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(57) A hydraulically driven diaphragm pumping ma-
chine comprises a plunger (6) that is slidably mounted in
a middle part of the inside of the machine’s hydraulic
cylinder (5) between first and second bellow-like dia-
phragms (4,10). Ends of the plunger (6) are connected
to the first and second bellows-like diaphragm (10) to
define respective first and second outer annular spaces
(a) that are independent of one another, and the pressure
of fluid in the first annular space (a) is independent of the
pressure of fluid in the second annular space (a). The
machine may also comprise a hydromechanical switch
for commutating a valve (102) to automatically control
the supply of hydraulic fluid to the hydraulic cylinder at

Hydraulically Driven Machine Improvement

given moments of the machine’s cycle, comprising: a link-
age (108,109) for converting linear motion of a piston
(106) into rotary motion; a cam (103) rotatably driven by
the linkage (108,109); and a spring (115) that is com-
pressed to store energy by rotation of the cam (103) dur-
ing a stroke of the piston (106), and arranged to release
its stored energy to commute said valve (102) when the
piston (106) is at given positions along the hydraulic cyl-
inder (107). This commutation device also relates to any
hydraulic cyclical working machine having a linear mov-
ing operating part and requiring to be automatically con-
trolled via openings commutation in order to achieve de-
sired working cycle parameters e.g. pressure values, cy-
cle phases duration, etc.

Printed by Jouve, 75001 PARIS (FR)



1 EP 1947 331 A1 2

Description

Field of the invention

[0001] Theinventionrelates to hydraulically driven ma-
chines, in particular for pumping difficult-to-pump fluid
materials, like minerals, ores, sludges, suspensions,
slurries, and gels. These pumping machines may be re-
ferred to herein simply as pumps or machines.

Background of the Invention

[0002] Conventional pumping machines that can be
used for difficult-to-pump materials have displacement
organs such as pistons, plungers, peristaltic hoses etc.
However such displacement organs are subject to fric-
tional wear and the drive of the machine is not properly
isolated from the pumped material.

[0003] WO 2005/119063discloses a hydraulically driv-
en multicylinder diaphragm pumping machine, in partic-
ular for pumping difficult-to-pump materials. This pump-
ing machine comprises a plurality of pump cylinders each
having one end with an inlet and outlet for fluid to be
pumped and another end with an inlet and outlet for hy-
draulic fluid. These inlets and outlets can be a separate
inlet and outlet (for the hydraulic fluid) or a combined
inlet/outlet (for the fluid material being pumped). The in-
lets and outlets are associated with respective inlet and
outlet valves.

[0004] In such machine, a separator is located inside
and is movable to-and-fro along each pump cylinder. The
movable separator has one side facing the pumped-ma-
terial end of the cylinder and another side facing the hy-
draulic-fluid end of the cylinder. This movable separator
is connected to the inside of the pumped-material end of
the cylinder by a first flexible diaphragm in the form of a
concertina-like bellows that is expandable and contracta-
ble inside the cylinder along the length direction of the
cylinder as the movable separator moves to-and-fro
along the cylinder. The movable separator delimits a first
chamber inside the first bellows-like flexible diaphragm
for containing a variable volume of pumped fluid in com-
munication via the inlet and outlet with a pumped fluid
manifold and circuit. The movable separator is connected
also to the inside of the second end of the cylinder by a
second flexible diaphragm in the form of a concertina-
like bellows that is contractable and expandable along
thelength direction ofthe cylinderin correspondence with
expansion and contraction of the first flexible diaphragm.
The second side of the movable separator delimits a sec-
ond chamber inside the second expandable and con-
tractable diaphragm for containing a variable volume of
hydraulic fluid in communication with the second inlet
and outlet. An annular space is defined between the out-
side of the first and second diaphragms and the inner
wall of the pump cylinder which annular space in use
contains a fluid that is the same as said hydraulic fluid or
has similar hydraulic characteristics.
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[0005] This pumping machine is directly driven by a
hydraulic pump drive, greatly simplifying the machine and
providing simple means of variation and control of the
flow of the pumped fluid delivered. Moreover, the double
diaphragm arrangement provides a double protection of
the pumped fluid from the pumping fluid.

[0006] Further details of this pumping machine are de-
scribed in WO 2005/119063 the contents whereof are
incorporated herein by way of reference.

[0007] Supplemental research with such machines
has demonstrated that various aspects such as the reli-
ability of the operation of the bellows-like diaphragm and
the facilities of the automatic switching arrangement for
controlling the hydraulic drive could be improved.

Summary of the Invention

[0008] Thisinvention aims to improve a machine of the
above-mentioned type or more generally other hydrauli-
cally-operated machines.

[0009] One aspect of the invention relates to an im-
provement of the hydraulic machine as set out above
wherein the movable separator is in the form of a plunger
that is slidably mounted inside a middle part of the inside
of the cylinder between the first and second bellows-like
diaphragms, one end of the plunger being connected to
the first bellows-like diaphragm and the other end of the
plunger being connected to the second bellows-like dia-
phragm to define respective first and second annular
spaces, namely afirstannular space between the outside
of the first bellows-like diaphragm and the inner wall of
the pump cylinder and a second annular space between
the outside of the second bellows-like diaphragm and the
inner wall of the pump cylinder, wherein the first and sec-
ond annular spaces are independent of one another and
the pressure of fluid in the first annular space is inde-
pendent of the pressure of fluid in the second annular
space.

[0010] Preferably, the plunger is slidably mounted in a
sealing element secured inside a middle part of the inside
of the cylinder. In this way, the first and the second an-
nular spaces are not coupled together, and the fluid pres-
sure values in these two cavities may be different and
independent from each other. The outer diameter of the
plunger corresponds to the median working diameter of
the first and second bellows-like diaphragms and the vol-
ume of the first and second spaces remains essentially
constant during operation.

[0011] The above-described inventive arrangement
results in eliminating or greatly reducing radial deforma-
tion of the bellows-like diaphragms resulting in greater
reliability and enhanced life for the diaphragms.

[0012] Another aspect of the invention relates to a hy-
draulic machine - in particular a machine as set out above
or generally any other hydraulic machine - comprising a
hydraulic cylinder having a part mounted for cyclic recip-
rocating linear motion along the hydraulic cylinder, and
means for commutating a valve to control the supply of
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hydraulic fluid to the hydraulic cylinder at given moments
of the machine’s cycle, wherein the valve commutating
means comprises a hydromechanical switch comprising:
a linkage for converting linear motion of said machine
part into rotary motion; a cam rotatably driven by said
linkage; and a spring arranged to be compressed to store
energy by rotation of the cam during a stroke of said
machine part, and arranged to release its stored energy
to commute said valve for controlling the supply of hy-
draulicfluid to the hydraulic cylinder of the machine when
said part reaches it’s given positions along the hydraulic
cylinder.

[0013] The spring canbe acompression spring mount-
ed on an arm extending from the cam such that, upon
rotational drive of the cam by the linkage, the end of the
spring adjacent the cam is compressed until the spring
reaches an unstable equilibrium point past which the
spring releases its stored energy to commute said valve.
For example, when the spring releases its stored energy
it firstly abruptly drives the cam and after the cam has
turned through a given angle the cam rotates a part to
commutate the valve. The linkage can be arranged to
turn the cam through an angle less than 180° for each
stroke of said machine part.

[0014] By the use of this hydromechanical switch, the
hydraulic machine can be operated without the need for
electromagnetically actuated and electronically control-
led directional valves and as a result the machine is less
complicated and more reliable.

[0015] This commutation device also relates to any hy-
draulic cyclical working machine having a linear moving
operating part and requiring to be automatically control-
led via openings commutation in order to achieve desired
working cycle parameters e.g. pressure values, cycle
phases duration, etc.

[0016] Further aspects and advantages of the inven-
tion are set out in the detailed description and particular
features of the invention are set out in the claims.

Brief Description of the drawings

[0017] The accompanying schematic drawings, given
by way of example, show embodiments of the hydrauli-
cally driven pumping machine according to the invention.
In the drawings:

Fig. 1 is a view of one embodiment of a pumping
machine according to the invention having four cyl-
inders, for example;

Fig. 2 is a cross sectional view of one cylinder of a
pumping machine according to the invention;

Fig. 3 is a perspective view showing the inside of a
hydromechnical switch according to the invention;

Fig. 4 diagramatically shows part of a cylinder to
which a hydromechanical switch is fitted; and
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Fig. 5 is a broken-away perspective view showing
the connection of the spring to the cam in the hydro-
mechanical switch according to the invention.

Detailed Description

[0018] The two principalimprovements of the invention
relate, on the one hand, to a plunger device to provide
fluids separation and, on the other hand, to a hydrome-
chanical switch, it being understood that these two as-
pects can be incorporated individually or together in a
hydraulically driven pumping machine.

Plunger Separating Fluids

[0019] The hydraulically driven pumping machine
shown in Fig. 1 comprises one or several cylinders 5, a
switching control system 1 and a hydraulic drive unit 3.
The machine is normally a multicylinder machine and
such basic hydraulic multicylinder machine is described
in detail in PCT patent application WO 2005/119063.
[0020] To enhance the life of the bellows-like dia-
phragms, namely to eliminate their radial deformation un-
der pressure differentials arising between internal and
external bellows cavities, the basic machine described
in WO 2005/119063 was improved in the following way.
[0021] The pump’s cylinder 5 contains two bellows 4
and 10 (see Fig. 2) mechanically connected to each other
via a plunger 6 which moves during the working cycle
inside a ring-shaped sealing element 7 mounted in the
middle-height part of the cylinder 5. The plunger-sealing
assembly 6/7 replaces the separator employed in the pre-
vious design.

[0022] Two oil-filled "a" cavities are located externally
of the bellows 4 and 10 inside the cylinder 5. The plunger
6 is hydraulically obturated in the sealing element 7. This
allows keeping each of the "a" cavities volume independ-
ent from each other. The plunger outside diameter is also
equal to the average efficient diameter of the bellows.
This allows keeping each of the "a" cavities volume con-
stant during the plunger working movement. Therefore,
the pressure values in each of the bellow’s external "a"-
cavities is exactly piloted by pressure value in the corre-
sponding bellow’s internal cavity "b" or "c".

[0023] The pressure in the internal bellows cavities "b"
and "c" varies between the suction and discharge cycles
and it depends on the machine working mode. The "b"
cavity is located inside the bellows-like membrane 10
and the "c" cavity is located inside the bellows-like mem-
brane 4.

[0024] During eachof the machine working cycle phas-
es, the "b" and "c" cavities pressure values are nearly
equal, since the driving cavity pressure is transmitted to
the driven cavity through the plunger 6 cover. For in-
stance, during the suction stroke the "c" cavity is driving,
the "b" - cavity is driven; and vice versa during the dis-
charge stroke. For this to happen, the hydraulic pressure
must enter the machine under sufficient pressure to over-
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come the mechanical and hydraulic resistances, as the
machine does not have any mechanical means to effect
the suction stroke. However, a small part of the driving
cavity energy is always consumed by the above men-
tioned switching device and by other hydraulic and me-
chanic resistances, therefore, a small pressure drop aris-
es between these "b" and "c" cavities.

[0025] In the previous design, having the single and
common "a"-cavity, this pressure drop provokes the "a"
- cavity to act as equilibration unit, i.e. the "a" - cavity
pressure value is getting median between the "b" and "c"
cavities pressure values. Accordingly, the pressure val-
ues acting on the external and on the internal surface of
each bellows are not equal, and the bellows should suffer
from some radial deformation, to which it is not designat-
ed.

[0026] In the design according to the invention, the
pressure drop between the "b" and "c" cavities is not
equilibrated via "a"-cavities, because the latter are not
connected together hydraulically. The pressure in the "b"
and "c" cavities always acts on fluid in the two independ-
ent "a" cavities via the bellows wall. The corresponding
pressure in the "a" cavities compensates this action pre-
cisely and independently balances the pressure values
acting on the inner and outer bellows surfaces. The
achieved balance eliminates radial deformation and
greatly improves the bellows life.

[0027] During operation, the "a" cavities pressure in-
creases to the minimal necessary value, which is suffi-
cient to avoid radial deformation of the bellows wall due
to the fluid’s low compressibility. This pressure does not
depend on the pressure differential between the "b" and
"c" cavities, which acts only on the upper and lower sur-
faces of plunger 6.

[0028] The arrangement according to the invention
eliminates additional radial deformation of the bellows,
which would inevitably arise in the previous design that
has a conjoint "a" cavity.

[0029] Another advantage of the inventive solution is
improved protection of the pumping fluid from the
pumped fluid and vice versa. The previous design could
lead to the fluids becoming mixed and corresponding ma-
chine malfunction in case of two cavities becoming non-
fluid-tight in series: namely cavity "b" and conjoint cavity
"a". The present solution has twoindependent"a" cavities
and thus adds one more cavity in this series. It presents,
thereby, a triple fluid protection instead of double.

[0030] The described pump operates as follows (see
Fig.2):
[0031] During the suction stroke the bellows 4 internal

"c" cavity is fed by the pumped material from intake man-
ifold 8 through lower valves module 9. The material is
pumped at a small pressure (for example 3-8 bar) that
moves the plunger 6 upwards. Correspondingly, the bel-
lows 4 is stretched and bellows 10 is compressed which
leads to the pumping hydraulic fluid being displaced from
cavity "b" into the hydraulic driving system suction man-
ifold. The pressure of the pumped material acting in the
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‘c" cavity on the bellows 4 internal surface is balanced
by a corresponding increase in the fluid pressure in
cavity "a" which acts on the bellows 4 external surface.
Similarly, the pressure increase in cavity "b" is balanced
by the increase in fluid pressure in the bellows 10
external "a" cavity. As soon as the suction stroke is com-
pleted, the control system 1 switches, and pumping hy-
draulic fluid supplied by hydraulic drive under high pres-
sure (for example 200 bar) is fed into the bellows
10 "b" cavity. This moves the plunger 6 downward, which
generates the discharge stroke. During the discharge
stroke the bellows 10 is stretched and bellows 4 is com-
pressed. In a corresponding manner to before, the pres-
sure in cavities "b" and "c" (which is now increasing) is
balanced by means of the pressure (which increases) in
the two independent cavities "a", which prevents radial
deformation of the bellows 4,10 during the whole dis-
charge stroke. The compressed pumped material is dis-
placed from the "c" cavity through the valves module 8
into the discharge manifold 11. At the end of the dis-
charge stroke the control system 1 switches again, and
the machine working cycle starts from the beginning.
[0032] The above-described inventive arrangement
results in eliminating or greatly reducing radial deforma-
tion of the bellows-like diaphragms that occurred with the
prior arrangement as a result of pressure differentials,
resulting in greater reliability and enhanced load capacity
for the diaphragms.

The Hydromechanical Switch

[0033] Electromagnetically driven and electronically
controlled directional valves are conventionally em-
ployed to control cyclic operations of hydraulic machines
and mechanisms. These multilevel, sophisticated control
systems complicate the hydraulic machines and de-
crease their reliability.

[0034] The invention proposes a new device or "hy-
dromechanical switch" to simplify the control systems
and increase the reliability of such class of machines. In
this hydromechanical switch, the hydraulic openings are
commutated only by mechanical means, without elec-
tronic or magnetic appliances. Use of the hydromechan-
ical switch is capable of broadening a controlled ma-
chine’s area of application in severe environmental con-
ditions, and reduces and simplifies maintenance, staff
training, etc.

[0035] The hydromechanical switch of Figs. 3 to 5 is
applicable in general to any hydraulic machine compris-
ing a hydraulic cylinder 107 having a part namely a piston
106 mounted for cyclic reciprocating linear motion along
the hydraulic cylinder 107, and means for commutating
a valve 102 to control the supply of hydraulic fluid to the
hydraulic cylinder at given moments of the machine’s cy-
cle. The hydromechanical switch comprises a linkage
(screw nut 108, screw rod 109) for converting linear mo-
tion of the piston 106 into rotary motion; a cam 103 ro-
tatably driven by said linkage; and a spring 115 arranged
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to be compressed to store energy by rotation of the cam
103 during a stroke of the piston 106. Spring 115 has
one end near the cam 103 and another free end that
bears against a flange 114. This spring 115 is moreover
arranged to release its stored energy to commute the
valve 102 for controlling the supply of hydraulic fluid to
the hydraulic cylinder 107 of the machine when the piston
106 is at given positions along the hydraulic cylinder 107.
[0036] The spring 115 is a compression spring mount-
ed on an arm 150 (Fig. 2) extending from the cam 103
such that, on rotational drive of the cam 103 by the linkage
(108,109), the end of the spring adjacent the cam is com-
pressed until the spring reaches an unstable equilibrium
point "A" past which the spring releases its stored energy
to commute said valve 102. When the spring 115 releas-
es its stored energy it firstly abruptly drives the cam 103
through a given angle (say 45°) and then as the cam 103
continues to rotate, it rotates a part to commutate the
valve 102 by turning it through, say, 45°.

[0037] Said linkage (108,109) is arranged to turn the
cam through an angle less than 180° for each stroke of
the piston 106. It comprises, for instance, the screw nut
108 and the screw rod 109 forming the screw gear link-
age.

[0038] The working principle of the inventive hydrome-
chanical switch is based on the consumption of a part of
the machine’s linear movement energy. A small portion
of this energy is taken away via a screw gear and stored
in the spring 115’s elastic deformation energy. This
stored energy is then released to produce the necessary
openings / commutations at given moments of the ma-
chine’s working cycle.

[0039] The hydromechanical switch may be designed
in the form of a rotating cylindrical valve (see Fig. 3),
which comprises immobile housing 101, rotating valve
body 102, cam 103, driving spring 115 and screw-gear
(108,109) for transforming linear motion of piston 106
into rotational motion of the cam 103.

[0040] When the hydromechanical switch is incorpo-
rated in the pumping machine of Figs. 1 and 2, said part
mounted for cyclic reciprocating movement along the cyl-
inder is the piston 106 or a plunger or other part fixed
thereto.

[0041] The illustrated hydromechanical switch oper-
ates as follows.
[0042] Together with the piston 106’s linear motion,

nut 108 is also moving. This motion causes rotation of
the screw rod 109. The screw rod’s axial motion is disa-
bled via bearing and sealing unit 111. Another purpose
of the unit 111 is to hold the screw 109 fluid-tightly inside
the cover 110. The screw shaft 112 rotates the cam 103
through pin 113 and the finger 104. Compression of
spring 115 occurs simultaneously with rotation of the cam
103. The spring pivots also about its free end and reaches
an unstable equilibrium state point "A" at the end of the
piston stroke. This unstable equilibrium point corre-
sponds to the maximum compression of the spring 115,
when the lateral axis of the spring 115 intersects the ro-
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tation axis of the cam 103, i.e. the spring elastic force is
atit’'s maximum value, but produces no torque to the cam
geometrically having no lever effect. The further small
angle rotation of cam 103 causes a small lever arm effect,
and the spring 115 stored energy release starts. Fig 5
shows the spring laterally offset from the equilibrium po-
sition, with the spring 115 in a less-compressed state at
the beginning of its compression stroke, ready to start
turning.

[0043] Pivoting beyond the unstable equilibrium point
"A", the spring 115 starts to release the stored energy,
and the switching process starts without any liaison to
the piston motion, i.e. automatically. Initially, the spring’s
expansion after point "A" abruptly pivots only the cam
103 as its expansion energy overcomes only the cam’s
joint 113 friction forces and hydraulic resistance of the
damper 116. The latter is designed to stabilize the
spring’'s motion velocity. After the cam’s free rotation
through about 45 degrees, its cog 117 starts to act on
the valve’s 112 stud 118 and brings the valve 102 into
angular motion. Further rotation of the cam 103 produces
simultaneous rotation of the rotating valve 102 through
an angle of about 45 degrees and corresponding neces-
sary commutation of fluid channels made in the bodies
of valve 102 and of it's housing 101. The desired open-
ings commutation for commanding the machine is there-
by achieved by rotation of this valve 102.

[0044] A ball-fastener 119 is designed to limit rotation
of the valve in extreme positions. The valve comes
against the stop 120 and is fixed by the ball-fastener 119
at the end of the turn.

[0045] The following features increase the hydrome-
chanical switch’s reliability.

[0046] The cog 117 is equipped with a rubber damper
121 to minimize shock upon contact of the stud 118 and
stop 120.

[0047] The rotating valve 102 is statically and dynam-
ically hydraulically balanced to compensate radial pres-
sure components that otherwise would cause undue fric-
tion during the valve’s rotation..

[0048] The spring 115’s compression occurs during
the whole piston stroke to evenly consume it's energy.
For this purpose, the spring is soft and has corresponding
low resistance variation over the stroke.

[0049] The circular surface "B" of the pin 113 is sus-
tained by balancing pressure directed from the internal
cylinder’s cavity through a special channel, and the sur-
face "B" area is equal to the shaft's 112 sectional area
to balance the pulling force, which acts on the screw 109
by reason of the internal cylinder’s pressure.

[0050] The hydromechanical switch is equipped with
an indicator 122 to observe the valve and the piston po-
sitions, motion direction, velocity and operation. Instead
of a mechanical indicator any angular sensors may be
employed to monitor the machine operation electronical-
ly, if required.

[0051] Involute splines 124 and 125 on the cam’s shaft
are designed to adjust the piston stroke and the indicator
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pointer 123 position during the assembly process.
[0052] Bolts 126 are designed to produce a fine tune
of the cam 103 rotation angle and the whole hydrome-
chanical switch operation.

[0053] Atunable junction 127 is designed to adjust the
spring 115’s performance.

[0054] After an initial fine tune, the hydromechanical
switch operates automatically, i.e. the working machine
commands itself. For example, if the piston velocity
changes, the valve commutation still continues to happen
at the right time, because the commutation process de-
pends only on the piston position, not on velocity nor on
acceleration.

[0055] Such solution increases the machine’s reliabil-
ity and dispenses with the need for any control system
maintenance.

Claims

1. A hydraulic machine comprising a hydraulic cylinder
(107) having a part (106) mounted for cyclic recip-
rocating linear motion along the hydraulic cylinder,
and means for automatic commutating of a valve
(102) to control the supply of hydraulic fluid to the
hydraulic cylinder at given moments of the machine’s
cycle, wherein said means for commuting the valve
comprises a hydromechanical switch comprising:

-alinkage (108,109) for converting linear motion
of said machine part (106) into rotary motion;

- a cam (103) rotatably driven by said linkage
(105,109); and

- a spring (115) arranged to be compressed to
store energy by rotation of the cam (103) during
a stroke of said machine part (106), and ar-
ranged to release its stored energy to commute
said valve (102) for controlling the supply of hy-
draulic fluid to the hydraulic cylinder (107) of the
machine when said part (106) is at given posi-
tions along the hydraulic cylinder (107), i.e. for
controlling the machine working cycle.

2. The machine of claim 1, wherein the spring (115) is
a compression spring mounted on an arm (150) ex-
tending from the cam (103) such than on rotational
drive of the cam (103) by the linkage (108,109) the
end of the spring adjacent the cam is compressed
until the spring reaches an unstable equilibrium point
"A" past which the spring releases its stored energy
to commute said valve (102).

3. Themachine of claim 1 or2, wherein when the spring
releases its stored energy it firstly abruptly drives the
cam (103) and after the cam has turned through a
given angle the cam (103) rotates a part to commu-
tate the valve (102).
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4.

The machine of claim 1, 2 or 3, wherein said linkage
(109) is arranged to turn the cam through an angle
less than 180° for each stroke of said machine part
(106).

The machine according to any one of claims 1 to 4,
wherein said machine part comprises a piston (106)
or a plunger.

The machine according to any one of claims 1 to 5,
whereinthe linkage (108,109) is a screw gear linkage
comprising a nut (108) and a screw rod (109).

A hydraulically driven diaphragm pumping machine,
in particular for pumping difficult-to-pump materials,
the pump comprising at least one pump cylinder (5)
that has a first end with a first inlet and outlet (11)
for fluid to be pumped and a second end with a sec-
ond inlet and outlet (1) for hydraulic fluid, the inlets
and outlets being associated with respective valves,
a separator (6) located inside and movable to-and-
fro along the pump cylinder, the movable separator
(6) having a first side facing the first end of the cyl-
inder and a second side facing the second end of
the cylinder, wherein:

- the movable separator (6) is connected to the
inside of the first end of the cylinder by a first
flexible diaphragm (4) in the form of a concerti-
na-like bellows that is expandable and con-
tractable inside the cylinder (5) along the length
direction of the cylinder as the movable separa-
tor (6) moves to-and-fro along the cylinder, the
first side of the movable separator delimiting a
first chamber (c) inside the expandable and con-
tractable flexible diaphragm (4) for containing a
variable volume of pumped fluid in communica-
tion with the first inlet and outlet;

- the movable separator (6) is connected to the
inside of the second end of the cylinder (5) by a
second flexible diaphragm (10) in the form of a
concertina-like bellows that is contractable and
expandable along the length direction of the cyl-
inder (5) in correspondence with expansion and
contraction of the first flexible diaphragm (4), the
second side of the movable separator delimiting
a second chamber (b) inside the second ex-
pandable and contractable diaphragm (10) for
containing a variable volume of hydraulic fluid
in communication with the second inlet and out-
let; and

- an annular space (a) is defined between the
outside of the first and second diaphragms
(4,10) and the inner wall of the pump cylinder
(5), which annular space (a) in use contains a
fluid that is the same as said hydraulic fluid or
has similar hydraulic characteristics,
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characterized in that:

the movable separator (6) is in the form of a
plunger that is slidably mounted in the middle
part of the inside of the cylinder (5) between the
first and second bellows-like diaphragms (4,10),
one end of the plunger (6) being connected to
the first bellows-like diaphragm (4) and the other
end of the plunger (6) being connected to the
second bellows-like diaphragm (10) to define re-
spective first and second annular spaces (a),
namely a first annular space (a) between the
outside of the first bellows-like diaphragm (4)
and the inner wall of the pump cylinder (5) and
a second annular space (a) between the outside
of the second bellows-like diaphragm (10) and
the inner wall of the pump cylinder (5), wherein
the first and second annular spaces (a) are in-
dependent of one another and the pressure of
fluid in the first annular space (a) is independent
of the pressure of fluid in the second annular
space (a).

The machine of claim 7, wherein the plunger (6) is
slidably mounted in a sealing element (7) secured
inside a middle part of the inside of the cylinder (5).

The machine of claim 7 or 8, wherein the outer di-
ameter of the plunger (6) corresponds to the median
working diameter of the first and second bellows-like
diaphragms (4,10).

The machine of claim 7, 8 or 9, wherein during op-
eration the volume of the first and second spaces (a)
remains essentially constant.

The machine according to any one of claims 1 to 6
which is a hydraulically driven diaphragm pumping
machine according to the pre-characterizing part of
claim 7; or according to claim 7 or any one of claims
810 10.
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hydraulic machine comprising a hydromechanical switch
controlled by the energy stored in a spring by the rotation
of a cam

2. claims: 7-10

Hydraulically driven diaphragm pump having a movable
separator element which is connected to the housing by two
bellows wherein the pressures in two annular chambers
outside the two bellows are independent of each other
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