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(57) Abrégée/Abstract:
A flow control apparatus adapted to receive a feeding set includes a housing capable of receiving at least a portion of the feeding
set. A pumping device Is supported by the housing and positioned to contact the feeding set when the feeding set Is received by
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(57) Abrege(suite)/Abstract(continued):
the housing so the pumping device acts on the feeding set to produce fluid flow In the feeding set for delivery of fluid to a subject.

An ultrasonic sensor Is supported by the housing and arranged with respect to the pumping device to produce a sensor signal
Indicative of a viscosity of the fluid delivered through the feeding set. A control circuit is In communication with the ultrasonic sensor
for receiving the sensor signal from the sensor indicative of the viscosity of the fluid and in communication with the pumping device

to control operation thereof.
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(57) Abstract: A tlow control apparatus adapted to receive a feeding set includes a housing capable of receiving at least a portion of
the feeding set. A pumping device 1s supported by the housing and positioned to contact the feeding set when the feeding set 1s re-
ceived by the housing so the pumping device acts on the feeding set to produce fluid flow m the feeding set for delivery of fluid to a
subject. An ultrasonic sensor is supported by the housing and arranged with respect to the pumping device to produce a sensor signal

indicative of a viscosity of the fluid delivered t

rirough the feeding set. A control circuit is in communication with the ultrasonic

sensor for receiving the sensor signal from the sensor indicative of the viscosity of the fluid and in communication with the pumping
device to control operation thereof.
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DETECTION SYSTEM FOR FLOW CONTROL APPARATUS

BACKGROUND

{0001] The present invention generally relates to a flow confrol apparatus
capable of detecting a condition of a pump set mounted on the apparatus.

[0002] Administering fluids containing medicine or nufrition to a patient 1s
ogenerally well known in the art. Typically, fluid 1s delivered to the patient by a pump
set received by a flow control apparatus, such as a pump, connected to a source of
fluid which delivers fluid to a patient. A flow controi apparatus of the prior art may
also be capable of monitoring and detecting fluid flow conditions that can occur
within the loaded administration feeding set during operation of the flow control
apparatus. Generally, prior art flow monitoring systems that are capable of
monitoring and detecting flow conditions may rely on a sensor arranged relative to the

administration feeding set.

SUMMARY

[0003] In a first aspect, a flow control apparatus 1s adapted to receive a
feeding set. The flow control apparatus can comprise a housing capable of receiving
at least a portion of the feeding set; a pumping device supported by the housing and
positioned to contact the feeding set when the feeding set 1s received by the housing
so the pumping device acts on the feeding set to produce fluid flow in the feeding set
for delivery of fluid to a subject; an ultrasonic sensor supported by the housing and
arranged with respect to the pumping device to produce a sensor signal indicative of a
viscosity of the fluid delivered through the feeding set; and a control circuit in
communication with the ultrasonic sensor for receiving the sensor signal irom the
sensor indicative of the viscosity of the fluid and in communication with the pumping
device to control operation thereof, the control circuit being configured to determine
the viscosity of the fluid from the sensor signal and to operate the pumping device to
produce a fluid flow rate based on the determined viscosity of the fluid delivered
through the feeding set. The control circutt can be configured {o determine the
viscosity by analyzing an amplifude of the sensor signal. The control circuit can

include a memory containing a lookup table associating sensor signal amplitude with

I
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viscosity. The pumping device can have a motor and a rotor. The motor can be
adapted to rotate the rotor so that the rotor repeatedly contacts the feeding set to
produce fluid flow through the feeding set. The control circuit can adjust a rotation
rate of the rotor based on the viscosity of the fluid delivered through the feeding set.
The control circuit can be configured to decrease the rotation rate of the rotor as the
detected fluid viscosity increases.

{0004] In a further aspect, a flow control system can deliver fluid to a subject.
The system can comprise a feeding set; and a flow control apparatus including a
housing capable of receiving at least a portion of the feeding set; a pumping device
supported by the housing and positioned to contact the feeding set when the feeding
set is received by the housing so the pumping device acts on the feeding set to
produce fluid flow in the feeding set fof delivery of fluid to a subject; and an
ultrasonic sensor arranged with respect to the pumping device to sense the feeding set
when the feeding set is received by the housing, the ultrasonic sensor inciuding an
ultrasonic emitter configured to emit an ultrasonic signal and an ultrasonic detector
configured to detect the ultrasonic signal; a portion of the feeding set being disposed
in a path of the ultrasonic signal when the feeding set is received by the housing, the
feeding set producing a predetermined signal detected by the ultrasonic detector
indicative of a condition of the feeding set.

{0005] The flow control system can further comprise a control circuit in
communication with the ultrasonic sensor and configured to identify the feeding set
based on the sensor signal received from the ultrasonic sensor.

10006] The control circuit can have a memory and be conligured to inhibit
operation of the pumping device if the feeding set identified based on the sensor
signal does not match a feeding set identity stored in the memory.

[0007] The memory can contain stored identities of plural feeding sets.

[0008]} In some cases, the control circuit can be configured to match the sensor
signal with one of the stored identities and to operate the flow control apparatus based
on the stored identity that matches the sensor signal.

[0009] The feeding set can comprise a tubing and a sensor component

mounted on the tubing, the sensor component being disposed in the path of the
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ultrasonic signal when the feeding set is received by the housing, the sensor
component being constructed to produce the predetermined signal.

[0G10] The predetermined signal can be produced by one of a size, shape, or
material of the sensor component.

[0011] In stilf a further aspect, a flow control apparatus can be adapted to
receive a pump set for driving fluid flow through the pump set. The flow control
apparatus can comprise a housing capable of receiving at least a portion of the pump
set; a pumping device supported by the housing and positioned to contact the pump
set when the pump set is received by the housing so the pumping device acts on the
pump set to produce fluid flow in the pump set; and a sensor assembly supported by
the housing and arranged with respect to the pumping device for detecting a condition
of the pump set when the pump set is received by the housing, the sensor assembly
comprising a single emitter for emitting a signal and a plurality of detectors for
detecting the signal emitted by the single emitter, each detector being configured to
detect a different condition of the pump set based on the signal detected by the
detectors.

[0012] The flow control apparatus can further comprise at least two detectors,
cach detector detecting a pump set condition including one of whether the pump set is
propetly received by the housing, the type of pump set, and a viscosity of the fluid in
the pump set.

[(0013] The flow control apparatus can further comprise at least three
detectors, each detector detecting a pump set condition including one of whether the
pump set is properly received by the housing, the type of pump set, and a viscosity of
the fluid in the pump set.

[0014] The sensor assembly can be an ultrasonic sensor assembly including a
single ultrasonic emitter and a plurality of ultrasonic detectors.

[0013] In yet a further aspect, a flow control apparatus can be adapted to
receive a pump set for delivering fluid through the pump set. The flow control
apparatus can comprise a housing capable of receiving at least a portion of the pump
set; a pumping device supported by the housing and positioned to contact the pump
set when the pump set is received by the housing so the pumping device acts on the

pump set to produce fluid flow in the pump set; and an emitter constructed and



CA 029b5614 2017-01-18

WO 2016/014651 PCT/US2015/041510

arranged with respect to the pumping device to emit a first signal 1n a first direction
toward a first section of the pump set when the pump set 1s received by the housing,
and to emit a second signal in a second direction different from the first direction

toward a second section of the pump set, the first and second signals being used fo

indicate a condition of the pump set at the first and second sections.

[0016] The emitter can be disposed to emit the first signal foward an upstream
portion of the pump set and to emit the second signal toward a downstream portion of
the pump set when the pump set is received by the housing.

[0G17] The emitter can be disposed between the upstream and downstreain
portions of the pump set when the pump set is received by the housing.

[0G18] The flow control apparatus can further comprise a first detector
arranged with respect to the emitter for detecting the first signal, and a second
detector arranged with respect to the emitter for detecting the second signal.

[0G19] The emitter can be disposed between the first and second defectors.
[0620] The flow control apparatus can further comprise a first detector

arranged with respect to the emitter for detecting the first ultrasonic signal, and a

second detector arranged with respect to the emitter for detecting the second

ultrasonic signal, the signal detected by the detectors indicating the presence of fluid

in the pump set.

[0021] Other objects and features will be in part apparent and in part pointed

out hereinatter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG. 1 is a perspective of an enteral feeding pump and a fragmentary
portion of a feeding set (illustrated schematically) received on the pump;

[0023] FIG. 2 is a perspective of Fig. 1 with a cassette housing of the feeding
set removed;

[G024] FIG. 3 is the perspective of Fig. 2 with the feeding set removed,;

[0025] FIG. 4 is a block diagram illustrating elements of the pump including a

flow moniforing system;,
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[0026] FIG. 5 is a perspective of another version of an enteral feeding pump

and a fragmentary portion of a feeding set received on the pump with a cassette

housing of the feeding set removed;

[0627] FIG. 6 is an illustration of a sensor component of the feeding set of
FIG. 5:
[0028] FIG. 7 is a perspective of still another version of an enteral feeding

pump and a fragmentary portion of a feeding set received on the pump with a cassette

housing of the feeding set removed;

[0029] FIG. 8 is an illustration of a sensor of the pump of FIG. 7;
[0030] FIG. 9 is a perspective of yet another version of an enteral feeding

pump and a fragmentary portion of a feeding set received on the pump with a cassette

housing of the feeding set removed;

[0G31] FIG. 10 is an enlarged perspective of a sensor of the pump of F1G. 9;
and
[0032] FIG. 11 is a schematic illustration of even another version of an enteral

feeding pump and a fragmentary portion of a feeding set received on the pump.

{0033} Corresponding reference characters indicate corresponding parts

throughout the drawings.

DETAILED DESCRIPTION

[0034] Referring now to the exemplary embodiment schematically
illustrated in FIGS. 1-3, an enteral feeding pump (broadly, "a flow control apparatus”)
is generally indicated at 1. The pump 1 may comprise a housing 3 that 1s constructed
so as to allow an administration feeding set 5 (broadly, "a pump set") to be mounted
to the housing. As will be explained in greater detail below, the pump 1 may
comprise a flow monitoring system 6 (FIG. 4) that is capable of detecting and
identifying a condition of the feeding set 5 loaded on the pump. The housing 3 may
comprise a recess 7 (FIG. 3) for receiving a cassette 9 of the feeding set 5 to load the
feeding set on the pump. The feeding set 5 can comprise tubing indicated gencrally at
11 that provides a fluidic pathway between a bag 12 of nutritional liquid and a patient
(F1G. 1). The tubing 11 may also provide a fluidic pathway between a bag 13 of
flushing liquid. In one embodiment the flushing fluid may be water. The bags 12, 13
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are shown schematically in FIG. 1. The cassette 9 may mount the tubing 11 for

engaging the tubing with the pump 1 when the cassette is received in the recess 7. It
will be understood that a pump set may have a construction other than shown herein
without departing from the scope of the present disclosure. For example, a pump set
(ot shown) may not include a cassette 9 as illustrated herein.

[0035] As used herein, the feeding set 5 being "received" by the pump 1
means that the tubing 11 is engaged with the pump 1 so that the feeding set is ready
for aperation with the pump to deliver fluid to a patient. 1t will be appreciated that the
term "housing," as used herein, may include many forms of supporting structures
including, without limitation, multi-part structures and structures that do not enclose

or house the working components of the pump 1.

{0036} The pump | may include a user interface 19 with a display screen
indicated at 21 on the front of the housing 3 that is capable of displaying intormation
about the status and operation of the pump. The pump 1 can further comprise buttons
23 and light emitting diodes 25 on the housing 3 for use with the display screen 21 to
facilitate exchanging information, such as providing and obtaining information,
between the pump 1 and a user. Various user interfaces for displaying information to
the user and receiving user input may be implemented. Any of the various
configurations of the user interface can involve utilizing one or more graphical
display subcomponents. As an example, the display screen 21 may be a graphical
user interface having a touch screen by which the user can provide the input
information. In other embodiments, the user interface can be a tethered component
that can be used to provide input information, provide operating information
pertaining to the flow control apparatus, or both.

[0G37] Referring to FIGS, 2-4, the pump 1 may include a pump motor 27
(FIG. 4) located in the housing 3. A pump rotor 29 may be mounted on a rotatable

shaft 31 and rotated by the motor 27. In one embodiment, the pump rotor 29 includes
an inner disk 39, an outer disk 41, and preferably a plurality of rollers 43 mounted

between the inner and outer disks rotatable about their longitudinal axes relative to the

disks.

[0038] The motor 27 may also be connected to a valve shaft 45 (FIG. 3).

Tt will be understood that the valve shaft 45 could be omitted, or a separate motor (not
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shown) could be provided to operate the valve shaft. The rollers 43 may engage the
feeding set 5 for moving fluid through the feeding set. In the Hlustrated embodiment,
the pump motor 27, rotatable shaft 31, rotor 29, and optional vaive shatt 45 may
broadly be considered "a pumping device." These components may be individually
considered "a pumping device." It will be understood that peristaltic pumps that use
mechanisms other than rollers may fall within the scope of the present mvention.
However, other pumping devices (e.g., non-rotary devices) are envisioned.

[0039] As used herein, the portion of tubing 11 of the feeding set 5 from the bag 12,
13 leading to the rotor 29 is termed "upstream," while the portion of tubing 11 leading
away from the rotor 29 to the patient is termed "downstream.” Accordingly, rotation
of the rotor 29 compresses the tubing 11 to drive fluid (e.g., a nutritional liquid) in a
patient direction from the upstream to the downstream side of the feeding set 5.
Although an exemplary feeding set 5 is shown, feeding sets of other configurations
and other types of pump sets (not shown) can be used.

16040] Referring now to FIGS. 1, 2 and 4, a first inlet tube section 47 1s
connected at an inlet of the tubing 11 to bag 12 of feeding fluid and to valve
mechanism 49. A second inlet tube section 51 is connected at an inlet of the tubing 11
to bag 13 of flushing fluid and to the valve mechanism. The valve mechanism 49 1s
operable to selectively permit flow of feeding fluid from bag 12 or flushing fluid from
bag 13, or prevent any fluid flow communication from the feeding or flushing fluid
bags 12, 13 past the valve mechanisim.

[0041] As previously stated, pump sets of different constructions may be
used, for example a recertification set may be used to verify and/or correct the pump
accuracy. The pump 1 can be configured to automatically recognize what kind of set
is installed and to alter its operation to conform to that called for by the particular
pump set. Still further, the pump 1 can be configured to recognize whether the tubing
11 is properly installed on the pump and determine a flow condition of the fluid i the
pump set.

[0G42] Referring to FIG. 2-4, the monitoring system 6 (FIG. 4} 1s capable of '
detecting and identifying a condition of the feeding set 5 loaded on the apparatus. The
pump 1 may further comprise a microprocessor 62 in communication association with

a sensor 64. The microprocessor 62 may control and manage the operation of the
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various components of the pump 1. A software subsystem 66 may be operatively
associated with the microprocessor 62 and operatively associated with the monitoring
system 6 to provide a means for the pump 1 to detect and identify a condition of the
feeding set 5. It is to be understood that in the described embodiment, the flow
monitoring system 6, the software subsystem 66, pump electronics 68, the
microprocessor 62 and database 70 (broadly, "memory") may be broadly considered
"a control circuit." These components may be individually considered "a control
circuit."” Moreover, other types of control circuits may be used within the scope of the
present invention.

(0043] The sensor 64 may comprise an ultrasonic sensor. The sensor 64 may
be located on the housing 3 of the pump [ and positioned to detect the presence of
fluid as well as one or more properties of a fluid in the feeding set 5, e.g., a viscosity
of the fluid in the feeding set. In the illustrated embodiment, the sensor 64 1s
positioned in recess 7 and is adapted to securely receive the tubing 11 therein when
the feeding set 5 is loaded on the pump 1. In order for the sensor 32 to detect the
presence of fluid in the tubing 11 of the feeding set 5, the tubing may be engaged and
retained within a sensor track 68 (FIG. 3) configured to receive the downstream side
of the feeding set. Once the tubing 11 is engaged within the sensor track 68 and the
remaining portions of the feeding set 5 are engaged with the pump 1, the monitoring
system 6 may become operational, For example, the monitoring system 6 becomes
operationally functional when a positive engagement of the tubing 11 within the
sensor {rack 68 has been identified by the receipt of an acceptable signal, e.g., an
ultrasonic signal, by one or more detectors or receivers.

[0044] Preferably, the sensor 64 may comprise an ultrasonic transmaitter 72
that transmits an ultrasonic signal through the downstream portion of the tubing 11.
The signal is directed towards and can be received by an ultrasonic receiver 74. Upon
receipt of the ultrasonic signal, the receiver 74 may detect the presence of fluid within
the tubing 11 and a viscosity of the fluid based on the characteristics of the ultrasonic
signal received by the receiver 74 and communicated to the microprocessor 62.
(60451 The ultrasonic signal may detect the presence or absence of fluid in the tubing
to give a basic indication of the operational status of the pump 1. The ultrasonic

signal may be responsive to the presence of fluid in the tubing 11 such that fluid m the
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tubing will produce a decrease in amplitude of the signal as compared to a signal
where fluid is not in the tubing. Further, a physical property of the fluid may be
evaluated based on the signal from transmitter and modulated by the fluid and tubing,
as received by the receiver. For example, a relative viscosity of the fluid can also be
detected by the amplitude of the signal. In some cases, a fluid having a relatively low
viscosity will cause a first signal amplitude, and the same fluid having a relatively
high viscosity will cause a second signal amplitude that is lower than the first signal
amplitude. The receiver 74 may then communicate with the microprocessor 62,
Based on the characteristics of the received ultrasonic signal communicated to the
microprocessor 62, the software subsystem 66 may determine whether fluid 1s present
within the feeding set 5, and if fluid is present, a characteristic of the fluid, such as the
relative viscosity of the fluid. For example, the database 70 may include a look up
table for identifying a particular viscosity associated with a detected sensor signal
amplitude. Other types of sensors for measuring one or more fluid properties or
characteristics, including viscosity, other than ultrasonic sensors can be used.
Additionally, the database 70 may store multiple predetermined signal amplitudes
corresponding to various fluids and viscosities of the fluids. The flow monitoring
system 6 may detect other conditions of the feeding set 5, the fluid within the feeding
set, and the fluid coupled with the feeding set without departing from the scope of the
disclosure.

[0046] The amount of fluid that is delivered to the subject is controlled by the number
of rotations of the rotor 29 (in a counterclockwise direction as viewed in FIG. 2). In
the illustrated embodiment, the rotor 29 includes the three rollers 43 so that each one-
third of a rotation delivers one aliquot of fluid to the patient. As each roller 43 first
engages the tubing 11, it pinches off the tubing thereby closing off an amount of fluid
forward (i.e., toward the patient) from the fluid coming from the feeding fluid bag 12.
The roller 43 continues to the right, pushing fluid forward of the roller toward the
patient. Finally, the roller 43 releases engagement with the tubing 11 at about the
same time the trailing roller engages the tubing for pinching it off for delivering the
next aliquot of fluid. Thus, when the microprocessor 62 receives a command to
deliver a selected fluid flow rate, it calculates the number of rotations within a given

period of time that will deliver a number of aliquots producing the desired tlow rate.
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It is to be understood that other ways of changing rotor operation could be used to

maintain a constant flow rate. The selected flow rate may be a rate that is selected by
the doctor, nurse or other care giver, or may be a default feeding rate pre-programmed
into the pump 1.

[0047] To control the amount of fluid delivered to the subject accounting for
the fluid viscosity, the microprocessor 62 can adjust a rate of rotation of the rotor 29,
by adjusting an output of the motor 27. Thus, if the sensor 64 detects a fluid having a
relatively high viscosity, which can be based on a predetermined baseline signal

representative of a "normal" viscosity, the microprocessor 62 can decrease the output

of the motor 27 decreasing the rate of rotation of the rotor 29 to more precisely pump
a selected volume, thereby compensating for the high viscosity of the fluid.
Conversely, if the sensor 64 detects a fluid having a relatively low viscosity, the
microprocessor 62 can increase the output of the motor 27 increasing the rate of
rotation of the rotor 29. Without the motor output adjustment, a relatively high
viscosity fluid would not be dispensed in quantities of highest accuracy due to the
high flow resistance caused by the viscosity of the fluid. In some embodiments, a
low-viscosity fluid has a viscosity of less than about 100 cP, and a high-viscous fluid
has a viscosity greater than or equal to about 75 ¢cP. Accordingly, a "normal” viscous
fluid may have a viscosity in a range of from about 25 ¢P and to about 74 ¢cP. Signal
amplitudes for a fluid within a viscosity in the normal range would not prompt the
microprocessor 62 to adjust rotation of the rotor 29.

[0048] The sensor 64 may also detect a condition of the feeding set 5 separate
from any fluid being delivered through the feeding set. Because the sensor 64 18
positioned to direct the ultrasonic signal from the transmitter 72 through the tubing 11
of the feeding set 5, the receiver 74 may receive a signal specific to the feeding set.
Thus, the signal received at the receiver 74 may be a result of the specific construction
of the feeding set 5. In one instance, the feeding set 5 may produce a predetermined
sipna) representative of a functional configuration of the feeding set. For instance, the
signal detected by the receiver 74 may indicate the feeding set 5 as being one of a
feed only, feed and flush, or recertification feeding set. Other functional

configurations are also within the scope of the present disclosure. The database 70

14
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may store multiple predetermined signals corresponding to various functional

configurations.

[G049] Referring to FIGS. 5 and 6, a feeding set 105 of a second version may
comprise a sensor component 175 in direct communication with tubing 111. Inthe
illustrated embodiment, the sensor component is mounted on the tubing 111. The
sensor component 175 may identify a functional configuration of the feeding set by
nroducing a predetermined signal at receiver 174 indicating the associated functional
configuration. A size, shape, or material of the sensor component 175 may determine
the signal received by the receiver 174. Thus, a feeding set having a functional
configuration comprising one of a feed only, flush and feed, or recertification

configuration may have at least one of a different size, shape or material from another
feeding set having a different tunctional configuration. For instance, a sensor
component identifying a feeding set as having a feed only configuration may be
formed from a first material having a first ultrasonic signal transmissive property. A
sensor component identifying a feeding set as having a feed and flush configuration
may be formed of a second material having a second ultrasonic signal transmissive
propetty different from the first material. A sensor component identifying a feeding
set as having a recertification configuration may be formed of a third material having
a third ultrasonic signal transmissive property that is different from the first and
second materials.

[0050] In another embodiment, a sensor component identifying a feeding set
as having a feed only configuration may have a generally rectangular shape, a sensor
component identifying a feeding set as having a feed and flush configuration may
have a generally cylindrical shape, and a sensor component identifying a feeding set
as having a recertification configuration may have a generally triangular shape. Other
shapes are envisioned within the scope of the disclosure. Additionally, large,
medium, and small sensor components may distinguish feeding sets having feed only,
feed and flush, and recertification configurations. Moreover, some combination of
size, shape and/or material may be sued for identification.

[0051] Referring to FIGS. 7 and 8, a pump 201 of a third version may
comprise a sensor 264 including an ultrasonic transmitter 272 that transmits a broad

ultrasonic signal through a downstream portion of tubing 211. The signals are
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directed towards and can be received by multiple ultrasonic receivers 274A, 274B,
274C. Upon receipt of the ultrasonic signals, the receivers 274A, 2748, 274C may
detect a configuration of feeding set 205. Each receiver 274A, 274B, 274C may
receive a signal indicative of a different condition of the feeding set 205. For

instance, the signal received at receiver 274A may indicate proper loading of the

feeding set 203, the signal received at receiver 274B may indicate the type of feeding
set, and the signal received at receiver 274C may indicate a viscosity of the fluid in
the feeding set. In the illustrated embodiment, three receivers 274 are shown.
However, a different number of receivers 274 is within the scope of the present
disclosure.

[0G52] Referring to FIGS. 9 and 10, a pump 301 of a fourth version may
comprise a sensor 364 including an ultrasonic transmitter 372 that transmits an
ultrasonic signal in a first direction through an upstream portion of tubing 311 and
transmits an ultrasonic signal in a second direction through a downstream portion of
the tubing. The signals are directed toward and can be received by respective
ultrasonic receivers 374A, 3748 on opposite sides of the transmitter 372. Feeding set
305 can be loaded on the pump 301 such that the upstream portion of the tubing 311
is disposed between the transmitter 372 and recetver 374A, and the downstream
portion of the tubing is disposed between the transmiiter and receiver 374B. Upon
receipt of the ultrasonic signals, receivers 374A, 374B may detect the presence of
fluid within the tubing 311 and/or a viscosity of the fluid based on the characteristics
(e.g., signal amplitude) of the ultrasonic signal. The receivers 374A, 374B may also
detect other conditions of the feeding set 305.

[0053] Referring to FIG. 11, a pump 401 of a fifth version may comprise a
sensor 464 including an ultrasonic transmitter 472 and an ultrasonic receiver 474
disposed underneath a feeding set 405 when the feeding set is recerved by the pump.
The ultrasonic transmitter 472 may transmit an ultrasonic signal toward the teeding
set 405 through tubing 411 of the feeding set. The feeding set 405 may include a
cassette 409 having a reflective inner surface 475 that reflects the ultrasonic signal
back through the tubing 411 toward the ultrasonic receiver 474. The retlective
surface 475 may also be angled to direct the ultrasonic signal emitted from the

transmitietr 472 toward the receiver 474. This configuration allows for more varied
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pump designs since the tubing 411 does not have to be placed between the transmutter
472 and receiver 474. By placing the tubing 411 over the sensor 464 the loading
process of the feeding set 405 can be simplified thus making the loading process more
easily repeatable without error. Moreover, the overall configuration of the pump 401
is not overly constrained by the incorporation of the sensor 464.

[6054] Embodiments of the invention may be described in the general context
of computer-executable instructions, such as program modules, executed by one or
more computers or other devices. The computer-executable instructions may be
organized into one or more computer-executable components or modules including,
but not limited to, routines, programs, objects, components, and data structures that
perform particular tasks or implement particular abstract data types. Aspects of the
invention may be implemented with any number and organization of such
components or modules. For example, aspects of the invention are not imited to the
specific computer-executable instructions or the specific components or modules
illustrated in the figures and described herein. Other embodiments of the invention
may include different computer-executable instructions or compenents having more
or less functionality than illustrated and described.

[0055] Further, the order of execution or performance of the operations in
embodiments of the invention illustrated and described herein is not essential, uniess
otherwise specified. That is, the operations may be performed in any order, unless
otherwise specified, and embodiments of the invention may include additional or
fewer operations than those disclosed herein. For example, 1t is contemplated that
executing or performing a particular operation before, contemporaneously with, or
after another operation is within the scope of aspects of the invention.

[0056] In operation, the microprocessor 62 executes computer-executable
instructions such as those illustrated in the figures to implement aspects ol the
invention. Aspects of the invention may also be practiced in distributed computing
environments where tasks are performed by remote processing devices linked through
a communications network. In a distributed computing environment, program
modules may be located in both local and remote computer storage media including

memeory storage devices.
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[0057] Having described the invention in detail, it will be apparent that

modifications and variations are possible without departing from the scope of the

invention defined in the appended claims.

[0058] When introducing elements of the present invention or the preferred
embodiments(s) thereof, the articles "a", "an”, "the" and "said" are intended to mean
that there are one or more of the elements. The terms "comprising”, "including” and
"having" are intended to be inclusive and mean that there may be additional elements
other than the listed elements.

{0059] In view of the above, it will be scen that the several objects of the

invention are achieved and other advantageous results attained.

[0060] As various changes could be made in the above constructions and
methods without departing from the scope of the invention, it is intended that all
matter contained in the above description and shown in the accompanying drawings

shall be interpreted as illustrative and not in a limiting sense.
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WHAT IS CLAIMED I5:

1. A flow control apparatus adapted to receive a feeding set, said flow
control apparatus comprising:

a housing capable of receiving at least a portion of the feeding set;

a pumping device associated with the housing and positioned to
contact the feeding set when the feeding set is received by the housing so the pumping
device acts on the feeding set to produce fluid flow in the feeding set for delivery ot
fluid to a subject;

an ultrasonic sensor arranged with respect to the pumping device to
produce a sensor signal indicative of a viscosity of the fluid delivered through the
feeding sef; and

a control circuit in communication with the ultrasonic sensor for
receiving the sensor signal from the sensor indicative of the viscosity of the fluid and
in communication with the pumping device to control operation thereof, the control
circuit being configured to determine a representation of the viscosity of the tluid
from the sensor signal and to operate the pumping device to produce a tluid flow rate

based on the representation of the viscosity.

2, The flow control apparatus set forth in claim 1 wherein the control
circuit is configured to determine the viscosity by analyzing an amplitude of the

sensor stgnal.

3. The flow control apparatus set forth in claim 2 wherein the control
circuit includes a memory containing a lookup table associating sensor signal

amplitude with viscosity.

4, The flow control apparatus set forth in claun 1 wherein the pumping
device comprises a motor and a rotor, the motor being adapted to rotate the rotor so
that the rotor repeatedly contacts the feeding set to produce fluid flow through the

feeding set, the control circuit adjusting a rotation rate of the rotor based on the

viscosity of the fluid.
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5. The flow control apparatus set forth in claim 4 wherein the control

circuit is configured to decrease the rotation rate of the rotor as the detected fluid

viscosity increases.

6. A flow control system for delivering fluid fo a subject through a
feeding set, comprising:

a flow control apparatus including a pumping device contigured to act
on the feeding set to produce fluid flow in the feeding set for delivery of fluid to a
subject; and

an ultrasonic sensor arranged with respect to the pumping device and

to sense the feeding set, the ultrasonic sensor including an ultrasonic emitter

configured to emit an ultrasonic signal and an ultrasonic detector configured to detect

the ultrasonic signal;

a portion of the feeding set being disposed in a path of the ultrasonic

signal and produce a signal detectable by the ultrasonic detector an indication of a

condition of the feeding set.

7. The flow control system set forth in claim 6 further comprising a

control circuit in communication with the ultrasonic sensor and configured to identify

the feeding set based on the sensor signal received from the ultrasonic sensor.

8. The flow control system set forth in claim 7 wherein the control circuit
includes a memory and is configured to inhibit operation of the pumping device if the
feeding set identified based on the sensor signal does not match a feeding set identity

stored in the memory.

Y, The flow control system set forth in claim 7 wherein the control circuit
includes a memory containing a plurality of identities of feeding sets, the control
circuit being configured to match the sensor signal with one of the plurality of stored
identities and to control operation of the flow control apparatus based on one or more

characteristics associated with the stored identity that matches the sensor signal.
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10. The flow control system set forth in claim 6 wherein the feeding set

comprises tubing and a sensor component mounted on the tubing, the sensor

component being disposed in the path of the ultrasonic sighal when the feeding set 1s
5  received by a housing configured to support the pumping device, the sensor

component being constructed fo produce the signal.

11, The flow control system set forth in claim 10 where the signal 1s

produced by one of a size, shape, or material of the sensor component.

10

12. A flow control apparatus adapted to receive a pump set for driving
fluid flow through the pump set, said flow control apparatus comprising:
a housing capable of receiving at least a portion of the pump set,
a pumping device supported by the housing and positioned to contact
15  the pump sct when the pump set is received by the housing so the pumping device
acts on the pump set to produce fluid flow in the pump set; and
a sensor assembly supported by the housing and arranged with respect
to the pumping device for detecting a condition of the pump set when the pump set 1s
received by the housing, the sensor assembly comprising a single emitter for emitting
20  asignal and a plurality of detectors for detecting the signal emitted by the single
emitter, each detector being configured to detect a different condition of the pump set

based on the signal detected by the defectors.

13, The flow control apparatus set forth in claim [1 further comprising at
25  least two detectors, each detector detecting a pump set condition including one of
whether the pump set is properly received by the housing, the type of pump set, and a

viscosity of the fluid in the pump set.

14, The flow control apparatus set forth in claim 11 further comprising at

30 least three detectors, each detector detecting a pump set condition including one of
whether the pump set is properly received by the housing, the type of pump set, and a

viscosity of the fluid in the puinp set.
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15. The flow control apparatus set forth in claim 11 wherein the sensor
assembly is an ultrasonic sensor assembly including a single ultrasonic emitter and a

plurality of ultrasonic detectors.

16. A flow control apparatus adapted to receive a pump set for delivering
fluid through the pump set, said flow control apparatus comprising:
a housing capable of receiving at least a portion of the pump set;

a pumping device supported by the housing and positioned to contact

the pump set when the pump set is received by the housing so the pumping device

acts on the pump set to produce fluid flow in the pump set; and

an emitter constructed and arranged with respect to the pumping device
to emit a first signal in a first direction toward a first section of the pump set when the
pump set is received by the housing, and to emit a second signal in a second direction
different from the first direction toward a second section of the pump set, the first and

second signals being used to indicate a condition of the pump set at the first and

second sections.

17. The flow control apparatus set forth in claim 15 wherein the emitter is
disposed to emit the first signal toward an upstream portion of the pump set and to
emit the second signal toward a downstream portion of the pump set when the pump

set is received by the housing.

18. The flow control apparatus set forth in claim 16 wherein the emitter is
disposed between the upstream and downstream portions of the pump set when the

pump set is received by the housing,

19, The flow control apparatus set forth in claim 16 further comprising a
first detector arranged with respect to the emitter for detecting the first signal, and a

second detector arranged with respect to the emitter for detecting the second signai.
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20. The flow control apparatus set forth in claim 18 wherein the emitter is

disposed between the first and second detectors.

21. The flow conirol apparatus set forth in claim 15 further comprising a
first detector arranged with respect to the emitter for detecting the first ultrasonic
signal, and a second detector arranged with respect to the emitter for detecting the

second ultrasonic signal, the signal detected by the detectors indicating the presence

of fluid in the pump set.
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