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(54) Reciprocating diaphragm pump

(57) A reciprocating pump (1) comprises a plurality
of reciprocating pistons (2a,2b,2c) extending along re-
spective longitudinal axes (X-X) parallel to each other
and lyingin aplane (®), a plurality of pumping work cham-
bers (5a,5b,5c), and a plurality of diaphragms (7a,7b,7c),
each arranged in a respective pumping work chamber
(5a,5b,5c¢). In particular, the diaphragms (7a,7b,7c) are

arranged coplanar in a plane (A) perpendicular to the
axes (X-X) of the reciprocating pistons (2a,2b,2c), and
the diaphragm of atleast one reciprocating piston is offset
with respect to the diaphragm of the adjacent reciprocat-
ing piston, in the direction (Y-Y) perpendicular to the
plane (@) defined by the axes (X-X) of the reciprocating
pistons (2a,2b,2c).
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Description

[0001] The presentinvention relates to a reciprocating
diaphragm pump in accordance with the preamble of
Claim 1.

[0002] Reciprocating diaphragm pumps are known ac-
cording to the state of the art.

[0003] A reciprocating diaphragm pump comprises,
typically, a series of pistons housed inside cylinders
which are arranged adjacent to one another and define
piston stroke work chambers. The pump also comprises
pumping work chambers intended to be closed and
opened by means of intake valves, on the intake side,
andto be opened and closed by means of delivery valves,
on the delivery side.

[0004] The pumping work chambers and the piston
stroke work chambers are separated from each other by
diaphragms which receive, transmitted to them via the
fluid present inside the piston stroke work chambers, the
work performed by the stroke of the piston during its re-
ciprocating movement inside the cylinder.

[0005] Inorderto simplify the connections between the
pumping work chambers, piston stroke work chambers
and the diaphragms, the pumping chambers are ar-
ranged axially aligned with the piston stroke chambers.
[0006] This relative arrangement of the pumping and
piston stroke work chambers has, however, certain draw-
backs. It must be pointed out, in fact, that the cross-sec-
tional dimension of the pumping work chambers and the
piston stroke work chambers in the region of the dia-
phragms are significantly greater than the cross-section-
al dimension of the pistons. For this reason, the pumping
work chambers may be arranged in the configuration ax-
ially aligned with the respective piston stroke work cham-
bers only if the cylinders are kept sufficiently spaced from
each other.

[0007] Therefore, an increase in the number of cylin-
ders and associated diaphragms and/or an increase in
the cross-section of the diaphragms requires a corre-
sponding increase in the distance between the cylinders
or the centre distance of the pump. On the other hand,
an increase in the distance between the cylinders re-
quires a corresponding adaptation of the piston actuating
systems, with a consequent increase in the costs, and
results in an increase in the dimensions of the end of the
pump and the overall dimensions of the pump.

[0008] A solution to this problem has been proposed
in the document EP 380 922 which describes a recipro-
cating diaphragm pump having a plurality of cylinders
arranged adjacent to one another in a row so as to define
work chambers for the stroke of an associated piston.
[0009] In accordance with this prior art, the pumping
work chambers associated with the adjacent piston
stroke work chambers are arranged on different sides of
the row of cylinders. In particular, in the case of a three-
cylinder pump, the pumping work chamber associated
with the central chamber is arranged as an extension of
the central cylinder, while the pumping chambers asso-
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ciated with the two side cylinders are arranged laterally
with respect to the axis of the central cylinder. The afore-
mentioned solution, while reducing the problems en-
countered in the previously known pumps, has significant
drawbacks and gives rise to a series of problems relating
to the interchangeability of the pistons.

[0010] In fact, the particular arrangement of the dia-
phragms proposed in the document EP 380 922 requires
the use of pistons with different lengths, with the conse-
quent impossibility of interchanging the pistons, and cre-
ates different spaces which are prejudicial for the two
lateral cylinders in relation to the central cylinder, with a
consequent overall imbalance of the pump. It must also
be noted that the presence of pumping chambers and
associated lateral diaphragms produces stresses and
therefore vibrations in the direction transverse to the
movement of the pistons.

[0011] From above, itis clear that ther’s a need to pro-
vide a reciprocating pump with in-line cylinders which
allows the distance between the cylinders to be kept con-
stant and which allows interchangeability of the pistons
with an increase in the size of the diaphragms and/or the
number of cylinders.

[0012] The object of the present invention is therefore
to provide a reciprocating pump which has structural and
functional characteristics such as to satisfy the above-
mentioned requirements and overcome at the same time
the drawbacks encountered with reference to the prior
art.

[0013] This objectis achieved by areciprocating pump
according to Claim 1.

[0014] Further characteristic features and advantages
of the reciprocating pump according to the present in-
vention will emerge from the description below of a pre-
ferred example of embodiment, provided by way of a non-
limiting example, with reference to the accompanying fig-
ures in which:

- Figure 1 shows a partially sectioned, schematic, per-
spective view of a reciprocating pump according to
the invention;

- Figure 2 shows afrontview of the reciprocating pump
according to Figure 1;

- Figure 3 shows a cross-sectional side view of the
reciprocating pump of Figure 1 along the cross-sec-
tional line IlI-1ll of Figure 2; and

- Figure 4 shows a cross-sectional view of the front
part of the reciprocating pump of Figure 1 along the
cross-sectional line V-1V of Figure 3.

With reference to the accompanying figures, 1 de-
notes in its entirety a reciprocating pump.

The pump 1 comprises a stationary base body 10,
a driving shaft 11 and a plurality of reciprocating pis-
tons

- indicated overall by 2 - which extend along respec-
tive longitudinal axes - indicated by X-X - which are
parallel to each other and lie in a common plane ®.
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[0015] The reciprocating pistons 2 are housed inside
corresponding cylinders 3 which are arranged adjacent
to each other and define a corresponding plurality of
stroke work chambers 4 arranged alongside each other
for the said pistons 2.

[0016] The pistons 2 are intended to move with a re-
ciprocating motion along the respective longitudinal axes
X-X following the rotational actuation of the driving shaft
11. In order to actuate rotationally the driving shaft 11,
the pump 1 comprises, in a manner known per se, suit-
able actuating means (not shown in the figures).

[0017] Inthe example shown in the accompanying fig-
ures, the pistons 2 are three in number and are indicated
by 2a,2b and 2c, more specifically a central piston 2b
and two lateral pistons 2a,2c.

[0018] The pistons 2a,2b,2¢ are housed inside corre-
sponding cylinders 3a,3b,3c which define the stroke work
chambers 4a,4b,4c of the pistons 2a,2b,2c, respectively.
[0019] A corresponding plurality of pumping work
chambers 5, in the example the chambers 5a,5b,5c, are
situated at the end 6 of the pump 1. The pumping work
chambers 5a,5b,5c are intended to communicate, by
means of the intake and delivery valves arranged in be-
tween, with a corresponding intake header 8 and delivery
header 9.

[0020] The pumping work chambers 5a,5b,5¢ and the
stroke work chambers 4a,4b,4c of the pistons 2a,2b,2c
are separated from each other by diaphragms 7a,7b,7¢c
which receive, transmitted to them via the fluid present
inside the stroke work chambers 4a, 4b, 4c of the pistons
2a,2b,2c, the work performed by the stroke of the pistons
2a,2b,2c during their reciprocating movement inside the
cylinders 3a,3b,3c.

[0021] The diaphragms 7a,7b,7c are each arranged
inside a respective pumping work chamber 5a,5b,5c, for
allowing the entry of fluid into the pumping work cham-
bers 5a,5b,5¢ and the outflow of fluid from the pumping
work chambers 5a,5b,5¢ via the intake and delivery
valves, respectively, following the reciprocating move-
ment of the pistons 2a,2b,2¢c. Respective ducts 12a,12b,
12c are envisaged for connecting the pumping work
chambers 5a,5b,5¢c to the corresponding stroke work
chambers 4a,4b,4c of the pistons 2a,2b,2c.

[0022] The diaphragms 7a,7b,7c, when considered in
the rest condition, extend perpendicularly to the axes X-
X of the pistons 2a,2b,2¢ and have respective longitudi-
nal axes perpendicular to their plane and parallel to each
other.

[0023] Advantageously, the diaphragms 7a,7b,7c are
arranged coplanar in a plane A perpendicular to the axes
X-X of the pistons 2a,2b,2c and the diaphragm of at least
one piston is offset with respect to the diaphragm of the
adjacent piston, in the direction Y-Y perpendicular to the
plane ® defined by the longitudinal axes X-X of the pis-
tons 2a,2b,2c.

[0024] In the example shown in the accompanying fig-
ures, the diaphragm 7b of the central piston 2b is offset
with respectto the diaphragms 7a,7c of the lateral pistons
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2a,2c, in the vertical direction Y-Y perpendicular to the
plane @ defined by the axes X-X of the pistons 2a,2b,2c.
[0025] This arrangement of the diaphragms 7a,7b,7¢c
allows the number of pistons and/or the size of the dia-
phragms to be increased, keeping constant the distance
L between the axes X-X of the pistons, thus limiting the
overall dimensions of the end of the pump 1.

[0026] Owing to the fact that the diaphragms 7a,7b,7c
are all coplanar in the plane A there are no transverse
stresses acting on the said diaphragms and therefore an
optimum hydraulic equilibrium is achieved. This charac-
teristic, together with the particular arrangement of at
least one diaphragm with respect to the adjacent dia-
phragms, allows optimum use of the space available on
the front surface of the end 6 of the pump 1, keeping the
stresses which are transmitted to the supporting structure
10 in substantial equilibrium with each other and along
the axes X-X of the pistons.

[0027] Advantageously, where the axes X-X of the pis-
tons 2a,2b,2c are arranged parallel to each other in the
plane @, the axis of at least one of the diaphragms 7a,
7b,7cis arranged in a separate plane parallel to the plane
in which the axes of the other diaphragms lie. In the ex-
ample shown in the Figures, the axes A-A of the dia-
phragms 7c, 7c lie in the same plane o, while the axis B-
B of the diaphragm 7b lies in a separate plane 3 parallel
to the plane o.

[0028] Advantageously, moreover, the planes o, P in
which the axes A-A, B-B of the diaphragms 7a,7b,7c lie
are separate and parallel to the plane @ in which the axes
X-X of the pistons 2a,2b,2c lie.

[0029] Ascanbe appreciated from that described, with
the reciprocating pump according to the invention it is
possible to satisfy the requirements mentioned in the in-
troductory part of the present description and overcome
the drawbacks of the reciprocating diaphragm pump of
the

prior art.

[0030] Obviously, a person skilled in the art, for the
purpose of satisfying contingent and specific require-
ments, may make numerous modifications and variations
to the pump according to the invention described above,
all of which, however, are contained within the scope of
protection of the invention as defined by the following
claims.

Claims
1. Reciprocating diaphragm pump (1) comprising:

- aplurality of pistons (2a,2b,2c) extending along
respective longitudinal axes (X-X) parallel to
each other and lying in a first plane (®), the pis-
tons of said plurality of pistons (2a,2b,2c) being
arranged adjacent to one another and being in-
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tended to move with a reciprocating motion
along said axes (X-X);

- a plurality of pumping work chambers (5a,5b,
5c), each chamber of said plurality of pumping
work chambers (5a,5b,5c) being associated
with a respective piston of said plurality of pis-
tons (2a,2b,2c);

- a plurality of diaphragms (7a,7b,7c), each di-
aphragm of said plurality of diaphragms (7a,7b,
7c) being arranged in arespective pumping work
chamber of said plurality of pumping work cham-
bers (5a,5b,5c) and being associated with a re-
spective piston (2a,2b,2c);

characterized in that

- the diaphragms of said plurality of diaphragms
(7a,7b,7c) are arranged coplanar in a second
plane (A) perpendicular to said longitudinal axes
(X-X); and

- the diaphragm associated with at least one pis-
ton of said pistons is offset with respect to the
diaphragm associated with the adjacent piston,
in a direction (Y-Y) perpendicular to said first
plane (®).

Reciprocating pump (1) according to Claim 1, in
which said reciprocating pistons comprise a central
reciprocating piston (2b) and two lateral reciprocat-
ing pistons (2a,2c), each adjacent to the central re-
ciprocating piston (2b), the diaphragm (7b) associ-
ated with the central reciprocating piston (2b) being
positioned offset with respect to the diaphragms (7a,
7c) of the lateral reciprocating pistons (2a,2c), in said
direction (Y-Y) perpendicular to said first plane (®).

Reciprocating pump (1) according to Claims 1 or 2,
in which said diaphragms (7a,7b,7c), considered in
the rest condition, extend perpendicularly with re-
spect to said longitudinal axes (X-X) of the recipro-
cating pistons (2a,2b,2c) and have respective longi-
tudinal axes perpendicular to their plane and parallel
to each other.

Reciprocating pump (1) according to Claim 3, in
which the longitudinal axis (A-A) of at least one dia-
phragm (7b) of said diaphragms (7a,7b,7c) is ar-
ranged in a third plane (o) distinct from a fourth plane
(B) in which the longitudinal axes (B-B) of the adja-
cent diaphragms (7a,7c¢) lie, said third plane (o) and
fourth plane (B) being parallel to said first plane (®).

Reciprocating pump according to any one of Claims
1to 4, in which said reciprocating pistons (2a,2b,2c)
are housed in corresponding cylinders (3a,3b,3c)
which are arranged adjacent to one another and de-
fine a corresponding plurality of stroke work cham-
bers (4a,4b,4c) of the reciprocating pistons (2a,2b,
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2c).

Reciprocating pump (1) according to Claim 6, in
which said pumping work chambers (5a,5b,5c) and
said stroke work chambers (4a,4b,4c) are separated
from each other by said diaphragms (7a,7b,7c).
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