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FLEXIBLE DRIVE FOR BREAST PUMP

FIELD OF THE INVENTION

[0001] The invention relates to breast pumps, and more
specifically to drive mechanisms for vacuum creation in
breast pumps and breast pumps incorporating such drive
mechanisms.

BACKGROUND OF THE INVENTION

[0002] A breast pump is a device used by mothers for
expressing their breast milk into a baby feeding bottle. Such
devices can be either manually operated or automated by
incorporation of, for example, an electric motor to drive the
device. Such devices often include a flexible membrane
which is moved up and down to create a negative pressure in
a vacuum chamber of the breast pump, and include a rack and
pinion mechanism in which the pinion rotates back and forth
to move the rack, which is connected to the membrane, lin-
early back and forth to generate the negative pressure. Alter-
natively, a crank shaft or cam/eccentric element may be
employed to move the membrane back and forth to generate
the negative pressure.

[0003] It is known that the hormone ‘prolactin’ which pro-
motes the milk ejection reflex is only effectively produced
when the mother is in a relaxed condition. However, it can be
unpleasant and/or uncomfortable for a mother to use a breast
pump as it can feel unnatural since the device may feel and
sound overly ‘mechanical’. Therefore, the discomfort and/or
unnatural feel of using the breast pump may not put the
mother at ease and may make her feel anxious, thereby affect-
ing her capability to express milk for her baby.

[0004] Furthermore, the above-mentioned known mecha-
nisms for negative pressure creation in known breast pumps
include sliding surfaces and/or frictional contact which pro-
duce wear and/or may require lubrication to minimize wear.
These mechanisms may create mechanical noise themselves
and can also effectively transmit vibrations of the motor and
gearbox to the outside structure of the breast pump such as the
housing and/or milk collection bottle.

[0005] Reference WO 2005/016409 discloses a breast
pump utilizing a rack and pinion type mechanism to generate
linear movement for operation of the breast pump piston and
cylinder. US2001/0038799 discloses a breast pump that has a
durable drive chain comprising a drive shaft fit with an eccen-
tric cam, to which is attached a follower. The follower being
pivotably connected to a puller that is attached to a flexible
diaphragm for creating a negative pressure in the breast

pump.
SUMMARY OF THE INVENTION

[0006] It would be advantageous to provide a drive mecha-
nism for a breast pump, and a breast pump incorporating such
a drive mechanism, which substantially alleviates or over-
comes the problems mentioned above. To address this con-
cern, in a first aspect of the present invention, a drive mecha-
nism for a breast pump is provided comprising a housing, a
motor coupled to arotatable drive element within the housing,
a resilient membrane coupled to the housing, and a flexible
strap coupled between the drive element and the membrane,
wherein rotation of the drive element causes the flexible strap
to pull and resiliently deform the resilient membrane to create
the negative pressure in a vacuum chamber of a breast pump.
The drive element may comprise a drive wheel and the flex-
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ible strap may be coupled to the drive wheel such that rotation
of the drive wheel causes the flexible strap to be wound
around the drive wheel.

[0007] The drive wheel may include a plurality of teeth and
the flexible strap may include a corresponding shaped plural-
ity of teeth formed on one side thereof for engagement with
the teeth on the drive wheel.

[0008] The resilient membrane may include a bellows sec-
tion which is deformed when the flexible strap pulls on the
resilient membrane upon rotation of the drive element.
[0009] The resilient membrane may be a first resilient
membrane and, a secondary resilient membrane may be dis-
posed on the outside of the housing on a side of the first
resilient membrane remote from the drive element, to define
a closed intermediate pressure cavity between the first and
second resilient membranes, such that when the first resilient
membrane is deformed by the drive mechanism, a negative
pressure is created in the intermediate pressure cavity which
causes the second resilient membrane to deflect inward into
the intermediate pressure cavity to generate a negative pres-
sure in a vacuum chamber of a breast pump.

[0010] The housing may include an aperture and the resil-
ient membrane may be disposed over the aperture.

[0011] The resilient membrane may be disposed on the
outside of the housing and the flexible strap may extend from
the drive element, through the aperture to the resilient mem-
brane.

[0012] The flexible strap may be a discontinuous member
having a first end which is connected to the drive element and
a second, opposite end which is connected to the resilient
membrane.

[0013] The motor may be coupled to a gearbox and the
drive element may be coupled to an output shaft of the gear-
box.

[0014] The drive mechanism may be configured such that
the drive element rotates in a reciprocating movement back
and forth to alternately pull and release the resilient mem-
brane.

[0015] A second aspect of the present invention provides a
breast pump comprising a drive mechanism as described
above and, a vacuum chamber coupled to the housing, the
vacuum chamber comprising a receptacle and a breast-receiv-
ing funnel in fluid communication with the receptacle,
wherein when a woman’s breast is placed in the breast-re-
ceiving funnel, the vacuum chamber is sealed closed such that
deformation the resilient membrane creates a negative pres-
sure in the vacuum chamber.

[0016] The vacuum chamber may include a drainage aper-
ture having a one-way valve to allow expressed milk to exit
the vacuum chamber but to prevent air entering the vacuum
chamber through the drainage aperture.

[0017] The breast pump may comprise a fitting to enable a
milk-collection bottle having a co-operating fitting to be
coupled to the vacuum chamber over the drainage aperture.
[0018] Theresilient membrane may extend into the vacuum
chamber.

[0019] A third aspect of the present invention provides a
method of generating a negative pressure in a vacuum cham-
ber of a breast pump using a drive mechanism which com-
prises a housing, a motor coupled to a rotatable drive element
within the housing, a resilient membrane coupled to the hous-
ing and, a flexible strap coupled between the drive element
and the resilient membrane, the method comprising rotating
the drive element to cause the flexible strap to pull and resil-
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iently deform the resilient membrane to create the negative
pressure in a vacuum chamber of a breast pump.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 shows a schematic cross-sectional view of a
breast pump comprising a first aspect of the invention;
[0021] FIG. 2 shows a schematic end view of the drive
wheel and flexible strap of the breast pump of FIG. 1;
[0022] FIG. 3 shows a schematic cross-sectional view of a
breast pump comprising a second aspect of the invention;
[0023] FIG. 4 shows a schematic end view of the drive
wheel and flexible strap of the breast pump of FIG. 3;

DETAILED DESCRIPTION OF EMBODIMENTS

[0024] Referring now to FIGS. 1 and 2, a breast pump 10
incorporating a drive mechanism of a first embodiment of the
invention is shown and comprises a housing 12 containing a
drive motor 14 coupled to a reduction gearbox 16. A drive
shaft 18 extends from the gearbox 16 and is supported at its
distal end in a support bearing 20. A drive wheel 22 is
mounted on the drive shaft 18 between the gearbox 16 and the
support bearing 20.

[0025] The housing 12 includes a base 24 on which the
motor 14 and support bearing 20 are mounted, and the base 24
has an aperture 26 extending there through. The aperture 26 is
sealed closed on the outside of the housing 12 by a resilient
membrane 28 comprising a disc portion 30a and a bellows
section 305 extending between a peripheral edge of the disc
portion 30a and the base 24 of the housing 12 around the
aperture 26.

[0026] A vacuum chamber 32 is coupled to the base 24 of
the housing 12 over the aperture 26 and resilient membrane
28 so that the resilient membrane 28 extends into the vacuum
chamber 32. The vacuum chamber 32 is of a generally cylin-
drical shape with one end of the cylindrical chamber being
coupled to the housing 12 and sealed around the aperture 26
as described above, and the other end of the cylindrical cham-
ber having a bottom wall 34. A breast-receiving funnel 40
extends from one side of the cylindrical side wall of the
vacuum chamber 32 and is in fluid communication with the
vacuum chamber 32. The bottom wall 34 includes a exit port
36 and a one-way valve 38 which covers the exit port 36 such
that fluid may only pass from within the vacuum chamber 32
to the outside thereof, but the valve 38 prevents fluid from
passing into the vacuum chamber 32 though the exit port 36.
Thereby, when the valve 38 is closed and the funnel 40 is
closed by a breast from which milk is to be expressed, the
vacuum chamber 32 is a closed cavity.

[0027] The outside of the vacuum chamber 32 around the
bottom wall 34 is provided with a screw thread 42 which is
configured to be coupled with a milk-collection bottle 44 to
receive expressed milk through the exit port 36 via the one-
way valve 38.

[0028] The bellows section 3056 of the resilient membrane
28 biases the disc portion 30a away from the housing 12 in the
direction shown by arrow X in FIG. 1. A discontinuous strap
50 is coupled at one end to the drive wheel 22 and at the other
end, to the centre of the disc portion 30a of the resilient
membrane 28. As can be seen from the schematic drawing of
FIG. 2, the strap 50 is coupled to the curved edge face of the
drive wheel 22 and secured in place using a screw 52. There-
fore, rotation of the drive wheel 22 in the direction of arrow A
in FIG. 2 will cause the strap 50 to be wound around the drive
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wheel 22 and thereby will result in the strap 50 pulling
upwardly on the resilient membrane 28 in the direction of
arrow B as shown in FIGS. 1 and 2. Conversely, rotation of the
drive wheel 22 in the direction of arrow C in FIG. 2 will cause
the strap 50 to be unwound from around the drive wheel 22
and thereby will result in the strap 50 releasing any downward
tension exerted by the resilient membrane 28, thereby allow-
ing it to move under the biasing force of the bellows section
305 in the direction of arrow D as shown in FIGS. 1 and 2. It
should be noted that the resilience of the disc portion 30a also
contributes to the resistance force exerted on the flexible strap
50 away from the drive wheel 22, as well as the resistance of
the bellows section 305 described above.

[0029] Operation of the apparatus of the first embodiment
of'the invention will now be described. Firstly, a milk-collec-
tion bottle 44 is coupled to the housing 12 by the screw thread
42 as shown in FIG. 1. The woman then places her breast in
the breast-receiving funnel 40, thereby sealing closed the
vacuum chamber 32. The breast pump is then switched on and
the motor 14, via the gearbox 16, rotates the drive shaft 18 and
thereby causes the drive wheel 22 to rotate. The rotating
movement of the drive wheel is a reciprocating movement
back and forth, alternating in clockwise and anti-clockwise
directions.

[0030] Firstly, the drive wheel 22 rotates in the clockwise
direction shown by arrow A in FIG. 2 and the strap 50 is
wound around the drive wheel 22, thereby pulling upwards on
the resilient membrane 28 as shown by arrow B in FIGS. 1 and
2. This causes the resilient membrane 28 to be deflected
upwards in the direction of arrow B. As the one way valve 38
closes the exit port 36 and the open end of the breast-receiving
funnel 40 is closed by the woman’s breast, the vacuum cham-
ber 32 is a closed cavity. Therefore, deflection of the resilient
membrane 28 increases the volume of the closed vacuum
chamber 32 and thereby creates a negative pressure within the
vacuum chamber 32, which induces the woman’s breast to
express milk into the funnel 40, which then flows into the
lower part of the vacuum chamber at the bottom wall 34
thereof.

[0031] The motor 14, via the gearbox 16, then rotates the
drive shaft 18 in the opposite direction, shown by arrow C in
FIG. 2, and thereby causes the drive wheel 22 to rotate that
opposite direction.

[0032] As seen in FIG. 2, when the drive wheel rotates in
the anti-clockwise direction shown by arrow C, the strap 50 is
un-wound from around the drive wheel 22 by being pulled
downwards by the biasing force of the resilient membrane 28,
as shown by arrow D in FIGS. 1 and 2. This causes the
resilient membrane 28 to return in the direction of arrow D to
its original un-deflected state and so decreases the volume of
the closed vacuum chamber 32 and thereby cancels the nega-
tive pressure within the vacuum chamber 32.

[0033] Once the negative pressure in the vacuum chamber
32 has been removed, the collected milk in the vacuum cham-
ber 32 can pass through the one-way valve 38 and through the
exit port 36 into the milk collection bottle 44.

[0034] The above process is then repeated with the motor
14 driving the drive wheel 22 to rotate in the clockwise
direction again to create a negative pressure in the vacuum
chamber 32 and then driving the drive wheel 22 in the oppo-
site direction to cancel the negative pressure, and continues to
be repeated until the woman has expressed the desired quan-
tity of milk.
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[0035] A second embodiment of a drive mechanism and
breast pump of the invention will now be described with
reference to FIGS. 3 and 4. As with the first embodiment of
the invention described above, the breast pump 110 includes
a housing 112 containing a drive motor 114 coupled to a
reduction gearbox 116. A drive shaft 118 extends from the
gearbox 116 and is supported at its distal end in a support
bearing 120. A drive wheel 122 is mounted on the drive shaft
118 between the gearbox 116 and the support bearing 120.
[0036] Also as with the first embodiment, the housing 112
includes a base 124 on which the motor 114 and support
bearing 120 are mounted, and the base 124 has an aperture
126 extending there through. However, the drive mechanism
of the second embodiment of the invention differs from that of
the first embodiment in that the aperture 126 is sealed closed
on the inside of the housing 112 by a first resilient membrane
128 comprising a disc portion 130a and a bellows section
13056 extending between a peripheral edge of the disc portion
130a and the inside of the base 124 of the housing 112 around
the aperture 126.

[0037] The second embodiment of the invention further
comprises a second resilient membrane 129 which is dis-
posed on the outside of the base 124 of the housing 112
around the aperture 126. The second resilient membrane 129
is sealed around the aperture 126 such that a closed interme-
diate cavity is 133 is defined between the first and second
resilient membranes 128,129.

[0038] A vacuum chamber 132 is coupled to the base 124 of
the housing 112 over the aperture 126 and second resilient
membrane 129 so that the second resilient membrane 129
extends into the vacuum chamber 132. The vacuum chamber
132 is of a generally cylindrical shape with one end of the
cylindrical chamber being coupled to the housing 112 and
sealed around the aperture 126 as described above, and the
other end of the cylindrical chamber having a bottom wall
134. A breast-receiving funnel 140 extends from one side of
the cylindrical side wall of the vacuum chamber 132 and is in
fluid communication with the vacuum chamber 132. The
bottom wall 134 includes an exit port 136 and a one-way
valve 138 which covers the exit port 136 such that fluid may
only pass from within the vacuum chamber 132 to the outside
thereof, but the valve 138 prevents fluid from passing into the
vacuum chamber 132 though the exit port 136. Thereby, when
the valve 138 is closed and the funnel 140 is closed by a breast
from which milk is to be expressed, the vacuum chamber 132
is a closed cavity.

[0039] The outside of the vacuum chamber 132 around the
bottom wall 134 is provided with a screw thread 142 which is
configured to be coupled with a milk-collection bottle 144 to
receive expressed milk through the exit port 136 via the
one-way valve 138.

[0040] The bellows section 1305 of the first resilient mem-
brane 128 is configured such that it biases the disc portion
130a downwards towards the housing 112 and away from the
drive wheel 122 in the direction shown by arrow Y in FIG. 3.
A discontinuous strap 150 is coupled at one end to the drive
wheel 122 and at the other end, to the centre of the disc portion
1304 of the first resilient membrane 128. As can be seen from
the schematic drawing of FIG. 4, the strap 150 and drive
wheel 122 differ from the strap 50 and drive wheel 22 of the
first embodiment of the invention described above, in that the
drive wheel 122 includes a plurality of teeth 123 on its outer
face, and the strap 150 includes a plurality of correspondingly
shaped teeth 151 on one side thereof configured to engage and
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mesh with the teeth 123 of the drive wheel 122. The flexible
strap 150 is coupled to the curved edge face of the drive wheel
122 and secured in place using a screw 152 such that the teeth
151 of the strap 150 are aligned with the gaps between the
teeth 123 ofthe drive wheel 122 to enable the teeth 123,151 of
each to mesh as the drive wheel is rotated.

[0041] Rotation of the drive wheel 122 in the direction of
arrow E in FIG. 4 will cause the strap 150 to be wound around
the drive wheel 122 with the respective teeth 123, 151 of the
drive wheel 122 and strap 150 meshing, and thereby will
result in the strap 150 pulling upwardly on the first resilient
membrane 128 in the direction of arrow F as shown in FIGS.
3 and 4.

[0042] Conversely, rotation of the drive wheel 122 in the
direction of arrow G in FIG. 4 will cause the strap 150 to be
unwound from around the drive wheel 122 and thereby will
result in the strap 150 releasing any downward tension
exerted by the first resilient membrane 128, thereby allowing
it to move under the biasing force of the bellows section 1305
in the direction of arrow H as shown in FIGS. 3 and 4. It
should be noted that the resilience of the disc portion 130a
also contributes to the resistance force exerted on the flexible
strap 150 away from the drive wheel 122, as well as the
resistance of the bellows section 1305 described above.
[0043] Operation of the apparatus of the second embodi-
ment of the invention will now be described. Firstly, a milk-
collection bottle 144 is coupled to the housing 112 by the
screw thread 142 as shown in FIG. 3. The woman then places
her breast in the breast-receiving funnel 140, thereby sealing
closed the vacuum chamber 132. The breast pump is then
switched on and the motor 114, via the gearbox 116, rotates
the drive shaft 118 and thereby causes the drive wheel 122 to
rotate. The rotating movement of the drive wheel 122 is a
reciprocating movement back and forth, alternating in clock-
wise and anti-clockwise directions.

[0044] Firstly, the drive wheel 122 rotates in the clockwise
direction shown by arrow E in FIG. 4 and the strap 150 is
wound around the drive wheel 122, thereby pulling upwards
on the first resilient membrane 128 as shown by arrow F in
FIGS. 1 and 2. This causes the first resilient membrane 128 to
be deflected upwards in the direction of arrow F. As the
intermediate cavity 133 is a closed space, deflection of the
first resilient membrane 128 increases the volume of the
intermediate cavity 133 and thereby creates a negative pres-
sure therein. Consequently, the negative pressure in the inter-
mediate cavity 133 causes the second resilient membrane 129
to be deflected upwards into the intermediate cavity 133.
Since the one way valve 138 closes the exit port 136 of the
vacuum chamber 132 and the open end of the breast-receiving
funnel 140 is closed by the woman’s breast, the vacuum
chamber 132 is also a closed cavity. Therefore, the upward
deflection of the second resilient membrane 129 increases the
volume of the vacuum chamber 132 and thereby creates a
negative pressure therein, which induces the woman’s breast
to express milk into the funnel 140, which then flows into the
lower part of the vacuum chamber 132 at the bottom wall 134
thereof.

[0045] The motor 114, via the gearbox 16, then rotates the
drive shaft 118 in the opposite direction, shown by arrow G in
FIG. 4, and thereby causes the drive wheel 122 to rotate that
opposite direction.

[0046] As seen in FIG. 4, when the drive wheel 122 rotates
in the anti-clockwise direction shown by arrow G, the flexible
strap 150 is un-wound from around the drive wheel 122 by
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being pulled downwards by the biasing force of the first
resilient membrane 128, as shown by arrow H in FIGS. 3 and
4.This causes the first resilient membrane 128 to return in the
direction of arrow H to its original un-deflected state and so
decreases the volume of the intermediate cavity 133, thereby
cancelling the negative pressure therein. This has the effect of
causing the second resilient membrane 129 to return in the
direction of arrow H to its original un-deflected state and so
decreasing the volume of the closed vacuum chamber 132,
thereby cancelling the negative pressure within the vacuum
chamber 132.

[0047] Once the negative pressure in the vacuum chamber
132 has been removed, the collected milk in the vacuum
chamber 132 can pass through the one-way valve 138 and
through the exit port 136 into the milk collection bottle 144.
[0048] The above process is then repeated with the motor
114 driving the drive wheel 122 to rotate in the clockwise
direction again to create a negative pressure in the interme-
diate cavity 133 and thereby in the vacuum chamber 132, and
then driving the drive wheel 122 in the opposite direction to
cancel the negative pressure in the intermediate cavity 133
and thereby in the vacuum chamber 132, and the process
continues to be repeated until the woman has expressed the
desired quantity of milk

[0049] The drive mechanisms described above may be con-
figured to operate at a range of speeds, but it is found optimal
that the rate of alternately creating and releasing negative
pressure in the vacuum chamber is between 0.5-2 Hz.
[0050] Inthe above-described embodiments, it is stated that
the motor alternately drives the drive wheel in the clockwise
direction and then the anti-clockwise direction. However, itis
intended within the scope of the invention that the motor may
only positively drive the drive wheel in the direction which
causes the flexible strap to be wound up around the drive
wheel. Then, instead of the motor positively driving the drive
wheel in the opposite direction, it may simply cease drive to
the drive wheel and thereby allow the resilient force of the
resilient membrane pulling on the flexible strap to unwind the
flexible strap from around the drive wheel and allow the
resilient membrane to return to its original un-deflected state,
thereby causing the drive wheel to ‘free-wheel” in the un-
winding direction.

[0051] Both embodiments of the drive mechanism
described above comprise a drive wheel mounted to the rotat-
able drive shaft, with the flexible strap secured to the drive
wheel. However, it is intended within the scope of the inven-
tion that alternative drive elements may be included. For
example, the drive wheel may be omitted entirely and the
flexible strap may be attached directly to the drive shaft in
order to be wound around the drive shaft and thereby pull on
the resilient membrane. Alternatively, a protruding element
such as an arm, may extend perpendicularly or otherwise,
from the drive shaft, and the end of the flexible strap may be
attached to the end of the protruding element remote from the
drive shaft such that rotation of the drive shaft rotates the
protruding element to thereby pull on the flexible strap by the
leverage of the protruding element about the axis of the drive
shaft.

[0052] Although the drive wheel 22 and flexible strap 50 of
the first embodiment of the invention are described as having
flat faces, whereas the drive wheel 122 and flexible strap 150
of the second embodiment of the invention are described as
including inter-engaging teeth 129,151, it is intended within
the scope of the invention that the drive wheel and flexible
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strap of the first embodiment of the invention may include
such inter-engaging teeth, and conversely, the drive wheel
and flexible strap of the second embodiment of the invention
may have flat faces.

[0053] The resilient membranes 28,128 of the embodi-
ments of the invention described above are defined as includ-
ing corrugated bellows sections 305,1305. However, it is
intended within the scope of the invention that the resilient
membranes may alternatively not include such bellows sec-
tions, and the deformation and biasing force against the pull
of the flexible straps could be provided solely by the resil-
ience of the membrane material.

[0054] The above-described embodiments comprise one
drive wheel mounted on a drive shaft, with one flexible strap
extending between the drive wheel and the resilient mem-
brane. However, the scope of the invention is intended to
cover alternative embodiments which may include a plurality
of'drive wheels or drive elements, and/or a plurality of flexible
straps extending between the drive wheel(s)/element(s) and
the resilient membrane.

[0055] The drive mechanism of the invention and a breast
pump including such a drive mechanism provide numerous
advantages over known breast pumps and breast pump drive
mechanisms. For example, the pure rolling movement of the
drive element and flexible strap means that there is no friction,
unlike in, for example, rack and pinion type mechanisms.
This means that the mechanism is more energy efficient and
no lubrication is needed. It also means that the mechanism is
virtually silent, as there is no play between the components
and no ‘stick-slip’ of parts.

[0056] Further to the above, the drive mechanism of the
invention allows high manufacturing tolerances, hence the
lack of play between component parts of the mechanism.
Also, the mechanism can be configured such that the flexible
strap is pre-tensed—that is, in its most extended state before
the drive element pulls on the flexible strap to deform the
resilient membrane, the membrane could have an initial
degree of deformation to keep the flexible strap taut and to
ensure a silent movement without play.

[0057] Further advantages of the drive mechanism of the
invention are the inherent robustness of the construction, the
suitability for a compact design, and the low pump noise due
to isolation of motor and gearbox vibration. Further, the linear
relationship between the drive shaft rotation and the move-
ment of the resilient membrane improves electronic program-
mability of the breast pump.

[0058] While the invention has been illustrated and
described in detail in the drawings and foregoing description,
such illustration and description are to be considered illustra-
tive or exemplary and not restrictive; the invention is not
limited to the disclosed embodiments.

[0059] Other variations to the disclosed embodiments can
be understood and effected by those skilled in the art in
practicing the claimed invention, from a study of the draw-
ings, the disclosure, and the appended claims. In the claims,
the word “comprising” does not exclude other elements or
steps, and the indefinite article “a” or “an” does not exclude a
plurality. The mere fact that certain measures are recited in
mutually different dependent claims does not indicate that a
combination of these measured cannot be used to advantage.
Any reference signs in the claims should not be construed as
limiting the scope.
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1. A drive mechanism for generating a negative pressure in
a vacuum chamber (32/132) of a breast pump (10/110), the
drive mechanism comprising:

a housing (12/112);

a motor (14/114) coupled to a rotatable drive element

within the housing;

a resilient membrane (28/128) coupled to the housing;
characterized in that the drive mechanism is further
comprising a flexible strap (50/150) coupled between
the drive element and the resilient membrane, wherein
rotation of the drive element causes the flexible strap to
pull and resiliently deform the resilient membrane to
create the negative pressure in a vacuum chamber of a
breast pump.

2. A drive mechanism according to claim 1 wherein the
drive element comprises a drive wheel (22/122), and wherein
the flexible strap (50/150) is coupled to the drive wheel such
that rotation of the drive wheel causes the flexible strap to be
wound around the drive wheel.

3. A drive mechanism according to claim 2 wherein the
drive wheel (122) includes a plurality of teeth (123) and the
flexible strap (150) includes a corresponding shaped plurality
ofteeth (151) formed on one side thereof for engagement with
the teeth on the drive wheel.

4. A drive mechanism according to claim 2 wherein the
resilient membrane (28/128) includes a bellows section (305/
1305) which is deformed when the flexible strap (50/150)
pulls on the resilient membrane upon rotation of the drive
element.

5. A drive mechanism according to claim 1 wherein said
resilient membrane (128) is a first resilient membrane and, a
secondary resilient membrane (129) is disposed on the out-
side of the housing (112) on a side of the first resilient mem-
brane remote from the drive element, to define a closed inter-
mediate pressure cavity (133) between the first and second
resilient membranes, such that when the first resilient mem-
brane is deformed by the drive mechanism, a negative pres-
sure is created in the intermediate pressure cavity which
causes the second resilient membrane to deflect inward into
the intermediate pressure cavity to generate a negative pres-
sure in a vacuum chamber of a breast pump.
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6. A drive mechanism according to claim 1 wherein the
housing (12/112) includes an aperture (26/126) and the resil-
ient membrane (28/128) is disposed over the aperture.

7. A drive mechanism according to claim 6 wherein the
resilient membrane (28) is disposed on the outside of the
housing (12) and the flexible strap (50) extends from the drive
element, through the aperture to the resilient membrane.

8. A drive mechanism according to claim 1 wherein the
flexible strap (50/150) is a discontinuous member having a
first end which is connected to the drive element and a second,
opposite end which is connected to the resilient membrane
(28/128).

9. A drive mechanism according to claim 1 wherein the
motor (14/114) is coupled to a gearbox (16/116) and the drive
element is coupled to an output shaft (18/118) of the gearbox.

10. A drive mechanism according to claim 1 configured
such that the drive element rotates in a reciprocating move-
ment back and forth to alternately pull and release the resilient
membrane (28/128).

11. A breast pump (10/110) comprising a drive mechanism
according to claim 1 and, a vacuum chamber (32/132)
coupled to the housing (12/112), the vacuum chamber com-
prising a receptacle and a breast-receiving funnel (40/140) in
fluid communication with the receptacle, wherein when a
woman’s breast is placed in the breast-receiving funnel, the
vacuum chamber is sealed closed such that deformation the
resilient membrane (28/128) creates a negative pressure in the
vacuum chamber.

12. A breast pump according to claim 11 wherein the
vacuum chamber (32/132) includes a drainage aperture (36/
136) having a one-way valve (38/138) to allow expressed
milk to exit the vacuum chamber but to prevent air entering
the vacuum chamber through the drainage aperture.

13. A breast pump according to claim 12 comprising a
fitting (42/142) to enable a milk-collection bottle (44/144)
having a co-operating fitting to be coupled to the vacuum
chamber (32/132) over the drainage aperture.

14. A breast pump according to claim 11 wherein the

resilient membrane (28) extends into the vacuum chamber
(32).





