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@ Combined complex plant of diaphragm pumps.

@ A plant has a plurality of pumping units com-
bined together, each of them being composed of a ) E
cylindrical housing, an expansible and constructible P
rubber diaphragm having a U-shaped longitudinal
section to define a pressure chamber at one side
and a pumping chamber at the other side, a liquid
pressure source communicated with the pressure
chamber, a liquid feed port communicated with the
pumping chamber, a liquid discharge port commu-
nicated with the pumping chamber and used to send
the liquid to a filter press, and an arm inserted into
and slidingly movable in the housing and supporting
the diaphragm at the free end thereof, and, particu-
larly, a plant is provided with a plurality of housings
(1) joined to a plant frame (7), and arms (5') inserted
into and slidingly movabie in these housings and
‘_supported pivotably on a single connecting bar (10)
via pins, the arms (5') being moved forward and
L backward with a predetermined phase difference.
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COMBINED COMPLEX PUMPING PLANT

Fleld_ of the Invention

The disclosed techniques belong to the tech-
nical field of the construction of a high-pressure
pump type pumping plant used to send under
pressure a slurry of industrial waste to a solid-liquid
separator, such as a filter press.

Description of the Prior Art

As generally known, various types of liquid
pumps have been developed and improved. The
high-pressure pumps include in addition {o a plung-
er type pump a so-called diaphragm type pump
shown in Fig. 6 and used at present. As shown in
Fig. 5, this type of pump is provided in a housing 1
with a diaphragm 2, which defines a pressure
chamber 3 and a pumping chamber 4 in the inte-
rior of the housing 1, and used as a high-pressure
pump in which the compressing force against the
pumping chamber is increased by the pressure put
into the pressure chamber.

However, in this diaphragm type pump, a
stroke is small, so that the level of an output of the
diaphragm 2 is limited. in view of these facts, a
super-high-pressure pumping plant disclosed in the
applicant's earlier-filed patent application and
shown in Fig. 7 in the present application was
developed. In this pumping plant, new techniques
were developed and utilized, by which a flexible
rubber diaphragm 2’ having a U-shaped longitudi-
nal section is provided expansibly and contractibly
in a housing 1 to thereby define a pressure pump 3
and a pumping chamber 4 in the interior thereof,
and the diaphragm 2’ is supported on the base end
of an arm 5 which is moved axially with the dia-
phragm kept in a sealed state, whereby a large
output can be applied to a slurry by a small com-
pressive force.

This super-high-pressure pumping plant is ad-
vantageous in that such a high output pressure that
might cause an operating liquid consisting of an oit
to leak from various portions, to which parts of the
pumping plant are joined in a sealed state, of the
housing can be obiained. However, this pumping
plant, which is constructed on the basis of the
newly-developed techniquss, still has some points
to be improved.

One of these points resides in the following.
Since the capacity of the pumping chamber in the
housing is large, the working stroke is large, and
the operation cycle is long. Therefore, the opera-
tion efficiency becomes low. Apart from the
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smoothness of output in a batch treatment for a
slurry, the smoothness of output in a flow treatment
therefor cannot be obtained. In order to deal with
this problem, it is possible to provide a plurality of
pumping units, and operate them in staggered
phases so that the smoothness of output can be
obtained at the output side thereof. However, a
coniroller of extremely complicated construction is
required to maintain the phases of operations of
these pumping units, and the mainienance and
inspection of and the repairs on the pumping units
becomes troublesome. This causes an increase in
the manufacturing cost and maintenance charges.

Summary of the Invention

An object of the present invention is to give a
solution to the technical problems included in a
high-output pumping plant which is made on the
basis of the above-described conventional tech-
niques, and which has a flexible diaphragm having
a U-shaped cross section, and provide an excellent
combined complex pumping plant having a desired
number of pumping units which are connected
together mechanically so that they can be con-
trolled easily, whereby an output per cycle of one
pumping unit is smoothed to enable an easily-
controllable, the smoothest possible high-output
operation to be carried out; and contributing much
to various industrial fields in which the pressure
techniques are utilized.

Brief Description of the Drawings

Figs. 1-5 illustrate the embodiments of the
present invention, wherein:

Fig. 1 is a general schematic construction
diagram of an embodiment;

Fig. 2 is a schematic diagram of the arrange-
ment of the pumping members in another embodi-
ment; :
Figs. 3, 4 and 5 illustrate still another em-
bodiment, wherein:

Fig. 3 is a perspective view of a connecting
bar;

Fig. 4 is a schematic side elevation of com-
bined complex pumping unit; and

Fig. 5 is a plan view of the pumping unit of
Fig. 4.

Fig. 6 is a schematic diagram of a conven-
tional diaphragm pump; and -

Fig. 7 is a sectional view of a conventional
pumping plant.
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Detailed Description of the Preferred Embodiment

An embodiment of the present invention will
now be described with reference to Figs. 1-5.

The parts of this embodiment, the modes of
which are the same as those of the parts of the
plant of Figs. 6 and 7, are to be designated by the
same reference numerals.

In the embodiment shown in Fig. 1, reference
numeral 6 denotes a combined complex pumping
plant in which the gist of this invention resides. The
plant in this embodiment is a twin type plant, in
which a pair of housings 1, 1 are fixed to frames 7,
7 so that the housings extend in parallel with each
other. Each housing 1 has a basically identical
mode a a conventional housing of this kind. The
housing 1 is provided therein with a rubber dia-
phragm 2, which has U-shaped longitudinal sec-
tion, in such a manner that the diaphragm 2’ can
be expanded and contracted mainly in the longitu-
dinal direction and disassembied and replaced by
another. The interior of the housing 1 is divided by
this diaphragm 2’ into a pressure chamber 3 and a
pumping chamber 4 which is on the opposite side
of the pressure chamber 3. The diaphragm 2’ is
fixed unitarity at the central portion thereof by a
vulcanizing treatment to a base end of an arm &
which is slidable through a seal bearing 8 provided
in one of a pair of vertically arranged walls of the
housing 1, in such a manner that the diaphragm 2’
can be kept supported thereon even when it is in a
contracted position. The arms 5 inserted into the
housings 1, 1 are connected to both ends of a
connecting bar 10 by pins via slits, which connect-
ing bar 10 is support pivotably by a pin on a
bracket 9 fixed to the frame 7. Accordingly, the
cycles of the forward and backward movements of
these two arms 5, 5 are staggered at a 180°
phase. Consequently, the cycles of expansion and
contraction of the diaphragm 2', 2’ in the housings
1, 1 also have a 180° phase difference.

A feed-discharge port 11, through which an oil,
a working liquid is fed into and discharged from the
pressure chamber 3, provided in the above-men-
tioned vertical wall 7 of each housing 1 is commu-
nicated with an oil tank 15 via a feed-discharge line
12, an electromagnetic three-way valve 13, a feed
pump 14 and a discharge pump 14 so as to
supply and input the oil, a working liquid at a high
predetermined pressure into the pressure chamber
3.

Regarding the pumping chamber 4 in the hous-
ing 1, a feed port 16 and a discharge port 17 for a
liquid to be treated are provided in the other wall
7'. The feed port 16 is communicated with a high-
pressure pump 20 for a slurry tank 19 via a line
provided with a check valve 18 and branching at an
electromagnetic three-way valve 21. Each of the di-
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scharge ports 17, 17 is connected tc an elec-
tromagnetic three-way valve 21’ via a check valve
18 which is connected to a filier press 22, a
treatment apparatus in a subsequent stage.

Since the diaphragms 2’ in the housings 1 are
adapted to be operated with a 180° phase dif-
ference, the feeding of a slurry from the slurry tank
19 into the pumping chambers 4 and the di-
scharging of the slurry therefrom are done by the
three-way valves 21, 21’ contrarily and selectively
so that the feeding of the slurry from the slurry
tank 19 and the discharging thereof into the filter
press 22 are done alternately, whereby the pump-
ing operations in the plant as a whole are
smoothed.

Reference numeral 23 denotes a control unit
which is adapted to operate the servo valve 13 and
high-pressure pumps 14', 20 through lead wires
and control the operations of the three-way vaives
21, 21° automatically in accordance with a predeter-
mined program.

(Operation of the Embodiments)

When the control unit 23 in the above-de-
scribed combined complex pumping plant 6 is op-
erated, the high-pressure pump 14 on the input
side is operated. Since the electromagnetic valve
13 is at this time in an initial posture as shown in
the drawing, the oil, a working liquid is in high-
pressure condition and fed into the pressure cham-
ber 3 in one (upper in the drawing) housing 1 via
the liquid feed port 11.

The embodiment may also be designed so that
the servo valve 13 is opened and closéd by an
electromagnetic valve provided in the feed-di-
scharge line 12 and_electrically connected to the
control unit 23.

The oil thus put into the pressure chamber 3 in
one housing causes the diaphragm 2’ to expand, so
that the arm 5’ the base end of which is fixed to the
diaphragm 2 advances to right in the drawing in
the interior of the housing 1. Consequently, the
connecting bar 10 supported on the bracket 9 fixed
to the frame 7 is turned to right in the drawing.
Therefore, the arm & in the other housing 1 is
moved back to left, i.e., to the outer side of the
housing 1, so that the diaphragm 2’ in the other
housing 1 assumes a contracted posture. Accord-
ingly, the working oil in the pressure chamber 3 in
this housing 1 is fed back from the feed-discharge
port 11, 11 to the oil tank 15 via the feed-discharge
line 12, servo valve 13 and liquid discharge pump
13.
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In the pumping chamber 4 in which the dia-
phragm 2’ is expanded, the slurry therein is fed
under high pressure into the filter press 22 through

the check valve 18" and three-way valve 21’ which

has been shifted to the side of the upper housing 1
by the controf unit 23.

On the other hand, the slurry is fed from the
slurry tank 19 into the pumping chamber 4 via the
three-way valve 21 which is provided below the
high-pressure pump 20, and which has been shift-
ed to the side of the lower housing 1, and via the
check valve 18 and feed port 16. During this time,
the slurry in the same pumping chamber is pre-
vented from flowing out from the discharge port 17
by the check valve 18, and is not sent to the filter
press 22.

Consequently, in the lower housing 1, the work-
ing oil returns to the oil tank 15 and the slurry is
fed to the pumping chamber 4 by the diaphragm 2
owing to a kind of push-pull effect of the suction
vacuum generated by the liquid discharge pump
14" and the pressure generated by the high-pres-
sure pump 20 on the side of the slurry tank 19.

The arms &', &' fixed {o the diaphragms 2/, 2 in
both of the housings 1, 1 are connected mechani-
cally 1o the connecting bar 10, and moved forward
and backward with the 180° phase difference. Ac-
cordingly, the compression-discharging of the slur-
ry and the feeding thereof in the two pumping
chambers 4, 4 in different housings are done at
once, while the feed-pressurization of the working
oil and the compression-discharging thereof in the
pressure chambers 3 in different housings are
done at once. Although these operations are con-
trary 1o each other, they can be carried out without
deranging the phase difference thereof owing to
the connecting bar 10 joined to the arms.

The feeding of the slurry into the filter press 22
by the compress on thereof owing to the feeding of
the working oil in the upper housing 1 and the
depressurization and discharging of the working oil
and the feeding of the slurry in the other housing 1
are done in one full stroke. When these operations
have reached the end of the stroke, it is detected
by a predetermined microswitch, and a switching
opera tion is carried out by the control unit 23, so
that the servo vaive 13 and electromagnetic valve
21 are swilched. As a result, the expansion and
contraction operations of the diaphragms 2, 2' in
the upper and lower housings 1, 1 are reversed.
Namely, the diaphragm 2’ in the upper housing 1 is
switched to a coniraction stroke, and the dia-
phragm 2’ in the lower housing 1 to an expansion
stroke, so that operations contrary to the above-
- described operations are carried out with the slurry

kept supplied to the filter press 22 continuously at

a high pressure.
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Therefore, the high-pressure-feeding of the
slurry into the filter press 22 is necessarily carried
out by a continuous flow process.

If such a process is carried out repeatedly, the
feeding of high-pressure slurry into the filter press
22 is done continuously. Moreover, such continu-
ous operation cycles are made by the connecting
bar 10 without causing any phase difference to
occur on the diaphragms 2/, 2’ in the housings 1,1.

Moreover, the slurry discharged under pres-
sure in the repeated cycles has a substantially
constant output pressure since the expansion and
contraction of the diaphragms 2, 2’ in the housings
1, 1 are done by the connecting bar 10. This
ensures uniform and smooth operations of the plant
with the output pressure not fluctuating in the re-
peated cycles.

The above-described embodiment is a twin
type pumping plant. An embodiment shown in Fig.
2 is a combined quadruplex pumping plant which
consists of a twin type pumping unit shown in the
right half poriion of the drawing and similar to the
above-described twin type pumping plant, a similar
pumping unit shown in the left half portion of the
drawing and composed of a pair of pumping mem-
bers in the same manner as the right-hand pump-
ing unit, an integral arm 5" inserted into the upper
pumping members 1, 1, an integral arm 5" inserted
into the lower pumping members 1, 1, and a con-
necting bar 10 which connects these arms 5", 5~
together. In this mode of pumping plant, the pump-
ing of a slurry into the filter press 22 in each cycle
can be done at a higher pressure, and the oper-
ations of the four combined pumping members can
be carried out as a predetermined operational
stroke is maintained reliably.

An embodiment shown in Figs. 3, 4and 5is a
mode of a combined complex pumping plant in
which a considerably large number of pumping
members can theoretically be combined. A con-
necting bar 10" consists of a crankshaft having one
axis and provided thereon via journals with cranks
24, 24 ... which are formed with predetermined
phase differences in planes extending at right an-
gles to the mentioned axis. In this mode of embodi-
ment, the arms 1, 1... inserted into the housings
are connected to the cranks 24 via joints 25 as
shown in Fig. 4, and a plurality of pumping mem-
bers can be arranged in planes with predetermined
phase differences as shown in Fig. 5. Accordingly,
the feeding and discharging of a slurry into and
from the pumping members are done selectively in
a staggered manner with designed phase differ-
ences maintained. Therefore, the supplying of a
slurry to a filter press 22 is done by a flow system
very constantly. Moreover, the pumping of the slur-
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ry in each process is done at a high pressure in a
sufficiently assuring manner owing to the high-
pressure pumping effect of each pumping member

In this mode of embodiment, the servo valves

for the pumping members are designed so that
they can be switched independently of one another
via a control unit.

In this embodiment, it is effective to design the
pumping plant so that all the pumping members
connected to the ‘cranks on the crankshaft 10’ be
arranged radially in the same plane as shown in
Fig. 5. -

The mode of embodiment of the present inven-
tion is not, of course, limited to those of the above-
described embodiments. It is possible to employ
various other modes, in which an electromagnetic
clutch is inserted between the connecting bar and
arm so as to control the servo valve by the arm via
the limit switch; or a damper spring is provided so
as to absorb a shock occurring between the con-
necting bar and arm at the end of a stroke.

The present invention is not limited to the
slurry used in the above-described embodiments.
The present invention can also be applied to the
high-pressure pumping and packing of a liquid

medicine and a liquid food, the high-pressure ejec-

ting of water from a pump for a fire-extinguishing
operation, and the high-pressure discharging of a
liquid from a tool in operation in a cutting process
using a liquid. Accordingly, the treatment apparatus
used in a subsequent stage is not limited to a filter
press. Namely, a nozzle may also be used, and the
pumping plant itself can be used as a compressor.

According to the present invention, which is
directed to a high-pressure pumping plant provided
basically with a diaphragm having a U-shaped lon-
gitudinal section and placed expansibly and con-
tractibly in a housing so as to define a pressure
chamber and a pumping chamber therein, a con-
tinuous output can be obtained without any output-
interrupted half-cycle period in each cycle as the
basic effect in obtaining a very high pressure at the
output side is guaranteed even when the pressure
at the input side is rendered low. Moreover, the
constancy of the high-pressure discharging of a
slurry can be ensured by increasing the number of
the pumping members. '

In this pumping plant, the diaphragm in each
housing can be kept in a predetermined posture
even when the diaphragm is in a contracted posi-
tion. In spite of the simple construction of this
pumping plant in which the arms are joined to each
other by a single connecting bar, a cyclic operation
of the pumping plant with predetermined phase
differences between a plurality of pumping mem-
bers maintained throughout is guaranteed, and a
present high continuous output can be obtained.
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Since a plurality of pumping members are
joined together by a single connecting bar, the
construction of the pumping plant can be con-
structed simply, and the maintenance and inspec-
tion thereof can be carried out easily. Moreover,
the running cost, not to speak of the initial cost,
can be reduced.

in the pumping plant designed in a certain
manner, the feeding and discharging of a working
oil, such as an oil into and from the pressure
chamber in each housing are done by a single
servo valve, so that the construction of the pump-
ing plant as a whole does not become unduly
complicated.

The capability, which constitutes the advantage
of the pumping plant, of obtaining a high output as
compared with the small actual capacity of each
housing can be made most of as it is when the
pumping plant is put to practical use. When a
plurality of housings are joined to a central element
with slight phase differences, a very high constant
output which has not ever been obtained in any
kind of industries can be obtained.

Claims

1. A combined complex pumping plant having
a plurality of housings, cross-sectionally U-shaped
expansible and contractible diaphragms provided in
the interior of said housings and dividing the same
into a pressure chamber and a pumping chamber,
and arms moving slidingly into and toward the
outside of said housings and supporting at the free
ends thereof said diaphragms, said pressure cham-
bers being connected to liquid pressure sources,
said pumping chambers being communicated with
liquid feed ports and liquid discharge ports, charac-
tetized in that said arms (5) fitted movably in said
housings are adapted to be operated in different
phases via a connecting bar (10) joined to a frame
(7). ’

2. A combined complex pumping plant accord-
ing to Claim 1, wherein the number of said hous-
ings is two, said arms (5') being connected to the
end portions of a single connecting bar (10) which
is supported pivotably via a pin (9).

3. A combined complex pumping piant accord-
ing to Claim 2, wherein said arms can be engaged
with and disengaged from said connecting bar by
electromagnetic clutches.

4. A combined complex pumping plant accord-
ing to Claim 2, wherein said arms are connected {o
said connecting bar via cushion springs.

5. A combined complex pumping plant accord-
ing to Claim 2, wherein both of said pressure

- chambers are confrolled by a single servo valve

(18).
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6. A combined complex pumping plant accord-
ing to Claim 1, wherein said arms in said housing
pair are formed of a single arm, one more identical
housing pair having an identical arm being dis-
posed in parallel with the first-mentioned housing
pair, said integral arms in said housing pairs being
connected unitarily by a single connecting bar
which is supported pivotably via a pin on said
frame (fig. 2).

7. A combined complex pumping plant accord-
ing to Claim 1, wherein said plural housings (1) are
arranged circularly, said arms (&) fitted movably in
said housings being supported on cranks (29) of
different phases on a crankshaft which is supported
pivotably on said frame.

8. A combined complex pumping plant accord-
ing to Claim 7, wherein servo valves for controlling
said pressure chambers in said housings are pro-
vided independently of each other.

9. A combined complex pumping plant accord-
ing to Claim 7, wherein said arms fitted movably in
said housings have limit swiiches for said servo
valves.
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