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(57) Abstract: A diaphragm pump and a method for aligning thereof, the pump including an electric motor, a motor shaft, driven

& by the electric motor for rotation about an electric motor shaft axis, an eccentric drive, driven by the electric motor, via the motor
& shaft, to provide reciprocal driving along a pump driving axis, the eccentric drive including an eccentric drive shaft rotating about
an eccentric drive shaft axis, the eccentric drive shaft axis being coaxial with the electric motor shaft axis, a non-rigid coupling
interconnecting the motor shaft and the eccentric drive shaft and a diaphragm pumping assembly having a fluid inlet and a fluid

=

the pump driving axis. 2

outlet communicating with a pumping chamber, the pumping chamber having a diaphragm arranged to be reciprocally driven about
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SUMMARY OF THE INVENTION

The present invention seeks to provide an improved diaphragm pump.

There is thus provided in accordance with a preferred embodiment of the
present invention a diaphragm pump including an electric motor, a motor shaft, driven
by the electric motor for rotation about an electric motor shaft axis, an eccentric drive,
driven by the electric motor, via the motor shaft, to provide reciprocal driving along a
pump driving axis, the eccentric drive including an eccentric drive shaft rotating about
an eccentric drive shaft axis, the eccentric drive shaft axis being coaxial with the electric
motor shaft axis, a non-rigid coupling interconnecting the motor shaft and the eccentric
drive shaft, and a diaphragm pumping assembly having a fluid inlet and a fluid outlet
communicating with a pumping chamber, the pumping chamber having a diaphragm
arranged to be reciprocally driven about the pump driving axis.

In accordance with another preferred embodiment of the present
invention the non-rigid coupling includes a slidable coupling. Preferably, the eccentric
drive includes first and second bearings located on first and second opposite sides of the
eccentric drive shaft. Additionally, at least one of the fluid inlet and the fluid outlet
extends in a direction non-perpendicular to the pump driving axis. Alternatively, at least
one of the fluid inlet and the fluid outlet extends generally perpendicular to the pump
driving axis.

There is also provided in accordance with another preferred embodiment
of the present invention a diaphragm pump including a diaphragm pumping assembly
having a fluid inlet and a fluid outlet communicating with a pumping chamber, the
pumping chamber having a diaphragm arranged to be reciprocally driven along a pump
driving axis, wherein at least one of the fluid inlet and the fluid outlet extends generally
parallel to the pump driving axis.

Preferably, the diaphragm pump also includes an electric motor
providing rotational motion of a motor shaft about an electric motor shaft axis, and an
eccentric drive including an eccentric drive shaft which is driven by the electric motor,
via the rhotor shaft, about an eccentric drive shaft axis which is coaxial with the electric

motor shaft axis.
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There is also provided in accordance with yet another preferred
embodiment of the present invention a diaphragm pump including an electric motor, a
motor shaft, driven by the electric motor for rotation about an electric motor shaft axis,
an eccentric drive, driven by the electric motor, via the motor shaft, to provide
reciprocal driving along a pump driving axis, the eccentric drive including an eccentric
drive shaft rotating about an eccentric drive shaft axis, the eccentric drive shaft axis
being coaxial with the electric motor shaft axis, the eccentric drive including first and
second bearings located on first and second opposite sides of the eccentric drive shaft,
and a diaphragm pumping assembly having a fluid inlet and a {fluid outlet
communicating with a pumping chamber, the pumping chamber having a diaphragm
arranged to be reciprocally driven about the pump driving axis.

In accordance with another preferred embodiment of the present
invention the diaphragm pump also includes a non-rigid coupling interconnecting the
motor shaft and the eccentric drive shaft. Preferably, the non-rigid coupling includes a
slidable coupling. Additionally, at least one of the fluid inlet and the fluid outlet extends
in a direction non-perpendicular to the pump driving axis. Alternatively, at least one of
the fluid inlet and the fluid outlet extends generally perpendicular to the pump driving
axis.

’ In accordance with another preferred embodiment of the present
invention the diaphragm pump also includes a flange fixed to the electric motor and a
housing which houses the non-rigid coupling. Preferably, the flange includes at least
one bore and the housing includes at least one socket, the at least one socket having a
diameter larger than a diameter of an attachment bolt. Additionally, the diaphragm
pump also includes a tightness retaining mechanism to secure the attachment bolt in the
bore.

There is also provided in accordance with still another preferred
embodiment of the present invention a diaphragm pump including an electric motor, a
pumping chamber, and a manifold assembly directly mounted onto the pumping
chamber and including a manifold assembly inlet and a manifold assembly exhaust
communicating with the pumping chamber.

In accordance with another preferred embodiment of the present

invention the diaphragm pump also includes a motor shaft, driven by the electric motor



10

15

20

25

30

WO 2005/010361 PCT/IL2004/000693

for rotation about an electric motor shaft axis, and an eccentric drive including an
eccentric drive shaft which is driven by the electric motor, via the motor shaft, about an
eccentric drive shaft axis which is coaxial with the electric motor shaft axis. Preferably,
the diaphragm pump also includes an absorption cell operative to receive fluid flowing
through the manifold assembly inlet. Additionally, the diaphragm pump also includes a
detector operative to detect fluid flowing through the manifold assembly inlet.

In accordance with yet another preferred embodiment of the present
invention the diaphragm pump also includes a non-rigid coupling interconnecting the
motor shaft and the eccentric drive shaft. Preferably, the non-rigid coupling includes a
slidable coupling. Additionally, the eccentric drive includes first and second bearings
located on first and second opposite sides of the eccentric drive shaft.

There is further provided in accordance with another preferred
embodiment of the present invention a method for aligning an eccentric drive shaft axis
of an eccentric drive of a diaphragm pump and an electric motor shaft axis of an eiectric
motor of the diaphragm pump including providing a non-rigid coupling, interconnecting
an eccentric drive shaft of the eccentric drive and a motor shaft of the electric motor
employing the non-rigid coupling, loosely attaching the electric motor to a housing of
the eccentric drive, operating the electric motor to coaxially align the eccentric drive
shaft and the electric motor shaft, and tightly attaching the electric motor to the housing.

" In accordance with another preferred embodiment of the present
invention the operating also includes providing an output indication that the electric
motor shaft axis and the eccentric drive shaft axis are coaxially aligned. Preferably, the
output indication is an output of the diaphragm pump displayed on a monitoring device.
Additionally, the operating also includes manually positioning at least one of the

electric motor and the housing.
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BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be understood and appreciated more fully
5 from the following detailed description, taken in conjunction with the drawings in
which:

Fig. 1 is a partially pictorial, partially cut-away illustration of a
diaphragm pump constructed and operative in accordance with a preferred embodiment
of the present invention prior to a preferred operative state;

10 Fig. 2 is a sectional illustration taken along lines II- Il in Fig. 1;

Fig. 3 is a partially pictorial, partially cut-away illustration of a
diaphragm pump constructed and operative in accordance with a preferred embodiment
of the present invention in a preferred operative state;

Fig. 4 is a sectional illustration taken along lines IV- IV in Fig. 3; and

15 ’ “Fig. 5 is a partially pictorial, partially cut-away and partially schematic
illustration of a diaphragm pump constructed and operative in accordance with another

preferred embodiment of the present invention.
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DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT

Reference is now made to Figs. 1 and 2, which are a partially pictorial,
partially cut-away illustration and a sectional illustration, respectively, of a diaphragm
pump constructed and operative in accordance with a preferred embodiment of the
present invention prior to a preferred operative state.

As seen in Fig. 1, the diaphragm pump comprises a pumping chamber
assembly 10 operated by an eccentric drive assembly 12, which is mounted in a housing
13 and driven by an electric motor 14. An electric motor shaft 16 of electric motor 14
rotates about an electric motor shaft axis 18 and is supported on a first end thereof by an
electric motor support bearing 20. Electric motor shaft 16 preferably is coupled at a
second end thereof by a non-rigid coupling 21 to an eccentric drive shaft 22. The
eccentric drive shaft 22 rotates about an eccentric drive shaft axis 24 of the eccentric
drive assembly 12 and extends through a bore 26 formed in a first portion 28 and a
second portion 30 of a cam 32. The first portion 28 of the cam 32 typically has a
diameter smaller than second portion 30 of cam 32 and is seated within a generally
central aperture 34 of an eccentric drive bearing 36. Second portion 30 serves as a
counterweight to the eccentric drive bearing 36. The eccentric drive bearing 36 is
provided with a housing 37, which has a cam follower 42 mounted thereon.

The eccentric drive bearing 36 and the cam 32 are mounted on eccentric
drive shaft 22 such that eccentric drive bearing 36 and cam 32 are non-coaxial with
eccentric drive shaft axis 24, so as to move the cam follower 42 in reciprocal motion
about a pump driving axis 43. A pumping chamber 44 comprises a diaphragm 45, which
diaphragm 45 is seated on the cam follower 42 in a lower portion 46 of the pumping
chamber assembly 10. A fluid inlet 48 and fluid outlet 50 extend out of an upper portion
52 of the pumping chamber assembly 10.

It is a particular feature of the present invention that two support bearings
54 and 55 are disposed on first and second opposite sides of the eccentric drive shaft 22,
besides the eccentric drive bearing 36 and the electric motor support bearing 20, so as to
provide for enhanced support of the load applied by the pumping chamber assembly 10.

In the embodiment of Fig. 1, the fluid inlet 48 and the fluid outlet 50 are
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shown to extend generally parallel to the electric motor shaft axis 18. Alternatively, a
fluid inlet, designated by reference numeral 56 in Figs. 1 - 4, and/or a fluid outlet,
designated by reference numeral 57 in Figs. 2 and 4, may be placed on the upper portion
52 of the pumping chamber assembly 10 and extend generally perpendicular to the
electric motor shaft axis 18 directly into communication with a non-flexible vessel (not

shown).

It is a particular feature of the present invention is that the eccentric drive
shaft 22 and the electric motor shaft 16 are connected to each other via non-rigid
coupling 21 so as to enable coaxial alignment of the eccentric drive shaft axis 24 with
the electric motor shaft axis 18. Eccentric drive shaft 22 is fixed to a first element 58 of
the non-rigid coupling 21 and is connected thereby with the electric motor shaft 16,
which is fixed to a second element 60 of the non-rigid coupling 21. First element 58 is
seated in an aperture 62 formed in second element 60. Aperture 62 is preferably sized so
as to allow movement of first element 58 within second element 60 about two
perpendicular axes.

Figs. 1 and 2 show the diaphragm pump during operation prior to coaxial
alignment of the eccentric drive shaft axis 24 with the electric motor shaft axis 18 where
the eccentric drive shaft axis 24 is horizontally and vertically non-coaxial with the
electric motor shaft axis 18. Bores 70 are formed in a flange 72 which is attached to the
electric motor 14 and threaded sockets 74 are formed in housing 13. Prior to coaxial
alignment of the eccentric drive shaft axis 24 with the electric motor shaft axis 18,
threaded attachment bolts 78, with a diameter smaller than the diameter of bores 70, are
inserted into bores 70 and threaded into threaded sockets 74, but are not tightened.

A monitoring device, such as a tachometer 80, may be employed to assist
in coaxial alignment of the eccentric drive shaft axis 24 with the electric motor shaft
axis 18. In Fig. 1 the diaphragm pump is shown to operate in a non-optimal state, as
indicated by tachometer 80. An output of a relatively low number of rotations per
minute, typically 3000 rpm, is shown on a display screen 82 of the tachometer 80,
thereby indicating that the eccentric drive shaft axis 24 is non-coaxial with the electric
motor shaft axis 18, as seen in Fig. 2.

Reference is now made to Figs. 3 and 4, which are a partially pictorial,

partially cut-away illustration and a sectional illustration, respectively, of a diaphragm
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pump constructed and operative in accordance with a preferred embodiment of the
present invention in a preferred operative state. Figs. 3 and 4 show an operative state of
coaxial alignment of electric motor shaft axis 18 and eccentric drive shaft axis 24 which
is attained by operation of the diaphragm pump, including the non-rigid coupling 21
with the electric motor 14 not fully tightened with respect to the eccentric drive
assembly housing 13, allowing slight shifting of the relative mounting of the electric
motor 14 and the housing 13 to take place, leading to enhanced alignment.

Turning to Fig. 3, it is seen that once an optimal operative state of the
diaphragm pump is reached, an output of a relatively higher number of rotations per
minute is displayed on the display screen 82 of the tachometer 80, typically 3020 rpm,
thereby indicating that the eccentric drive shaft axis 24 is generally coaxial with the
electric motor shaft axis 18, as seen in Fig 4. Thereafter, the attachment bolts 78 are
tightened. Preferably, a tightness retaining material, typically an adhesive, such as a
LOCTITE® adhesive, commercially available from Henkel Loctite Corp. of 1001 Trout
Brook Crossing, Rocky Hill, CT, U.S.A, is employed so as to prevent undesired
movement of attachment bolts 78 within bores 70 during the operation of the diaphragm
pump.

Reference is now made to Fig. 5, which is a partially pictorial, partially
sectional and partially schematic illustration of a diaphragm pump and manifold
assembly constructed and operative in accordance with another preferred embodiment
of the present invention. Fig. 5 shows a manifold assembly 90 directly mounted onto a
pumping chamber 92. Pumping chamber 92 may be identical to pumping chamber 44 of
pumping chamber assembly 10 shown in Figs. 1 - 4. The manifold assembly 90
comprises a manifold assembly inlet 98 which receives a fluid, typically air exhaled by
a patient. The fluid flows from the manifold assembly inlet 98 via a first conduit 100,
through an absorption cell 101, past a detector 102, such as an optical CO, detector
typically located in front of the absorption cell 101, and flows through a one way valve
104 to a pumping chamber fluid inlet 106 of pumping chamber 92. The fluid flows out
of a pumping chamber fluid outlet 110 of the pumping chamber 92 through a one way
valve 112, via a second conduit 114 and through a manifold assembly fluid exhaust 116
to the ambient.

It is appreciated by persons skilled in the art that the present invention is
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not limited by what has been particularly shown and described hereinabove. Rather the
scope of the present invention includes both combinations and subcombinations of
various features described hereinabove as well as variations and modifications thereto

which would occur to a person of skill in the art upon reading the above description and

which are not in the prior art.
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CLAIMS

1. A diaphragm pump comprising:

an electric motor;

a motor shaft, driven by said electric motor for rotation about an electric
motor shaft axis;

an eccentric drive, driven by said electric motor, via said motor shaft, to
provide reciprocal driving along a pump driving axis, said eccentric drive including an
eccentric drive shaft rotating about an eccentric drive shaft axis, said eccentric drive
shaft axis being coaxial with said electric motor shaft axis;

a non-rigid coupling interconnecting said motor shaft and said eccentric
drive shaft; and

a diaphragm pumping assembly having a fluid inlet and a fluid outlet
communicating with a pumping chamber, said pumping chamber having a diaphragm

arranged to be reciprocally driven about said pump driving axis.

2. A diaphragm pump according to claim 1 and wherein said non-rigid

coupling comprises a slidable coupling.

3. A diaphragm pump according to claim 1 or claim 2 and wherein said
eccentric drive includes first and second bearings located on first and second opposite

sides of said eccentric drive shaft.

4. A diaphragm pump according to any of the preceding claims 1-3and
wherein at least one of said fluid inlet and said fluid outlet extends in a direction non-

perpendicular to said pump driving axis.

S. A diaphragm pump according to any of the preceding claims 1 -3 and
wherein at least one of said fluid inlet and said fluid outlet extends generally

perpendicular to said pump driving axis.
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6. A diaphragm pump comprising:

a diaphragm pumping assembly having a fluid inlet and a fluid outlet
communicating with a pumping chamber, said pumping chamber having a diaphragm
arranged to be reciprocally driven along a pump driving axis, wherein at least one of

said fluid inlet and said fluid outlet extends generally parallel to said pump driving axis.

7. A diaphragm pump according to claim 6 and also comprising:

an electric motor providing rotational motion of a motor shaft about an
electric motor shaft axis; and

an eccentric drive including an eccentric drive shaft which is driven by
said electric motor, via said motor shaft, about an eccentric drive shaft axis which is

coaxial with said electric motor shaft axis.

8. A diaphragm pump comprising:

an electric motor; -

a motor shaft, driven by said electric motor for rotation about an electric
motor shaft axis;

an eccentric drive, driven by said electric motor, via said motor shaft, to
provide reciprocal driving along a pump driving axis, said eccentric drive including an
eccentric drive shaft rotating about an eccentric drive shaft axis, said eccentric drive
shaft axis being coaxial with said electric motor shaft axis, said eccentric drive
including first and sécond bearings located on first and second opposite sides of said
eccentric drive shaft; and

a diaphragm pumping assembly having a fluid inlet and a fluid outlet
communicating with a pumping chamber, said pumping chamber having a diaphragm

arranged to be reciprocally driven about said pump driving axis.

9. A diaphragm pump according to claim 8 and also comprising a non-rigid

coupling interconnecting said motor shaft and said eccentric drive shaft.

10. A diaphragm pump according to claim 9 and wherein said non-rigid

coupling comprises a slidable coupling.

10
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11. A diaphragm pump according to any of the preceding claims 8 - 10 and
wherein at least one of said fluid inlet and said fluid outlet extends in a direction non-

perpendicular to said pump driving axis.

12. A diaphragm pump according to any of the preceding claims 8 - 10 and
wherein at least one of said fluid inlet and said fluid outlet extends generally

perpendicular to said pump driving axis.

13. A diaphragm pump according to any of the preceding claims 1 — 5, 9 and
10 and also comprising a flange fixed to said electric motor and a housing which houses

said non-rigid coupling.

14. A diaphragm pump according to claim 13 and wherein said flange
comprises at least one bore and said housing comprises at least one socket, said at least

one socket having a diameter larger than a diameter of an attachment bolt,

15. A diaphragm pump according to claim 14 and also comprising a tightness

retaining mechanism to secure said attachment bolt in said bore.

16. A diaphragm pump comprising:

an electric motor;

a pumping chamber; and

a manifold assembly directly mounted onto said pumping chamber and
comprising a manifold assembly inlet and a manifold assembly exhaust communicating

with said pumping chamber.

17. A diaphragm pump according to claim 16 and also comprising:

a motor shaft, driven by said electric motor for rotation about an electric
motor shaft axis; and

an eccentric drive including an eccentric drive shaft which is driven by

said electric motor, via said motor shaft, about an eccentric drive shaft axis which is

11
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coaxial with said electric motor shaft axis.

18. A diaphragm pump according to claim 16 or claim 17 and also
comprising an absorption cell operative to receive fluid flowing through said manifold

assembly inlet.

19. A diaphragm pump according to any of the preceding claims 16 - 18 and
also comprising a detector operative to detect fluid flowing through said manifold

assembly inlet.

20. A diaphragm pump according to claim 17 and also comprising a non-

rigid coupling interconnecting said motor shaft and said eccentric drive shaft.

21. ’ A diaphragm pump according to claim 20 and wherein said non-rigid

“coupling comprises a slidable coupling.

22, A diaphragm pump according to any of the preceding claims 17, 20 and
21 and wherein said eccentric drive includes first and second bearings located on first

and second opposite sides of said eccentric drive shaft.

23. A method for aligning an eccentric drive shaft axis of an eccentric drive
of a diaphragm pump and an electric motor shaft axis of an electric motor of said
diaphragm pump comprising:

providing a non-rigid coupling;

interconnecting an eccentric drive shaft of said eccentric drive and a
motor shaft of said electric motor employing said non-rigid coupling;

loosely attaching said electric motor to a housing of said eccentric drive;

operating said electric motor to coaxially align said eccentric drive shaft
and said electric motor shaft; and

tightly attaching said electric motor to said housing.

12
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24. A method according to claim 23 and wherein said operating also
comprises providing an output indication that said electric motor shaft axis and said

eccentric drive shaft axis are coaxially aligned.

25. A method according to claim 24 and wherein said output indication is an

output of said diaphragm pump displayed on a monitoring device.

26. A method according to claim 23 and wherein said operating also

comprises manually positioning at least one of said electric motor and said housing.

13



PCT/1L.2004/000693

WO 2005/010361

9~

AR\

3\\

6 12
GG gg\ 9€
..v
|
- 92)) 1
8g
e L8
R
o¥
I .
L "Ol4
.
i 0S
I TR






PCT/1L.2004/000693

WO 2005/010361

T2
9g 8/ 30 oL
¥
R N@
Ve g2 ec /) N T
0¢ —
4 S 4 == 6
NS Y
9%~ y 5
FAY Al
O
3\ 144 mm\\ﬂﬂ;\m_r/lom Ney 8y 06

B8~
wﬁ.n/_l 22
) A
84
bl
h@.ﬁ TN ——
T~ \\\\:/ /—
Illt.HUJ..nl..llWlIr.I. Tt 4 ﬂ_ “
B i 1 Y
I T
i L
09 N
0c
ek !

£1

09

a9

1¢

97






PCT/IL2004/000693

5/5

WO 2005/010361

7 1e o1
¢ we\ 98 vy 0k

4 J‘hﬂﬂ\“\\\\ '._lll!. _a.. / ,
_._..n‘,_._..__z_»..?a% 75'5\ RN ‘
G- —~<]NN Y4
g\\\\\\\\w ) ® A
o1} P S~ ]

VIV 5 TS T T 2), T

4,

ol
o

.
~2,

2{\ 90 ._”\\\\\\

9%

INFILVd WOodd



	Abstract
	Bibliographic
	Description
	Claims
	Drawings

