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(54) CONTINUOUS METERING VOLUMETRIC VALVE

(57) The scope of the present invention is a contin-
uous, volumetric rotary metering valve, especially suita-
ble for loose solid materials used in the pharmaceutical

or food industries. In a particularly complete version, the
metering valve according to the present invention also
operates as an interception device.
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Description

Technical field

[0001] The present invention refers to the field of the
metering devices for the pharmaceutical, chemical, and
food industries.
[0002] More specifically, the valve according to the
present patent application belongs to the sector of the
metering devices used for a controlled delivery and vol-
umetric metering of loose solid products, such as powder
or granular products.
[0003] These metering devices are mainly used in the
pharmaceutical industry, in the food industry, and in the
chemical industry, hence they shall feature an accurate
metering as well as absence of contaminations in the
metered material, as much as possible.

Present status of the art

[0004] Metering devices are known for loose solid
products which are formed of a box-like body which ac-
commodates a rotor keyed on a horizonal shaft internally
thereto. The box-like body includes an upper port for re-
ceiving the product and a lower port for delivering it. The
internal rotor includes a number of compartments featur-
ing a V-shaped cross-section and is rated in such a way
that its outer profile is very close to the inner surface of
the box-like body, to make it possible for the product to
pass through the metering valve and enter first a com-
partment facing upwards, which is located in the upper
part of the rotor, and subsequently to leave it by gravity
after the rotor completes half revolution, the same com-
partment being in the lower part, facing downwards.
[0005] The angular speed of the rotor is usually rather
low, to give time to the product to fill the compartment
underneath, therefore these devices shall have compart-
ments of sufficiently large dimensions as to provide for
non-excessive transfer times; however, this requirement
is contrary to the need for performing accurate meterings,
whereby it is necessary to handle small volumes of prod-
uct whenever the requested quantity to be metered is
going to be reached.
[0006] In order to obviate this drawback, volumetric
valves have been set up, comprising a big-size main rotor
and a smaller secondary rotor, used to perform the final
precision metering. An example is illustrated in
EP1022221, which proposes first and second closure
means co-operating with each other to reversibly close
a passage section.
[0007] These devices are usually configured in such a
way that both rotors, in one or more predetermined an-
gular positions, completely close their respective pas-
sage section of the product to be metered, which means
that the valve does not perform the metering functions
only, but it is also capable of intersecting the flow of the
product. However, these solutions are not free from prob-
lems either, because the weighing accuracy of the fine

metering performed by the secondary rotor decreases
as the specific weight of the product increases.

Objects and summary of the invention

[0008] A first object of the present invention is to pro-
vide a metering device for loose solid materials that guar-
antees a high accuracy.
[0009] A further object is to provide a device that is
simple and cost-effective to manufacture.
[0010] Another object of the present invention is to pro-
vide a metering device that can be easily disassembled
without any need for using special tools.
[0011] A last but not least object of the present inven-
tion is to provide a precision metering device that is also
capable of performing a product intercepting function.
[0012] These objects and others which will be apparent
to the persons skilled in the art from reading the following
disclosure are achieved by a valve of an innovative type
which comprises a vertical tubular body whose upper
flange is usually connected to the lower end of a product
feeding pipe.
[0013] The lower portion of the tubular body is trans-
versally crossed by a main rotor which comprises a hol-
low shaft, rotationally connected to the tubular body, from
the lateral surface of which two or more lobes protrude;
at least one of the compartments defined by the two suc-
cessive lobes includes an opening which puts it in com-
munication with the inner cavity of the shaft, the latter
usually features a cylindrical shape and receives inter-
nally thereto a metering screw which receives the product
from this opening whenever it is in an above position and,
by rotating, makes it move forward until the end of the
cavity; in the lower portion of the latter there is opened
at least one outlet port from which the product comes
out, after crossing at least one of the lower compartments
of the rotor.
[0014] The rotational couplings include friction reduc-
tion means of a known type, such as roller bearings.
[0015] In this way, the rotation of the metering screw
induces a progressive transfer of the product, up to reach-
ing the predetermined quantity; the latter is usually sig-
naled by weighing devices which continuously record the
variable change of the container that receives the prod-
uct.
[0016] The rotation of the main rotor induces a transfer
of big quantities of the product, unlike the metering screw,
whose progressive rotation induces a continuous trans-
fer of small quantities of the product, thus allowing for a
precision metering.
[0017] The movement of the main rotor takes place
thanks to external driving means of a known type, not
necessarily continuous rotation means but also means
of a reversible actuator type. The rotation of the metering
screw can be controlled independently, thanks to driving
means of a known type.
[0018] In an embodiment, the metering screw occupies
the inner cavity of the main rotor almost completely and
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the outlet port is underneath the end portion of the me-
tering screw; in this configuration, the device according
to the present patent application operates as a continu-
ous metering device, but not the interceptor function, be-
cause a particularly smooth-flowing material might flow
along the metering screw up to reaching the outlet port.
[0019] In a more sophisticated embodiment, the me-
tering screw and the rotor are coaxial to each other and,
thanks to the interposition of a freewheel device, it is pos-
sible to control both of them with one and the same driving
device of a type capable of changing its sense of rotation;
if the driving device is integrally connected to the shaft
of the metering screw, then, whenever the latter is made
rotate in the direction that does not make the product
move forward toward the outlet port, the shaft of the me-
tering screw transmits motion to the main rotor; then,
upon inverting the sense of rotation, the freewheel device
does not transmit motion to the rotor any longer, but the
metering screw only keeps rotating in the direction that
makes it possible for the product to continuously move
forward. In this embodiment, the driving device occupies
one side only of the valve.
[0020] In a more complete embodiment, the device is
also capable of intercepting the flow of the product; in
the latter configuration the inner cavity of the main rotor
is longer than the metering screw and consequently a
cylindrical volume remains between the end of the me-
tering screw and the end portion of the cavity that faces
it, so as to define an outlet chamber, in the lower portion
of which the outlet port opens. At least one interception
element is provided between the input to the chamber
and the outlet port, to prevent the product from flowing
through. According to a preferred embodiment, that por-
tion of the inner cavity of the rotor which is opposed to
that which receives the metering screw accommodates
a piston, whose axis of movement is parallel to the axis
of the rotor; this piston, whose head faces the free end
of the metering screw, is reversibly movable between a
retracted outlet position and an extended closing posi-
tion.
[0021] Upon moving from the retracted outlet position
to the extended closing position, the head of the piston
axially crosses the outlet chamber up to getting in contact
with the free end of the metering screw, so as to isolate
it from the outlet port and prevent the product from flowing
out.
[0022] When the piston moves to its retracted outlet
position, its head is located at the end of the outlet cham-
ber opposed to the metering screw, so that the outlet
chamber can be crossed by the product, which is pushed
thereto by the metering screw, so that it can go out from
the outlet port unhindered.
[0023] In order to improve the tightness of the device,
it is very advantageous to interpose elastomeric gaskets
between the individual components; for instance, a toroi-
dal gasket might be embedded in the tubular body, by
accommodating it in a circumferential recess located in
correspondence with the axis of the rotor, so that it elas-

tically interferes with the outer perimeter of two opposed
lobes whenever the latter are arranged transversally to
the longitudinal axis of the valve, thus preventing the
product from leaking between the rotor and the inner wall
of the tubular body. In a particularly accurate embodi-
ment, one pair only of lobes, diametrically opposed to
each other, have such diameter as to interfere with the
toroidal gasket, whereas the remaining lobes have slight-
ly smaller dimensions and such as not to interfere with
the gasket whenever the rotor is rotating.
[0024] A gasket can also be accommodated on the
head of the piston to seal the closure of that portion of
the inner cavity which receives the metering screw; a
toroidal gasket might be mounted on the shaft of the me-
tering screw to prevent the product from reaching the
seat of the freewheel or of the bearing.
[0025] In a preferred embodiment, the couplings are
implemented by clamping collars of a type that can be
opened and closed manually, so that the entire valve can
be removed from the plant and even opened without the
need for using any tools.

Brief description of the drawings

[0026]

Figure 1 shows a top view of a possible embodiment
of the valve according to the present patent applica-
tion; the intersections of the cutting planes of Figure
2 and of Figure 4 are visible therein.
Figure 2 shows a cross-section of the valve of figure
1, cut according to a vertical plane passing through
the (X) axis of a rotor (2); the figure shows a tubular
body (1) and the rotor (2), of which there are visible
some lobes (24) and the inner cavity (21), which is
located in the position wherein the axis of the upper
inlet port (22) and of the lower outlet port (23) are
vertical; internally to the cavity (21) a metering screw
(3) is visible, whose driving shaft (32) goes out on
the left-hand side of the figure after crossing a hollow
support (33), whereas the driving shaft (26) of the
rotor (2) goes out on the righthand side.
Figure 3 shows a cross section of a second possible
embodiment, cut according to a vertical plane pass-
ing through the (X) axis of the rotor (2), in this con-
figuration the valve according to the present patent
application is capable of intercepting the flow of the
product, besides metering it. In this configuration,
the metering screw is shorter than in the previous
configuration and does not extend up to the end por-
tion of the cavity (21); the outlet chamber (25) is vis-
ible, the head (41) of the piston (4) being in the ex-
tracted closing position.
In this case the rotation of the rotor (2) is induced by
the shaft (32) by way of a freewheel device (31). The
shaft (32) coaxially crosses the hollow support (33)
and transmits motion to the metering screw (3).
Figure 4 shows a vertical cross section of the valve
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of Figure 1, wherein the toroidal gasket (11) accom-
modated in the circumferential recess (12) is visible,
the figure highlighting the cross section of the rotor
(2) and the compartments featuring a V-shaped
cross-section defined by the lobes (24).

Detailed description of an embodiment of the inven-
tion

[0027] In a particularly complete embodiment, the
valve according to the patent application comprises a
tubular body (1) which extends along an (Y) axis, inter-
nally to which there is rotationally associated with, ac-
cording to an (X) axis, a transversal rotor (2), from which
two or more lobes (24) radially extend, equally angularly
spaced away so as to define compartments featuring a
V-shaped cross section; the lobes are configured in such
a way that, when they lay in a plane orthogonal to the (Y)
axis of the valve, their outer perimeter extends up to the
inner surface of said tubular body (1).
[0028] The rotor (2) defines a cylindrical inner axial
cavity (21) which includes an upper outlet port (22)
through which it receives the loose product coming from
one of the compartments of said rotor (2) and a lower
outlet port (23) from which the product is delivered.
[0029] Internally to said cavity (21) there is longitudi-
nally accommodated a metering screw (3) which, in a
predetermined angular position of said rotor (2), receives
the product through said inlet port (22) and makes it con-
tinuously axially move forward along said cavity (21), up
to making it go out below through said outlet port (23).
The latter is in a more advanced longitudinal position as
compared to said inlet port (22), and the longitudinal
transfer of the product along the axis of said inner cavity
(21) takes place thanks to the transfer action exerted by
the metering screw (3).
[0030] The outlet port (23) puts the inner cavity (21) in
communication with a compartment of the rotor (2) which
is in a diametrically opposed position with respect to the
compartment wherein the upper inlet port (22) opens.
According to a possible embodiment of the rotary meter-
ing valve in accordance with the present invention, the
shaft (32) that drives the metering screw (3) coaxially
rotates internally to the shaft of the rotor (2), which is a
hollow one.
[0031] Between the rotor (2) and the metering screw
(3) there is interposed a freewheel device (31), by way
of which the shaft (32) which makes the metering screw
rotate can transfer motion to the shaft (26) of the rotor
(2) by rotating in the sense opposed to that which makes
the product move forward along the metering screw (3).
According to an advantageous embodiment, one end on-
ly of the shaft of the metering screw (3) goes out from
the tubular body (1) and the axial development of the
cavity (21) is greater than the length of the metering screw
(3) so that between the free end of the latter and the end
portion of the cavity (21) there is defined an outlet cham-
ber (25) in the lower portion of which the outlet port (23)

opens.
[0032] In the end portion of the cavity (21) there is ac-
commodated the head (41) of a piston (4) slidingly con-
nected to the rotor (2), which moves between a retracted
delivery position and an extended closing position where-
in the head (41) of the piston (4) intercepts the flow of
the product output from the metering screw (3).
[0033] In a particular embodiment the inner surface of
the tubular body (1) defines, orthogonally to its own (Y)
axis and in correspondence with the (X) axis of said rotor
(2), a circumferential recess (12) where there is accom-
modated a toroidal gasket (11); whenever the inlet port
(22) faces upwards, the outer perimeter of at least two
diametrically opposed lobes of the rotor (2) engages said
toroidal gasket (11).
[0034] In a further embodiment, the interception ele-
ment interposed between the input of the outlet chamber
(25) and the outlet port (23) comprises a cylindrical bowl
coaxial to the metering screw (3) received internally to
the inner cavity (21). The base of the cylindrical bowl
facing the free end of the metering screw (3) is open,
whereas the cylindrical lateral surface of the bowl has at
least one axially positioned opening in correspondence
with a respective outlet port (23) of the rotor (2). The bowl
rotates about its own longitudinal axis between a first
position wherein the opening on the lateral surface aligns
with the outlet port (23) of the rotor (2) and allows the
product to flow through, and a second position wherein
the opening in the lateral surface of the bowl faces a blind
portion of the lateral surface of the inner axial cavity (21)
of the rotor (2). Advantageously this embodiment reduc-
es the compression of the residual powder during the
closing step.
[0035] In a particularly advantageous embodiment, the
free end of the metering screw (3) ends internally to said
bowl.

Claims

1. A continuous metering volumetric valve, comprising
a tubular body (1) internally to which a transversal
rotor (2) is rotationally associated with from which
two or more angularly equally spaced lobes (24) ra-
dially extend up to the inner surface of said tubular
body (1) so as to define compartments featuring a
V-shaped cross-section; said rotor (2) defines an in-
ternal axial cavity (21) which has at least one inlet
port (22) through which it communicates with one of
the compartments of said rotor (2) and at least one
outlet port (23) to make the product go out through
a different compartment of said rotor (2), character-
ized in that internally to said cavity (21) a metering
screw (3) is housed which, in a predetermined an-
gular position of said rotor (2), receives the product
via said at least one inlet port (22) and makes it con-
tinuously move forward in an axial direction along
said cavity (21), up to making it go out below through
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said at least one outlet port (23) and in that said at
least one outlet port (23) is located in a longitudinal
position that is more advanced with respect to said
at least one inlet port (22), so that the longitudinal
transfer of the product along the axis of said cavity
(21) takes place thanks to the action exerted by said
metering screw (3).

2. A valve according to any of the previous claims,
characterized in that said at least one outlet port
(23) puts said internal cavity (21) in communication
with a compartment of said rotor (2) diametrically
opposed to that compartment in which said at least
one inlet port (22) opens.

3. A valve according to any of the previous claims,
characterized in that the shaft (32) that drives said
metering screw (3) rotates coaxially internally to the
shaft of said rotor (2).

4. A valve according to the previous claims 4, charac-
terized in that between said rotor (2) and said me-
tering screw (3) there is interposed a freewheel de-
vice (31) through which the shaft (32) that drives the
metering screw can transfer motion to said shaft (26)
of said rotor (2) by rotating in a sense opposed to
that which makes the product move forward in said
metering screw (3).

5. A valve according to any of the previous claims,
characterized in that one end only of the shaft of
said metering screw (3) protrudes from said tubular
body (1) and in that the axial development of said
internal cavity (21) is greater than the length of said
metering screw (3) so that between the free end of
the latter and the terminal portion of said cavity (21)
an outlet chamber is defined (25) wherein said outlet
port (23) opens.

6. A valve according to the previous claim 6, charac-
terized in that in the terminal portion of said cavity
(21) there is housed the head (41) of a piston (4)
slidingly connected to said rotor (2), movable be-
tween a retracted outlet position and an extended
closing position.

7. A valve according to the previous claim 7, charac-
terized in that in the extended closing position said
head (41) of said piston (4) intercepts the flow of
product leaving said metering screw (3).

8. A valve according to any of the previous claims,
characterized in that the inner surface of said tu-
bular body (1), orthogonally to its own axis (Y) and
in correspondence with the axis (X) of said rotor (2),
defines a circumferential slot (12) wherein a toroidal
gasket (11) is housed; whenever said inlet port (22)
faces upwards, the external perimeters of at least

two diametrically opposed lobes of said rotor (2) en-
gage said toroidal gasket (11).

9. A valve according to any of the previous claims,
characterized in that the lower portion of said tu-
bular body (1) is decomposable to make the insertion
of the rotor (2) easier.

10. A valve according to claim 5 characterized in that
in the end portion of said cavity (21) there is accom-
modated an interception element for intercepting the
flow of the product.

11. A valve according to claim 10 characterized in that
said interception element is a bowl rotationally mov-
able about the same axis as said metering screw (3),
having its base facing the free end of the metering
screw (3) open and at least one opening on the cy-
lindrical surface, in correspondence with at least one
angular position of said bowl said opening aligning
with the outlet port (23) of said rotor (2).
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