear reduction member is an annulus
shaped member having a centrally located attach-
ment hole and substantially circular peripheral edge.

11. A wear reduction member according to any preced-
ing claim, wherein the wear reduction member has
a substantially planar configuration.

12. A wear reduction member according to any of claims
1 to 9, wherein the wear reduction member has a
cap-like configuration;
and optionally wherein the cap-like configuration is
pre-formed during manufacturing or formed during
use.

13. A wear reduction member according to claim 12
wherein the wear reduction member with a cap-like
configuration comprises a central portion and periph-
eral portion,
whereby in use, the central portion is arranged be-
tween the diaphragm and adjacent surface and the
peripheral portion is extends over an edge of the
adjacent surface away from the diaphragm;
and optionally wherein the wear reduction member
has a U-shaped cross-section.

14. A wear reduction member according to claim 13,
wherein the peripheral portion has a fluted formation.

15. A wear reduction member for use in a diaphragm
pump, whereby the wear reduction member is a low-
friction member, has a cap-like configuration, com-
prises a central portion and a peripheral portion and
is configured to be locatable between a diaphragm
and an adjacent surface of a diaphragm pump such
that the central portion forms low-frictional mating
contact with the diaphragm and inhibits frictional
mating contact between the diaphragm and the ad-
jacent surface and the peripheral portion extends
over an edge of the adjacent surface away from the
diaphragm.

16. A wear reduction member comprising the features
as defined any of claims 2 to 9, 12, 13 or 14.

17. A diaphragm pump comprising:

a diaphragm coupled to a reciprocating piston

via a clamping member; and
a wear reduction member located between the
diaphragm and one of the piston or the clamping
member; wherein the wear reduction member
is configured to inhibit frictional mating contact
between the diaphragm and the respective pis-
ton or clamping member and comprises a low-
frictional surface configured to form a low-fric-
tional mating contact with the diaphragm.

18. A diaphragm pump according to claim 19, wherein
the wear reduction comprises the features as defined
in any of claims 1 to 15.

19. A diaphragm pump according to claim 19 or 20,
wherein the diaphragm pump comprises securing
means and the wear reduction member comprises
an attachment hole through which the securing
means extend so as to secure the wear reduction
member;
and optionally wherein the securing means is a re-
movable securing means.

20. A diaphragm pump according to any of claims 17 to
19, wherein the diaphragm pump comprises a first
wear reduction member located between the dia-
phragm and the piston, and a second wear reduction
member located between the diaphragm and the
clamping member.

21. A pumping system comprising a diaphragm pump
according to any of claims 19 to 21.
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