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(57) A method for controlling a peristaltic pump for
the supply of fluid products comprises the following
stages in combination with one another: calibration of the
peristaltic pump by calculating a series of pairs of values
each formed by the volume of product supplied (V;) and
the number of strokes of the rotor (X;) needed to obtain
this volume, calculation, by an interpolation operation, of

FIG. 1

A peristaltic pump for supplying fluid products and a method for controlling said pump

the intermediate values with respect to each pair of
values (V,, X;) obtained at the calibration stage,
calculation of a predetermined volume to be supplied (V),
searching for the closest interpolated value (Vispensed)
and calculation of the number of corresponding strokes
(Xgispensed)> and actuation of the actuator means to carry
out the supply of the required volume of fluid product.
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Description

[0001] The present invention relates to a peristaltic pump for supplying fluid products, and a method for controlling
said pump. The invention has been developed with particular, although not exclusive, reference to a pump adapted to
be used within machines supplying dyes for the production of paints, varnishes, inks and the like.

[0002] Rotary peristaltic pumps are known and are able to supply predetermined volumes of liquid, semi-liquid, fluid
and pasty products. These pumps generally comprise a rotor to which one or a plurality of rollers are attached, which,
when they rotate, compress a tube and then release it causing the fluid to move forward within the tube. Known peristaltic
pumps may be actuated by variable-speed electric motors, servo-motors, or step-by-step motors and the quantity of
product supplied is conventionally calculated as a predetermined volume for each rotation of the rotor. However, known
peristaltic pumps have some drawbacks; it is difficult, for instance, to obtain precise and reproducible fluid quantity
supplies if the quantity of fluid to be supplied comprises or corresponds to fractions of the predetermined volume per
rotation of the rotor.

[0003] In order to remedy this kind of drawback, many solutions have been put forward in recent years, including, for
instance, an optical analysis of the flow of fluid in order to control in real time the accuracy of supply, as disclosed in US
Patent Application 2007/0059184, the use of angular position transducers to monitor the position of the rotor at every
instant, as disclosed in Patent Application WO/10934, and the use of devices for measuring the flow of fluid supplied,
as disclosed in US Patent Specification 5 733 257.

[0004] Although operation is generally satisfactory, none of the proposed solutions seems fully to remedy the above-
mentioned problem, as the quantities of product supplied in successive supply stages continue to be inaccurate. Moreover,
all of the proposed solutions have further drawbacks, for instance by making the supply pump mechanically more complex
and entailing higher production costs and/or a frequent need for maintenance and inspection of the device.

[0005] In order to remedy the above-mentioned drawbacks, with no substantial impact on production and operating
costs and, at the same time, to provide a reliable pump, the present invention relates to a peristaltic pump and an accurate
method for controlling the pump having the features set out in the accompanying claims.

[0006] Other features and advantages will become clear from the following detailed description of a preferred embod-
iment which is given with reference to the appended drawings which are provided purely by way of non-limiting example,
and in which:

Fig. 1 is a diagrammatic front view of a peristaltic pump of the present invention;
Fig. 2 is a diagram of the supply curve obtained with the calibration stage of the method of the present invention;
Fig. 3 is a diagram of the supply curve obtained with the interpolation stage of the method of the present invention.

[0007] In Fig. 1, the peristaltic pump of the present invention includes a rotor member 10 comprising a plurality of
arms 12, preferably, but not limited to, three arms, each of which is connected to pressure means, for instance a roller
20. A duct, for instance a tube 30, is disposed about the rotor and comprises an inlet zone 32 and an outlet zone 34 for
the fluid to be supplied. The tube 30 is normally made from resilient material, preferably silicone, PVC or other polymers
which enable a resilient deformation of the tube and a high level of chemical compatibility with solvents, acids and
varnishes. In operation, the rollers 20 rotate, pressing on predetermined portions of the tube, causing its compression
and successive release, thus causing the fluid to move forward in the tube from the inlet zone 32 to the outlet zone 34.
[0008] The rotor is generally connected to actuator means, preferably to an electric motor, more preferably a step-by-
step electric motor which enables the angular displacement and speed of rotation of the rotor to be highly accurate,
without using speed sensors. The pump further comprises control means such as, for instance, a microprocessor and
means for storing data, both used to supplement the control method of the present invention.

[0009] In operation, depending on the diameter of the tube 30 used and on the diameter of the rotor 10, the peristaltic
pump supplies, for each revolution of the rotor 10, a predetermined quantity X of fluid. A number Y of rotations of the
step-by-step motor are needed to complete a revolution of the rotor 10, with the result that, for each rotation of the step-
by-step motor, a fraction of the overall quantity X is supplied. The supply curve of a peristaltic pump is, however, a highly
non-linear curve as the peristaltic pump is by its nature a "pulsing" pump, as a result of which the flow rate is not constant
for the single revolution. Tests conducted by the applicant have shown that calculating the number of rotations of the
step-by-step motor needed to obtain the supply of any fraction of the overall quantity X by means of a linear equation
does not enable accurate quantities of product to be supplied, since errors in absolute values are from time to time
recorded in the successive supplies.

[0010] The method of the present invention therefore comprises a first stage of calibration of the pump during which
the supply curve of the pump is reconstructed through successive checks on the volume of fluid supplied following a
predetermined number of steps of the motor. More particularly, once an initial position is set, the motor is actuated for
a predetermined number of steps and the corresponding quantity of product supplied is measured.

[0011] According to one of the preferred embodiments, the overall quantity of fluid supplied by the peristaltic pump
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for each revolution of the rotor is equal to 2 ml. A basic division of the step-by-step motor, 200 divisions per rotation,
makes it possible for each division to dispense 0.01 ml. Experimental tests conducted by the applicant have shown that
the transition between a quantity of fluid supplied and the following quantity of fluid supplied is too high with this division
and, as aresult of the non-linear nature of the supply curve, is insufficiently accurate. For greater accuracy, it is advisable
to increase the divisions to 1/8 (1600 steps) and more preferably to 1/16 (3200 steps).

[0012] Calibrating such a large number of steps is nevertheless an extremely complex and time-consuming operation.
According to the method of the present invention, the calibration stage comprises the calibration of a predetermined
number of steps, preferably approximately 500, more preferably between 100 and 300 steps, and even more preferably
between 200 and 250 steps distributed homogeneously along the whole curve. Each predetermined number of steps
(X;) corresponds to a respective volume of fluid supplied (V).

[0013] As shown in Fig. 2, the calibration curve, constructed from the calibration of the above-mentioned steps of the
step-by-step motor, comprises a minimum number of steps X, different from zero, and corresponding to the minimum
volume V,,;, that can be dispensed from the peristaltic pump on the basis of its mechanical characteristics. The curve
then ends at a predetermined number of steps Xq,oke Which corresponds to a complete revolution of the rotor 10 and,
therefore, to the maximum volume V. that can be supplied with a complete rotation of the rotor 10. As can be seen,
the curve comprises an inflection in its central portion corresponding to the passage of the roller 20 onto the tube 30.
[0014] According to a preferred embodiment of the present invention, the above-mentioned calibration of the steps is
repeated at least three times.

[0015] In view of the small number of calibration points, the calibration stage described above is not sufficient to make
the quantity of product supplied more accurate. The method of the presentinvention thus comprises a stage of interpolation
of the points obtained during the calibration stage in order more accurately to determine the path of the curve. Given
the non-linear nature of the curve, the use of a process of linear interpolation does not make it possible to obtain the
desired results. The method of the present invention uses a process of interpolation with higher-degree polynomials.
Inflections are not obtained when interpolating with a polynomial of second degree, and in the points immediately
preceding and following the flat zone of the curve, cusp points are created between successive interpolation intervals.
Interpolating with a polynomial of fourth degree provides two inflections which do not mirror the path of the calibration
curve.

[0016] The tests conducted by the applicant have shown that an interpolation with a third-degree polynomial corrected
to the first derivative makes it possible to obtain extremely surprising results. In particular, the interpolation stage com-
prises a stage of calculus in which the following system of linear equations has to be resolved:

Vi = a1x13 + b1X12 + o1xy + ds

Y2 = a1X23 + leZZ + Ci1xX; + d1

Vs = aixs’ + bixet + oy +

Ya = a1x43 + b1X42 + o1xs + dy

[0017] The group of constants obtained, a4, b4, ¢4, d4, is used to interpolate the interval x; - x4 at unit or greater intervals.
[0018] The stage of interpolation continues by interpolating a following group of four points which also includes the
final point of the preceding group, for instance the interval x4 - X7, ensuring that the first derivative at the first point is
equal to the first derivative obtained with the group of constants of the preceding interval. The system of linear equations
to be resolved is thus as follows:

38.1)(42 + 2b1X4 + Cc = a2X43 + b2X42 + CyXy + dz
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Ys = a.xs" + byxs® + oouxs + 4,

Ye = a2X63 + b2X62 + CzXg + d2

Yo o= axxs + boxt +ocoxs + g

[0019] The group of constants obtained, a,, by, ¢,, d,, is used to interpolate the interval x, - x7 at unit or greater
intervals. The interpolation stage continues in a recurrent manner until the whole of the calibration curve is obtained, as
shown in Fig. 3.

[0020] Once the interpolation stage is completed, in order to dispense a predetermined quantity of fluid product V it
is sufficient to search the closest interpolated value Vgpenseq @nd then to search the corresponding number of steps
Xgispensed- If the required volume of fluid to be dispensed V is greater than the volume of the final calibrated point Ve,
which corresponds to a complete rotation, a number N of complete rotations is subtracted from the required volume until
the residual volume V'’ is below Vg oy

Vi =V - Vstroke x N

where N =1, 2, 3, etc.

[0021] If the required volume of fluid to be dispensed V is lower than the volume of the final calibrated point Vg ye
corresponding to a complete rotation, thenN=0and V' = V.

All the data obtained are then stored in the memory means and connected to the control means, for instance a micro-
processor, so that when a request for the supply of a predetermined quantity of fluid is input, the microprocessor is able
to search the corresponding number of steps in the stored data, and then actuate the motor so that it performs exactly
that number of steps.

The peristaltic pump and the control method of the present invention also enable the successive supply of quantities of
fluid product with a high degree of accuracy and with no limits on reproducibility. In order to achieve this result it is
necessary to know the position of the rotor on the interpolated supply curve before starting a new supply cycle, and then
to calculate in a highly accurate manner the number of steps of the step-by-step motor needed for each supply. If the
first volume supplied V is equal to Vgoke, the new volume to be supplied V” is calculated by means of the interpolated
curve using the above-described stages. However, if the first volume supplied V is smaller than V. and the subsequent
volume to be supplied V” is greater than V. - V, the interpolated curve is not sufficient to calculate the exact number
of rotations of the motor.

[0022] The method of the present invention therefore includes a stage of repositioning of the interpolated curve which
returns Vgispensed @Nd Xgispensed t0 the start of the axes and reconstructs the curve up to Ve @nd Xgyoxe- IN other
words, the point Xispensed * Xmin beCcomes the new X, and all the points of the new X, up to X are moved. The
remaining points are moved to the upper end of the curve.

[0023] In particular, in the case in which Xgispensed * Xmin < Xstroke: then

Vreference = VXstrokef}(minJrAsteps - Vdispensed

and to move all the points, we define

b
I
'_'

Xdispensed

Vv

Vi - Vdispensed

where | ranges from Xgispensed * Xmin 10 Xstrokes With an interval Agie .
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To move the remaining points, we define

X = I + Xdispensed

V = Vi + Vreference

where | ranges from Xy,i, t0 Xispensed * Xmin Asteps: With an interval Agip,.
[0024] In the case in which Xispensed * Xmin 2 Xstrokes then

Vreference = VXstroke*XmiIﬁAsteps - Vmin

and to move all the points, we define

X =1 - Xmin + Xstroke - Xdispensed

V = Vi - Vmin

where [ranges from 2X,i, - Xstroke + Xdispensed UP 10 Xsirokes With aninterval Agg . To move the remaining points, we define

X=1- Xdispensed + Asteps - 2Xmin - Xstroke

V = Vi + Vreference

where | ranges from X,i, t0 2Xin - Xsiroke * Xgispensed = Asteps: With an interval Agie .

[0025] Naturally, the principle of the invention remaining the same, the forms of embodiment and details of construction
may be varied widely with respect to those described and illustrated, without thereby departing from the scope of the
present invention.

Claims

1. A method for controlling a peristaltic pump for the supply of fluid products of the type comprising a duct (30) for the
supply of the fluid product, a rotor member (10), one or a plurality of arms (12), pressure means (20) engaged on
the arms and pressing in use on predetermined portions of the duct (30), and actuator means for the rotor member,
comprising the following stages in combination with one another:

a) calibration of the peristaltic pump by calculating a series of pairs of values each formed by the volume of
product supplied (V;) and the number of strokes of the rotor (X;) needed to obtain this volume,

b) calculation, by means of an interpolation operation, of the intermediate values with respect to each pair of
values (V;, X;) obtained at the calibration stage,

c) calculation of a predetermined volume to be supplied (V),

d) searching for the closest interpolated value (Vgispenseq) @nd then calculation of the corresponding number of
steps (Xdispensed)!

e) actuation of the actuator means to carry out the supply of the required volume of fluid product.

2. A method according to claim 1, characterised in that the calibration stage comprising the following stages:

f) calculation of a minimum number of steps (X;,) corresponding to the minimum volume that can be dispensed
(Vmin) by the peristaltic pump on the basis of its mechanical characteristics,
g) calculation of a predetermined number of steps (Xg,0ke) COrresponding to the maximum volume that can be
supplied (Vgioke) Y the peristaltic pump by a complete rotation of the rotor.
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A method according to any one of the preceding claims, characterised in that the calibration stage comprises the
calibration of a predetermined number of strokes of the rotor, preferably approximately 500, more preferably between

100 and 300 strokes, and even more preferably between 200 and 250 strokes.

A method according to any one of the preceding claims, characterised in that the calibration stage is repeated at
least three times.

A method according to claim 2, characterised in that the interpolation stage further comprises the calculation of
a first group of four points by means of the following stages:

h) calculation of a group of constants (a4, by, ¢4, d4) by resolution of a system of linear equations

Y1 = a1x13 + b1X12 + c1x1 + di

Y2 = a1X23 + b1X22 + ¢1x, + d1

V3 = a1x33 + b1X32 + oxs + 43

aix.ss + bixs? + cixy + 44

Ya

i) using the group of constants obtained, a4, b4, ¢4, d4, to calculate the values of fluid product supplied V, V,,
V3 and V, corresponding to the strokes of the rotor X, X5, X3 and X,.

A method according to claim 5, characterised in that it comprises the interpolation of successive groups of four
points, which also include the last point of the preceding group, until the value of the maximum volume (Vgoke)
which may be supplied by a complete rotation of the rotor is calculated.

A method according to claim 2, characterised in that after the supply of the required volume of fluid product, if
Xdispensed T Xmin < Xstroke: the method further comprises the following stages of calculation of new pairs of values
Vv, X):

j) Vreference = VXStrokef)(minJrAsteps - Vdispensed
X =1 - Xdispensed
= Vi - vdispensed

where | ranges from Xgispensed * Xmin 10 Xstrokes With an interval Agiq e,

k) X =1+ Xdispensed
vV = Vi + Vreference

where | ranges from X, t0 Xgispensed + Xmin = Asteps» With an interval Agier.

A method according to claim 2, characterised in that after the supply of the required volume of fluid product, if

Xdispensed T Xmin = Xstroker the method further comprises the following stages of calculation of new pairs of values

(v, X):



10

15

20

25

30

35

40

45

50

55

EP 2 085 615 A1

l) Vreference = VXstrokef}(miIrrAsteps - Vmin
X =1 - Xmin + Xstroke - Xdispensed
vV = Vi - Vmin

where | ranges from 2Xpn - Xstroke * Xdispensed UP 10 Xstrokes With an interval Agieps, and

m) X=1- Xdispensed + ASteps - 2Xmin - Xstroke

vV = Vi + Vreference

where | ranges from Xy,i, t0 2Xpin - Xstroke + Xdispensed - Asteps: With an interval Agiepe.
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FIG. 1

FIG. 2

steps

FIG. 3
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