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The present invention relates to apparatus and to a nethod for netering
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paints, manually-operated, semi-automatic or automatic

machines with pistons are widely known and are widespread.
Machines with pistons combrise, for each colouring agent to
be metered, a reservoir communicating with a cylinder having
a sliding piston the operation of which brings about the
delivery of the required metered quantity. Manually-
operated machines are the most widespread owiqg to their
relatively low costs, but 'they suffer from serious
disadvantages in terms of accufacy in wvolumetric metering.
In automatié piston machines, the piston of each cylinder is
~ operated by a respective stepper motor; although automation
improves ergonomics and ease of use, it gives rise to a
substantial increase in both production and maintenance

costs.

Automatic dye-metering machines which wuse a = geared
volumetric pump driven by a respective motor and a solenoid
valve for the delivery of the 1liquid for each 1liquid
reservoir and which enable the liquid to be recirculated to
the reservoir are also knﬁwn. ' The main disadvantage of this
type of machine relates to the high cosﬁs of both production
and maintenance, as well as to limitations in relation to

the liquids which can be metered: The geared pump is in fact
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accuracy 1liquids from the supply reserv01r to the collecting
container at a constant flow-rate which can be controlled by
a computer-controlled shut-off system. For this purpose, as
has been seen, expensive components such as stepper motors,
encoders, graduated pistons, geared pumps and pneumatic
pumps are used. To reduce costs, apparatus currently
available has a centralized control system for all of the
metering circuits installed, but the products to be metered
have extremely diverse characteristics and often require
dedicated flow-rate and pressure arrangements. In
particular, apparatus which is currently available on the
market and uses geared pumps has high maintenance and spare-
parts costs precisely for the part which controls the flow-
rate and the movements of the fluids. This apparatus also
requires frequent calibration due to wear of the system or
to leakages in the circuit, with consequent loss of accuracy
in the small dosages which are extremely important in colour
production;  moreover, the system used in these machines for
achieving a constaﬁt fiowfrate requires moderate
fluctuations of electrical current (which are not always

present, particularly in developing countries), requiring
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contained in the liquids, which invalidate the precision of
the circuit. As stated, a further limitation in systems
which use geared pumps is that it is impossible to meter
pearly or micaceous products since they are ground up by the

pumps, altering the desired final result.

The object of the present invention is to provide apparatus
for metering liquids which overcomes the above-mentioned
disadvantages and which also has low production and

maintenance costs.

For this purpose, the subject of the invention is apparatus
for metering one or more liquids contained in respective
reservoirs into one or more collecting containers,

characterized in that it comprises, for each ligquid:

- a cylinder for the liquid to be metered, the cylinder
having a movable piston member in contact with the surface

of the liquid in said cylinder,

- pressure means for exerting a constant force on the

piston,



characterized in that it conprises, for each liquid: - a cylinder for the
liquid to be netered, the cylinder having a novable piston nenber in
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means for the transfer of the liquid fromthe cylinder to the collecting
container, the transfer neans conprising a duct having an inlet opening
for the withdrawal of the Iliquid fromthe cylinder and a delivery opening,
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as the level_ of liquid in
flow-rate constant, and

- wvalve means associated with the transfer duct for
intercepting and controlling the flow of 1liquid in the

transfer duct.

In a preferred embodiment, the means for the transfer of the
liguid from the cylinder to the collecting container
comprise an inlet opening communicating with the cylinder
for the withdrawal of the liquid and fixed to the piston,
and a nozzle for delivery into the collecting container, the
nozzle being connected rigidly to the movable piston so that
the hydrostatic head of liquid above the inlet opening and
the difference in level between the inlet opening and the
delivery opening are kept constant as the level of liquid in

the cylinder varies.

According to the invention, the cylinder can operate at
atmospheric pressure or under pressure. In the atmospheric-
pressure version, which is usable particularly for non-
viscous 1liquids which do not offer great flow resistance,
the piston member may be constituted by a plate which floats
on the liquid and which is movable and falls as the level of
liquid in the <cylinder drops. Typically, in this



the cylinder varies. According to the invention, the cylinder can operate
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sealingly in contact with the walls of the cylinder which is
thus sealed and is kept under pressure by means for exerting
a constant pressure. Typically, these means comprise a
weight which bears on the surface of the piston, or other
means which can exert a constant force such as, for example,
a mechanical or pneumatic device, for example, a stepper
motor, oxr a source of reduced pressure, ehsuring a constant
pressure or a suction force. The term "pressure means” is
thus intended also to include means which exert a

subatmospheric pressure.

Also in the pressurized version, in the preferred
embodiment, the transfer means also comprise a withdrawal
tube fixed to the piston and immersed in the liquid so that
the withdrawal point remains at a constant distance from the
ligquid level. In this embodiment also, the flow in the
transfer duct can be started by a suction effect or may be
activated directly by the pressure exerted, or by a

combination of the two.

In order to keep the difference in 1level between the
withdrawal point and the point of delivery to the nozzle

constant with variaticns in the liquid level, the transfer
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fixed) and the delivery point is J) roportlona
of liquid above the withd awal point varles w1th variations

in the level of liquid in the cylinder:; in this case, in
order +to achieve a constant delivery rate, means are
provided for bringing about a vertical movement of the
delivery nozzle so that the geometrical difference in height
between the withdrawal point (which in this case is fixed)
and the delivery point is kept proportional to the
hydrostatic head of liquid above the withdrawal point, as
the level of liquid in the reservoir wvaries. The above-
mentioned embodiment involves the use of a control and
operating unit arranged for constantly determining the
pressure of the column of 1iquid above the withdrawal point
and for bringing about vertical movement of the delivery
nozzle in dependence on the variation of the head of liquid
above the withdrawal point. '

Further advantages and characteristics of the apparatus and
of the method according to the invention will become clear
from the following dgtailed description, given with
reference to the appendéd dra&ings, provided by way of non-

limiting example, in which:



hydrostatic head of |iquid above the withdrawal point, as the |evel of
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partially- sectlonedp schematic view showi ng netering apparatus,
partlculéﬂFyedye netering apparatus as a whole. The apparatus according to
the invention may be arranged for sinultaneous or sequential netering of
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paint base; the apparatus is intended, however, to be

usable in all applications which require volumetric metering
of liquids, for example, for the metering of food, cosmetic,
and pharmaceutical products and chemical products in

general.

With reference to the embodiment of Figure 1, the apparatus
comprises, for each liquid to be metered, a cylinder 2
communicating, by means of a one-way valve 4, for example,
of . the diaphragm type, with a refilling reservoir 6

containing the liquid L to be metered.

The term "cylinder" as used in the present description is
intended to include a container of any shape; it is
preferably a circular cylindrical container; any other

shape, for example, with a triangular or square base, may be

used.

A piston 8 assoc'iated with the _cyiinder 2 is slidable in
contact with the walls 10 of the cylinder; the piston 8 is
preferably slidable sealingly on the walls 10 of the
cylinder with a vertical movement so that the liquid can



conprises, for each liquid to be netered, a cylinder 2 conmunicating, by
nmeans of a one-way valve 4, for exanple, of. the diaphragmtype, with a
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hydrostatic head of liquid, indicated H2, above the wi thdrawal point is
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head of 1liquid, indicated H;, above the wifhdrawal point is
thus kept constant with variations in the 1level of the
liquid in the cylinder. A rigid, siphon-like duct 18 which
terminates in a nozzle 20 having a delivery opening is
connected to the withdrawal duct 14. The geometrical height
difference H; between the withdrawal point 16 and the
delivery point 20 is thus also kept constant with variations

in the level of liquid in the cylinder.

The nozzle 20 delivers the liquid into a collecting
container C (Figure 4) at atmospheric pressure or, in any

case, in an environment which is at a constant pressure.

Means, indicated 22 for intercepting the flow of liquid are
associated with the transfer duct and are constituted, for
example, by a solenoid valve or by a pneumatic valve, or by
any other manually or electronically operated mechanism for
choking and controlling the flow of liquid.

In the preferred embodiment, the opening and closure of the
valve means 22 are controlled by a control and operating
unit, for example, a personal computer, which is arranged to

permit setting, by the operator, of the quantity of liquid
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according to requirements. Initially, the 1liquid from the
refilling reservoir 6 or collapsible bag is drawn into the
cylinder on the basis of the principle of communicating
vessels, passing through the one-way diaphragm wvalve 4.
Drive means 24 may also be provided, for bringing about
vertical upward movement of the piston 8 in order to bring
about the flow from the refilling reservoir 6 to the
cylinder 2. The liquid introduced into the cylinder 2 is
not in contact with the air and is therefore not subject to
drying on the walls of the cylinder or to the formation of
films and solid residues which could clog the circuit. The
frequency of maintenance operations required is thus
substantially reduced and this constitutes a clear advantage
in comparison with known apparatus. A vent valve or tap is
generally present in the uppermost portion of the transfer
duct for purging the air from the cylinder during the
initial £filling of the cylinder with liquid. The air inside
the cylinder is removed through the vent or valve whilst the
product is drawn in from the refilling reservoir. The
diaphragm valve 4 has the function of preventing the liquid
from returning to the refilling reservoir as a result of the

pressure exerted by the piston once the liquid has been



Drive neans 24 may al so be provided, for bringing about vertical upward
novenment of the piston 8 in order to bring about the flow fromthe
refilling reseoomioe706 to the cylinder 2. The Iiquid introdRaTdBIMISIT he
cylinder 2 is not in contact with the air and is therefore not subject to
drying on the walls of the Cytinder or td the formation of films and solid
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to the refilling reservoir because the valve 4 is closed,
since the pressure inside the cylinder is greater than the
pressure in the refilling reservoir. In manual versions, it
is intended that the valve 4 may also be constituted-by a

simple open/shut tap.

To control the delivery flow-rate, the desired flow-rate per
minute 1is calculated theoretically, the value of the
constant pressure generated by the weight 12 or other
equivalent mechanism then being defined experimentally in
dependence on the characteristics of the product to be made
to flow. The opening and closing times for the valve means
22 are determined by means of calibration software and a
thousandths balance which measures the quantities for a
predetermined period of time and corrects the opening time
in dependence on the gquantity delivered. In the metering
apparatus according to the invention, in which n independent
metering and delivery circuits are provided for metering n
liquids, calibration takes place for each individual circuit
and a calibration curve is thus obtained. The opening and
closure of the valve means is controlled by a PLC or an

equivalent processing unit which receives the quantities to



stationary and the liquid inside the cylinder cannot return to the
refilling reservoir because the valve 4 is closed, since the pressure

i nsi de the ‘K?ﬂ’ﬂ’a@r is greater than the pressure in the PETABOIS?
reservoir. In manual versions, it is jntended that the valve 4 may al so be_
constituted by a sinple open/shut tap. To control the delivery flowrate,
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circuit o er.at es (iOI‘I‘ECt y even_w out a '
esired flow-rate and of the necessary pressure exerted by
the pressure means, in order to achieve a uniform and non-
turbulent flow. This is achieved whilst avoiding problems
of cavitation which tend to cause wear of the components and
different flow-rates can be selected for each individual

~ product and circuit.

In the embodiments of Figures 2-5, elements identical to
those of Figure 1 are indicated by the same reference
numerals. The embodiment of Figure 2 differs from that of
Figure 1 substantially in that the duct for the transfer of
the liquid from the cylinder 2 to the collecting container
comprises a flexible_ tube 26 connected to the withdrawal
duct 14 which, as in Figure 1, is connected rigidly to the
piston 8. Whereas in Figure 1 the valve means 22 are
connected to the siphon 18 and therefore move with the
entire system, in Figure 2, the valve means 22 are fixed and
are connected to the nozzle 20 by ﬁleans of the flexible tube
26 and a flexible tube 28. In this embodiment, auxiliary
rigid connection means, such as a bracket 30, are provided
and connect the piston 8 to the nozzle 20 so that the
difference in geometrical height between the withdrawal



bal ance, once it has been calibrated. Since the products to be netered
generally have greatly differing viscosities and specifications, the
apparatus awooisgiztgy to the invention, in which each neteriPEI/BYRIFT s
canpl etely independent, permits calibration both of the desired flowrate
and of the necessary pressure: exerted b§/2 the pressure neans, in order to
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indicated in Figure 2.

The embodiment of Figure 4 corresponds substantially to the
embodiment of Figure 1 in which the means for the transfer
of the liquid are constituted by a rigid siphon 18. 1In this
embodiment, the piston member is constituted by a slidable
cylinder-like cover having side walls 40 which are slidable
sealingly, by virtue of sealing means 42, in engagement with
the walls 10 of the cylinder, and having an end wall 44
which can exert a pressure on the liquid by virtue of a
weight 12.

The overall view of Figure 5 shows a schematic embodiment of
dye-metering apparatus or similar metering apparatus
comprising a support structure 44 with one or more housings
46a, 46b containing a plurality of delivery circuits each
comprising a cylinder 2 to which a refilling reservoir or
collapsible bag is connected. Each cylinder is connected to
a transfer duct with which valve means 22 are associated and
which terminates in a réépective nozzle 20. A PLC unit, a
personal computer, or another equivalent processing unit is

indicated 48 and has a display screen 50; this unit



the liquid fromthe cylinder 2 to the collecting container conprise a
flexi ble tuypg§epratgmersed in the liquid. The flexible tube 32 is_connected
rigidly to the prston 8 by neans of a rigid connection menDer 2237 prer sed
inthe liquid and has an inlet opening 16 which is at a constant vertical
di stance fromthe piston 8. The nozzle 20 is connected rigidly to the
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and hence the flow-rate per second, in relation to the

minimum operation time of the wvalve or closure system used.
A further advantage of the apparatus according to the
invention 1is that even colouring agents or varnishes
containing micaceous pigments can be metered precisely by
virtue of the absence of mechanisms which can exert a
shearing action; the apparatus is thus particularly
advantageous in the automotive paint repaiz (cax

refinishing) field.

A further subject of the invention is a method of metering a
liquid, particularly for metering colouring agents, with the
use of a cylinder for the liquid to be metered, the cylinder
having a movable pistcn member in contact with the surface
of the 1ligquid, and means for the transfer of the liquid
comprising a transfer duct having an inlet opening for the
withdrawal of the 1liquid from the cylinder and a delivery
opening, in which the pressure exerted by pressure means Zor
exerting a constant forcé on the piston brings about a flow
of liquid from the inlet opening to the delivery opening,
characterized in that, during the delivery of the 1liquid,

the geometrical height difference between the withdrawal



As stated, each nozzle can nove independently of the others but their
novenment nmay clearly be sinultaneous or sequential. In the apparatus
according to WR&2%Wention, it is possible to achieve opti netTABeYessing
perfornmance, even wth very small quantjjies, by variation of the constant
pressure exerted on the | i quisd, at the d¥&ign stage: -:A bal ance of the flow
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m ni mum operation time of the valve or closure systemused. A further
advant age of the apparatus according to the invention is that even
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of the |iquigverrst MBS A 9h tHe dyBNRILr vakikhe liquid conprising a
transfer duct having an inlet opening for the wthdrawal of the liquid
fromthe cylinder and a delivery opening, in which the pressure exerted by
pressure neans for exerting a constant force on the piston brings about a
flow of liquid fromthe inlet opening to the delivery opening,-
characterized in that, during the delivery of the liquid, the geonetrical
hei ght difference between the w thdrawal
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as the | evelYgee7,; quid in the cylinder varies. As
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varies. WO 01/20270 PCT/ 1B99101537 CLAIM5S S 15
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characterized in that it congrls s, for. each I|%E%Q' - a cylinder (2) for
fete PG

the |iquitP™8iBE fet &Padact i fierthatavihg 3BFe % oR2FBnber (8)
in contagfiqutitth the surface of the liquid in the cylinder (2), - pressure
means (12) for exerting a constant force on the piston (8), - means (14,

16, 18, 20) for the transfer of the liquid from

the cylinder (2) to the

col | ecti rg acawldnder, (2hefor abké eliquidhnte conatsired, atteccyldudag an inl et
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t he | evelsusffareqef dchen Lilgmidyinntle ¢yinged (Bking arranged to keep the
geonetrical height difference HL between the w thdrawal point and the

del i very

oi nt
P pressure means (12) for exerting a constant force on the

piston (8},

- means (14, 16, 18, 20) for the transfer of the liquid from
the cylinder (2) to the collecting container, the transfer
means comprising a duct having an inlet opening (16) for the
withdrawal of the liquid from the cylinder and a delivery
opening (20}, said transfer means being movable in
dependence on the level of liquid in the cylinder (2) and
being arranged to keep the geometrical height difference H;
between the withdrawal point and the delivery point
proportional to the hydrostatic head of liquid H, above the
withdrawal point as the 1level of liquid in the cylinder
varies, so as to keep the delivery flow-rate constant, and

- wvalve means (22) associated with the transfer means for

controlling the flow of liquid in the transfer means.

2. Apparatus according to Claim 1, characterized in that the

means for the transfer of the liquid from the cylinder to

the collecting container comprise an inlet opening (16}'_

communicating with the cylinder for the withdrawal of the
liquid and fixed to the piston (8), and a nozzle (20) for

delivery into the collecting .container, the nozzle being



proportional to the hydrostati I gui 2 above the w thdrawal
point as the level of liquid ia ﬁﬂ Eﬂl ;ﬂll!" ries, so as to keep the
delivery flowd@hgreonstant, and = cvayVey 22) associ apetasysiolsst he

transfer means for controlling the flowof liquid in the transfer neans..
2. Apparatus according to Gaim1, chard&erized in.that the neans for the
transfer of the liquid.fromthe cyljnd ; h deCtdNg QR aidigy
conpri se aﬁqnﬁﬁgf:egpeﬁ?ﬂbgﬁm)goco%n?@%‘%ﬁ]@évvi Jﬁﬁt he cylinder for_ the
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I nl et openi ng fg) and the delivery opening of the nozzle (20) are kept
constant as the level of liquid in the cylinder varies. 3. Apparatus

according t9 GgidPaku@l ddcair@lidg ite Wlath fLher tQladst &, neansicinpiise a
rigid, siphon-Ilike duct (18 havi ng_a wk i hdr awal 0,:14) Lch fgfym nat es
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to the del ittey wicen ngmbep) (86. Apparatus according to any one of the
preceding clainms, in which the piston (8) is novable sealingly along the

walls (10) of the cylinder with vertigal, novenent %ndhnet%nes ‘(_rlg sfer

4. Apparatus according to éialnl 2, 1n whic

means comprise a flexible duct (26, 28), auxiliary rigid
connection means (30) being provided for connecting the

movable piston (8) to the delivery opening (20).

5. Apparatus according to any one of the preceding claims,
in which the piston (8) is movable sealingly along the walls
(10) of the cylinder with vertical movement and means (12)
aré provided for exerting a constant force on the piston.

6. Apparatus according to Claim 5, characterized in that the
means for exerting a constant force comprise a weight (12)

or a mechanical device which can exert a constant force.

7. Bpparatus according to Claim 1 or Claim 2, in which the
piston (B8) comprises a plate floating on the liquid

contained in said cylinder (2).

8. Apparatus according to any one of the preceding claims,
in which a refilling reservoir (6) is associated with the
cylinder (2) and communicates with the cylinder through one-

way valve means (4).



are provided for exerting a 001 e piston. 6. Apparatus
according to Claimb5, char actermﬂm"m"mal"ﬂmr means for exerting a
const ant f ¥Q&W20830prise a wei ght* (22)L of & nechani cal JdeRCEBIMESPh can
exert a constant force. 7. Apparatus qzcording to Cdaiml or Caim2, in
which the piston (8) conprises a plate floating on the liquid contained
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constituted bgog_dye-netering machi ne for netering colouring agents. 12. A

nmet hod oPpﬁﬁ?erlng liquids, particularly for metering colouring agents,
with the use of a cylinder (2) for each liquid to be netered, the cylinder
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agents.

12. A method of metering liquids, particularly for metering
colouring agents, with the use of a cylinder (2) for each
liquid to be metered, the cylinder having a movable piston
member (8) in contact with the surface of the liquid in the
cylinder and means (14, 16, 18, 20) for the transfer of the
liquid from the cylinder to a collecting container, the
transfer means having an inlet opening (16) for the
withdrawal of the liquid from the cylinder and a delivery
opening (20), in which a pressure exerted on the piston (8)
by means for exerting a constant force brings about z flow
of the liquid from the inlet opening to the delivery
opening, characterized in that, during the delivery of the
liquid, the geometrical height difference H; between the
withdrawal point and the delivery point is kept proportional
to the hydrostatic head of 1liquid H; above the withdrawal
point as the level of liquid in the cylinder (2) wvaries.

13. A method according to Claim 12, in which the difference
in level H; between the inlet opening and the delivery
opening and the hydrostatic head of liquid H; above the inlet



transfer means having an inlet opening (16) for the wthdrawal of the
liquid fromthe cylinder and a delivery opening (20), in which a pressure
exerted on tweoRereon (8) by neans for exerting a constant PEHERIYOIBT ngs
about a flow of the liquid fromthe |nI§t opening to the delivery

openi ng, characterized in that, during 1%e delivery of the liquid, the
geomet ri cabpbei gt adtef f]@é;&rlceoﬂrﬂ~éxe& waen tHee lawdéhdodwdliqudidnt imndhehe
delivery p0| nt is kept, proportional to the hydrostatic head of liquid H2
above the GH{HAISHTETi5Fint "as the |evel of liquid in the cylinder (2)
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