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Description

BACKGROUND

[0001] Solid objects can be sorted using various auto-
mated processes. For example, optical sorters can be
used to recognize objects based upon color, size, shape,
structural properties, chemical composition, and so forth.
In the food industry, optical sorting can be used in the
processing of harvested foods, such as potatoes, fruits,
vegetables, nuts, and so on. US 2006/0226056 discloses
an ejector manifold for sorting of relatively small, granular
particles. EP 2923777 discloses a sorting device for sort-
ing out parts by means of air blasts. WO 93/10913 dis-
closes an apparatus for separating opaque particles from
a grouping of particles that is primarily composed of trans-
parent particles.

SUMMARY

[0002] According to the invention, there is provided a
food article defect removal apparatus for removing de-
fective food articles from a food processing line as de-
fined in claim 1. In particular, the defect removal appa-
ratus includes a manifold that defines one or more cham-
bers for holding pressurized fluid. First channels extend
from a first side of the manifold into fluid communication
with the chambers. Second channels extend from the
first side of the manifold to a second side of the manifold.
Valves selectively connect corresponding first channels
and second channels together to dispense the pressu-
rized fluid from the manifold. The manifold can have an
exterior wall that at least partially defines a first chamber
and a second chamber, with an interior wall disposed
between the first chamber and the second chamber. The
interior wall can define the second channels. The valves
are included with a valve assembly, which also includes
a driver operably coupled with the valves. The valves are
pluggably coupled with the driver.

DRAWINGS

[0003] The Detailed Description is described with ref-
erence to the accompanying figures.

FIG. 1 is an exploded isometric view illustrating a
food article foreign material/product/defect removal
apparatus in accordance with an example embodi-
ment of the present disclosure and in accordance
with at least the independent claim.
FIG. 2 is a partial exploded isometric view of the re-
moval apparatus illustrated in FIG. 1.
FIG. 3 is another partial exploded isometric view of
the removal apparatus illustrated in FIG. 1.
FIG. 4 is an isometric view of the removal apparatus
illustrated in FIG. 1.
FIG. 5 is an isometric view illustrating a food article
foreign material/product/defect removal apparatus,

such as the removal apparatus illustrated in FIG. 1,
where the removal apparatus is employed to remove
defective food articles from a food processing line in
accordance with an example embodiment of the
present disclosure and in accordance with at least
the independent claim.
FIG. 6 is a partial cross-sectional side elevation view
of the removal apparatus illustrated in FIG. 1.
FIG. 7 is a bottom plan view of a driver for a food
article foreign material/product/defect removal ap-
paratus, such as the removal apparatus illustrated
in FIG. 1, in accordance with an example embodi-
ment of the present disclosure and in accordance
with at least the independent claim.
FIG. 8 is a top plan view of the driver illustrated in
FIG. 7.
FIG. 9 is a partial isometric view illustrating an ex-
trusion for a food article foreign material/product/de-
fect removal apparatus, such as the removal appa-
ratus illustrated in FIG. 1, in accordance with an ex-
ample embodiment of the present disclosure and in
accordance with at least the independent claim.
FIG. 10 is an end view illustrating an extrusion for a
food article foreign material/product/defect removal
apparatus, such as the removal apparatus illustrated
in FIG. 1, where the extrusion includes both straight
and slanted nozzles in accordance with an example
embodiment of the present disclosure and in accord-
ance with at least the independent claim.
FIG. 11 is an end view illustrating an extrusion for a
food article foreign material/product/defect removal
apparatus, such as the removal apparatus illustrated
in FIG. 1, where the extrusion includes straight noz-
zles in accordance with an example embodiment of
the present disclosure and in accordance with at
least the independent claim.
FIG. 12 is an end view illustrating an extrusion for a
food article foreign material/product/defect removal
apparatus, such as the removal apparatus illustrated
in FIG. 1, where the extrusion includes a second,
supplemental extrusion in accordance with an ex-
ample embodiment of the present disclosure and in
accordance with at least the independent claim.
FIG. 13 is an exploded isometric view of the extrusion
and the supplemental extrusion illustrated in FIG. 12.
FIG. 14 is a partial exploded isometric view illustrat-
ing a food article foreign material/product/defect re-
moval apparatus, where an extrusion is formed with
chambers for housing latch mechanisms configured
to engage a cover of the removal apparatus in ac-
cordance with an example embodiment of the
present disclosure and in accordance with at least
the independent claim.
FIG. 15 is a partial exploded isometric view of the
removal apparatus illustrated in FIG. 14.
FIG. 16 is a partial side elevation view of the removal
apparatus illustrated in FIG. 14.
FIG. 17 is a partial cross-sectional side elevation
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view illustrating a food article foreign material/prod-
uct/defect removal apparatus in accordance with an
example embodiment of the present disclosure and
in accordance with at least the independent claim.
FIG. 18 is a block diagram illustrating a system con-
figured to remove defective food articles from a food
processing line, where the system includes a con-
troller and a food article foreign material/product/de-
fect removal apparatus, such as the removal appa-
ratus illustrated in FIG. 17, where the system can
include a computer system, an electronic database,
an alert mechanism, valve health check and main-
tenance equipment, and so forth, where valve health
characteristic and data collection can be performed
in real-time, and where valve characteristic changes
can be detected and history for the life of a valve can
be tracked in accordance with example embodi-
ments of the present disclosure and in accordance
with at least the independent claim.
FIG. 19 is a graph illustrating valve current meas-
urements for a valve in a food article foreign mate-
rial/product/defect removal apparatus, such as the
removal apparatus illustrated in FIG. 1, where the
valve current measurements are received from a cur-
rent sensor connected to the valve, and where the
current sensor measurements from the current sen-
sor can be differentiated to determine a back elec-
tromotive force (back EMF) to determine whether
the valve is healthy in accordance with an example
embodiment of the present disclosure and in accord-
ance with at least the independent claim.
FIG. 20 is a block diagram illustrating a system con-
figured to remove defective food articles from a food
processing line, where the system includes a con-
troller and a food article foreign material/product/de-
fect removal apparatus, such as the removal appa-
ratus illustrated in FIG. 1, in accordance with an ex-
ample embodiment of the present disclosure and in
accordance with at least the independent claim.

DETAILED DESCRIPTION

[0004] Aspects of the disclosure are described more
fully hereinafter with reference to the accompanying
drawings, which form a part hereof, and which show, by
way of illustration, example features. Unless otherwise
expressly indicated, example features and embodiments
described herein are in accordance with at least the in-
dependent claim.
[0005] Referring generally to FIGS. 1 through 20, a
food article foreign material (FM), product, and/or defect
removal apparatus 100 is described in accordance with
example embodiments of the present disclosure. The re-
moval apparatus 100 includes a manifold 102 for holding
pressurized fluid (e.g., air). The removal apparatus 100
also includes valves 104 that can selectively dispense
the pressurized fluid from the manifold 102. The removal
apparatus 100 is employed to remove defective food ar-

ticles 106 from a food processing line 108 (e.g., as shown
in FIG. 5). For example, potatoes are washed, peeled,
trimmed, and/or sliced to form individual food articles
110, which can then be further processed (e.g., de-sug-
ared, blanched, frozen, fried, and so forth) to form french
fried potatoes. During processing, the food articles 110
can be directed into proximity with the removal apparatus
100, and the removal apparatus 100 can be used to re-
move defective food articles 106 from the food process-
ing line 108. For instance, the food articles 110 are moved
along a first conveyor 112 and onto a second conveyor
114. The removal apparatus 100 can be positioned be-
tween the first conveyor 112 and/or one or more drop
chutes (not shown) and the second conveyor 114. When
a defective food article 106 (e.g., a blemished potato
strip) is identified, one or more valves 104 of the removal
apparatus 100 can be used to selectively dispense the
pressurized fluid from the manifold 102 (e.g., in the form
of an air jet 116) to direct the defective food article 106
off of the food processing line 108. The defective food
article 106 can be collected, discarded, used for a by-
product by a food processor, and so on.
[0006] It should be noted that while potato food prod-
ucts are described herein with some specificity, the ap-
paratus and techniques of the present disclosure are not
meant to be limited to use with a particular food or type
of food. Thus, the removal apparatus 100 can be used
with a wide variety of food articles 110, including, but not
necessarily limited to, whole foods (e.g., whole potatoes
and/or other produce), foods where kernels are removed
(e.g., cherries, pitted olives), and so on. Further, the re-
moval apparatus 100 can be used for removing materials
other than food (e.g., foreign material and/or foreign ob-
jects) from a processing line. It should also be noted that
various equipment can be used to identify a defective
food article 106 on the food processing line 108. For ex-
ample, the removal apparatus 100 can be used with op-
tical sorting equipment that identifies the articles to be
removed based upon one or more optical characteristics
of the food articles 110. It should also be noted that optical
sorting technology is provided by way of example only
and is not meant to limit the present disclosure. In other
embodiments, a defective food article 106 can be iden-
tified using other sorting and/or identification techniques,
including other physical sorting and/or identification tech-
niques.
[0007] In some embodiments, the manifold 102 of the
food article removal apparatus 100 includes an exterior
wall 118 and an interior wall 120. For example, the man-
ifold 102 is formed using a single extrusion 122 having
a cross-sectional profile that includes the exterior wall
118 and the interior wall 120 (e.g., as shown in FIG. 9).
The exterior wall 118 at least partially defines one or more
chambers for holding pressurized fluid (e.g., pressurized
air). The interior wall 120 of the manifold 102 is disposed
between two or more of the chambers. For instance, the
exterior wall 118 at least partially defines a chamber 124,
a chamber 126 (and possibly a chamber 128, another
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chamber, and so on), and the interior wall 120 is disposed
between the chamber 124 and the chamber 126, the
chamber 124 and the chamber 128, and/or the chamber
126 and the chamber 128. In some embodiments, two
or more of the chamber 124, the chamber 126, the cham-
ber 128, and possibly other chambers can be in fluid com-
munication with one another (e.g., connected together
so that substantially the entirety of the interior volume of
the extrusion 122 can be used to hold pressurized fluid).
In this manner, multiple valves 104 of the removal appa-
ratus 100 can be actuated simultaneously, or at least
substantially simultaneously, (e.g., individually and/or as
a group) to remove defective food articles 106 from the
food processing line 108. For example, one-fourth (1/4)
of the number of valves 104 of the removal apparatus
100, one-half (1/2) of the number of valves 104 of the
removal apparatus 100, three-fourths (3/4) of the number
of valves 104 of the removal apparatus 100, all of the
valves 104 of the removal apparatus 100, or another
number of the valves 104 of the removal apparatus 100
can be actuated simultaneously, or at least substantially
simultaneously.
[0008] The exterior wall 118 defines channels 130 that
extend from a side 132 of the manifold 102 into fluid com-
munication with one or more of the chamber 124, the
chamber 126, and so forth. The exterior wall 118 can
also define channels 134 that extend from, for example,
a side 136 of the manifold 102 (e.g., opposite the side
132 of the manifold 102) into fluid communication with
one or more of the chamber 124, the chamber 128, and
so on. The interior wall 120 defines channels 138 that
extend from the side 132 of the manifold 102 to a side
140 of the manifold 102. In some embodiments, the in-
terior wall 120 can also define channels 142 that extend
from the side 136 of the manifold 102 to the side 140 of
the manifold 102. As described herein, the arrangement
of the chambers within the manifold 102 and the config-
uration of the exterior wall 118 and the interior wall 120
can allow for a minimal number of transitions for routing
the channels 138 and/or the channels 142 through the
interior wall 120. For example, bores 144 drilled into the
interior wall 120 from the side 132 and/or the side 136 of
the manifold 102 can connect to bores 146 drilled into
the interior wall 120 from the side 140 of the manifold
102 to form the channels 138 and/or the channels 142.
In some embodiments, one or more of the channels can
be of substantially the same size (e.g., width, cross-sec-
tional area) throughout the channel. In other embodi-
ments, a channel may vary in size (e.g., width, cross-
sectional area) from one section of the channel to anoth-
er. For example, a bore 144 may have a different diam-
eter (e.g., larger, smaller) than a bore 146.
[0009] In some embodiments, the channels 138 and/or
the channels 142 that extend to the side 140 of the man-
ifold 102 can be oriented to exit the manifold 102 in one
or more directions. For example, the channels 138 and/or
142 shown in FIG. 6 can be angled (e.g., slanted) with
respect to the side 140. However, in other embodiments,

the channels 138 and/or 142 can be oriented differently
with respect to the side 140. For instance, with reference
to FIG. 10, some of the channels 138 and/or 142 can be
angled, while others can be oriented perpendicularly
(e.g., vertically) with respect to the side 140. In further
embodiments, all of the channels 138 and/or 142 can be
vertical (e.g., with reference to FIG. 11). In some embod-
iments, the channels 138 and/or 142 can exit the manifold
102 at nozzles 168, which can be formed as part of the
extrusion 122 and then further machined, e.g., with bores
146. Further, it should be noted that the extrusion 122
can be formed with wings 170 that are lifted upwardly
from the level of the nozzles 168. This arrangement can
facilitate pathways for laser detection beams and so forth.
[0010] In some embodiments, one or more additional
components can be attached to an extrusion 122 (e.g.,
to form the nozzles 168). For example, a supplemental
extrusion, such as a plate 172, can be bolted to the ex-
trusion 122 (e.g., with reference to FIGS. 12 and 13). The
plate 172 can include channels formed through the plate
172 such that the channels exit at ends of the nozzles
168. In some embodiments, these channels can be
formed by bores machined from one side of the plate 172
to an opposing side of the plate 172 and/or from one side
of the plate 172 and from an opposing side of the plate
172. The bores into the plate 172 can be aligned with,
for example, the bores 146 so that the channels 138
and/or 142 continue through the nozzles 168. The plate
172 can be removed and replaced (e.g., with a plate hav-
ing differently oriented nozzles, for cleaning purposes,
and so on). Further, a plate 172 can be configured to
attach to an extrusion 122 so that there are no exterior
fasteners in and/or above the product zone. As shown in
FIG. 13, fasteners (e.g., bolts 174) can be inserted
through the extrusion 122 from a side opposite the side
140 and then connected to the plate 172. However, the
bolts 174 are provided by way of example and not meant
to limit the present disclosure. Thus, in other embodi-
ments different fasteners can be used to secure the plate
172 (or other supplemental extrusions and/or additional
components) to the extrusion 122, including, but not nec-
essarily limited to: screws, nuts, rivets, pins, cams, and
so forth.
[0011] The valves 104 of the food article removal ap-
paratus 100 are used to selectively connect each one of
the channels 130 and/or channels 134 to a corresponding
one of the channels 138 and/or channels 142. In this
manner, the pressurized fluid can be selectively dis-
pensed from the chambers within the manifold 102 (e.g.,
from the side 140 of the manifold 102 or another side of
the manifold 102). Multiple valves 104 are included in a
valve assembly 148, which is coupled with the food article
removal apparatus 100. In this configuration, sections of
valves 104 (e.g., ten (10) valves, thirty-two (32) valves,
forty-two (42) valves, or a different number of valves) can
be operatively coupled with the removal apparatus 100
as a group (e.g., as opposed to individually wiring each
valve to a power source, a controller, and so forth). Thus,
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when a valve 104 or valves 104 fails, the valve 104 or
valves 104 of the valve assembly 148 can be removed
and quickly replaced. In other embodiments, the corre-
sponding valve assembly 148 can be removed, the failed
valve 104 or valves 104 can be quickly replaced with
another valve 104 or valves 104, and the valve assembly
148 can be returned to the removal apparatus 100. In
some embodiments, airflow through a valve 104 can be
reversed with respect to its ordinary pathway (e.g., as
indicated by the manufacturer) so that airflow proceeds
from what would otherwise be an outlet of the valve to
what would otherwise be an inlet of the valve (e.g., as
indicated in FIG. 17 by directional arrow 176).
[0012] One or more valve assemblies 148 include a
driver 150 (e.g., comprising a printed circuit board (PCB)
152) operably coupled with the valves 104, while the
valves 104 are pluggably coupled with the driver 150.
For example, thirty-two (32) valves 104 can be coupled
with a driver board. In some embodiments, the printed
circuit board 152 includes stiffeners, thermal material,
and so forth. The driver 150 includes pluggable valve
connections 154 for the valves 104 so that the valves
104 can be plugged into the driver 150 (e.g., rather than
individually wired to the printed circuit board 152). This
configuration can prevent or minimize the potential for
cross-wiring when connecting the valves 104 to the driver
150. Further, one or more alignment pins can be included
with a valve assembly 148 to facilitate alignment of a
valve 104 with a driver 150, alignment of a driver 150
with the manifold 102, and so on. The driver 150 can
include connections for supplying power to the valves
104, providing commands to the valves 104, and so forth.
For example, electrical power is supplied to each valve
assembly 148 by one or more bus bars extending longi-
tudinally along a header of the removal apparatus 100.
In this manner, the driver 150 is operable to selectively
actuate individual valves 104 (e.g., to remove defective
food articles 106 from the food processing line 108). For
example, the driver 150 includes one or more driver con-
nections 156 for connecting the driver 150 to a source of
electrical power, a communications network (e.g., a com-
puter bus interface), and so forth. For example, the driver
150 includes one or more of an Ethernet connection port,
a ribbon cable connection port, and so forth.
[0013] In some embodiments, the exterior wall 118 of
the manifold 102 at least partially defines one or more
additional chambers for holding fluid (e.g., air). Further,
an interior wall 158 of the manifold 102 can be disposed
between two or more of the chambers. For instance, the
exterior wall 118 at least partially defines a chamber 160.
In this configuration, the interior wall 158 is disposed be-
tween the chamber 160 and the chamber 124. In some
embodiments, one or more of the chamber 124, the
chamber 126, the chamber 128, and possibly other
chambers can be in fluid communication with the cham-
ber 160. The chamber 160 can be used to supply fluid
(e.g., air) to the valve assemblies 148 for cooling. For
example, each valve assembly 148 can include one or

more cooling ports in fluid communication with the cham-
ber 160. In some embodiments, a cooling port or set of
cooling ports is provided for each printed circuit board
152.
[0014] The removal apparatus 100 can include a cover
162 that protects various components of the removal ap-
paratus 100 within its operating environment, such as
the valves 104. For example, the cover 162 can be used
to prevent water from entering the manifold 102 (e.g.,
when the removal apparatus 100 is deployed with the
food processing line 108). This configuration can allow
exterior surfaces of the removal apparatus 100 to be
cleaned in place. In some embodiments, one or more of
the valve assemblies 148 includes handles 164 that can
act as a guide for the cover 162. For example, the handles
164 can be configured to mate with corresponding
grooves or slots defined by an interior of the cover 162.
As described herein, the cover 162 does not necessarily
include top entries, which could otherwise allow water to
enter through the cover 162. Further, the removal appa-
ratus 100 can include one or more sealing members 166
configured to seal the cover 162. In some embodiments,
the removal apparatus 100 includes a quad ring sealing
member. For instance, one or more ’T’-slot grooves are
included, where multiple (e.g., two) ’O’-ring sealing mem-
bers are disposed in a ’T’-slot groove.
[0015] In some embodiments, the cover 162 can be
coupled with the manifold 102 using one or more latch
mechanisms 178 so that the cover can be selectively
engaged to secure to the manifold 102. Further, the cover
162 can be secured to the manifold 102 so that the latch
mechanism 178 is covered by the cover 162. For exam-
ple, the manifold 102 extends longitudinally in a first (e.g.,
horizontal) direction, and, when the cover 162 is secured
to the manifold 102, the latch mechanism 178 is covered
by the cover 162 with respect to a second (e.g., vertical)
direction oriented generally perpendicular to the first di-
rection. In some embodiments, a latch mechanism 178
can be disposed in a chamber 180 formed in the extrusion
122. For example, one or more interior walls 182 are
used to separate the chambers 126 and/or 128 from a
chamber 180 (e.g., as described with reference to FIG.
17).
[0016] An end wall of the extrusion 122 and/or the man-
ifold 102 can define an access to a latch mechanism 178.
For example, the latch mechanism 178 can extend
through the end wall of the manifold 102, and can be
moved from proximate to the end wall to secure and re-
lease the cover 162. In some embodiments, a latch 184
configured as a sliding mechanical wedge can be used
to wedge a corresponding part of the cover 162 to secure
the cover 162 to the manifold 102 (e.g., as shown in FIGS.
14 through 16). However, in other embodiments, a latch
184 can be configured differently. For example, a latch
mechanism 178 can be configured as a cam shaft ex-
tending through a chamber 180 and including one or
more latches 184 configured as cams, with pins extend-
ing from the cover 162 that can be engaged by the latches
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184. In this configuration, the latches 184 can be rotated
(e.g., ninety degrees (90°), one hundred and twenty de-
grees (120°), etc.) to release the pins of the cover 162
from engagement by the latches 184. Then, the cover
162 can be lifted from the manifold 102. In this manner,
the cover 162 can be fastened to the manifold 102 without
exterior fasteners in and/or above the product zone.
[0017] In another example, a latch mechanism 178 can
be configured as a slide extending through a chamber
180 and including one or more latches 184 configured
as magnets (e.g., permanent magnets, such as rare earth
magnets, magnetized material, electromagnets, etc.),
with material attracted to the magnets disposed on the
cover 162 that can be engaged by the latches 184. In
this example, a latch mechanism 178 can slide through
a chamber 180 to one position where the latches 184 are
aligned with the material attracted to the magnets to se-
cure the cover 162 to the manifold 102, and also slide to
another position out of alignment with the magnetically
attracted material to disengage the latches 184 from the
cover 162. However, it should be noted that these con-
figurations are provided by way of example and are not
meant to limit the present disclosure. Thus, in other em-
bodiments, latch mechanisms 178, latches 184, cover
162, and/or manifold 102 can be configured differently.
For example, the cover 162 can include magnets (e.g.,
permanent magnets, magnetized material, electromag-
nets, etc.), with the latch mechanisms 178 including ma-
terial attracted to the magnets.
[0018] In some embodiments, valves 104 of the remov-
al apparatus 100 each include a coil 186 that produces
a magnetic field when electrical current is passed through
the coil 186 to operate the valve 104. For example, one
or more of the valves 104 can be configured as a solenoid
valve, and electrical current can be supplied to the coil
186 of the valve 104 from a current source 188, such as
AC mains. A current sensor 192 is configured to connect
to the electrical circuit including the coil 186 and the cur-
rent source 188. In embodiments of the disclosure, an
optical indicator 190 (e.g., a light emitting diode (LED
configured as a send diode) or another optical indicator)
can be configured to transmit characteristic information
about the valve 104, including, but not necessarily limited
to: a number of actuation cycles for the valve 104 (e.g.,
transmitted as thirty-two (32) bits of data), a unique iden-
tification (ID) for the valve 104 (e.g., transmitted as sev-
enty-two (72) bits of data), a firmware version for the valve
104 (e.g., transmitted as eight (8) bits of data), a check-
sum (e.g., transmitted as eight (8) bits of data), and so
on. In some embodiments, the characteristic information
about the valve 104 can be transmitted in less than about
one millisecond (1 ms). As described with reference to
FIGS. 18 and 19, a valve assembly 148 can also include
one or more optical sensors 194 (e.g., an LED configured
as a receive diode), each configured to receive an optical
indication from a corresponding optical indicator 190 of
each valve 104 of the valve assembly 148. In this manner,
optic links optically couple each optical indicator 190 of

each valve 104 to a corresponding optical sensor 194.
[0019] In some embodiments, a controller 202 for con-
trolling the removal apparatus 100 is communicatively
coupled with the optical sensors 194 and the current sen-
sor 192. The controller 202 can be configured to receive
measurements from the current sensor 192 and deter-
mine multiple rates of change of electrical current sup-
plied to a coil 186 (e.g., by differentiating the current
measured by the current sensor 192). The controller 202
can then use the rates of change to determine a health
of the corresponding valve 104, and possibly report the
health of the valve 104 (e.g., to an operator via a user
interface). In embodiments of the disclosure, use of the
optical indicator 190 and the optical sensor 194 to estab-
lish the optic link can provide a cleaner signal for detec-
tion and analysis of how a valve 104 responds to being
energized to open and/or close. Further, the data can be
transmitted in real-time and in parallel with signals trans-
mitted to the valve 104.
[0020] With reference to FIG. 19, the controller 202
can be configured to determine a valve 104 is healthy
using a back electromotive force (back EMF) determined
for the valve 104 based upon differentiating valve current
measurements from the current sensor 192. For exam-
ple, the valve is turned on with a control signal at time
zero milliseconds (0 ms), and the back EMF is detected
(e.g., a slope of the differentiated current measurements
goes negative) between time one millisecond (1 ms) and
time two milliseconds (2 ms). In this example, a current
of one Ampere (1 A) is used to open the valve 104. How-
ever, the current is initially allowed to rise above this one
Ampere (1 A) limit until the back EMF is detected, and
then modulation begins at one Ampere (1 A) and can be
subsequently adjusted to one-half Ampere (0.5 A). In
some embodiments, a limit above one Ampere (1 A) (e.g.,
a maximum threshold) can be specified so that the cur-
rent may not rise excessively before a back EMF is de-
tected. Further, real-time detection of back EMF can be
used to prevent or minimize over-driving a coil 186 on a
valve 104. The valve is then open after time two millisec-
onds (2 ms).
[0021] By detecting the negative value for the back
EMF, a determination of a healthy valve 104 can be
made. However, if the back EMF does not go negative,
a determination can be made that the valve 104 is not
healthy. Further, in some embodiments, the controller
202 can be configured to determine a response time for
the corresponding valve based on a back EMF and report
the response time of the corresponding valve 104. Con-
tinuing the present example, the response time can be
measured from time zero milliseconds (0 ms) to a time
between time one millisecond (1 ms) and time two milli-
seconds (2 ms). In embodiments of the disclosure, char-
acteristic information about a valve 104 can be collected
in an offline mode, e.g., by adjusting flow rate, pressure,
and so forth, and then actuating a valve 104 and collect-
ing (and possibly filtering) EMF information to establish
a baseline for the valve 104. Further in some embodi-
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ments, back EMF, response time, and so forth can be
used to determine the degree to which a valve 104 is
open.
[0022] In some embodiments, the health of a valve 104
can be determined by comparing optical indications (e.g.,
one or more health characteristics) received from a cor-
responding optical indicator 190 of each valve 104 of the
valve assembly 148 to the differentiated valve current
measurements for the valve 104. For example, a back
EMF for a particular valve 104 can be compared with
health characteristic information from the valve 104 (e.g.,
actuation cycles for the valve 104, a unique identification
for the valve 104, a firmware version for the valve 104,
etc.) to determine a health of the valve 104. For instance,
when a back EMF is determined for a valve 104 as ex-
pected, but an unexpected valve identification and/or
firmware version is indicated by a corresponding optical
indicator 190 of the valve 104, a determination can be
made that the valve 104 is unhealthy. In another example,
when a back EMF is determined for a valve 104 as ex-
pected, but an actuation cycle count is received from a
corresponding optical indicator 190 of the valve 104
showing a number of actuation cycles for the valve 104
that has not increased by one (1) as expected, a deter-
mination can be made that the valve 104 is unhealthy.
In some embodiments, transmission of optical data in-
cluding characteristic information about the valve 104 is
not initiated until after modulation of electrical current to
the valve 104 (e.g., so that back EMF detection is not
corrupted).
[0023] In embodiments of the disclosure, valve health
information can be generated to indicate the status of a
valve 104 to an operator. Such information can include,
for example, time-stamped information about a valve
104, such as current measurements from the current sen-
sor 192, differentiated current measurements, valve re-
sponse time, one or more optical indications from an op-
tical indicator 190, and so forth. In some embodiments,
the valve health information can be stored (e.g., logged)
in an electronic database (e.g., a central system data-
base). Additionally, when a determination of an unhealthy
valve is made (e.g., a faulty valve, a valve nearing its end
of life, etc.), one or more alerts can be provided to an
operator. An alert can be initiated at an indicator, an
alarm, an indicator and an alarm, and so forth. In some
embodiments, an indicator can include an electronic dis-
play (e.g., a central display panel), one or more indicator
lights, and so on. Further, an alarm can include an audible
alarm, a visual alarm (e.g., an indicator light), a tactile
alarm, a signal transmitted to a remote monitoring au-
thority, and so forth. However, these alerts are provided
by way of example only and are not meant to limit the
present disclosure. In other embodiments, different
and/or additional alerts can be initiated. For example, an
alert is initiated in the form of an electronic message,
such as an email message, a text message, and so on.
[0024] In some embodiments, an alert can be initiated
using a light emitting device (e.g., a light emitting diode)

on a driver 150, where the location of the light emitting
device on the driver 150 corresponds to the location of
a particular valve 104. In other embodiments, an alert
can be initiated using a light emitting device (e.g., a light
emitting diode) at the valve 104 (e.g., on a printed circuit
board included with the valve). Further, an alert can be
provided in the form of a numerical, textual, and/or graph-
ical identification of an unhealthy valve, which may cor-
respond to a marked location on, for example, the extru-
sion 122 (e.g., a numbered location stamped into the
extrusion). The location of an unhealthy valve 104 can
also be graphically depicted on a display, such as on a
central display panel, and/or on another electronic de-
vice, including, but not necessarily limited to: a large
touch panel product, an all-in-one computer, a mobile
computing device (e.g., a hand-held portable computer,
a Personal Digital Assistant (PDA), a laptop computer, a
tablet computer, and so forth), a mobile telephone device
(e.g., a cellular telephone or a smartphone), a device that
includes functionalities associated with smartphones and
tablet computers (e.g., a phablet), a surface computing
device (e.g., a table top computer), a Personal Computer
(PC) device, and so on. Further, in some embodiments,
multiple removal apparatus 100 can be coupled with a
single display (e.g., a central display panel). In this ex-
ample, multiple drivers 150 and/or valves 104 can be
graphically depicted, and an operator can manipulate the
display (e.g., zoom in, zoom out) to display detailed in-
formation about particular drivers 150 and/or valves 104
and so forth.
[0025] Referring now to FIG. 20, a system 200 includes
a food article removal apparatus 100 and a controller 202
for controlling the removal of defective food articles 106
from the food processing line 108. In some embodiments,
the controller 202 is separate (e.g., remote) from the re-
moval apparatus 100. In other embodiments, the control-
ler 202 is housed with (e.g., within) the removal apparatus
100. For example, each driver 150 can include an asso-
ciated controller 202. However, in other embodiments,
each driver 150 does not necessarily include a controller
202. For example, one controller 202 can be connected
to multiple drivers 150, and one or more of the drivers
150 may then not necessarily include a processor. The
system 200, including some or all of its components, can
operate under computer control. For example, a proces-
sor can be included with or in a system 200 to control the
components and functions of systems 200 described
herein using software, firmware, hardware (e.g., fixed
logic circuitry), manual processing, or a combination
thereof. The terms "controller," "functionality," "service,"
and "logic" as used herein generally represent software,
firmware, hardware, or a combination of software,
firmware, or hardware in conjunction with controlling the
systems 200. In the case of a software implementation,
the module, functionality, or logic represents program
code that performs specified tasks when executed on a
processor (e.g., central processing unit (CPU) or CPUs).
The program code can be stored in one or more compu-
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ter-readable memory devices (e.g., internal memory
and/or one or more tangible media), and so on. The struc-
tures, functions, approaches, and techniques described
herein can be implemented on a variety of commercial
computing platforms having a variety of processors.
[0026] The controller 202 can include a processor 204,
a memory 206, and a communications interface 208. The
processor 204 provides processing functionality for the
controller 202 and can include any number of processors,
micro-controllers, or other processing systems, and res-
ident or external memory for storing data and other in-
formation accessed or generated by the controller 202.
The processor 204 can execute one or more software
programs that implement techniques described herein.
The processor 204 is not limited by the materials from
which it is formed or the processing mechanisms em-
ployed therein and, as such, can be implemented via
semiconductor(s) and/or transistors (e.g., using electron-
ic integrated circuit (IC) components), and so forth.
[0027] The memory 206 is an example of tangible,
computer-readable storage medium that provides stor-
age functionality to store various data associated with
operation of the controller 202, such as software pro-
grams and/or code segments, or other data to instruct
the processor 204, and possibly other components of the
controller 202, to perform the functionality described
herein. Thus, the memory 206 can store data, such as a
program of instructions for operating the system 200 (in-
cluding its components), and so forth. It should be noted
that while a single memory 206 is described, a wide va-
riety of types and combinations of memory (e.g., tangible,
non-transitory memory) can be employed. The memory
206 can be integral with the processor 204, can comprise
stand-alone memory, or can be a combination of both.
[0028] The memory 206 can include, but is not neces-
sarily limited to: removable and non-removable memory
components, such as random-access memory (RAM),
read-only memory (ROM), flash memory (e.g., a secure
digital (SD) memory card, a mini-SD memory card, and/or
a micro-SD memory card), magnetic memory, optical
memory, universal serial bus (USB) memory devices,
hard disk memory, external memory, and so forth. In im-
plementations, the removal apparatus 100 and/or the
memory 206 can include removable integrated circuit
card (ICC) memory, such as memory provided by a sub-
scriber identity module (SIM) card, a universal subscriber
identity module (USIM) card, a universal integrated circuit
card (UICC), and so on.
[0029] The communications interface 208 is operative-
ly configured to communicate with components of the
system 200. For example, the communications interface
208 can be configured to transmit data for storage in the
system 200, retrieve data from storage in the system 200,
and so forth. The communications interface 208 is also
communicatively coupled with the processor 204 to fa-
cilitate data transfer between components of the system
200 and the processor 204 (e.g., for communicating in-
puts to the processor 204 received from a device com-

municatively coupled with the controller 202). It should
be noted that while the communications interface 208 is
described as a component of a controller 202, one or
more components of the communications interface 208
can be implemented as external components communi-
catively coupled to the system 200 via a wired and/or
wireless connection. The system 200 can also comprise
and/or connect to one or more input/output (I/O) devices
(e.g., via the communications interface 208), including,
but not necessarily limited to: a display, a mouse, a touch-
pad, a keyboard, and so on.
[0030] The communications interface 208 and/or the
processor 204 can be configured to communicate with a
variety of different networks, including, but not necessar-
ily limited to: a wide-area cellular telephone network,
such as a 3G cellular network, a 4G cellular network, or
a global system for mobile communications (GSM) net-
work; a wireless computer communications network,
such as a WiFi network (e.g., a wireless local area net-
work (WLAN) operated using IEEE 802.11 network
standards); an internet; the Internet; a wide area network
(WAN); a local area network (LAN); a personal area net-
work (PAN) (e.g., a wireless personal area network
(WPAN) operated using IEEE 802.15 network stand-
ards); a public telephone network; an extranet; an intran-
et; and so on. However, this list is provided by way of
example only and is not meant to limit the present dis-
closure. Further, the communications interface 208 can
be configured to communicate with a single network or
multiple networks across different access points.
[0031] In embodiments of the disclosure, the controller
202 can be used to monitor health and/or life cycle char-
acteristics of the valves 104. For example, feedback from
a valve 104 can be collected and used to determine a
number of actuation cycles for a particular valve 104.
Further, additional information can be collected about a
valve 104, e.g., in embodiments where valve circuitry
may be powered only when the valve 104 is actuated.
This information can be used to predict when a valve 104
is at or nearing the end of its useful life within the system
200. However, actuation cycle counts are provided by
way of example only and are not meant to limit the present
disclosure. In other embodiments, a feedback loop can
be used to determine how many cycles a valve 104 has
been in an incorrect orientation (e.g., open when instruct-
ed to be shut, shut when instructed to be open). Further,
in some embodiments, the system 200 tracks a length
of time (e.g., in milliseconds) taken by a particular valve
104 to open and/or close. Additionally, the system 200
can also include one or more sensors configured to de-
termine (e.g., sense, measure) an operating character-
istic of a valve 104. For example, a back EMF associated
with a solenoid is measured for a valve 104 (e.g., as
previously described).
[0032] Information from a valve 104 can be collected
when the valve 104 is initially deployed, and subsequent
readings can be used to determine when the valve 104
begins acting erratically and/or slowly, which may be in-
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dicative of the end of its useful operating life. In this man-
ner, the system 200 can monitor the health of individual
valves 104, valve assemblies 148, and so forth, and can
recommend intervention (e.g., replacement of an individ-
ual valve 104 or valves 104, maintenance on a valve
assembly 148, replacement of a valve assembly 148,
and so on). Further, the system 200 can initiate validation
queries at predetermined and/or random time intervals.
In some embodiments, one or more valves 140 of a valve
assembly 148 can be configured as "send only" valves,
where information is communicated to the controller 202
periodically (e.g., at periodic time intervals, at random
time intervals, at pseudo-random time intervals, etc.)
and/or at predetermined times (e.g., at scheduled times).
However, in other embodiments, the controller 202 can
initiate a request to receive information from a valve 140,
e.g., where one or more valves 104 are configured as
"send and receive" valves. In some embodiments, each
valve position within the removal apparatus 100 can be
labeled (e.g., numbered), and information presented to
an operator regarding one or more valves can include an
identification of the valve associated with its label.
[0033] Generally, any of the functions described herein
can be implemented using hardware (e.g., fixed logic cir-
cuitry such as integrated circuits), software, firmware,
manual processing, or a combination thereof. Thus, the
blocks discussed in the above disclosure generally rep-
resent hardware (e.g., fixed logic circuitry such as inte-
grated circuits), software, firmware, or a combination
thereof. In the instance of a hardware configuration, the
various blocks discussed in the above disclosure may be
implemented as integrated circuits along with other func-
tionality. Such integrated circuits may include all of the
functions of a given block, system, or circuit, or a portion
of the functions of the block, system, or circuit. Further,
elements of the blocks, systems, or circuits may be im-
plemented across multiple integrated circuits. Such inte-
grated circuits may comprise various integrated circuits,
including, but not necessarily limited to: a monolithic in-
tegrated circuit, a flip chip integrated circuit, a multichip
module integrated circuit, and/or a mixed signal integrat-
ed circuit. In the instance of a software implementation,
the various blocks discussed in the above disclosure rep-
resent executable instructions (e.g., program code) that
perform specified tasks when executed on a processor.
These executable instructions can be stored in one or
more tangible computer readable media. In some such
instances, the entire system, block, or circuit may be im-
plemented using its software or firmware equivalent. In
other instances, one part of a given system, block, or
circuit may be implemented in software or firmware, while
other parts are implemented in hardware.
[0034] Although the subject matter has been described
in language specific to structural features and/or meth-
odological acts, it is to be understood that the subject
matter defined in the appended claims is not necessarily
limited to the specific features or acts described above.
Rather, the specific features and acts described above

are disclosed as example forms of implementing the in-
vention as defined by the claims.

Claims

1. A food article defect removal apparatus (100) for re-
moving defective food articles (106) from a food
processing line (108), the food article defect removal
apparatus (100) comprising:

a manifold (102) at least partially defining a
chamber (124, 126, 128, 160) configured for
holding pressurized fluid, a first plurality of chan-
nels (130, 134) extending from a first side (132,
136) of the manifold (102) into fluid communica-
tion with the chamber (124, 126, 128, 160), and
a second plurality of channels (138, 142) extend-
ing from the first side (132, 136) of the manifold
to a second side (140) of the manifold (102); and
a valve assembly (148) comprising:
a plurality of valves (104) selectively connecting
each one of the first plurality of channels (130,
134) to a corresponding one of the second plu-
rality of channels (138, 142) for selectively dis-
pensing the pressurized fluid from the second
side (140) of the manifold (102),

characterised in that the valve assembly (148) fur-
ther comprises:
a driver (150) operably coupled with the plurality of
valves (104) for selectively actuating individual ones
of the plurality of valves (104), the plurality of valves
pluggably coupled with the driver (150).

2. The food article defect removal apparatus (100) as
recited in Claim 1, wherein the first side (132, 136)
of the manifold (102) is different from the second
side (140) of the manifold (102).

3. The food article defect removal apparatus (100) as
recited in any one of the above claims, wherein the
driver (150) comprises a printed circuit board (152).

4. The food article defect removal apparatus (100) as
recited in any of the above claims, further comprising
a second valve assembly (148) comprising a second
plurality of valves (104) and a second driver (150)
pluggably coupled with the second plurality of valves
(104).

5. The food article defect removal apparatus (100) as
recited in any of the above claims, wherein the driver
(150) comprises at least one of a power connection
or a communications network connection to facilitate
selective actuation of individual ones of the plurality
of valves (104).
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6. The food article defect removal apparatus (100) as
recited in any one of the above claims, wherein the
valve assembly (148) comprises a cooling port in
fluid communication with the chamber (160) of the
manifold (102) for cooling the valve assembly (148).

7. The food article defect removal apparatus (100) as
recited in any one of the above claims, further com-
prising a cover (162) for covering the valve assembly
(148), wherein the valve assembly (148) comprises
a handle (164) configured to align the cover (162).

8. The food article defect removal apparatus (100) as
recited in any one of the above claims, further com-
prising:

the plurality of valves (104) each including a coil
(186) configured to produce a magnetic field
when electrical current is passed through the
coil (186) to operate the valve (104), and an op-
tical indicator (190) to transmit at least one
health characteristic of the valve (104);
a plurality of optical sensors (194) each config-
ured to receive an optical indication from a cor-
responding optical indicator (190) of each valve
of the plurality of valves (104);
a plurality of optic links optically coupling each
optical indicator (190) of each valve of the plu-
rality of valves (104) to a corresponding optical
sensor (194) of the plurality of optical sensors
(194);
a current sensor (192) configured to connect to
an electrical circuit including the coil (186) and
a current source (188) for supplying electrical
current to the coil (186); and
a controller (202) communicatively coupled with
the plurality of optical sensors (194) and the cur-
rent sensor (192), the controller (202) config-
ured to receive measurements from the current
sensor (192), determine a plurality of rates of
change of electrical current supplied to the coil
(186), use the rates of change to determine a
health of the corresponding valve (104), and re-
port the health of the corresponding valve (104).

9. The food article defect removal apparatus (100) as
recited in Claim 8, wherein the controller (202) is
configured to receive an optical indication from an
optical indicator (190) of the plurality of optical indi-
cators (190), the plurality of rates of change of elec-
trical current supplied to the coil (186) are deter-
mined by differentiating the current measured by the
current sensor (192), and the health of the corre-
sponding valve (104) is determined by comparing
the optical indication to the plurality of rates of
change of the corresponding valve (104).

10. The food article defect removal apparatus (100) as

recited in Claim 8 or 9, wherein the valve (104) com-
prises a solenoid valve.

11. The food article defect removal apparatus (100) as
recited in any one of Claims 8 to 10, wherein the
optical indicator (190) comprises a light emitting di-
ode.

12. The food article defect removal apparatus (100) as
recited in any one of Claims 8 to 11, wherein the
controller (202) is configured to determine the valve
(104) is unhealthy when a back electromotive force
determined for the valve (104) based upon the plu-
rality of rates of change does not correspond to an
optical indication from the optical indicator (190) that
electrical current is passing through the coil (186).

13. The food article defect removal apparatus (100) as
recited in any one of Claims 8 to 12, wherein the
controller (202) is configured to determine the valve
(104) is unhealthy when an optical indication from
the optical indicator (190) that electrical current is
passing through the coil (186) does not correspond
to a back electromotive force determined for the
valve (104).

14. The food article defect removal apparatus (100) as
recited in any one of Claims 8 to 13, wherein the
controller (202) is configured to determine a re-
sponse time for the corresponding valve (104) based
upon at least one of the optical indication or the plu-
rality of rates of change and report the response time
of the corresponding valve (104).

Patentansprüche

1. Vorrichtung (100) zur Beseitigung von Defekten an
Lebensmitteln (106) aus einer Lebensmittelverar-
beitungslinie (108), wobei die Vorrichtung (100) zur
Beseitigung von Defekten an Lebensmitteln Folgen-
des umfasst:

einen Verteiler (102), der mindestens teilweise
eine Kammer (124, 126, 128, 160) definiert, die
zur Aufnahme von unter Druck stehendem Fluid
konfiguriert ist, wobei sich eine erste Vielzahl
von Kanälen (130, 134) von einer ersten Seite
(132, 136) des Verteilers (102) in Fluidverbin-
dung mit der Kammer (124, 126, 128, 160) er-
streckt, und eine zweite Vielzahl von Kanälen
(138, 142) sich von der ersten Seite (132, 136)
des Verteilers zu einer zweiten Seite (140) des
Verteilers (102) erstreckt; und
eine Ventilanordnung (148), die Folgendes um-
fasst:

eine Vielzahl von Ventilen (104), die selektiv
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jeden der ersten Vielzahl von Kanälen (130,
134) mit einem entsprechenden der zweiten
Vielzahl von Kanälen (138, 142) verbinden,
um das unter Druck stehende Fluid selektiv
von der zweiten Seite (140) des Verteilers
(102) abzugeben,
dadurch gekennzeichnet, dass die Ven-
tilanordnung (148) ferner Folgendes um-
fasst:
einen Treiber (150), der betriebsfähig mit
der Vielzahl von Ventilen (104) gekoppelt
ist, um einzelne der Vielzahl von Ventilen
(104) selektiv zu betätigen, wobei die Viel-
zahl von Ventilen steckbar mit dem Treiber
(150) gekoppelt ist.

2. Vorrichtung (100) zur Beseitigung von Nahrungsmit-
teldefekten nach Anspruch 1, wobei die erste Seite
(132, 136) des Verteilers (102) von der zweiten Seite
(140) des Verteilers (102) verschieden ist.

3. Vorrichtung (100) zur Beseitigung von Defekten an
Lebensmitteln nach einem der vorstehenden An-
sprüche, wobei der Treiber (150) eine Schaltkarte
(152) umfasst.

4. Vorrichtung (100) zur Beseitigung von Defekten an
Lebensmitteln nach einem der vorstehenden An-
sprüche, die ferner eine zweite Ventilanordnung
(148) umfasst, die eine zweite Vielzahl von Ventilen
(104) und einen zweiten Treiber (150) umfasst, der
steckbar mit der zweiten Vielzahl von Ventilen (104)
verbunden ist.

5. Vorrichtung (100) zur Beseitigung von Nahrungsmit-
teldefekten nach einem der vorstehenden Ansprü-
che, wobei der Treiber (150) mindestens eine Ver-
bindung aus einer Stromverbindung oder einer Ver-
bindung zu einem Kommunikationsnetzwerk um-
fasst, um die selektive Betätigung einzelner der Viel-
zahl von Ventilen (104) zu erleichtern.

6. Vorrichtung (100) zur Beseitigung von Defekten an
Lebensmitteln nach einem der vorstehenden An-
sprüche, wobei die Ventilanordnung (148) einen
Kühlanschluss umfasst, der mit der Kammer (160)
des Verteilers (102) in Fluidverbindung steht, um die
Ventilanordnung (148) zu kühlen.

7. Vorrichtung (100) zur Beseitigung von Defekten an
Lebensmitteln nach einem der vorstehenden An-
sprüche, die ferner eine Abdeckung (162) zum Ab-
decken der Ventilanordnung (148) umfasst, wobei
die Ventilanordnung (148) einen Griff (164) umfasst,
der zum Ausrichten der Abdeckung (162) konfigu-
riert ist.

8. Vorrichtung (100) zur Beseitigung von Nahrungsmit-

teldefekten nach einem der vorstehenden Ansprü-
che, die ferner Folgendes umfasst:

die Vielzahl von Ventilen (104), die jeweils eine
Spule (186) enthalten, die dafür konfiguriert ist,
ein Magnetfeld zu erzeugen, wenn elektrischer
Strom durch die Spule (186) fließt, um das Ventil
(104) zu betätigen, und einen optischen Indika-
tor (190), um mindestens ein Gesundheitsmerk-
mal des Ventils (104) zu übertragen;
eine Vielzahl von optischen Sensoren (194), die
jeweils dafür konfiguriert sind, eine optische An-
zeige von einem entsprechenden optischen In-
dikator (190) jedes Ventils der Vielzahl von Ven-
tilen (104) zu empfangen;
eine Vielzahl von optischen Verbindungen, die
jeden optischen Indikator (190) jedes Ventils der
Vielzahl von Ventilen (104) mit einem entspre-
chenden optischen Sensor (194) der Vielzahl
von optischen Sensoren (194) optisch koppeln;
einen Stromsensor (192), der dafür konfiguriert
ist, mit einer elektrischen Schaltung verbunden
zu sein, die die Spule (186) und eine Stromquel-
le (188) zur Versorgung der Spule (186) mit elek-
trischem Strom enthält; und
einen Controller (202), der kommunikativ mit der
Vielzahl von optischen Sensoren (194) und dem
Stromsensor (192) gekoppelt ist, wobei der
Controller (202) dafür konfiguriert ist, Messun-
gen von dem Stromsensor (192) zu empfangen,
eine Vielzahl von Änderungsraten des der Spule
(186) zugeführten elektrischen Stroms zu be-
stimmen, die Änderungsraten zu verwenden,
um einen Zustand des entsprechenden Ventils
(104) zu bestimmen, und den Zustand des ent-
sprechenden Ventils (104) zu melden.

9. Vorrichtung (100) zur Beseitigung von Defekten an
Lebensmitteln nach Anspruch 8, wobei der Control-
ler (202) dafür konfiguriert ist, eine optische Anzeige
von einem optischen Indikator (190) aus der Vielzahl
der optischen Indikatoren (190) zu empfangen, wo-
bei die Vielzahl der Änderungsraten des der Spule
(186) zugeführten elektrischen Stroms durch Diffe-
renzierung des vom Stromsensor (192) gemesse-
nen Stroms bestimmt werden, und der Zustand des
entsprechenden Ventils (104) bestimmt wird, indem
die optische Anzeige mit der Vielzahl der Änderungs-
raten des entsprechenden Ventils (104) verglichen
wird.

10. Vorrichtung (100) zur Beseitigung von Defekten an
Lebensmitteln nach Anspruch 8 oder 9, wobei das
Ventil (104) ein Magnetventil umfasst.

11. Vorrichtung (100) zur Beseitigung von Defekten an
Lebensmitteln nach einem der Ansprüche 8 bis 10,
wobei der optische Indikator (190) eine Leuchtdiode
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umfasst.

12. Vorrichtung (100) zur Beseitigung von Defekten an
Lebensmitteln nach einem der Ansprüche 8 bis 11,
wobei der Controller (202) dafür konfiguriert ist, zu
bestimmen, dass das Ventil (104) defekt ist, wenn
eine für das Ventil (104) basierend auf der Vielzahl
von Änderungsraten ermittelte gegenelektromotori-
sche Kraft nicht mit einer optischen Anzeige der op-
tischen Anzeige (190) übereinstimmt, dass elektri-
scher Strom durch die Spule (186) fließt.

13. Vorrichtung (100) zur Beseitigung von Defekten an
Lebensmitteln nach einem der Ansprüche 8 bis 12,
wobei der Controller (202) dafür konfiguriert ist, zu
bestimmen, dass das Ventil (104) defekt ist, wenn
eine optische Anzeige des optischen Indikators
(190), dass elektrischer Strom durch die Spule (186)
fließt, nicht mit einer für das Ventil (104) bestimmten
gegenelektromotorischen Kraft übereinstimmt.

14. Vorrichtung (100) zur Beseitigung von Defekten an
Lebensmitteln nach einem der Ansprüche 8 bis 13,
wobei der Controller (202) dafür konfiguriert ist, eine
Reaktionszeit für das entsprechende Ventil (104) auf
der Basis mindestens einer der optischen Anzeige
oder der Vielzahl von Änderungsraten zu bestimmen
und die Reaktionszeit des entsprechenden Ventils
(104) zu melden.

Revendications

1. Appareil de retrait de défaut d’article alimentaire
(100) pour retirer des articles alimentaires défec-
tueux (106) d’une chaîne de transformation alimen-
taire (108), l’appareil de retrait de défaut d’article ali-
mentaire (100) comprenant :

un collecteur (102) définissant au moins en par-
tie une chambre (124, 126, 128, 160) configurée
pour contenir un fluide pressurisé, une première
pluralité de canaux (130, 134) s’étendant depuis
un premier côté (132, 136) du collecteur (102)
en communication fluidique avec la chambre
(124, 126, 128, 160), et une seconde pluralité
de canaux (138, 142) s’étendant depuis le pre-
mier côté (132, 136) du collecteur jusqu’à un
second côté (140) du collecteur (102) ; et
un ensemble de valves (148) comprenant :

une pluralité de valves (104) reliant de ma-
nière sélective chaque canal de la première
pluralité de canaux (130, 134) à un canal
correspondant de la seconde pluralité de
canaux (138, 142) pour distribuer de ma-
nière sélective le fluide pressurisé depuis le
second côté (140) du collecteur (102),

l’appareil étant caractérisé en ce que l’en-
semble de valves (148) comprend en outre :
un dispositif d’entraînement (150) accouplé
de manière fonctionnelle à la pluralité de
valves (104) pour actionner de manière sé-
lective des valves individuelles de la plura-
lité de valves (104), la pluralité de valves
étant accouplées enfichables au dispositif
d’entraînement (150).

2. Appareil de retrait de défaut d’article alimentaire
(100) selon la revendication 1, dans lequel le premier
côté (132, 136) du collecteur (102) est différent du
second côté (140) du collecteur (102).

3. Appareil de retrait de défaut d’article alimentaire
(100) selon l’une quelconque des revendications
précédentes, dans lequel le dispositif d’entraîne-
ment (150) comprend une carte de circuit imprimé
(152).

4. Appareil de retrait de défaut d’article alimentaire
(100) selon l’une quelconque des revendications
précédentes, comprenant en outre un second en-
semble de valves (148) comprenant une seconde
pluralité de valves (104) et un second dispositif d’en-
traînement (150) accouplé enfichable à la seconde
pluralité de valves (104).

5. Appareil de retrait de défaut d’article alimentaire
(100) selon l’une quelconque des revendications
précédentes, dans lequel le dispositif d’entraîne-
ment (150) comprend une connexion électrique
et/ou une connexion par réseau de communication
pour faciliter un actionnement sélectif de valves in-
dividuelles de la pluralité de valves (104).

6. Appareil de retrait de défaut d’article alimentaire
(100) selon l’une quelconque des revendications
précédentes, dans lequel l’ensemble de valves (148)
comprend un orifice de refroidissement en commu-
nication fluidique avec la chambre (160) du collec-
teur (102) pour refroidir l’ensemble de valves (148).

7. Appareil de retrait de défaut d’article alimentaire
(100) selon l’une quelconque des revendications
précédentes, comprenant en outre un couvercle
(162) pour recouvrir l’ensemble de valves (148), l’en-
semble de valves (148) comprenant une poignée
(164) configurée pour aligner le couvercle (162).

8. Appareil de retrait de défaut d’article alimentaire
(100) selon l’une quelconque des revendications
précédentes, comprenant en outre :

la pluralité de valves (104) comprenant chacune
une bobine (186) configurée pour produire un
champ magnétique lorsqu’un courant électrique
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traverse la bobine (186) pour faire fonctionner
la valve (104), et un indicateur optique (190)
pour transmettre au moins une caractéristique
d’intégrité de la valve (104) ;
une pluralité de capteurs optiques (194) confi-
gurés chacun pour recevoir une indication opti-
que en provenance d’un indicateur optique
(190) correspondant de chaque valve de la plu-
ralité de valves (104) ;
une pluralité de liaisons optiques couplant opti-
quement chaque indicateur optique (190) de
chaque valve de la pluralité de valves (104) à
un capteur optique (194) correspondant de la
pluralité de capteurs optiques (194) ;
un capteur de courant (192) configuré pour se
connecter à un circuit électrique comprenant la
bobine (186) et une source de courant (188)
pour alimenter la bobine (186) en courant
électrique ; et
un dispositif de commande (202) couplé en com-
munication à la pluralité de capteurs optiques
(194) et au capteur de courant (192), le dispositif
de commande (202) étant configuré pour rece-
voir des mesures en provenance du capteur de
courant (192), pour déterminer une pluralité de
taux de variation du courant électrique alimen-
tant la bobine (186), pour utiliser les taux de va-
riation afin de déterminer une intégrité de la val-
ve (104) correspondante, et pour signaler l’inté-
grité de la valve (104) correspondante.

9. Appareil de retrait de défaut d’article alimentaire
(100) selon la revendication 8, dans lequel le dispo-
sitif de commande (202) est configuré pour recevoir
une indication optique en provenance d’un indica-
teur optique (190) de la pluralité d’indicateurs opti-
ques (190), la pluralité de taux de variation du cou-
rant électrique alimentant la bobine (186) étant dé-
terminés en différenciant le courant mesuré par le
capteur de courant (192), et l’intégrité de la valve
(104) correspondante étant déterminée en compa-
rant l’indication optique à la pluralité de taux de va-
riation de la valve (104) correspondante.

10. Appareil de retrait de défaut d’article alimentaire
(100) selon la revendication 8 ou 9, dans lequel la
valve (104) comprend une électrovalve.

11. Appareil de retrait de défaut d’article alimentaire
(100) selon l’une quelconque des revendications 8
à 10, dans lequel l’indicateur optique (190) com-
prend une diode électroluminescente.

12. Appareil de retrait de défaut d’article alimentaire
(100) selon l’une quelconque des revendications 8
à 11, dans lequel le dispositif de commande (202)
est configuré pour déterminer que la valve (104)
n’est pas intègre lorsqu’une force contre-électromo-

trice déterminée pour la valve (104) sur la base de
la pluralité de taux de variation ne correspond pas à
une indication optique en provenance de l’indicateur
optique (190), indiquant qu’un courant électrique tra-
verse la bobine (186).

13. Appareil de retrait de défaut d’article alimentaire
(100) selon l’une quelconque des revendications 8
à 12, dans lequel le dispositif de commande (202)
est configuré pour déterminer que la valve (104)
n’est pas intègre lorsqu’une indication optique en
provenance de l’indicateur optique (190) indiquant
qu’un courant électrique traverse la bobine (186) ne
correspond pas à une force contre-électromotrice
déterminée pour la valve (104).

14. Appareil de retrait de défaut d’article alimentaire
(100) selon l’une quelconque des revendications 8
à 13, dans lequel le dispositif de commande (202)
est configuré pour déterminer un temps de réponse
pour la valve (104) correspondante sur la base de
l’indication optique et/ou de la pluralité de taux de
variation et pour signaler le temps de réponse de la
valve (104) correspondante.
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