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ABSTRACT OF THE DISCLOSURE

A reciprocating diaphragm air pump (14) powered by an electric motor (28) ro-
tating an eccentric and oppositely directed first and second disk valves (34, 35).
The disk valves have elastomeric disk valve elements die-cut from flat sheets
which co-operate with perforated concave surfaces in a dividing wall (38) in the

pump housing (31).

(Fig. 1)
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The following statement is a full description of this invention

including the best method of performing it known to us:-
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The invention refers to an air pump, preferably to a reciprocating
diaphragm air pump used in a vacuum toilet system.
Background Art

In typical vacuum toilet assemblies, such as are used in boats and
recreational vehicles, as shown by U.S. patent 5,621,924, the pump for
creating the vacuum reservoir in an air tight tank (either a simple vacuum
tank, or a combined vacuum and sewage holding tank) must be able to pump
sewage waste (liquid with a large amount of solids) in addition to pumping
air to create the vacuum. That means that the pump must be of fairly high
quality, and typically includes a significant number of metal interior
components in order to be effective. However, in vacuum toilet systems
associated with vehicles, such as boats and recreational vehicles, it is
desirable to reduce the weight of the vacuum toilet assembly, and it is of

course also desirable to make it less expensive.

Any discussion of documents, acts, materials, devices, articles or the
like which has been included in the present specification is solely for the
purpose of providing a context for the present invention. It is not to be taken
as an admission that any or all of these matters form part of the prior art base
or were common general knowledge in the field relevant to the present
invention as it existed in Australia before the priority date of each claim of
this application.

It is the primary preferred feature of the present invention to provide a
reciprocating diaphragm air pump for use in an advantageous vacuum toilet
assembly.

Summary of the Invention
In a first aspect, the present invention is a reciprocating diaphragm air

pump comprising:

a central housing portion having an inlet and outlet therein;

first and second oppositely directed check valve elements associated
with said housing portion;

a powered reciprocating diaphragm reciprocal in a first direction a
given stroke length to cause air flow through said first check valve but not
said second check valve, and in a second direction, opposite to said first
direction, to cause air flow through said second check valve but not said first
check valve, the diaphragm being not in contact with the internal surface of

. the pump chamber when in operation; wherein
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the pump is a vacuum pump driven by an electric motor so as to create
moderate to high levels of vacuum at the inlet side of the pump.

According to the present invention a diaphragm air pump, especially
for a vacuum toilet assembly is provided, and particularly a reciprocating
diaphragm air pump associated with the vacuum toilet assembly, which
contains substantially all plastic or rubber internal components so that it is
relatively light in weight, and relatively inexpensive. The air pump according
to the invention is used solely to withdraw air from the vacuum holding tank,
and is particularly desirable for use with a combined vacuum and sewage

holding tank. While the pump
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can pass water in emergency situations without damage, it is designed specifi-

cally for use with air alone, and therefore can have a lighter construction.

The ability of the pump of the invention to pull vacuum and pump water makes
it unique among commercial pumps. In practice water pumps are poor vacuum
pumps and vacuum pumps are poor water pumps. The pump of the invention,
however, because of its unique design (including reinforced die-cut flat elas-
tomeric material disk valve elements, all non-metallic interior cavity, and par-
ticular stroke with optimised stroke versus performance characteristics) is an
excellent vacuum pump yet unlike other good vacuum pumps will not seize if it
encounters an incompressible fluid like water. The pump cavity has good vac-

uum efficiency yet will not be overstressed if it is necessary to pump water.

All of the internal pump components are preferably plastic or rubber, with the
exception of perhaps a fastener and diaphragm backup plate, and the pump can
be mounted anywhere desirable. Using plastic for the internal pump compo-

nents not only prevents rust, but reduces the weight of the pump.

The air pump preferably comprises a powered reciprocating diaphragm pump,
having a reciprocating diaphragm. The diaphragm pump may also comprise a
housing having first and second oppositely directed disk valves therein, having a
first disk valve element and a second disk valve element. The diaphragm pump
housing may comprise a central housing portion having the inlet and outlet
therein, with a first dividing wall substantially parallel to the direction of
movement of air between the inlet and the outlet. A second dividing wall may
prevent direct flow of air between the inlet and the outlet. Typically the first
dividing wall will be generally horizontal and the second dividing wall will be
generally vertical in the standard mounting of the pump. The first dividing wall
has a plurality of first perforations associated with the first disk valve element
and a plurality of second perforations associated with a second disk valve ele-

ment, the disk valve elements co-operating with concave perforated portions of




Ui

25

10

the first dividing wall. The first dividing wall also preferably has a sealing sur-
face engaging the reciprocating diaphragm, the sealing surface having a plural-
ity of sealing rings thereon. The disk valve elements may be connected to the
first dividing wall by canoe clips in oppositely directed blind bores formed in the
first dividing wall.

As the diaphragm is made of plastic it has a greater resistance to odor penetra-
tion and greater cycle life than a comparable nitrile rubber diaphragm. Further,
the diaphragm can be a fluorocarbon elastomer which is provided with polyester

reinforcements.

As an example, the reciprocating diaphragm can have a total stroke length of
about 0,75-0,85 cm, e.g. with a 0,4 cm half-stroke or 0,8 cm full stroke, to create
a vacuum and expel removed air. The pump is capable of achieving about 25,5
cm mercury of vacuum in an empty 35,9 ltr vacuum tank in roughly one min-
ute, yet can pump at least about five liters of water per minute if necessary (e.g.
about 7-8 l./min.). Where a combined vacuum/holding tank is provided, of
course as the tank fills with sewage liquid, the amount of time for creating the

necessary vacuum for it to act as a vacuum reservoir is significantly reduced.

Any suitable motor and mechanical connection may be provided for effecting
reciprocation of the diaphragm. For example a direct drive 12 volt D.C. motor,
typically operating at a speed giving adequate performance and relatively low
sound emission, i.e. having an optimized noise versus performance ratio, may be
used as the power source for powering reciprocation of the diaphragm. The dia-
phragm is typically of any suitable flexible material such as natural or synthetic
rubber (e.g. nitrile rubber), or various plastics (such as a copolymer of polypro-
pylene and polyethylene), and may have top and bottom stainless steel backing
plates. The diaphragm and plates may be connected to a connecting rod at one
end thereof, the other end of the rod having a pressed in ball bearing. Pressed

into the inner race of the ball bearing may be an eccentric which creates the half
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stroke. However, any other suitable conventional mechanism may be
provided for effecting the reciprocation of the diaphragm.

The central housing portion preferably has a tapered volume defined
between the diaphragm and the first dividing wall. The volume has an area
adjacent the first dividing wall of about 83-93% (e.g. about 88%) of the area
adjacent the diaphragm when it is in a central position intermediate the end
of its stroke. This increases pump efficiency, and combined with the
preferred stroke length and motor rpm set forth above, provides an optimised
noise/efficiency ratio.

According to another aspect of the present invention the air pump
comprises the following components: A central housing portion having the
inlet and outlet therein, a first dividing wall substantially parallel to the
direction of movement of air directly between the inlet and outlet and having
first and second opposite surfaces each having a concave portion, and a
second dividing wall preventing direct flow of air between the inlet and the
outlet. A first elastomeric disk valve element engaging the concave portion of
the first surface, and a second elastomeric disk valve element engaging the
concave portion of the second surface. The first dividing wall having a
plurality of first perforations extending between the first and second surfaces
and associated with the first disk valve element, and a plurality of second
perforations extending between the first and second surfaces and associated
with the second disk valve element. And, a powered reciprocating diaphragm
movable in a direction generally perpendicular to said first and second
surfaces to cause air flow through the first perforations when the diaphragm
moves away from the first and second surfaces, and to cause air flow through
the second perforations when the diaphragm moves toward the first and
second surfaces.

This and other preferred features of the invention will become clear
from an inspection of the detailed description of the invention, and from the
appended claims.

Throughout this specification the word "comprise", or variations such
as "comprises" or "comprising", will be understood to imply the inclusion of a
stated element, integer or step, or group of elements, integers or steps, but not
the exclusion of any other element, integer or step, or group of elements,

AjNegers or steps.
/q
7
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FIG.

FIG.

is a side view of a vacuum toilet assembly according to the present in-
vention showing the air pump in detail and in cross-section (with the
disk valve elements removed for clarity of illustration), and showing

the rest of the components schematically;

is a view like that of FIG. 1 only showing the muffler/filter in more
detail, and a different embodiment of the various vacuum compo-
nents, and showing the disk valve elements in the air pump, and the

manner of mounting thereof in the air pump;

is a bottom plan view of the pump housing with the valve disk ele-

ment shown in dotted line, per se, of FIG. 2;

is a top plan view of the pump housing component of FIG. 2 with the

valve disk element shown in dotted line;

is a view like that of FIG. 1 only showing the details of an exemplary

drive for the pump, and modified forms of pump components;

is a detailed side view, partly in cross-section and partly in elevation,

showing a rat-tail check valve in the pump discharge;
is a view like that of FIG. 6 with the valve element removed;

is an end view of the valve housing of the FIG. 6 and 7 embodiment;

and

is a side cross-sectional view of an exemplary plastic diaphragm that

may be used in the pump according to the invention.
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The preferred embodiment of a reciprocating diaphragm air pump to illustrate
the present invention is shown generally by reference numeral 14 in Fig. 1. The
pump is part of an assembly 10 including a conventional vacuum toilet 11, and a
combined vacuum and holding tank 12 which is operatively connected, via line
13, to the toilet 11 so as to provide a source of vacuum to remove waste from the

toilet 11 when the toilet is flushed.

The air pump 14 is connected to the vacuum tank 12 for removing air from the
tank 12 to create a partial vacuum therein. The air pump has an inlet conduit
15 connected to an upper portion of the tank 12, as by the line 16 schematically
illustrated in-Fig. 1, and an outlet 17. |

The assembly 10 may also desirably include a pump 18 for pumping sewage out
of the tank 12 when desired. The pump 18 may either be directly mounted with
the assembly 10, or may be located at a pump out facility.

The pump 14 preferably comprises a powered reciprocating diaphragm pump
having a reciprocating diaphragm 24 as seen in Fig. 1, and reciprocating in the
dimension 25 illustrated therein. The diaphragm 24 is preferably of rubber, syn-
thetic rubber, or a suitable plastic, and in the preferred embodiment illustrated
in Fig. 1 has upper and lower stainless steel plates 26, 27, respectively mounted
at a central portion thereof to back up the diaphragm 24. One form that a plas-
tic diaphragm could take according to the invention is illustrated at 24' in Fig. 9.
The preferred plastic for this configuration is a copolymer of polypropylene and
polyethylene, but other plastics may also be used. The diaphragm 24' has more
resistance to odor penetration, and will have greater cycle life, than comparable
nitrile rubber diaphragms. As an example the diaphragm 24' may have a diame-
ter of about 7,6 cm and a dimension X of about 0,91 ¢cm, having a contoured
central portion resembling a bellows section as illustrated in Fig. 9. Thus the
contoured central portion extends outwardly from the plane containing the dia-

phragm 24' a distance (X) greater than the stroke length of the diaphragm.
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The actual mechanism for reciprocating the diaphragm 24, 24' in the dimension
25 may be any suitable conventional mechanism, which may include a direct
drive motor 28, e.g. running at a speed which provides an optimized perform-
ance and sound emission ratio. The speed may be at least 1500 to 2400 rpm. A
connecting rod 29 connected to the motor 28 may be provided. One exemplary
mechanism that may be provided is to effect reciprocation of the diaphragm 24
and plates 26, 25 will be described with respect to Fig. 5.

In the preferred embodiment the diaphragm 24 has a total stroke length of be-
tween about 0,76 - 0,81 cm, e.g. a 0,40 cm half stroke length (that is moving
0,40 cm in the dimension 25 both above and below, the position illustrated in
Fig. 1), or a total full stroke length of 0,8 cm. This is sufficient to create a suit-
able vacuum in a suitably short period of time. For example where the tank 12
has an interior volume of about 35,95 ltr, a suitable degree of vacuum - which is
typically about 25,4 cm of Hg - may be established in the tank 12 by operating
the pump 14 for roughly about one minute. As the tank 12 fills with sewage the
amount of air in the tank above the sewage has a reduced volume, and therefore
the time to establish the appropriate level of vacuum in the tank 12 is reduced
as the tank 12 fills. The unique ability of the pump 14 to pump water means
that it can pump at least a liter of water per minute if necessary, typically at

least about five liters per minute (e.g. about 7-8 1./min.).

Any suitable conventional sensors or controls may be provided associated with
the tank 12 to indicate when it is full, or reaching full, or to operate the pump
18 to empty the tank automatically once it reaches a certain level full, or to pre-
vent operation of the motor 28. However should any water be drawn into the
pump 14, even though that is not what it is designed for, the water can pass
through the pump 14 without damaging the pump, especially since the interior

components are plastic or rubber.
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Diaphragm pump 14 preferably comprises a central housing section 31 (seen per
se in Fig. 2) having first and second oppositely directed disk valves (acting as
check valves) therein, as shown generally by reference numerals 32 and 33 in
Fig. 2, and having a first valve disk element 34 and a second valve disk element
35. The valve disk elements 34, 35 in response to fluid pressure [elements 34, 35
are not shown in Fig. 1 for clarity of illustration, i.e. so that the air flow -- as

illustrated by arrows 37 - may be readily illustrated therein].

The central portion 31 of the housing for the pump 14 has the inlet 15 and out-
lgt 17 therein and includes a first dividing wall 38 substantially parallel to the
direction of air-movement directly between the inlet 15 and the outlet 17, and a
second dividing wall 39 (see each of Fig. 1 through 3) preventing direct flow of
air between the inlet 15 and the outlet 17. Wall 38 may be generally horizontal
and wall 39 generally vertical.

The first dividing wall 38 has a plurality of first perforation 41 therein extend-
ing through the first dividing wall 38 from one surface thereof to the other, and
a second plurality of perforations 42 also extending from one face to the other
and associated with the disk valve element 35. The perforations 41 - as seen
most clearly in Fig. 1 and 2 - are associated with a concave "upper" surface 43 of
the wall 38, and perforations 42 associated with a "lower" concave surface 44 of
the wall 38. Associated with the concave wall portions 43, 44 are oppositely di-
rected blind bores 45, 46 formed in the dividing wall 38. The disk elements 34,
35 are connected to the first dividing wall 38 by conventional plastic canoe clips,
47, 48 - as seen most clearly in Fig. 2, but the heads of which are shown in dot-
ted line in Fig. 8 and 4, respectively - to hold the disk elements 34, 35 in posi-
tions in which they releasably cover and block flow through the perforations 41,

42, respectively.

For the specific embodiment illustrated in the drawings, the valve disks 34, 35

are preferably circular pieces of elastomeric material, such as synthetic rubber.
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The disks 34, 35 are preferably reinforced die-cut flat elastomeric material
(plastic or rubber) disks rather than compression molded valves. Given this
construction, when the diaphragm 24 moves upwardly from the position illus-
trated in Fig. 1 a half stroke, a vacuum is created in the chamber 50 (see Fig. 1)
which causes air to move through the perforations 41, deflecting the disk ele-
ment 34, and moving into the chamber 50, while the vacuum pulls the disk ele-
ment 35 against the concave wall portion 44 to seal the perforations 42 so that
no air may pass therethrough. When the diaphragm 24 reaches the top of its
stroke in the dimension 25 and then moves downwardly to the bottom of its
stroke, pressure is created in the volume 50 which forces air to pass through the
perforations 42 past the valve disk element 35 (deflecting it), and at the same
time to push the valve disk element 34 into sealing arrangement with the con-

cave wall portion 43 so that no air can pass through the perforations 41.

Also it is desirable that the volume 50 be formed with a taper. For example the
annular wall 51 (see Fig. 1) defines the volume 50 so that it has an upper di-
ameter (as seen in Fig. 1 at an intermediate position of the diaphragm 24 in a
central position intermediate the ends of its stroke) and a lower diameter (just
above concave wall portion 43). That is the percentage of area reduction from
the top to the bottom of the volume 50 is about 83-93%, e.g. about 88%. This ta-
per 51 increases pump efficiency, and when combined with the preferred stroke
length of about 0,78 cm and preferred motor rpm of about 2300, results in an

optimized efficiency/noise ratio.

Fig. 1 also illustrates other exemplary housing components associated with the
component 31 to seal off the various volumes within the pump 14. The periph-
eral portions of the diaphragm 24 are clamped between the top surface 52 (see
Fig. 2 and 4 in particular) of the central housing section 31 and an upper hous-
ing section 53 (see Fig. 1) of any suitable configuration. A bottom section 54

closes off the bottoms of the volumes 55, 56 (see Fig. 1) on opposite sides of the
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second dividing wall 39. The volumes 55, 56 co-operate, respectively, with the
inlet 15 and the outlet 17.

Preferably the top surface 52 has a plurality of concentric sealing rings 57 (see
Fig. 2 and 4) which extend upwardly from the surface 52. For example the rings
57 may be radially spaced from each other on a common center. Similar sealing
rings 58 (see Fig. 2 and 3) may also be provided on the bottom surface of the
housing section 31 for co-operation with an elastomeric sealing ring (not shown)

between the bottom housing section 54 and the central housing section 31.

While the housing sections 53, 31, 54 may be held together in any suitable
manner, they may be connected together by metal or plastic fasteners (such as
bolts and nuts) which are associated with the opening 60 (see Fig. 3 and 4) in

the housing section 31, and like openings (not shown) in the section 53, 54.

In a conventional manner of use of the assembly 10 according to the present in-
vention, when the assembly 10 is initially connected up, or after the combined
vacuum/holding tank 12 has been substantially emptied by the pump 18, using
conventional manual or automatic controls the motor 28 is activated so as to
reciprocate the connecting rod 29 in the dimension 25. This causes the dia-
phragm 24 to move up and down, alternately causing air to be withdrawn from
the tank 12 through the conduit 16 into the inlet 15, and to pass - as illustrated
by arrows 37 through the perforations 41 into the chamber 50 while the valve
disk element 35 seals the perforations 42, then to be expelled by the downward
movement of the diaphragm 24 through its stroke length by passing - as illus-
trated by arrows 37 -- out the perforations 42 while the valve disk element 34
seals the perforations 41. The air then flows through the outlet 17 through the
combined muffler/odor filter 19 so that the sound is typically kept under 65
decibels and the majority of the odors are captured by the activated charcoal 21.
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After the motor 28 of the pump 14 has run long enough to draw the desired
vacuum in the tank 12, the motor 28 is automatically shut off (by conventional
sensors and controls). When the toilet 11 is flushed, the vacuum in the tank 12
draws the sewage through the conduit 13 into the tank 12. If it is necessary to
re-establish the desired level of vacuum, then the motor 28 is again automati-
cally actuated to reciprocate the diaphragm 24 so that the desired level of vac-
uum is restored to the tank 12.

Substantially all of the internal components of the pump 14 are of plastic, rub-
ber, or other non-metal. For example the entire housing section 31 may be
molded as a single piece of plastic, such as ABS or polypropylene, or nylon. The
canoe clips 47, 48 also are preferably plastic as are the housing sections 53, 54.
The valve disks 34, 35 are of elastomeric material, as is the diaphragm 24. Typi-
cally only the plates 26, 27, and various drive components such as fasteners and
ball bearings, are of metal, and perhaps the bolts passing through the opening
60 to hold the housing sections 53, 31, 54 together. In this way the weight and
cost of the air pump 14 can be minimised, as well as ensuring corrosion protec-
tion should liquid be inadvertently drawn into the pump 14, or moisture con-

dense therein.

Fig. 5 is a schematic illustration of one exemplary form that the diaphragm
pump reciprocating mechanism - shown only schematically in Fig. 1 - may take.
In Fig. 5 components identical to those in the Fig. 1 through 4 embodiment are
shown by the same reference numeral, while structures similar but not identical

are shown by the same two digit reference numeral only preceded by a "1".

In the Fig. 5 embodiment, the connecting rod 129 terminates with the threaded
end which is received by the nut 70, and the backup plates 126, 127 preferably
have a dish shape as illustrated. The connecting rod 129 is ring-shaped at the
top as clearly seen in Fig. 5, and includes therein two ball bearing races or like

components, such as the inner race 72 and the outer race 73, with conventional
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steel ball bearings (not shown) between them. Pressed into the inner race 72 is
the eccentric 74, which is preferably directly connected (or by a gear reducer

under some circumstances) to the drive shaft for the motor 128.

In the embodiment of Fig. 6-8, instead of (or in addition to) the filter/muffler 19,
a means is provided to prevent loss of vacuum even if foreign material fouls the
valve elements 34, 35, and to provide some noise reduction. The outlet 17 from
the main housing section 31 is formed with a conical valve seat 81 in the inte-
rior 82 thereof (see Fig. 7) for receipt of a conical "rat-tail" check valve element
83. The element 83 preferably is of elastomeric material which will deflect suf-
ficiently to allow air to move from volume 56 to the exterior of housing section
31, as indicated by arrows 37. However, the higher air pressure outside the
housing section 31 forces the element 83 into contact with the seat 81 to prevent
loss of vacuum, thus functioning as a backup check valve. Also the element 83 is
a noise reducer, providing some noise suppression (typically at least about three
decibels in the range in which it typically operates). Preferably the element 83 is
held in place by a stem 84 (Fig. 6) received within a valve retainer 85 (see Fig. 8

in particular).
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-
1. A reciprocating diaphragm air pump comprising:

a central housing portion having an inlet and outlet therein;

first and second oppositely directed check velve elements associated with
said housing portion;

a powered reciprocating diaphragm reciprocal in a first direction a given
stroke length to cause air flow through seid first check valve but not said second
check valve, and in a second direction, opposite to said first direction, to cause air
flow through said second check valve but not said first check valve, the diaphragm
being not in contact with the internal surface of the pump chamber when in
operation; wherein

the pump is a vacuum pump adapted for pumping liquids and is driven by an
electric motor 50 as to create at least a partial vacuum at the inlet side of the pump.
2. A reciprocating diaphragm air pump as recited in claim 1 wherein said
diaphragm is of plastic having a greater resistance to odor penetration, and greater
cycle life, than a comparable nitrile rubber diaphragm.

3. A reciprocating diaphragm air pump as recited in claim 2 wherein said
diaphragm is a fluorocarbon elastomer.

4. A reciprocating diaphragm air pump as recited in any one of the preceding
claims wherein the diaphragm is provided with polyester reinforcements.

5. A reciprocating diaphragm air pump es recited in claim 2 wherein said plastic
of said diaphragm is a copolymer of polypropylene and polysthylens.

6. A reciprocating diaphragm air pump as recited in any one of the preceding
claims wherein said reciprocating diaphragm has a total stroke length which is small
in relation to its diemeter, the stroke length being espacially about 0,75-0,85 cm.

7. A reciprocating diaphragm air pump as recited in any one of the preceding
claims wherein said first and second check valves are oppositely directed
elastomeric disk valve elements, co-operating with perforated concave suyfaces.

8. A reciprocating diaphragm air pump as recited in claim 7 wherein said disks
are die-cut from reinforced flat elastomeric shests.

9. A reciprocating diaphragm air pump as recited in any one of the preceding
claims wherein substantially all of said pump interior components are plastic or
rubber.
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10. A reciprocating diaphragm air pump as recited in any one of the
preceding claims wherein said pump can pump at least about five liters of
water per minute and wherein said air pump is capable of achieving about
25,4 cm Hg of vacuum in an empty 35,9 liter vacuum tank in about one
minute.

11. A reciprocating diaphragm air pump as recited in any one of the
preceding claims wherein said reciprocating diaphragm is powered by the
electric motor rotating eccentrically.

12.  Areciprocating diaphragm air pump as recited in claim 11 wherein the
motor is rotating at least 1500 rmp, preferably at the range of 1500-2400 rpm.
13.  Areciprocating diaphragm air pump as recited in any one of the
preceding claims wherein said diaphragm has a contoured central portion
resembling a bellows section extending outwardly from a plane containing
said diaphragm, and wherein said contoured central portion extends
outwardly from said plane a distance greater than the stroke length of said
diaphragm.

14. A reciprocating diaphragm air pump as recited in any one of the
preceding claims comprising:

a first dividing wall substantially parallel to the direction of movement
of air directly between said inlet and outlet and having first and second
opposite surfaces each having a concave portion, and a second dividing wall
preventing direct flow of air between said inlet and said outlet;

a first elastomeric disk valve element engaging said concave portion of
said first surface, and a second elastomeric disk valve element engaging said
concave portion of said second surface;

said first dividing wall having a plurality of first perforations extending
between said first and second surfaces and associated with said first disk
valve element, and a plurality of second perforations extending between said
first and second surfaces and associated with said second disk valve element;
and

a powered reciprocating diaphragm movable in a direction generally
perpendicular to said first and second surfaces to cause air flow through said

first perforation when said diaphragm moves away from said first and second




10

15

15

surfaces, and to cause air flow through said second perforation when said
diaphragm moves toward said first and second surfaces.

15. A reciprocating diaphragm air pump as recited in claim 14, wherein
said central housing portion has a tapered volume defined between said
diaphragm and said first dividing wall, said volume having an area adjacent
said first dividing wall of about 83-93% of the area adjacent said diaphragm
when being in a central position intermediate the ends of its stroke.

16. A reciprocating diaphragm air pump as recited in claim 14 wherein
said disk valve elements are connected to said first dividing wall by canoe
clips in oppositely directed blind bores formed in first dividing wall.

17. A vacuum toilet assembly including the reciprocating diaphragm air
pump as recited in claim 15 or 16, wherein said first dividing wall has a
sealing surface engaging said reciprocating diaphragm, said sealing surface
having a plurality of sealing rings thereon.

18. A reciprocating diaphragm air pump substantially as described with
reference to the accompanying figures.

Dated this 17th day of April 2002.

Electrolux Siegen GmbH
Patent Attorneys for the Applicant:

F B RICE & CO
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