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DESCRIPTION

Technical field

[0001] The present invention relates to a high-pressure homogenizer.

Background art

[0002] As is well known, in the field of high-pressure fluid treatment, in particular with regard to emulsion micronization
applications, stabilization of dispersions and controlled cellular rupture / breakup of a fluid, devices called homogenizers are
frequently used. Such devices generally comprise a pump with pistons that move with alternating motion by means of a crankshaft
(or camshaft), are synchronous and mutually offset by an angle of 360°/n where n is the number of pumping pistons that move
and raise the pressure of the fluid inside the processing part of the machine (the number of pistons generally ranges from one to
a maximum of eight pistons).

[0003] In particular, homogenizers comprise an adjustable valve (called homogenizing valve), which effects a forced passage of
the fluid to be treated from a high pressure area to a low pressure area, or in any case one of lower pressure. The piston pump is
located upstream of the valve and is driven by an electric motor which moves the crankshaft.

[0004] Interposed between the motor and the pump there is also a reduction gear unit consisting of a pulley system and, where
present, a parallel axis or epicyclic reduction gear system.

[0005] This kinematic chain serves to convert the rotary motion of the shaft into alternating rectilinear motion, transmitting it
rigidly to the pump pistons.

[0006] Each piston thus generates a pulsating compression action on the fluid to be treated. The individual piston pulsations are
combined together (in relation to the fixed offset introduced by the relative angles between the various cranks of the crankshaft)
in a manifold, generating a single resulting pulsation which is directly felt by the homogenizing valve.

[0007] Each pumping piston generates, in its own compression chamber, a pulsating pressure ranging from 0 to pmgx bar, where
Pmax =max value the machine is configured for, which may be even greater than 2000 bar.

[0008] If the homogenizer is equipped with only one piston, the entire pulsation 0 - pmax is also felt in the same way by the

homogenizing valve and by the elements (e.g. transducer) downstream of the pumping valves.

[0009] In the case of a plurality of pistons, the amplitude of the resulting pulsations is dampened compared to the case of pumps
consisting of a single piston, but is nonetheless perceived downstream of the pump. Moreover, the crankshaft (or camshaft) is
constructed with relative fixed angles between cranks and thus the offset between the pulsations also remains fixed.
Consequently, the resulting pulsation, though dampened, is never eliminated but rather always remains constant.

[0010] However, the known homogenizers described above exhibit a series of disadvantages, mostly tied to the life cycle of the
individual components.

[0011] In fact, the pressure and pulsating flow of the fluid results in considerable potential impacts against the moving
mechanical parts of the homogenizing valve.

[0012] These impacts, affecting the respective mobile element of the valve which works at short axial distances relative to the
fixed element, tend to damage the entire structure of the valve, especially in the low peak phases of the pulsations.

[0013] Moreover, the pumping action subjects the individual components subjected to pulsations to a fatigue load cycle which
results in a considerable reduction in the life cycle of such components.

[0014] The wear on the components (which determines the life cycle thereof) is directly proportional to the rpm of the crankshaft
(pulsation frequency) and the fluid pumping pressures.
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[0015] For this reason, at high operating performances (pumping speed and pressure) all of the components cooperating in the

compression will have a very short life cycle.

[0016] US 6827479 discloses a nozze valve with a fixed geometry and a system for controlling forward travel speeds of the oll
hydraulic pistons, wherein the control of the piston travel speeds directly regulates the pressure (without having freedom of action
over the latter). In practical terms, once the forward travel speed of the pistons is fixed (law of motion and hence flow rate), the
homogenization pressure is automatically fixed and the system substantially has only one degree of freedom.

Disclosure of the invention

[0017] In this context, the technical task at the basis of the present invention is to propose a homogenizer which overcomes the
above-mentioned drawbacks of the prior art.

[0018] In particular, it is an object of the present invention to provide a homogenizer which can be used at high pressures while
minimizing the mechanical effects that contribute to reducing the life cycle of the individual components cooperating in the
pumping operations.

[0019] In particular, it is an object of the present invention to provide a homogenizer capable of eliminating the pulsating pumping
effect in order to reduce the stresses that result in damage to the homogenizing valve and aforementioned components.

[0020] The stated technical task and the specified objects are substantially achieved by the homogenizer of the present
invention, comprising the technical features set forth in one or more of the appended claims.

Brief description of drawings

[0021] Additional features and advantages of the present invention will be more apparent from the approximate, and hence non-
restrictive description of a preferred but non-exclusive embodiment of a homogenizer, as illustrated in the appended drawings, in
which:

o figure 1 illustrates a schematic view of an operating scheme of the members which perform the action of pumping a fluid to
be homogenized; and

o figure 2 illustrates a block scheme of the operating cycle of the actions of pumping a fluid to be homogenized;

o figure 3 illustrates a feedback control scheme of the homogenizer.

[0022] With reference to the appended schematic figures, 1 indicates overall a high-pressure homogenizer.

Detailed description of preferred embodiments of the invention

[0023] The homogenizer comprises a plurality of pumping pistons 2a, 2b, each of which configured to pump the liquid to be
homogenized by feeding it toward a single manifold 6 for collecting the pumped liquid.

[0024] It should be noted that hereinafter in the present description reference will be made, purely by way of non-restrictive
example, to only two individual cylinders 3a, 3b. However, there can be any number of cylinders, and hence of corresponding
pistons, depending on the type of homogenizer, application and flow rate of the liquid to be homogenized.

[0025] Positioned in the manifold 6 there is a homogenizing valve (not described or illustrated, as it is of a known type), which
receives the liquid to be homogenized. The liquid entering the valve has a pressure value and flow rate determined by the action

of the aforementioned pumping pistons 2a, 2b.

[0026] Preferably, each piston 2a, 2b is associated with a corresponding oil hydraulic cylinder 3a, 3b.
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[0027] Advantageously, the homogenizer 1 comprises a plurality of oil hydraulic cylinders 3a, 3b, each of which endowed with a
corresponding pumping piston 2a, 2b.

[0028] Each oil hydraulic cylinder 3a, 3b comprises a respective hydraulic circuit having a proportional valve for feeding oil to the
cylinder 3a, 3b.

[0029] The hydraulic circuit makes it possible to govern the law of alternating motion of each individual cylinder 3a, 3b and
therefore of each corresponding piston 2a, 2b through the delivery of oil controlled by the proportional oil valves.

[0030] In fact, the proportional valves, which are not described and illustrated since they are of a known type, regulate the
pressure and flow rate of oil to the individual cylinders 3a, 3b and thus the thrust and travel speed of the respective pistons 2a,
2b.

[0031] The homogenizer 1 further comprises an electronic system 5 for controlling and regulating the pumping pistons 2a, 2b so
as to control the law of motion of each individual piston 2a, 2b independently.

[0032] In particular, as illustrated in the scheme in figure 2, the electronic control and regulation system 5 is connected to the
proportional valves of the respective oil hydraulic cylinders 3a, 3b so as to regulate the pressure and flow rate of oil to the
individual cylinders (and thus the thrust and travel speed thereof and consequently that of the pumping pistons). Advantageously,
the system 5 is likewise connected to a transducer placed on the manifold 6 in order to verify the pressure values of the liquid to
be homogenized which is pumped by the pistons 2a, 2b. In this manner, the functional parameters of the proportional valve are
modified by adjusting the delivery of oil to the individual cylinders 3a, 3b according to the pressure sensed in the manifold 6, in
order to maintain a stable flow rate and pressure.

[0033] Being connected to the transducer placed on the manifold 6 in order to verify the pressure values of the liquid to be
homogenized which is pumped by the pistons 2a, 2b, the system 5 makes it possible to modify the functional parameters of a
compressed air proportional valve which actuates a pneumatic cylinder that drives a mobile part of the homogenization valve, thus
enabling the fixed pressure set point to be adjusted according to the pressure value sensed in the manifold 6, also independently
of the flow rate.

[0034] Unlike in US 6827479, in the present invention homogenization takes place via a homogenizing valve with a variable
geometry which is regulated by means of a feedback system controlled by the same software (belonging to the electronic system
5) that also regulates the forward travel speed of the oil hydraulic pumping pistons. Once the travel speed of the pistons is fixed
(law of motion, flow rate), there is still freedom to fix the pressure value: the system has two degrees of freedom that can be
managed independently (flow rate and pressure), making it possible to have any combination of pressure and flow rate and a
stable pattern in the same.

[0035] In US 6827479, as the piston speed increases (decreases) the homogenization pressure likewise increases (decreases)
respectively, whereas in the present invention there is the innovative scheme in figure 3, whereby, when the piston speed
increases, it is possible to have an increasing or decreasing homogenization pressure, and when the piston speed decreases, it
is possible to have an increasing or decreasing homogenization pressure.

[0036] The same type of adjustment can also occur in a completely manual operating mode.

[0037] With reference to figure 1, it should be noted that the individual hydraulic cylinders 3a, 3b have a pulse pattern as
illustrated by the graphs 4a, 4b. The pattern of the cylinders 3a, 3b is set in such a way as to stagger the motion of the individual
pistons 2a, 2b. In other words, a first piston 2a (which is delivering the product) gradually increases its speed, thereby increasing
the flow rate (graph 4a). The first piston 2a reaches a maximum speed which is maintained for a given period and when it is
almost at the end of its stroke begins the descending ramp until reaching zero. In this descending phase, a second piston 3b
(which sucked back while retracting) simultaneously begins its rising ramp (graph 4b) with the same slope as the falling one of the
first piston 2a.

[0038] This phase offset, separately controllable by the electronic system 5 for each cylinder 3a, 3b (and thus for each piston
2a, 2b), defines a sum of velocities and hence a constant flow rate as indicated by pattern 7 (graph 4c). In the example case
described and illustrated above there are only two cylinders 3a, 3b, which are coordinated so as to define the aforesaid resultant
7. However, in the event of multiple cylinders (more than two) the individual alternating motions of the pistons 2a, 2b are regulated
by the system 5 in such a way as to eliminate the transients between the rising and falling ramps, thereby eliminating the resulting
pulsating effect.
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[0039] The homogenization liquid is therefore pumped toward the homogenizing valve at a constant flow rate, which means a
constant homogenization pressure, except during the initial transient, so that one of the preset objectives is reached.

[0040] Advantageously, the system 5 directly regulates the individual proportional valves of the hydraulic circuits of each cylinder
3a, 3b in an independent manner, thus avoiding the problem of having a resulting pulsating motion and a fixed phase offset
among the various pistons.

[0041] In other words, by creating an appropriate law of motion for each piston and combining it according to a phase offset set
in an operating software program of the electronic system 5, one can thus generate a combination of flow rates in the manifold 6
such as to assure a constant sum of the flow rates themselves (resultant 7) and hence an equally constant pressure. Moreover, it
is possible to modify the phase offsets when there is a variation in the viscosity of the liquid product to be homogenized and the
inlet pressure of the cylinders 3a, 3b.

[0042] Therefore, several critical mechanical members are preserved, since they are no longer subject to the pulsating action of
the pumping operations. In particular, the homogenizing valve receives the liquid to be treated at a constant pressure and flow
rate due to the resultant effect 7 of the individual pistons 2a, 2b.

[0043] This advantage is given by the fact that the cylinders 3a, 3b are oil hydraulic and can therefore be regulated
independently by a single operating software program.

[0044] Moreover the step-up/step-down transients of the two pistons (graph 4c) number only 5-6 per minute, and in any case
less than 15 per minute (as a consequence of the reduced piston speeds), very far from the approximately 160 pulsations/minute
of a prior art crankshaft, which rotates precisely at about 160 rpm, and they are in any case dampened by the presence, in the
virtual cams, of the rising and falling speed ramps of the pistons themselves.

[0045] This is important because a constant flow rate and pressure is an ideal situation, but in reality the transients in the piston
exchange phases imply the presence of refluxes through the pumping valves; this can cause small deviations from the rated
pressure which vary according to the maximum pressure applied and are preferably in the range of 0 to 100 bar. The rated
pressure instead remains absolutely constant during the central phases of piston travel.

[0046] A very low number of cycles/min extends the lifetime of the components subject to fatigue load cycles and reduces the
possibility of damage to the homogenizing valve because the pressure peaks (positive or negative) are reduced and thus the
possibility of impact between the fixed and mobile parts is also reduced.

[0047] The homogenizer 1 moreover shows to be much more versatile and adaptable to high pressures and to the viscosity of
the liquid to be treated. This advantage, too, is given by the possibility of regulating the individual cylinders 3a, 3b independently.

[0048] A further advantage of the present homogenizer, which can work with pressures from 0 to 4000 bar, is the fact that it can
be completely remotely controlled.

[0049] With the present homogenizer, a homogenization procedure is carried out in which the laws of motion of each piston are
created and combined according to a phase offset, which may be set by the user in such a way as to generate a combination of
flow rates downstream of the valves/pumping pistons, inside a manifold, which is able to assure a constant sum of said flow rates
and thus a constant pressure to the homogenizing valve.

[0050] It is possible to adjust the phase offset between the starting of the second piston and the stopping of the first by exploiting
appropriate speed ramps, whose beginning and end can be controlled completely via software.

[0051] As the max operating pressure and viscosity of the fluid treated vary, the offsets can be modified so as to reduce the
amplitude of any pressure peaks during transients in the most appropriate manner.

[0052] The present homogenizer is particularly suitable for pressures ranging between 1000 and 4000 bar and has application in
many sectors: food, chemical, pharmaceutical, biotechnological and nanoparticles.

[0053] The software program used is based on the control and automation of moving axes in combination with two specific
control cards (axis control cards).
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[0054] The axis control card interfaces with the actuator (and thus with the pumping piston) via the proportional valve in order to
control its movement and at the same time senses its absolute position by means of a linear encoder positioned inside the piston
itself so as to create a command- and feedback-based regulation loop which enables the software program to control the piston's
position and movement with extreme precision.

[0055] The axis control software program is therefore capable of moving the piston by following virtual cams that are customized
in order to optimize the phases of motion reversal by adjusting them beforehand in such a way as to reduce peaks to a minimum.

[0056] The software program receives commands from a control panel or via remote signals and actuates the movement of the
pistons, modifying the working parameters thereof (advance and design of virtual cams) with the aim of obtaining the most linear
operation possible in the presence of fluids with different viscosities and at different pressures.

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader's convenience only. It does not form part of the European patent
document. Even though great care has been taken in compiling the references, errors or omissions cannot be excluded and the
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Patentkrav

1. Hgjtrykshomogenisator (1), som omfatter:

- en flerhed af pumpestempler (2a, 2b) til tilfgrsel af en veske, som skal

homogeniseres, mod en manifold (6), og

- en homogeniseringsventil, som er placeret nedstrgms for nevnte
pumpestempler (2a, 2b) for saledes at modtage nevnte veeske, der skal

homogeniseres, og som pumpes ind 1 manitolden (6),

- et elektronisk reguleringssystem (5) til styring og regulering af navnte
pumpestempler (2a, 2b), hvilket system styrer loven om bevagelse for hvert

enkelt stempel (2a, 2b) uathengigt,

kendetegnet ved, at nevnte elektroniske reguleringssystem (5) er forbundet med en
transducer, som er placeret pa manifolden (6) og ggér det muligt at regulere tilfgrslen
af olie til individuelle cylindere (3a, 3b) af tilsvarende stempler (2a, 2b) 1 henhold til
trykket, der registreres i manifolden (6), al den vaske, som skal homogeniseres, og
som pumpes af nevnte stempler (2a, 2b) med henblik pa at opretholde en stabil
strgmningshastighed og et stabilt tryk, hvilket ggr det muligt at modificere de
funktionelle parametre af en trykluftproportionalventil, som aktiverer en pneumatisk
cylinder, der driver en mobil del af homogeniseringsventilen, séledes at det faste
tryksatpunkt kan justeres i henhold til den trykveardi, som registreres 1

manifolden (6), ogsa uathaengigt af strgmningshastigheden, idet de individuelle
stempler (2a, 2b) har optrapnings-/nedtrapningstransienter i et antal pa mindre end 15

pr. minut,

2. Homogenisator ifglge det foregaende krav, kendetegnet ved, at hvert stempel er

tilknyttet en respektiv oliehydraulisk cylinder (3a, 3b).

3. Homogenisator ifglge krav 2, kendetegnet ved, at hver olichydraulisk

cylinder (3a, 3b) omfatter et respektivt hydraulikkredslgb med en proportionalventil
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til tilfgrsel af olie til cylinderen.

4. Homogenisator ifglge det foregdende krav, kendetegnet ved, at nevnte
elektroniske styrings- og reguleringssystem (5) er forbundet med de respektive
olichydrauliske cylinderes proportionalventiler for sdledes at regulere trykket og

strgmningen af olie til de individuelle cylindere (3a, 3b).

5. Fremgangsmade til homogenisering i en homogenisator ifglge et hvilket som helst
af de foregaende krav, hvor, efter en indledende transient, trykket nedstrgms for
ventilerne/pumpestemplerne og ved homogeniseringsventilens indlgb er nasten

konstant.

6. Fremgangsmade til homogenisering i en homogenisator ifplge et hvilket som helst
af kravene 1 til 4, hvor lovene om beveagelse for hvert stempel skabes og kombineres
i henhold til en faseforskydning, som kan indstilles af brugeren, med henblik pa at
generere en kombination af strgmningshastigheder nedstrgms for
ventilerne/pumpestemplerne inde i manifolden for saledes at sikre en konstant sum af
navnte strgmningshastigheder og dermed et konstant tryk til

homogeniseringsventilen.

7. Fremgangsmade til homogenisering ifglge krav 5 og 6, hvor det foregar via en
homogeniseringsventil med en variabel geometri, som reguleres ved hjelp af et
tilbagekoblingssystem, der styres af et elektronisk styrings- og reguleringssystem (5),

som ogsé regulerer pumpestemplernes fremadgéende vandringshastighed.
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