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Description

[0001] The presentinvention relates to the calibration
and operation of a peristaltic pump, preferably in the field
of producing sterile preparations. Specifically, the
present invention relates to a method for calibrating a
peristaltic pump and to a method for dispensing a deter-
mined quantity of liquid by means of a peristaltic pump.
The present invention also relates to a device for produc-
ing sterile preparations comprising a peristaltic pump
which can be calibrated and can dispense by means of
the aforementioned methods.

[0002] A peristaltic pump is a type of positive-displace-
ment pump used to pump a wide variety of fluids and
popularly known as a roller pump. In peristaltic pumps
the fluid usually circulates inside a flexible tube or pipe
housed in a casing or cover. Said casing or cover is gen-
erally circular or semi-circular, although it can also have
other shapes such as, for example, linear. Peristaltic
pumps commonly comprise a rotor that normally com-
prises two or more rollers or the like. The flexible tube or
pipe is generally housed between the casing and the ro-
tor, the rollers of which compress said tube. The rotation
of the rotor and its respective rollers produces what is
known as peristalsis, thus causing the fluid contained in
the flexible tube or pipe to move forward.

[0003] The factthatthe fluid passes through the inside
of the tube and does not come into contact with any pump
components means that the use of this type of pump is
especially advantageous for pumping sterile or harsh flu-
ids, since this prevents the components of the pump from
contaminating the sterile fluid or said components from
being damaged by said harsh fluid (acids etc.). The result
is that peristaltic pumps are especially used in sectors
such as medical, pharmaceutics, food, chemical indus-
try, etc.

[0004] One of the problems associated with peristaltic
pumps is that the flexible tube or pipe through which the
fluid to be pumped circulates is subject to high mechan-
ical stress, which requires it to be replaced with a certain
frequency. The wear that said flexible tube or pipe suffers
due to the mechanical stress to which it is subjected
makes it advisable to calibrate the pump during several
phases of the useful life of the flexible tube or pipe, since
its properties vary with time, i.e. a calibration carried out
after replacing the flexible tube or pipe may not match
reality when the flexible tube is at the end of its useful
life or even halfway throughiit. In addition to wear, among
other reasons, it may also be necessary to replace the
tube to avoid cross-contamination when changing the
fluid that circulates inside same. After replacing the tube,
it is advisable or even necessary to carry out a new cal-
ibration of the pump. This is especially important in ap-
plications that require great accuracy and precision of
the dose supplied.

[0005] The calibration of peristaltic pumps is usually
carried out manually and commonly consists in determin-
ing the volume or mass flow rate of the pump at different
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speeds of the pump. For this purpose, the volume or
mass of fluid pumped in a certain period of time is usually
measured at different pump speeds. This type of calibra-
tion usually results in wasting part of the fluid to be
pumped, which can cause significant economic losses,
especially if the fluid is expensive. Especially in applica-
tions that require great accuracy and precision of the
dose supplied, said calibration must be carried out each
time the operating conditions of the pump change, i.e.
each time the fluid to be pumped or the conditions thereof
(temperature, viscosity, pressure, etc.) are changed,
when replacing the flexible tube or pipe through which
the fluid circulates, when the flexible tube or pipe has
suffered wear due to the operating conditions of the
pump, etc. Therefore, in certain applications, it may be
necessary to perform a large number of calibrations, re-
sulting in large amounts of time lost, and probably fluid
wasted.

[0006] One problem associated with the methods for
calibrating peristaltic pumps of the prior art is that the
calibration conditions are usually different from the op-
erating conditions of the pump. For example, when cal-
ibrating the pump, the fluid is dispensed into an open
vessel such as a graduated cylinder, whereas during nor-
mal operation of the pump, the fluid is dispensed into a
closed vessel such as a vial; therefore, under operating
conditions, the operation of the pump may vary from what
was expected, which means that the calibration is not as
good as it should be.

[0007] PCT patent WO 2017/160904 A1 discloses a
method for determining an error coefficient associated
with a pump system. According to said method, a posi-
tive-displacement pump is used to pump a predeter-
mined quantity of liquid into a vessel, and the time re-
quired to pump said predetermined quantity of liquid is
measured. After measuring the quantity of liquid pumped,
the operating flow rate of the pump is determined. Based
on the difference between the theoretical flow rate of the
pump and the measured flow rate, an error coefficient of
the pump is calculated and stored in the pump control
device.

[0008] One aim of the present invention is to provide
a method for calibrating a peristaltic pump that makes it
possible to exactly adjust the nominal volume per pump-
ing cycle to the actual volume per pumping cycle through-
out the operating range of the pump. In addition, said
calibration method can be performed automatically or au-
tonomously, i.e. without the need for any intervention
from the user of the peristaltic pump. For this, the present
invention discloses a method for calibrating a peristaltic
pump in order to determine a calibrated volume per
pumping cycle of said pump, said pump being associated
with a hydraulic circuit, comprising the following steps:

- pumping a quantity of liquid from a source vessel
into a calibration vessel by means of a number of
pumping cycles of the peristaltic pump,

- measuring the amount of liquid pumped into the cal-



3 EP 3715632 B9 4

ibration vessel,

and further comprising the step of determining the cali-
brated volume per pumping cycle of the peristaltic pump,
said calibrated volume per pumping cycle being a func-
tion of the measured quantity of liquid, said number of
pumping cycles and at least one correction coefficient
previously stored in a memory of a control device of said
pump.

[0009] Preferably, according to the present invention,
said at least one correction coefficient can be obtained
empirically and stored prior to the operation.

[0010] In cases in which the liquid has constant den-
sity, direct volume measurement can be used to indirectly
obtain the mass of the liquid measured, or vice versa,
i.e. after weighing the quantity of liquid in the calibration
vessel, to indirectly determine the volume of the liquid
contained therein.

[0011] The fact that the at least one correction coeffi-
cientis previously stored in a memory of a control device
of the peristaltic pump allows the (re)calibration and op-
eration conditions to be different, which in turn facilitates
the reuse of the liquid used in the (re)calibration.
[0012] For this purpose, in an advantageous embodi-
ment, the calibration vessel can be a variable-volume
vessel with a plunger, such as a syringe. The preferred
use of a variable-volume vessel with a plunger as a cal-
ibration vessel also has the advantage of facilitating the
measurement of the volume contained therein.

[0013] Advantageously, said peristaltic pump compris-
es ncompressors of the flexible tube or pipe, forexample,
rollers, and pumping cycle is understood to be 7/n of a
full revolution of the rotor of the peristaltic pump, wherein
nis an integer equal to or greater than 2. In other words,
in a case where, for example, the rotor of the peristaltic
pump has three rollers, the pumping cycle is 1/3 of a
revolution of the peristaltic pump. Alternatively, the
pumping cycle of the peristaltic pump can also be under-
stood as a complete revolution of the rotor, among others.
[0014] Preferably, the number of pumping cycles is an
integer. This is advantageously forced by programming
the control device of the peristaltic pump. For example,
in a case in which, for example, the rotor of the peristaltic
pump has four rollers and the pumping cycle is consid-
ered to be ¥ of a full revolution of the rotor, the peristaltic
pump advances by multiple quarter-turn integers, i.e. it
cannot perform, for example, two and a half quarters of
aturn. Continuing with the previous example, every quar-
ter of a turn of the rotor, the pump supplies a determined
quantity of liquid. However, continuing with the example,
if the rotor only performs an eighth of a turn, i.e. half a
pumping cycle, the quantity of liquid supplied can vary
substantially from one repetition to another. In order to
avoid this, as explained above, the pump control device
is preferably configured so that the pump rotor only per-
forms complete pumping cycles.

[0015] In a preferred embodiment, said at least one
correction coefficientis determined by empirical tests and
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a corresponding statistical analysis thereof. Said empir-
ical tests can be carried out under various possible op-
erating conditions of the pump and/or the device associ-
ated with same so that the calibration of the pump is as
precise and accurate as possible throughout the entire
operating range of the pump, even if the operating con-
ditions vary.

[0016] Preferably, said at least one correction coeffi-
cient comprises a coefficient for correcting the expansion
of the hydraulic circuit during calibration.

[0017] Advantageously, said at least one correction
coefficient comprises a coefficient for correcting the filling
resistance of the calibration vessel, i.e. said correction
coefficient takes into account the differences between
filling, for example, a syringe and a bag. Said correction
coefficient is especially important when the calibration
vessel and the final filling vessel are of different types,
such as syringe and bag, test tube and vial, syringe and
vial, etc.

[0018] Inone embodiment, said at least one correction
coefficient comprises a coefficient for correcting the
speed difference between calibration and operation. The
calibration speed, i.e. the rotation speed of the pump
when it is being calibrated, is usually different from the
operating speed of the pump, i.e. the rotation speed of
the pump when it is in operation. Said correction coeffi-
cient takes into account the speed difference between
the pump rotating at calibration speed and rotating at
operating speed. In a preferred embodiment, said speed
correction coefficient is a ratio of a coefficient that is a
function of the pump calibration speed and a coefficient
that is a function of the pump operating speed.

[0019] Advantageously, the method for calibrating a
peristaltic pump object of the present invention addition-
ally includes a step of reusing the liquid injected into the
calibration vessel by returning the liquid from the calibra-
tion vessel to the hydraulic circuit. In this way, the fluid
used during the pump calibration process can be injected
backinto the hydraulic circuitand usedin the correspond-
ing production process. This feature makes it possible to
avoid the loss of the fluid used in the pump calibration
process, as occurs in the calibration processes known
from the prior art. In this way, the economic loss associ-
ated with the loss of fluid is avoided, which is higher, the
higher the cost of the fluid.

[0020] According to another aspect of the present in-
vention, it is also disclosed a method for dispensing a
determined quantity of liquid by means of a peristaltic
pump, said pump being associated with a hydraulic cir-
cuit, which comprises the following steps:

- calculating the volume per pumping cycle of the per-
istaltic pump at the operating speed thereof accord-
ing to the calibration method described above,

- starting to dispense liquid by means of the peristaltic
pump,

- counting the number of pumping cycles completed
while dispensing is being carried out,
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- determining the pumped volume on the basis of the
volume per actual pumping cycle at the dispensing
speed and the number of pumping cycles completed,

- halting the supply of liquid when the pumped volume
determined in the previous point reaches a deter-
mined quantity of liquid.

[0021] In one embodiment, dispensing is carried out
at constant pump speed, meaning that the rotation speed
ofthe pump is constantduring the dispensing of the liquid.
In an alternative embodiment, dispensing is carried out
at variable pump speed, i.e. the rotation speed of the
pump is not constant during the dispensing of the liquid.
Preferably, the pump speed during dispensing depends
on the pressure in the hydraulic circuit downstream of
the pump. More specifically, the pump speed can vary
as a function of the pressure of the hydraulic circuit as-
sociated with same, with the aim of operating at the high-
est possible speed that ensures the circuit pressure does
not exceed a certain limit. This is especially important
when the hydraulic circuit contains filters and the like
since, as they become clogged during their operation cy-
cle, they increase the pressure loss of the hydraulic cir-
cuit.

[0022] Preferably, the method for dispensing a certain
quantity of liquid that is the subject matter of the present
invention also considers the dead volume of the hydraulic
circuit.

[0023] Accordingtothe presentinvention,todetermine
the calibrated volume per pumping cycle, it is possible
to use one, two or any combination of the correction co-
efficients described above. Said correction coefficients
can also be combined with one another and/or with other
coefficients by means of standard mathematical opera-
tions.

[0024] According to another aspect of the present in-
vention, it is also disclosed a device for producing sterile
preparations comprising a peristaltic pump and a control
device of said peristaltic pump and said device, wherein
said control device is configured to execute a method for
calibrating said peristaltic pump according to a calibration
method described above.

[0025] Although the dispensing method described
above preferably supplies a determined volume of liquid,
said method can also be used to supply a determined
mass.

[0026] In one embodiment, the device for producing
sterile preparations object of the present invention com-
prises at least a source vessel, a calibration vessel, a
fluid distributor and a dispensing vessel, forming a hy-
draulic circuit together with the peristaltic pump. In a pre-
ferred embodiment, the calibration vessel is a variable-
volume vessel with a plunger, for example, a syringe.
Advantageously, said plunger is driven by automatic driv-
ing means, such as a robotic arm, etc.

[0027] In one advantageous embodiment, said control
device is configured to execute a dispensing method as
described above.
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[0028] In one embodiment, the device for producing
sterile preparations comprises means for measuring the
liquid contained in the calibration vessel. Preferably, said
measuring means measure the volume of the liquid con-
tained in the calibration vessel. Alternatively or addition-
ally, said measuring means measure the mass of the
liquid contained in the calibration vessel.

[0029] In this document, the directions horizontal, ver-
tical, up, down, etc. are understood to be according to
the normal working position of the device for producing
sterile preparations, i.e. with its longitudinal axis perpen-
dicular to the ground.

[0030] A series of drawings representing at least one
embodiment of the method for calibrating a peristaltic
pump, the method for dispensing liquid and the device
for producing sterile preparations object of the present
invention are appended to ensure better understanding
through explanatory but not limiting examples.

- Fig. 1is aflowchart of a first exemplary embodiment
of amethod for calibrating a peristaltic pump accord-
ing to the present invention.

- Fig. 2is a flowchart of a second exemplary embod-
iment of a method for calibrating a peristaltic pump
according to the present invention.

- Fig. 3isaflowchart of the calculation of the calibrated
volume per pumping cycle of the peristaltic pump
according to an exemplary embodiment of the
present invention.

- Fig. 4 is a graph showing the variation of the coeffi-
cientfor correcting the speed difference between cal-
ibration and operation of an exemplary embodiment
according to the present invention.

- Fig. 5is aflowchart of an exemplary embodiment of
amethod for dispensing a quantity of liquid according
to the present invention.

- Fig. 6 is a front elevation view of an exemplary em-
bodiment of a device for producing sterile prepara-
tions according to the present invention.

- Fig. 7 is a front elevation view of the device of Fig.
6 with an example of a disposable kit for producing
sterile preparations.

- Fig. 8is a cross-section view of the peristaltic pump
of the device of Fig. 6 and Fig. 7.

In the figures, the same or equivalent elements have
been identified with identical numerals.

[0031] Fig. 1 shows a flowchart of a first exemplary
embodiment of a method for calibrating a peristaltic pump
according to the present invention. The first step 1000 of
this first embodiment comprises pumping a quantity of
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liquid from a source vessel to a calibration vessel by
means of a number of pumping cycles of the peristaltic
pump.

[0032] The second step 2000 of this first exemplary
embodiment comprises measuring the quantity of liquid
pumped into the calibration vessel. Although in this first
exemplary embodiment said measurementis by volume,
i.e. measuring the volume of liquid contained in the cal-
ibration vessel, in other embodiments said measurement
can also be by mass, i.e. measuring the mass of the fluid
contained therein.

[0033] The third step 3000 of the first exemplary em-
bodiment comprises determining the calibrated volume
per pumping cycle of the peristaltic pump, i.e. determin-
ing the actual volume supplied by the pump for each
pumping cycle thereof. In embodiments in which, in the
second step 2000 the measurement is by mass, the pa-
rameter that is determined in the third step 3000 is the
calibrated mass per pumping cycle of the peristaltic
pump, i.e. the mass of fluid supplied by the pump for each
pumping cycle of the pump.

[0034] Said calibrated volume, or mass, per pumping
cycle is a function of the quantity of liquid measured in
the second step 2000, of the number of pumping cycles
completed in the first step 1000 for pumping said quantity
of liquid, and of at least one correction coefficient previ-
ously stored in a memory of a control device of the per-
istaltic pump. Said at least one correction coefficient is
described more clearly in Fig. 3 and can be determined
by empirical tests and a corresponding statistical analysis
thereof. Itis important to mention that said empirical tests
and the corresponding statistical analysis are performed
prior to the calibration process, i.e. they are not deter-
mined during the pump calibration process, asis the case
in the known prior art.

[0035] In this first exemplary embodiment, the pump-
ing cycle is understood to be 1/n of a complete revolution
of the rotor of the peristaltic pump, where n is an integer
representing the number of rollers of the rotor of the
pump. However, in other embodiments the pumping cy-
cle can be a complete revolution of said rotor. Fig. 2
shows a flowchart of a second exemplary embodiment
of a method for calibrating a peristaltic pump according
to the present invention. Said second embodiment is es-
sentially like the first one described above, see Fig. 1,
with the difference that it comprises a fourth step 4000
that includes returning the liquid contained in the calibra-
tion vessel after the completion of the third step 3000 to
the hydraulic circuit associated with the peristaltic pump,
thus making it possible to reuse the fluid used to calibrate
the pump in the productive process, for example, filling
bags or vials. This fourth step, although optional, has
important economic advantages, especially when the
working fluid is expensive, since it avoids wasting fluid
during the calibration of the pump.

[0036] The calibration vessel is preferably a variable-
volume vessel with a plunger, such as a syringe. In this
type of embodiments, the fourth step 4000, if carried out,
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can be performed by pushing the plunger so that the fluid
stored therein is forced out of it and back into the hydraulic
circuit associated with the pump. Although the plunger
can be driven manually, it is preferably driven by auto-
matic operating means, such as a robotic arm, a piston,
etc. in the case that the used pump is reversible, it is also
possible to carry out the fourth step 4000 by reversing
the direction of rotation of the pump, so that it sucks up
the liquid contained in the calibration vessel.

[0037] Fig. 3 shows a flowchart of the calculation of
the calibrated volume per pumping cycle of the peristaltic
pump according to the present invention. This figure
shows three different correction coefficients k, dv, Kv that
can be applied in the third step 3000 to determine the
calibrated volume, or mass, per pumping cycle of the
peristaltic pump.

[0038] The coefficient k can correct the filling resist-
ance of the calibration vessel. Said coefficient k is espe-
cially important when the calibration vessel and the dis-
pensing vessel are not the same. For example, when the
calibration vessel is a syringe and the dispensing vessel,
the vessel into which the final dosage is supplied, is a
vial or a bag. In the case that the calibration vessel is,
for example, a syringe, as the fluid fills it, it has to over-
come the resistance exerted by the plunger and, if it has
any, its automatic means of operation.

[0039] The coefficient dv corrects the possible expan-
sion of the hydraulic circuit during calibration.

[0040] After numerous empirical tests and analyses of
the results obtained, the applicant has determined that
a particularly preferred calibration setting for similar
pump speeds during calibration and operation according
to the present invention can have the following form:

N
b=k T
where D is the dose, i.e. the volume or mass per pumping
cycle of the pump, k is the coefficient for correcting the
filling resistance, N is the number of pumping cycles, SV
is the quantity of liquid measured in the calibration vessel
and dv is the coefficient for correcting the possible ex-
pansion of the hydraulic circuit during the start of dis-
pensing into the calibration vessel.
[0041] According to the present invention, a coefficient
Kv can be used to correct the speed difference between
pump calibration and operation. The first step 1000 of
the calibration method of the present invention is usually
carried out at a determined rotation speed of the pump.
Said rotation speed during calibration, or simply, the cal-
ibration speed, is usually different from the rotation speed
of the pump during the operation thereof, or simply, the
operating speed.
[0042] Thus, the relationship between the volume to
be dispensed at the operating speed and the speed cor-
rection coefficient Kv can be, for example, as follows:
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N=VolxDxKv

where N is the number of pumping cycles, Vol is the vol-
ume to be dispensed, D is the dose per pumping cycle
of the pump and Kv is the speed correction coefficient.
[0043] According to the present invention, the coeffi-
cient Kv can be expressed, preferably, as the ratio of two
different correction coefficients, Kv, and Kv,,,. Kvy, re-
fers to the pump calibration speed and Kvop refers to the
pump operating speed. Consequently, the above equa-
tion can be expressed as follows:

K
N = Vol x D x —<al

Vop

[0044] Fig. 4 shows in a graph the variation of the co-
efficient for correcting the speed difference between cal-
ibration and operation of an exemplary embodiment ac-
cording to the present invention. In this graph, the ab-
scissa axis shows the dispensing speed » of the peri-
staltic pump and the ordinate axis shows the value of the
speed correction coefficient Kv. The dispensing speed ©
is shown in counts per second of the rotary encoder. This
graph is obtained empirically for each device and the
values and/or equations obtained are stored as a table
or as an equation in the memory of the control device of
the device that is the subject matter of the present inven-
tion, ready to be used during operation. As can be seen,
in the embodiment shown, the value of Kv initially drops
slightly below 1, and then increases its value as the dis-
pensing speed o increases, until itreaches a point where
its value stabilises and practically does not vary even if
the dispensing speed  continues to increase.

[0045] Inthe graph of figure 4, Kv is defined as follows:
Ky = Kvgy
Kv,p,

[0046] Fig. 5 shows a flowchart of an exemplary em-
bodiment of a method for dispensing a determined quan-
tity of liquid by means of a peristaltic pump according to
the present invention. The first step 10000 of this em-
bodiment comprises calculating the volume, or mass, per
pumping cycle of the peristaltic pump at the operating
speed thereof according to the calibration method de-
scribed above. The second step 20000 comprises the
start of dispensing liquid by the peristaltic pump. The third
step 30000 includes counting the number of pumping
cycles completed while the fluid is being dispensed, i.e.
while the second step 20000 is being carried out. Accord-
ing to the foregoing, the second 20000 and third 30000
steps of the dispensing method of the present invention
are preferably carried out simultaneously. The fourth step
40000 comprises determining the pumped volume by vol-
ume, or mass, per actual pumping cycle at dispensing
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speed and the number of pumping cycles completed. The
fifth step 50000 includes halting the supply of liquid when
the volume determined in the fourth step 40000 reaches
a determined quantity of liquid, said quantity being the
quantity to be dispensed.

[0047] In embodiments in which the rotor of the pump
is associated with a rotary encoder that measures the
angular position thereof, the continuous calculation of
the volume supplied by the pump according to the present
invention can be expressed by the following equation:

. Countincr
DispVol += FnexD X
where DispVol is the accumulated volume supplied,
Countincr is the increment of rotary encoder counts, Enc
is the number of rotary encoder counts for each pumping
cycle of the pump and Kv is the speed correction coeffi-
cient. The += operator is the addition assignment oper-
ator used in various computer programming languages,
such as C#.
[0048] As explained above, the above equation can
also be expressed as:

CountIncr
EncxD

Kv,
DispVol += o

chal

[0049] The condition for halting the supply of fluid by
means of the pump according to the present invention
can be expressed as:

DispVol = (Vol + SyrOffset)

where DispVol is the accumulated volume supplied, Vol
is the volume to be supplied or set volume, and SyrOffset
is a dead volume that is retained in the hydraulic circuit,
especially in the case that said circuit has afilter. A typical
value of SyrOffset can be, for example, 1.2 ml.

[0050] Before starting the dispensing process of the
first step 10000 it is possible, according to the present
invention, to perform an approximate calculation of the
number of pumping cycles that will be necessary in order
to supply the required volume Vol. This calculation can
be made using the following equation:

N = Vol + SyrOffset)yx D

where N is the number of pumping cycles, Vol is the vol-
ume to be dispensed, SyrOffset is the dead volume that
is retained in the hydraulic circuit and D is the dose per
pumping cycle of the pump.

[0051] Although the correction coefficients k, dv and
Kv are used in the embodiment shown, only one, a se-
lection of two or any combination thereof may be used
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in other embodiments of the present invention. Said cor-
rection coefficients can also be combined with one an-
other and/or with other coefficients by means of standard
mathematical operations.

[0052] Fig. 6 and Fig. 7 show, in front elevation view,
an exemplary embodiment of a device for producing ster-
ile preparations according to the present invention. Fig.
6 shows the device 1 for producing sterile preparations
without mounting any disposable kit for producing sterile
preparations, while in Fig. 7 the device 1 is provided with
a disposable kit for producing sterile preparations. In the
exemplary embodiment shown, the device 1 includes a
peristaltic pump 10 in the lower portion of one of its sides.
Said peristaltic pump can be seen in greater detail in Fig.
8.

[0053] The device 1 comprises, in its upper part, a plu-
rality of supports 50 for infusion bags. Although the shown
exemplary embodiment comprises four supports 50 for
infusion bags, the number of supports may be different
in other embodiments. On the front, the device 1 can
comprise a cover 60 which, among other functions, pro-
tects the elements housed inside same and, in addition,
protects the user of the device 1 against possible splash-
es of the fluids used therein. Said cover 60 can be trans-
parent, or at least translucent, to allow observation of the
elements of the device 1 and any accessories that are
placed behind it, while still fulfilling the protective func-
tions described above. The cover 60 can be attached to
the device 1 by hinges 62 and can comprise a pull knob
61 to facilitate its opening and closing by the user of the
device 1.

[0054] At the top of its front face, the device 1 can in-
clude a support 40 for a fluid distributor 5. Said fluid dis-
tributor 5 is described in detail in European patent EP
1236644 A1. Although its use is preferred, said support
40 is optional. Under the support 40 and approximately
at the middle of the front of the device 1, the device can
comprise a support 20 for a calibration vessel. In the ex-
emplary embodiment shown in the figures, said support
20 is complemented with an auxiliary support 21 for the
calibration vessel. In this case, both are suitable for hold-
ing a syringe 2.

[0055] The embodiment shown in Fig. 6 and Fig. 7 is
especially suitable for the use of a syringe 2 as a calibra-
tion vessel. Therefore, the shown device 1 comprises
means 30 for driving the plunger 200 of the syringe 2.
Said driving means 30 can have automatic operation and
can be of different types; for example, they can be a ro-
botic arm, a piston, a nut integral with a spindle driven
by an electric motor as described in EP 1236644 A1, etc.
The driving means 30 can comprise a load cell, not
shown, which can convert the force exerted on the plung-
er 200 into an electrical signal that can be processed in
a device control device, not shown, and which will be
taken into account by said control device in order to drive
the means 30 for driving the plunger 200. Said load cell
can also serve to infer the weight of the fluid contained
in the syringe 2. The driving means 30 can also include
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sensors for determining the position of the plunger 200
and thus be able to determine the fluid contained in the
syringe 2.

[0056] In this exemplary embodiment, the user of the
device 1 enters the commands for its operation via the
touchscreen 70. Said touchscreen 70 can also display
status information for the device 1. Said screen 70 can
be replaced, among others, by a keyboard or keypad. It
is also possible to connect the device 1 to a computer in
a wired or wireless manner, in order to control the device
1 via a specific computer program installed therein.
[0057] Fig. 7 shows how two source vessels 3, 3’ con-
taining fluids for producing sterile preparations hang from
the supports 50. These vessels 3, 3’ are connected to
the distributor 5 via flexible pipes 6, and said distributor
5 is connected in turn to the syringe 2 and to the bag 4
that acts as a final vessel, i.e. as the vessel in which the
sterile preparation prepared by the device is stored 1.
The example of a bag 4 shown comprises a filter 400 as
disclosed in Spanish utility model ES 1019546 U. The
control device of the device 1, not shown, can be config-
ured to perform a bubble point test as described, atleast,
in European patents EP 0624359 A1 and EP 1236644
A1,

[0058] The device 1 of the embodiment shown can fill
the final vessel, in this case the bag 4, at constant or
variable rotation speed of the pump 10. in the event of
operating at variable speed, the rotation speed of the
pump 10 can be the highest that allows the pressure in-
side the flexible ducts 6 to remain below a certain limit.
This is especially important when filling bags 4 that com-
prise afilter 400, since said filter 400 can become clogged
and increase the pressure loss that it introduces to the
hydraulic circuit.

[0059] Fig. 8 shows the peristaltic pump 10 of the de-
vice shown in Fig. 6 and Fig. 7. As can be seen, the
peristaltic pump 10 of the shown exemplary embodiment
comprises a rotor 11 with three rollers 111A,111B,111C
responsible for compressing the flexible tube 6 against
the circular casing 12. For this, the rollers 111A, 111B,
111C have respective springs 112A, 112B, 112C that act
as resilient means. When the rotor 11 and its respective
rollers 111A, 111B, 111C rotate, an effect known as per-
istalsis occurs, causing the fluid contained in the flexible
tube 6 to move forward. The pump 10 can be reversible,
i.e. capable of turning in the clockwise and anticlockwise
directions.

[0060] Although in the shown example the rotor 11 of
the peristaltic pump 10 comprises three rollers 111A,
111B, 111C, in other embodiments, the number of rollers
may be different, for example 2, 4, 5, etc.

[0061] The following shows, by way of example, some
values of the parameters described above for the em-
bodiment shown in Fig. 6 to Fig. 8.

Pumping cycle | 1/3 of a full revolution of the rotor

k 1.00547
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(continued)

Pumping cycle | 1/3 of a full revolution of the rotor
dv 0.65469 ml
KVeal 0.998664574
KVop 1.02313852
Enc 2882
SyrOffset 1.2 ml

kand dv have been determined empirically usingadevice
1 as shown in Fig. 6 to Fig. 8, in order to then be stored
in the memory of the control device of said device 1. The
shown value of Kv,, corresponds to a rotation speed of
the peristaltic pump 10 of 6,400 rotary encoder counts
per second. The shown value of Kvop corresponds to a
rotation speed of the peristaltic pump 10 of 40,000 rotary
encoder counts per second. The values of Kv , and Kv,,
for different speeds were calculated empirically before-
hand and stored in the memory of the device control de-
vice 1 and are selected according to the actual calibration
and operation conditions, respectively. If the operation
is carried out at variable speed, i.e. if the rotation speed
of the pump varies during the operation, the calculations
are carried out again by selecting the value of Kvop ap-
propriate to the speed. The value of Enc depends on the
structural features of the rotary encoder associated with
the pump and the rotor thereof.

[0062] Although the device 1 shown above is config-
ured for use in the production of sterile preparations, said
device can also be used for producing non-sterile prep-
arations. The device is specially configured to work,
among others, with fluids derived from the blood, i.e.
blood products, drugs and other types of products for
medical and/or pharmaceutical use. However, itcan also
be used for producing other types of sterile preparations.
[0063] Although the invention was presented and de-
scribed in reference to its embodiments, it is understood
that multiple structural details or others that may be ob-
vious for a person skilled in the art may vary, as long as
they fall within the scope of protection as defined by the
subject-matter of the appended claims.

[0064] In particular, in principle and unless explicitly
stated otherwise, all the features of each of the different
embodiments and alternatives shown and/or suggested
can be combined with one another.

Claims

1. Method for calibrating a peristaltic pump in order to
determine a calibrated volume per pumping cycle of
said pump, said pump being associated with a hy-

draulic circuit, comprising the following steps:

- pumping a quantity of liquid from a source ves-
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sel into a calibration vessel by means of a
number of pumping cycles of the peristaltic
pump,

- measuring the amount of liquid pumped into
the calibration vessel,

characterised in that it further comprises the step
of determining the calibrated volume per pumping
cycle of the peristaltic pump, said calibrated volume
per pumping cycle being a function of the measured
quantity of liquid, said number of pumping cycles and
at least one correction coefficient previously stored
in a memory of a control device of said pump.

Method according to any of the preceding claims,
characterised in that the calibration vessel is a var-
iable-volume vessel with a plunger.

Method according to any of the preceding claims,
characterised in that said at least one correction
coefficientis determined by empirical tests and a cor-
responding statistical analysis thereof.

Method according to any of the preceding claims,
characterised in that said at least one correction
coefficient comprises a coefficient for correcting the
expansion of the hydraulic circuit during calibration.

Method according to any of the preceding claims,
characterised in that said at least one correction
coefficient comprises a coefficient for correcting the
filling resistance of the calibration vessel.

Method according to any of the preceding claims,
characterised in that said at least one correction
coefficient comprises a coefficient for correcting the
speed difference between calibration and operation.

Method according to claim 6, characterised in that
said speed correction coefficient is a ratio of a coef-
ficientthat is a function of the pump calibration speed
and a coefficient that is a function of the pump op-
erating speed.

Method according to any of the preceding claims,
characterised in that it additionally includes a step
of reusing the liquid injected into the calibration ves-
sel by returning the liquid from the calibration vessel
to the hydraulic circuit.

Method for dispensing a determined quantity of liquid
by means of a peristaltic pump, said pump being
associated with a hydraulic circuit, characterised in
that it comprises the following steps:

- calculating the volume per pumping cycle of
the peristaltic pump at the operating speed
thereof according to any of claims 6 or 7,
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- starting to dispense liquid by means of the per-
istaltic pump,

- counting the number of pumping cycles com-
pleted while dispensing is being carried out,

- determining the pumped volume on the basis
of the volume per actual pumping cycle at the
dispensing speed and the number of pumping
cycles completed,

- halting the supply of liquid when the pumped
volume determined in the previous point reach-
es a determined quantity of liquid.

Method according to claim 9, characterised in that
dispensing is carried out at constant pump speed.

Method according to claim 9, characterised in that
dispensing is carried out at variable pump speed.

Method according to claim 11, characterised in that
the speed of the pump during dispensing depends
on the pressure in the hydraulic circuit downstream
of the pump.

Method according to any of claims 9 to 11, charac-
terised in that it also considers the dead volume of
the hydraulic circuit.

Device for producing sterile preparations comprising
a peristaltic pump and a control device of said peri-
staltic pump and said device, characterised in that
said control device is configured to perform a method
for calibrating said peristaltic pump according to any
of claims 1 to 8.

Device according to claim 14, characterised in that
it comprises at least a source vessel, a calibration
vessel, a fluid distributor and a dispensing vessel,
forming a hydraulic circuittogether with the peristaltic

pump.

Device according to claim 15, characterised in that
the calibration vessel is a variable-volume vessel
with a plunger.

Device according to claim 16, characterised in that
said plunger is driven by automatic driving means.

Device according to any of claims 14 to 17, charac-
terised in that said control device is configured to
execute a dispensing method according to claims 9
to 13.

Patentanspriiche

1.

Verfahren zum Kalibrieren einer peristaltischen
Pumpe fiir das Bestimmen eines kalibrierten Volu-
mens pro Pumpzyklus der Pumpe, wobei die Pumpe
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mit einem Hydraulikkreis assoziiert ist, wobei das
Verfahren die folgenden Schritte umfasst:

- Pumpen einer Flissigkeitsmenge aus einem
Quellgefall in ein Kalibrierungsgefall mittels ei-
ner Anzahl von Pumpzyklen der peristaltischen
Pumpe,

- Messen der in das Kalibrierungsgefall ge-
pumpten Flussigkeitsmenge,

dadurch gekennzeichnet, dass das Verfahren wei-
terhin einen Schritt zum Bestimmen des kalibrierten
Volumens pro Pumpzyklus der peristaltischen Pum-
pe umfasst, wobei das kalibrierte Volumen pro
Pumpzyklus eine Funktion der gemessenen Fliissig-
keitsmenge, der Anzahl von Pumpzyklen und we-
nigstens eines zuvor in einem Speicher einer Steu-
ereinrichtung der Pumpe gespeicherten Korrektur-
koeffizienten ist.

Verfahren nach einem dervorstehenden Anspriiche,
dadurch gekennzeichnet, dass das Kalibrierungs-
gefal ein Gefall mit einem variablen Volumen und
einem Kolben ist.

Verfahren nach einem dervorstehenden Anspriiche,
dadurch gekennzeichnet, dass der wenigstens ei-
ne Korrekturkoeffizient durch empirische Tests und
eine entsprechende statistische Analyse bestimmt
wird.

Verfahren nach einem dervorstehenden Anspriiche,
dadurch gekennzeichnet, dass der wenigstens ei-
ne Korrekturkoeffizient einen Koeffizienten fir das
Korrigieren der Expansion des Hydraulikkreises
wahrend der Kalibrierung umfasst.

Verfahren nach einem dervorstehenden Anspriiche,
dadurch gekennzeichnet, dass der wenigstens ei-
ne Korrekturkoeffizient einen Koeffizienten fir das
Korrigieren des Fullwiderstands des Kalibrierungs-
gefalles umfasst.

Verfahren nach einem dervorstehenden Anspriiche,
dadurch gekennzeichnet, dass der wenigstens ei-
ne Korrekturkoeffizient einen Koeffizienten fir das
Korrigieren der Geschwindigkeitsdifferenz zwischen
der Kalibrierung und dem Betrieb umfasst.

Verfahren nach Anspruch 6, dadurch gekenn-
zeichnet, dass der Geschwindigkeitskorrekturkoef-
fizient ein Verhaltnis zwischen einem Koeffizienten,
der eine Funktion der Pumpenkalibrierungsge-
schwindigkeit ist, und einem Koeffizienten, der eine
Funktion der Pumpenbetriebsgeschwindigkeit ist,
ist.

Verfahren nach einem dervorstehenden Anspriiche,
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dadurch gekennzeichnet, dass das Verfahren zu-
satzlich einen Schritt zum Wiederverwenden der in
das Kalibrierungsgefall eingespritzten Flissigkeit
durch das Zuruckfiihren der Flissigkeit aus dem Ka-
librierungsgefal zu dem Hydraulikkreis umfasst.

Verfahren zum Abgeben einer bestimmten Flissig-
keitsmenge mittels einer peristaltischen Pumpe, wo-
bei die Pumpe mit einem Hydraulikkreis assoziiert
ist, dadurch gekennzeichnet, dass das Verfahren
die folgenden Schritte umfasst:

- Berechnen des Volumens pro Pumpzyklus der
peristaltischen Pumpe mit der Betriebsge-
schwindigkeit derselben gemaf einem der An-
spriiche 6 oder 7,

- Starten des Ausgebens einer Flissigkeit mit-
tels der peristaltischen Pumpe,

- Zahlen der Anzahl von Pumpzyklen, die wah-
rend der Durchfiihrung des Ausgebens abge-
schlossen werden,

- Bestimmen des gepumpten Volumens basie-
rend aufdem Volumen pro tatsachlichem Pump-
zyklus mit der Abgabegeschwindigkeit und auf
der Anzahl von abgeschlossenen Pumpzyklen,
- Anhalten der Zufuhr der Flissigkeit, wenn das
in dem vorausgehenden Punkt bestimmte ge-
pumpte Volumen eine bestimmte Flissigkeits-
menge erreicht.

Verfahren nach Anspruch 9, dadurch gekenn-
zeichnet, dass das Abgeben mit einer konstanten
Pumpgeschwindigkeit ausgefihrt wird.

Verfahren nach Anspruch 9, dadurch gekenn-
zeichnet, dass das Abgeben mit einer variablen
Pumpgeschwindigkeit ausgefihrt wird.

Verfahren nach Anspruch 11, dadurch gekenn-
zeichnet, dass die Geschwindigkeit der Pumpe
wahrend des Abgebens von dem Druck in dem Hy-
draulikkreis stromabwarts von der Pumpe abhéangt.

Verfahren nach einem der Anspriiche 9 bis 11, da-
durch gekennzeichnet, das auch das Totvolumen
des Hydraulikkreises beriicksichtigt wird.

Vorrichtung zum Herstellen von sterilen Praparaten,
die eine peristaltische Pumpe und eine Steuerein-
richtung flr die peristaltische Pumpe und die Vor-
richtung umfasst, dadurch gekennzeichnet, dass
die Steuereinrichtung konfiguriert ist zum Durchfiih-
ren eines Verfahrens zum Kalibrieren der peristalti-
schen Pumpe gemal einem der Anspriiche 1 bis 8.

Vorrichtung nach Anspruch 14, dadurch gekenn-
zeichnet, dass die Vorrichtung wenigstens ein
QuellgefaR, ein Kalibrierungsgefald, einen Fluidver-

10

15

20

25

30

35

40

45

50

55

10

EP 3715632 B9

16.

17.

18.

18

teiler und ein Abgabegefall umfasst, die zusammen
mit der peristaltischen Pumpe einen Hydraulikkreis
bilden.

Vorrichtung nach Anspruch 15, dadurch gekenn-
zeichnet, dass das Kalibrierungsgefal3 ein Gefal
mit einem variablen Volumen und einem Kolben ist.

Vorrichtung nach Anspruch 16, dadurch gekenn-
zeichnet, dass der Kolben durch eine automatische
Antriebseinrichtung angetrieben wird.

Vorrichtung nach einem der Anspriiche 14 bis 17,
dadurch gekennzeichnet, dass die Steuereinrich-
tung konfiguriert ist zum Ausfiihren eines Abgabe-
verfahrens gemaf den Anspriichen 9 bis 13.

Revendications

Procédé détalonnage d’'une pompe péristaltique
afin de déterminer un volume étalonné par cycle de
pompage de ladite pompe, ladite pompe étant asso-
ciée a un circuit hydraulique, comprenant les étapes
suivantes :

- le pompage d'une quantité de liquide a partir
d’un récipient source dans un récipient d’étalon-
nage au moyen d’'un nombre de cycles de pom-
page de la pompe péristaltique,
- la mesure de la quantité de liquide pompée
dans le récipient d’étalonnage,

caractérisé en ce qu’il comprend en outre I'étape
de détermination du volume étalonné par cycle de
pompage de lapompe péristaltique, ledit volume éta-
lonné par cycle de pompage étant fonction de la
quantité de liquide mesurée, dudit nombre de cycles
de pompage et d’au moins un coefficient de correc-
tion préalablement stocké dans une mémoire d’'un
dispositif de commande de ladite pompe.

Procédé selon I'une quelconque des revendications
précédentes, caractérisé en ce que le récipient
d’étalonnage estun récipient a volume variable muni
d’un piston.

Procédé selon I'une quelconque des revendications
précédentes, caractérisé en ce que ledit au moins
un coefficient de correction est déterminé par des
essais empiriques et une analyse statistique corres-
pondante de ceux-ci.

Procédé selon I'une quelconque des revendications
précédentes, caractérisé en ce que ledit au moins
un coefficient de correction comprend un coefficient
de correction de la dilatation du circuit hydraulique
pendant I'étalonnage.
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Procédé selon I'une quelconque des revendications
précédentes, caractérisé en ce que ledit au moins
un coefficient de correction comprend un coefficient
de correction de la résistance au remplissage du ré-
cipient d’étalonnage.

Procédé selon I'une quelconque des revendications
précédentes, caractérisé en ce que ledit au moins
un coefficient de correction comprend un coefficient
de correction de la différence de vitesse entre I'éta-
lonnage et le fonctionnement.

Procédé selon la revendication 6, caractérisé en ce
que ledit coefficient de correction de vitesse est un
rapport entre un coefficient qui est fonction de la vi-
tesse d’étalonnage de pompe et un coefficient qui
estfonction de la vitesse de fonctionnement de pom-
pe.

Procédé selon I'une quelconque des revendications
précédentes, caractérisé en ce qu’il comprend en
outre une étape de réutilisation du liquide injecté
dans le récipient d’étalonnage en renvoyant le liqui-
de du récipient d’étalonnage au circuit hydraulique.

Procédé de distribution d’'une quantité déterminée
de liquide au moyen d’'une pompe péristaltique, la-
dite pompe étant associée a un circuit hydraulique,
caractérisé en ce qu’il comprend les étapes sui-
vantes consistant a :

- calculer le volume par cycle de pompage de la
pompe péristaltique a la vitesse de fonctionne-
ment de celle-ci selon I'une quelconque des re-
vendications 6 ou 7,

- commencer a distribuer du liquide au moyen
de la pompe péristaltique,

- compter le nombre de cycles de pompage
achevés pendant que la distribution est effec-
tuée,

- déterminer le volume pompé sur la base du
volume par cycle de pompage réel a la vitesse
de distribution et du nombre de cycles de pom-
page achevés,

- stopper 'alimentation en liquide lorsque le vo-
lume pompé déterminé au point précédent at-
teint une quantité de liquide déterminée.

Procédé selon larevendication 9, caractérisé en ce
que la distribution est effectuée a vitesse de pompe
constante.

Procédé selon la revendication 9, caractérisé en ce
que la distribution est effectuée a vitesse de pompe
variable.

Procédé selon la revendication 11, caractérisé en
ce que la vitesse de la pompe lors de la distribution
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dépend de la pression dans le circuit hydraulique en
aval de la pompe.

Procédé selon I'une quelconque des revendications
9 a 11, caractérisé en ce qu’il tient compte égale-
ment du volume mort du circuit hydraulique.

Dispositif de production de préparations stériles
comprenant une pompe péristaltique et un dispositif
de commande de ladite pompe péristaltique et dudit
dispositif, caractérisé en ce que ledit dispositif de
commande est configuré pour effectuer un procédé
d’étalonnage de ladite pompe péristaltique selon
I'une quelconque des revendications 1 a 8.

Dispositif selon la revendication 14, caractérisé en
ce qu’il comprend au moins un récipient source, un
récipientd’étalonnage, un distributeur de fluide et un
récipient de distribution, formant un circuit hydrauli-
que ensemble avec la pompe péristaltique.

Dispositif selon la revendication 15, caractérisé en
ce que le récipient d’étalonnage est un récipient a
volume variable muni d’un piston.

Dispositif selon la revendication 16, caractérisé en
ce que ledit piston est piloté par des moyens de pi-
lotage automatique.

Dispositif selon'une quelconque des revendications
14 a 17, caractérisé en ce que ledit dispositif de
commande est configuré pour exécuter un procédé
de distribution selon les revendications 9 a 13.
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