
EP 0 327 209 B1 Description This invention relates to pumps for delivering
medical fluids and particularly relates to peristaltic pumps for delivery
of enteral nutrition fluids to a patient. 5     In accordance with known
techniques the delivery of enteral nutrition fluids to a patient can be
accurately controlled as to volumetric delivery rate by the use of a
delivery system which includes a motor unit and a disposable delivery set.
Likewise similar systems may be used for pumping of other fluids for
medical purposes, such as intravenous infusion, blood pumping or supply of
measured volumes of liquid medication to pre-loaded syringes or other
containers. 10    In known systems for delivering enteral fluids the rate
of fluid delivery is controlled by regulating the speed of a pump motor in
accordance with the desired volume rate. Pump motor speed may be
controlled, 



for example, by providing pulses to a stepper motor. Another system for
providing variable rate fluid delivery makes use of a peristaltic pump with
variable tension on the pump tube in combination with a constant speed
motor. 15    In other known systems for pumping medical fluids there are
provided means for monitoring rotation of the pump rotor, for example, by
magnetic detection or by optical rotation detectors. In such systems the
actual rotation rate of the motor is compared to the desired rotation rate
for purposes of making corrections to the rotation rate of the motor.
Alternately the motor may be operated to rotate the pump by a number of
rotations corresponding to the desired volume. 20    It is an object of the
present invention to provide a new and improved method for regulating the
volumetric device is implantable into the body or is carried externally on
the body. The device includes means for metering the amount of fluid
infused. Monitoring of the rotary movement of the rollers may be 



provided by means of magnets on the pump rotor passing underneath a
detector carried on an arm above the rotor. 25    It is an object of the
present invention to provide a new and improved method for regulating the
volumetric rate of fluid delivery in a medical fluid delivery system and to
provide apparatus for carrying out the improved method. In accordance with
the present invention there is provided a motor unit for a medical fluid
delivery system for use with a disposable delivery set for pumping medical
fluid, comprising: 30 pump operating means, including a motor, for acting
in cooperation with the delivery set having a pump tube to deliver a volume
of the fluid during each operating cycle; a housing, surrounding the motor;
a rotor, attached to and adapted to be driven by the motor, the rotor
having at least one roller so that 



rotation of the rotor by the motor causes the roller to contact the pump
tube and move fluid through the 35 pump tube, pump control means for
controlling the pump operating means to deliver the fluid at a desired
volumetric rate, the pump control means including means responsive to
signals indicating the desired rate for activating the pump operating means
for one of the operating cycles and for repeating the activation at
variable time intervals selected in accordance with the desired volumetric
rate; 40 characterised in that the pump control means, including means for
sensing the condition of the pump operating means with respect to the
operating cycle, comprises at least one magnet and a magnetic field sensor
whereby the magnetic field sensor is adapted to sense the magnet passing as
the rotor rotates, the motor is a DC motor 



45  and there are provided means for detecting the AC component of the
current provided to the DC motor; and means for comparing the detected AC
component to a reference level to detect the presence or absence of a pump
tube on the rotor. Preferably the magnet is, or the magnets are, attached
to the rotor and the magnet field sensor is located behind the rotor and
attached to the housing. 50    In accordance with the present invention the
motor is a DC motor and the AC component of the DC motor current is
detected and compared to a reference level in order to detect the current
variation which results from the presence of a pump tube on the rotor.
Accordingly, any mis-installation of the pump tube will be detected by the
fluid delivery pump. A method for controlling the rate of fluid delivery in
a medical fluid delivery system of the invention 55 comprising a housing
containing a motor unit and a rotor driven by the motor unit and a
disposable fluid 



delivery set for mounting to the motor unit to form a pump, in which the
motor unit is adapted to act on the fluid delivery set in repeated
operating cycles to deliver a volume of fluid for each cycle and means are
provided for detecting the completion of the operating cycle, including at
least one magnet attached to the 2    EP 0 327 209 B1 rotor and a magnetic
field detector located behind the rotor and attached to the housing so that
the magnetic field sensor senses the magnet passing as the rotor rotates
comprises: operating the motor unit until the completion of the operating
cycle is detected by the magnetic field sensor 



detecting the passing of the magnet; 5  and repeating operation of the
motor unit at time intervals selected in accordance with the desired rate
of fluid delivery. For a better understanding of the present invention,
together with other and further objects, reference is made to the following
description, taken in conjection with the accompanying drawings, in which:
Figure 1 is a plan elevation view of an enteral fluid delivery system
incorporating the present invention. 10    Figure 2 (comprising Figures 2a,
2b and 2c) is a circuit diagram for the system of Figure 1. Figure 3 is a
circuit diagram for a portion of a modified delivery system in accordance
with the present invention. Figure 4 is a timing diagram illustrating
signals utilized in the present invention. Figure 1 is an illustration of
an enteral fluid delivery system incorporating a motor unit in accordance 



15 with the present invention. The enteral delivery system 10 includes a
motor unit 12 and a disposable delivery set generally indicated as 14 which
is arranged to be mounted on the motor unit. The motor unit 12 includes a
housing 16, which in the illustrated embodiment includes a recess 17 within
which a rotor 18 is mounted. Rotor 18 is driven by a conventional constant
speed DC motor which drives shaft 42. The delivery set 14 includes a pump
tube 20, made of flexible plastic which surrounds rotor 18 and interacts
with 3 20  rollers 36, 38 and 40 mounted on rotor 18 to form a peristaltic
pump. Rotation of the rotor 18 in the direction indicated by the arrow in
Figure 1 causes the rollers 36, 38 and 40 to interact with pump tube 20 and
pump fluid through the tube at a rate which is determined by the rate
rotation of rotor 18. Delivery set 14 includes an inlet tube 22, which is
connected to a supply of enteral fluids, such as a fluid reservoir which
may be mounted on an IV pole above the motor unit 12. The inlet tube 22 is
connected 25 to drip chamber 24 which is mounted to a recess on housing 16
and secured to one end of pump tube 20. 



The outlet end of pump tube 20 is provided with a mounting member 26 which
is received in another recess on housing 16 to thereby secure the outlet
end of tube 20. A fluid delivery tube 28 is connected to mounting member 26
and supplies fluid pumped by the system to an enteral feeding tube
connected to a patient or to another medical fluid delivery system. 30
The system illustrated in Figure 1 additionally includes a light source 30
and a light detector 32 for operation in connection with drip chamber 24 to
detect the occurrence of drops in the drip chamber which pass between light
source 30 and detector 32 in a manner which is known in the art. Mouting
member 26 includes magnetized material, the presence of which can be
detected by magnetic field detector 34. The motor unit 12 includes control
buttons 51 through 58 for operating the unit to turn it on or off, to set
35 the dose or volume rate of fluid delivery by the pump, to interrupt
operation of the pump and to increase or decrease the designated fluid
volume or volume rate. A four digit alphanumeric segment display 59 is 



provided for indicating the selected fluid delivery rate or delivered
volume and for providing alarm messages or codes. Light emitting diode 60
and 61 are provided for indicating that the unit is plugged into AC power
or indicating that the volume setting has been cleared. An enunciator 62 is
provided for signalling 40 an audible alarm to indicate, for example, that
the pump has completed delivering a designated volume of fluid. Housing 16
is provided with a magnetic field sensor 50 which is arranged adjacent and
behind rotor 18 in order to detect the magnetic field provided by magnets
44, 46 and 48 which are mounted on rotor 18. The presence of the magnets
44, 46 and 48 is detected as the magnets pass sensor 50 during rotation of
45  rotor 18. Figure 2 is a schematic diagram of the circuits in the pump
motor unit 12 of Figure 1. The schematic representations of the various
components of Figure 1 have been given same reference numerals in Figure 



2. The motor unit operates under the control of a microcomputer 64 which is
provided with a control 50  program which is set forth in Appendix I. A
programmable interval timer 68 is provided for operating and initiating
microcomputer 64. A clock 66, operating at 2 Mhz, provides clock pulses to
the system. The various controls of the unit, 51 through 58, are provided
as input signals which ground various input terminals of the microcomputer
to thereby signal the operators input instructions. The alphanumeric
display 59 is driven by the microcomputer as is LED indicator 61.
Additional inputs to the microcomputer are 55  provided by the magnetic
field sensors 34 and 50 which sense respectively the magnetized mounting
member 26 and the magnets 44, 46 and 48 on rotor 18. Likewise the drop
detector 30, 32 is connected to provide input signals to the microcomputer.
An AC power rectifier 72 is provided for AC operation and battery charging.
Portable DC operation is available using battery 74. The AC circuit is
arranged to charge 



3    EP 0 327 209 B1 the DC battery when the unit is connected to AC power.
A low battery and dead battery detector circuit 70 is provided to signal
the microcomputer that the battery needs recharging. The microcomputer
provides an output motor signal which is coupled by transistor 80 to
switching transistors 82, 84. Transistor 82 turns on the power supply to
motor voltage regulator 88 when the motor is to be operated and transistor
84 short 5  circuits the motor to lock it into position when the motor
signal is no longer present. Switching transistor 78, which is provided
with a power signal by transistor 76, operates to supply current to the
motor system and 



the other electronic systems by voltage regulator 86 when power is turned
on. The motor 90 is provided with a safety circuit 92 which provides a
short circuit when the motor is operated for an excess period of time. The
short circuit causes fuse 94 to open thereby disabling the set when
continuous motor operation 10  occurs, to avoid providing excess enteral
fluid to a patient. Unlike conventional enteral nutrition systems the
system 10 of the present invention is designed to provide an intermittent
motor operation with the periodicity of the intermittent operation being
regulated to adjust to the desired rate of fluid delivery. The operation of
the system of the present invention is therefore cyclical and will be
explained with respect to timing diagrams of Figure 4. Graph A of Figure 4
illustrates the 15 motor voltage of the enteral fluid delivery system 10.
The motor voltage is turned on and operated for a time period G which is
regulated by detecting the rotation of rotor 18, in the case of Graph A for
one complete revolution. With reference to Figure 1 it may be seen that
during one complete revolution, 



represented by motor voltage period 0, three magnets 44, 46 and 48 all pass
magnetic field detector 50 and are sensed thereby. Curve B in Figure 4
illustrates the output signal from the rotor sensing magnetic 20 field
detector 50 which occurs during the cycle of operation indicated by motor
voltage G. During an initial period of approximately .45 seconds designated
F in Figure 4 the operation of the rotor sensing is inhibiting by software
in microcomputer 64, so that the initial on period J of magnetic field
detector 50 is not responded to by the program. Thereafter, during one
complete revolution of the rotor, the signal from detector 50 goes to zero
as each magnet is encountered by detector 50. Upon detection of the third
25 magnet, at the end of period 0, the motor voltage is turned off. In
accordance with the preferred embodiment of the present invention the unit
repeats the cyclical operation a time period I after initiation of the
first operation. The time period H during which there is provided no motor
voltage is permitted to be variable, since it depends on the actual time
taken for rotation of the rotor and the selected interval I. The 



interval I is selected according to the rate of fluid delivery to be
provided by the set which is set by the 30 operator. In one embodiment of
the invention period I varies from 13.5 seconds corresponding to a delivery
rate of 100 milliliters per hour to 4.5 seconds corresponding to a fluid
delivery rate of 300 milliliters per hour. Motor operation period G takes
approximately 4 seconds but may vary according to mechanical conditions of
the motor and pump tube. Graph E in Figure 4 shows an alternate timing
arrangement wherein the motor cycle consists of a single 35 one-third of a
rotation of the rotor 18. In accordance with the operation method of Graph
E the motor current period G' is ended by the detection of the first of the
three circumferentially arranged magnets by magnetic field sensor 50. Again
the timing I between each operating cycle of the motor is varied in order
to control volumetric fluid rate delivered by the pump. In the same
embodiment as previously discussed a fluid rate of 1 to 100 milliliters per
hour can be delivered using a cycle interval I which ranges from 450 to
4.50 



40 seconds. In addition to providing magnets on rotor 18 for purposes of
detecting completion of a motor cycle, the motor current may be monitored
for purposes of determining the rotational position of the rotor 18. Figure
3 is a schematic diagram of a circuit wherein there is provided a motor
current monitoring circuit 96 which includes a low resistance resistor in
series with the motor the voltage across which is AC coupled to an AC 45
amplifier 92 for purposes of monitoring the AC component of the DC motor
current. Graph C of Figure 4 illustrates a typical motor current for the
operating cycle of Graph A of Figure 4. The motor current initially rises
to a high level for purposes of overcoming the starting resistance and
accelerating rotor 18 to its normal velocity. Thereafter the motor current
drops but reaches periodic peaks corresponding to the resistance of rollers
36, 38 and 40 as they stretch pump tube 20 to its furthest position. The
peak periods of 50 motor current, which are illustrated as negative going
pulses in the digitized signal of curve D, which is the 



output at point 96 of the circuit of Figure 3, may be used for purposes of
detecting rotor position and may be used also for assuring that the pump
tube 20 is properly mounted to rotor 18. Because of the initially high
rotor current, which results from starting up the rotor, the current
sensing is software inhibited for time period K of approximately .25
seconds prior to initiating the threshold detection which results in the
pulses 55 of curve D. Each of the pulses illustrated in curve D, which are
negative going, have a positive going pulse which occurs a time period L
prior to the end of a motor cycle, there being three such pulses during one
rotation of the rotor. Accordingly, the curve D signal can be used for
purposes of detecting and monitoring rotation position of rotor 18, and
thereby indicating to the motor control circuit the completion of an 4   



EP 0 327 209 B1 operating cycle. As an alternate to providing delay L after
the end of the curve D pulses, the motor cycle may be arranged to end at
the end of the pulse, providing a different rotor position between cycles.
The motor current monitoring previously described can additionally be used
in cases wherein the motor voltage is provided only for a one-third
rotation of the rotor as discussed with respect to curve E. 5     An
additional use of the motor current monitoring circuit, which provides the
signal of curve D of Figure 4 is to provide assurance to the system that
the pump tube 20 has been properly mounted on rotor 18. Accordingly at the
initiation of motor current and after a delay period K a flag can be set by
the microprocessor which is cleared by the negative going pulse of curve D
to indicate proper pump tube positioning. The flag would be reset at the
start of each operating cycle or may also be reset on the 



10  occurrence of the one-third rotation of the rotor sensing current shown
by curve B. If the flag is not cleared by the negative going pulse of curve
D there is an indication that either there is no pump tube or that the pump
tube has been improperly mounted and an alarm signal can be initiated.
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50 Claims 55 1. A motor unit for a medical fluid delivery system for use
with a disposable delivery set for pumping medical fluid, comprising: pump
operating means, including a motor, for acting in cooperation with the
delivery set (14) having a 134    EP 0 327 209 B1 
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55 1. A motor unit for a medical fluid delivery system for use with a
disposable delivery set for pumping medical fluid, comprising: pump
operating means, including a motor, for acting in cooperation with the
delivery set (14) having a 134    EP 0 327 209 B1 pump tube (20) to deliver
a volume of the fluid during each operating cycle; a housing (16),
surrounding the motor; 



a rotor (18), attached to and adapted to be driven by the motor, the rotor
(18) having at least one roller (36,38,40) so that rotation of the rotor by
the motor causes the roller to contact the pump tube and 5      move fluid
through the pump tube (20), pump control means for controlling the pump
operating means to deliver the fluid at a desired volumetric rate, the pump
control means including means responsive to signals indicating the desired
rate for activating the pump operating means for one of the operating
cycles and for repeating the activation at variable time intervals selected
in accordance with the desired volumetric rate; 10     characterised in
that the pump control means, including means for sensing the condition of
the pump operating means with respect to the operating cycle, comprises at
least one magnet (44,46,48) and a magnetic field sensor (50) whereby the
magnetic field sensor is adapted to sense the magnet passing as the rotor
rotates, 



the motor is a DC motor 15     and there are provided means for detecting
the AC component of the current provided to the DC motor; and means for
comparing the detected AC component to a reference level to detect the
presence or absence of a pump tube (20) on the rotor (18). 2. A motor unit
as claimed in claim 1 wherein the operating cycle comprises a selected
angular rotation of 20    the pump rotor. 3. A motor unit as claimed in
claim 1 or 2 wherein at least one magnet (44,46,48) is attached to the
rotor (18) and the magnetic field sensor (50) is located behind the rotor
and attached to the housing (16). 25 PatentansprOche 1. Motoreinheit fOr
ein Abgabesystem fUr medizinisches Fluid, zur Verwendung mit einem Einweg-
Abgabeset zum Pumpen eines medinizischen Fluids, umfassend: 



v>             eine Pumpenbetitigungseinrichtung mit einem Motor, fOr den
gemeinsamen Betrieb mit dem 30     Abgabeset (14), welche ein Pumprohr (20)
zur Abgabe eines Fluidvolumens wahrend jedes BetAti- gungszyklus aufweist;
ein den Motor umgebendes Gehiluse (16), einen am Motor befestigten und von
diesem antreibbaren Rotor (18), welcher Rotor (18) minde- stens eine Rolle
(36, 38, 40) aufweist, so daB die Drehung des Rotors durch den Motor
bewirkt, daB die 35     Rolle mit dem Pumprohr in Kontakt gelangt und Fluid
durch das Pumprohr (20) bewegt, eine Pumpensteuerungseinrichtung zur
Steuerung der Pumpenbetatigungseinrichtung zwecks Ab- gabe des Fluids mit
einer bestimmten DurchfluBmenge, welche Pumpensteuerungseinrichtung Mittel
enthAlt, die auf die gewUnschte Menge anzeigende Signale reagieren, um die
Pumpensteuerungsein- richtung far einen der Betriebszyklen zu aktivieren
und die Aktivierung in entsprechend der gewfnsch- 



40    ten DurchfluBmenge gewhilten, variablen Zeitintervallen zu
wiederholen; dadurch gekennzeichnet, daB die Pumpensteuerungseinrichtung,
einschlieBlich Mittel zum Erfassen des Zustandes der Pumpen-
betatigungseinrichtung in bezug auf den Betriebszyklus, mindestens einen
Magnet (44, 46, 48) und einen Magnetfeldsensor (50) aufweist, wobei der
Magnetfeldsensor den beim Drehen des Rotors 45     passierenden Magnet
erfassen kann, der Motor ein Gleichstrommotor ist, und Einrichtungen zum
Detektieren der Wechselstromkomponente des vom Gleichstrommotor gelieferten
Stroms sowie Einrichtungen zum Vergleich der detektierten
Wechselstromkomponente mit einem Referenzpegel zwecks Detektierens der
Anwesenheit oder Abwesenheit eines Pumprohres (20) 80     am Rotor (18)
vorgesehen sind. 



2. Motoreinheit nach Anspruch 1, bei welcher der Betriebszyklus eine
gewihite Winkeldrehung des Pumpenrotors umfafit. 85  &  Motoreinheit nach
Anspruch 1 oder 2, bei welcher mindestens ein Magnet (44, 40, 48) am Rotor
befestigt und der Magneffeldsensor (50) hinter dem Rotor angeordnet und am
Gehiuse (16) befestigt ist. 135                 I    EP0327209B1
Revendlcations 



1. Dispositif moteur pour un systeme de distribution de fluide mddical &
utiliser avec un dispositif distributeur jetable pour pomper un fluide
medical, comprenant: 5         un dispositif d'actionnement de pompe,
comprenant un moteur, destine a agir en cooperation, avec le dispositif
distributeur (14) comportant un tube de pompage (20) pour ddbiter un volume
du fluide pendant chaque cycle de fonctionnement; un bootter (16) entourant
le moteur; un rotor (18) fixe au moteur et propre a etre entratn4 par
celul-ci, le rotor (18) comportant au moins 10     un galet (36, 38, 40) de
sorte que la rotation du rotor par le moteur force le galet a venir en
contact avoc le tube de pompage et a refouler du fluide dans le tube de
pompage (20), un dispositif de commande de pompe pour commander le
dispositif d'actionnoment de pompe on vue de ddbiter le fluide a un debit
volumique souhaite, le dispositif de commando de pompe 



compronant un moyen rdagissant a des signaux indiquant le debit souhaitd
pour activer le dispositif 15     d'actionnement de pompe pendant l'un des
cycles de fonctionnement at pour rnpeter l'activation a des intervalles de
temps variables s6lectionnds en fonction du ddbit volumique souhaitd,
caract~risE en ce que le dispositif de commando de pompe, comprenant un
moyen pour detecter l'etat du dispositif d'actionnement de pompe par
rapport au cycle de fonctionnement, comprend au moins un aimant (44, 20
46,48) et un detecteur de champ magndtique (50), co ddtecteur de champ
magnetique etant & mame de detecter le passage de l'aimant lorsque le rotor
toume, le moteur est un moteur a courant continu et des moyens sont prdvus
pour detecter la composante alternative du courant fourni au moteur a
courant continu; ainsi que des moyens pour comparer la composante
alternative ddtecteo & un niveau 



25     de refdrence en vue de ddtecter la prdsence ou l'absence d'un tube
de pompage (20) sur le rotor (18). 2. Dispositif moteur suivant la
revendication 1, dans lequel le cycle de fonctionnement comprend une
rotation angulaire sElectionnde du rotor de pompe. 30 3. Dispositif moteur
suivant la revendication 1 ou 2, dans lequel au moins un aimant (44, 46,
48) est fixd au rotor (18) et le detecteur de champ magndtique (50) est
installe derribre le rotor et est fix4 au bottler (16). 35 40 45 50 55 
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