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(57) Abrégée/Abstract:

A knife fixture (10) has a plurality of tensioned knife blades (16) for cutting food products. The fixture has a detector system for
promptly indicating breakage of a knife blade. In one form of the invention, the detector system allows the blades to be mounted for
passage of an electrical current, and for monitoring the current level for abrupt changes indicating blade breakage. In another form
of the Invention, the detector system includes at least one strain gauge (76) mounted on the fixture to measure the tension force
applied to the blades and to permit monitoring of abrupt changes in tension indicating blade breakage.
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(87) Abstract

A knife fixture (10) has a plurality of tensioned knife blades (16) for cutting food products. The fixture has a detector system for
| promptly indicating breakage of a knife blade. In one form of the invention, the detector system allows the blades to be mounted for
passage of an electrical current, and for monitoring the current level for abrupt changes indicating blade breakage. In another form of the
invention, the detector system includes at least one strain gauge (76) mounted on the fixture to measure the tension force applied to the
blades and to permit monitoring of abrupt changes in tension indicating blade breakage.
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This invention relates generally to knife fixtures and related knife
blades for use in cutting food products, particularly such as cutting potatoes
into elongated French fry strips and the like. More specifically, this invention
relates to an improved knife fixture of the type including a plurality or grid of
knife blades for cutting food products, wherein the knife fixture includes
means for monitoring the knife blades to provide a prompt indication of a
broken blade.

Knife fixtures for use in cutting food products into elongated strips
are well known in the art, particularly in the potato industry for cutting
potatoes into French fries. In one common form, such knife fixtures include
a plurality or grid of knife blades mounted along a tubular pathway through
which potatoes are propelled in rapid succession one at a time by a water

flow stream or the like for passage into cutting engagement with the knife

blades. The potatoes are propelled with a sufficient force to drive the

potatoes through the knife fixture, whereby the each potato is cut into a

plurality of elongated strips. In one fixture configuration, relatively sturdy
knife blades are assembled in a complex tree-like arrangement defining a
grid of cutting edges which intersect at right angles for cutting each potato
into strips. See, for example, U.S. Patents 3,109,468 and Re. 32.822. In
another and considerably simplified form, a pair of knife fixtures are provided,
each including a plurality of relatively lightweight knife blades arranged with
cutting edges in parallel relation; the pair of knife fixtures are instalied in
close sernies succession along the passage, with the sets of blades of the two

fixtures oriented generally perpendicular to each other for cutting each potato
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into strips. See, for example, U.S. Patent 5,343,623. The latter knife fixture

construction beneficially provides a simplified and economical biade shape
which can be supported under tension to provide improved food product
cutting without requiring a highly sharpened cutting edge.

Knife fixtures of the general type described above are widely used
in the potato processing and other foods processing industries, for cutting
large quantities of food products in a relatively short period of time.
However, the knife blades are susceptible to breakage or damage to the
cutting edges, especially in the event that a foreign object such as a rock is
propelled along the production passage into contact with the knife blades.
Alternately, a foreign object such as a rock can become lodged or stuck in
the production passage at the knife fixture. The occasional presence of a
rock or the like in the production passage is difficult to prevent in the potato
processing industry wherein potatoes are processed at a high production
rate and many rocks visually appear similar to a small potato.

When one of these problems occurs, subsequent potatoes may fail
to pass through the knife fixture resulting in substantially immediate
obstruction of the production passage. In the past, the production passage
typically encounters substantial plugging before the existence of the broken
blade can be identified and the production line shut down for remedial action.
Significant time has been required to unpiug the production passage, in
addition to repairing the knife fixture, before normal production can be
resumed. Alternatively, in the event that the broken blade does not result in
obstruction of the production passage, the knife fixture will typically produce
poorly cut or improperly cut products of marginal or unacceptable cut quality.
A significant quéntity of unacceptable product can be produced in a short
period of time, uniess the product cut quality is regularly and closely
monitored for prompt identification of a broken knife fixture blade.

The present invention relates to a modified knife fixture having a
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plurality of knife blades for cutting food products such as potatoes into strips,
wherein the knife fixture includes a detector system and method for

substantially immediately identifying a broken knife blade so that the
production line can be halted substantially immediately without significant
obstruction, and without significant production of unacceptable products,
therebf/ permitting rapid replacement or repair of the knife fixture and a
corresponding rapid resumption of normat operation.

UIVIVIARY G AR INVENTION

In accordance with the invention, an improved knife fixture is
provided for cutting food products such as potatoes and the like into
elongated strips. The knife. fixture includes a plurality of knife blades
supported on a fixture frame adapted for mounting along a production‘
passage through which the food products are propelled one at a time in rapid
succession. A broken blade detector system and related method are
provided for monitoring the knife blades, and for substantially immediately
indicating the occurrence of a broken blade. The detector system can be
coupled with an appropriate production line controller to promptly interrupt
the supply of the food products along the production passage, upon
detection of a broken blade.

In a preferred form of the invention, the knife fixture is constructed
generally according to the knife fixture disclosed and described in U.S.
Patent 5,343,623. In such knife
fixture, the plurality of knife blades.arg supported on a fixture frame in
generally parallel relation. The knife fixture comprises a base member
having one end of the knife blades connected thereto, and a tension bar
having the opposite end of the knife blades connected thereto. The tension

bar is movably adjusted relative, to the base member to apply a selected



C P X e kT VA i

WO 98/45097

CA 02285993 1999-10-07

-4 .

tension force to the knife blades. in accordance with the invention, the base
member and the tension bar include alternately positioned conductive and
insulating spacers to arrange the knife blades in electrical series relation. An
electrical current is passed through the knife blades and the current level is
monitored during normal cutting operation. When the current abruptly falls,
a broken blade is indicated. Alternately, the knife blades may be electrically
coupled in parallel relation and abrupt changes in current level monitored to
indicate blade breakage.

In another preferred form of the invention, the knife blades are
mounted under tension between the base frame and the tension bar of the
fixture frame, as described above. At least one strain gauge is provided on
the fixture frame to measure and monitor the tension force applied to the
knife blades. A broken blade will be indicated by an abrupt change in the
monitored tension force.

Detection of a broken blade can be automatically inputted to the
production line controller, to result in activating an alarm and/or substantially
immediate production line shut-down pending remedial action. Such
remedial action may incilude removal and repair of the broken blade, or

alternately include removal of the entire knife fixture and immediate

replacement with another fixture while the broken blade is repaired. In this
regard, a plurality of knife fixtures can be mounted on a rotatable index wheel
adapted for rotational movement to advance the knife fixtures one at a time
into an operational position along the production passage. When a broken
blade is detected, the index wheel can be rotated by the controller to move
the fixture with the broken blade out of the production passage, and to move
a replacement fixture into the production passage for resumed production.

Other features and advantages of the present invention wiil
become more apparent from the following detailed description, taken in

conjunction with the accompanying drawings which illustrate, by way of

PCT/US98/06329
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example, the principles of the invention.

RIPTION OF THE [

The accompanying drawings illustrate the invention. In such
drawings:

FIGURE 1 is a schematic diagram depicting a production system
for cutting potatoes or the like into elongated French fry strips, including a
knife fixture and related broken blade detector in accordance with the novel
features of the invention;

FIGURE 2 is an enlarged rear side perspective view of a knife
fixture with broken blade detector in accordance with the invention, for use
in the production system of FIG. 1;

FIGURE 3 is an exploded perspective view showing assembly of
a portion of the knife fixture of FIG. 2,

FIGURE 4 is a cross sectional view of the knife fixture portion of
FIG. 3;

FIGURE 5 is a plan view of a knife fixture in accordance with one
alternative preferred form of the invention; and

FIGURE 6 is a schematic diagram illustrating an alternative
production system utilizing the knife fixture with broken blade detector of the

present invention.

DETAILED DESCRIPTION OF THE PREFERR

D EMBODIMENTS

As shown in the exemplary drawings, an improved knife fixture
referred to generally by the reference numeral 10 in FIGURE 1 is provided

for installation along a production flow passage 12 through which a
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vegetable product 14 such as a potato is propelled. The knife fixture 10
includes a plurality of knife blades 16 (FIGS. 2-4) for cutting the product 14
into elongated strips. The knife fixture 10 is equipped with means for
promptly detecting the occurrence of a broken knife blade 16, so that a
broken blade can be quickly repaired or replaced to permit resumption of
cutting production. .

The knife fixture 10 of the present invention is designed for use in
conjunction with a conventional hydraulic pumping arrangement for pumping
the vegetable products, particularly potatoes, one at a time at a relatively
high velocity along a pressure conduit 18 into cutting engagement with the
knife blades 16 for strip cutting. More specifically, the potatoes are pumped
in succession with an hydraulic fluid such as water from a reservoir 20 by a
pump 22 for relatively high velocity flow through the pressure conduit 18.
The pressure conduit 18 is coupled at a downstream end to the knife fixture
10, with the kinetic ‘ener'gy imparted to each potato being sufficient to propel
the potato into cutting engagement with and through the knife fixture to
divide the potato into elongated strips. A preferred general construction for
the knife fixture 10 conforms with that shown and described in U.S. Patent

5,343,623, with a pair of the knife
fixtures 10 being mounted in close back-to-back relation with their respective

sets of knife blades oriented perpendicular to each other, to cut whole
potatoes into French fry strips. The pressure conduit 18 and related
pumping means is constructéd in one preferred form according to that shown
and described in U.S. Patent 4,423,652.
The cut potato strips are discharged from the knife fixtures
10 through an appropriate discharge conduit 24 for further processing and
packaging.
The knife fixture 10 1s shown in more detail in FIGS. 2-4, to include
the plurality of knife blades 16 mounted on a generally rectangular fixture



CA 02285993 1999-10-07

WO 98/45097 PCT/US98/06329

-7 .

frame 26 adapted for mounting in turn at the dowristream end of the
pressure conduit 18 along the production passage 12. As shown, the fixture
frame 26 supports the knife blades 16 in parallel spaced array to extend
across a central opening 27 in the fixture through which the potatoes are
propelled. The knife blades 16 are thus positioned for dividing each potato
into elongated slices. When two of the knife fixtures 10 are mounted in
succession along the production passage 12, as viewed in FIG. 1, with their
respective sets of knife blades 16 oriented at right angles to each other, the
two knife fixtures 10 together cut each potato into elongated French fry strips
having a cross sectional dimension controlied by the knife blade spacing in
each fixture. In accordance with the present invention, the broken bilade
detector and related detection method are applied to at least the leading one
of the pair of knife fixtures to provide a prompt and substantially immediate
indication of a broken knife blade which can occur, for example, when a
foreign object such as a rock is propelled along the production passage 12
into engagement with the knife fixture. It will be understood, however, that
the broken blade detector and method of the present invention may be
applied to both the leading and trailing knife fixtures, if desired.

As shown is FIGS. 2-4, the preferred knife fixture construction
comprises the fixture frame 26 to include a base member 28 in the form of
a central plate with the opening 27 formed therein. A pair of side rails 34
extend along a rear face of the central plate and are interconnected along
one edge of the frame 26 by a first anchor bolt 30 which also extends
transversely through a pair of mounting blocks 32 formed on the rear face of
the central frame plate.

In general terms, the first anchor bolt 30 and the mounting blocks
32 provide means for supporting one end of each knife blade 16, with the
opposite ends of the knife blades being supported by a tension bar 36

mounted on the base member 28 at an opposite end thereof. The plurality

- YA ——— . "
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of knife blades 16 are supported in tension to extend in parallel between the
anchor boit 30 and the tension bar 36, all as shown and described in the
above-referenced U.S. Patent 5,343,623.

More particularly, the opposite ends of the knife blades 16 are
assembled with a pair of generally E-shaped support units 38 and 40, and
these support units 38, 40 in turn provide structural means for mounting the
set of knife blades to the fixture frame 26. The first support unit 38 couples
the knife blades to the first anchor bolt 30 and the related mounting blocks
32 whereas the second support unit 40 couples the knife blades to a second
anchor bolt 42 carried on mounting blocks 44 formed on the tension bar 36.
As described in U.S. Patent 5,343,623, a pair of adjustment screws 46 are
threadably carried in the opposite ends of the tension bar 36 and seated
within shallow counterbores at the ends of the side rails 34, wherein these
adjustment screws 46 can be advanced within the tension bar 36 to draw the
tension bar away from the ends of the side rails 34 and thereby apply an
increased tension force to the knife blades 16, as will be described in more
detail. The anchor bolt 42 can be received in elongated slots 48 in the side
rails 34 to permit such tension adjustment.

The E-shaped support units 38 and 40 each comprise a
transversely extending support pin 50 having a plurality of conductive spacer
elements 52 and insulative space elements 54 assembled with the knife
blades 16 in an altemating stacked array, as viewed in FIG. 3. That s, the
spacer elements 52 and 54 and the knife blades 16 reshectively have
appropriate open ports formed therein to permit simple slide-on stacked
assembly onto the associated support pin 50, and for retention thereon by
means of an enlarged head 56 and a thread-on nut 58 (FIG. 4) disposed at
opposite ends of each support pin 50. A plurality ot the conductive spacer
elements 52' are longitudinally elongated to extend from the support pin 50,

providing the support units with the E-shaped geometry when three spaced-
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apart elongated spacer elements 52' are used as shown, wherein these
elongated spacer elements includes additional open ports for slide-on
reception of the associated first or second anchor boit 30 or 42. With this
construction, the knife blades 16 are supported to extend between the
support units 38, 40, which are in turn supported between the frame base
member 28 and the tension bar 36 to accommodate tension bar adjustment
to apply a selected tension to the knife blades, as previously described.

In accordance with a primary aspect of the invention, the spacer
elements 52, 54 arrange the knife blades 16 in electrically series-connected
relation. That is, the space elements 54 are formed from a suitable
electrically insulative material, such as a high density insulator piastic or the
like. Additionally, the elongated conductive spacer elements 52' include
insulated bushings 60 (FIGS. 3 and 4) in the ports for connection to the
respective anchor boits 30, 42, to insulate these elements from the fixture
frame 26. Further nonconductive spacers 62 may be provided to insulate the
centrally positioned elongated spacer elements 52' from the associated
mounting blocks 32, 44, or from the adjacent knife blades as appropriate. An
Insulated shim 63 (FIG. 2) is also desirously provided between the support
units 30, 40 and the central plate of the frame base member 28.

These nonconductive components are arranged in an aiternating
stacked array with the conductive spacer elements 52 and 52' in a manner
connecting the plurality of knife blades 16 electrically in series, as shown in
FIGS. 3 and 4. A pair of terminal conductors 64 and 66 are connected with
the support pins 50 at opposite. corners of the assembled fixture to provide
a low power electrical signal, such as on the order of about 10 milllamps, for
series passage through the set of knife blades. The terminal conductors 64,
66 are connected to a controller 72 (FIG. 1) which includes suitable means
for supplying and monitoring the electrical signal to the knife blades 16.

In production operation, the controlier 72 monitors the electrical

- e - ..-.:.-.-.»WWWUM‘W T AT ) m o
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signal to identify the occurrence of a broken blade 16. That is, when a
broken blade occurs, the controlier 72 detects the resultant interruption in the
electrical circuit including the blades, as evidenced by a drop in the detected
current. The controlier 72 can be programmed to activate an audio and/or
visual alarm 74 (FIG. 1), and/or to automatically respond to the detected
broken blade by de-activating the pump 22 used to deliver the potatoes in
rapid succession to the knife fixture for cutting. Accordingly, the controller
72 responds to detection of the broken biade to prevent any significant
clogging of the production passage 12 before the system is shut down for
blade repair or replacement. Alternately, the controller 72 shuts down the
system before any significant quantity of improperty cut product is produced
as a result of the broken blade.

FIGURE 5 illustrates an alternative preferred form of the invention,
wherein structural components similar to those shown and described in
r1GS. 1-4 are identified by common reference numerals. In this
embodiment. the knife fixture 10 is equipped with one or more strain gauges
76 for monitoring the tension force applied to the set of knife blades 16,
wherein the associated controlier (not shown in FIG. 5) is programmed to
respond to an abrupt decrease in the detected tension force indicative of a
broken knife blade 16.

More specifically, as shown the tension bar 36 in this embodiment
includes the plurality of strain gauges 76 mounted on the mounting blocks 44
which carry the second anchor bolt 42. These strain gauges 76, four of
which are shown in the exemplary drawings, are designed to measure the
tension force applied to the knife blades 16, as the adjustment screws 46 are

advanced within the tension bar 36 to draw the knife blades 16 tightly
between the E-shaped support units 38, 40, in the same manner as

previously described. The strain gauges 76 are coupled by appropriate

conductors which extend along or within the tension bar 36 to a cable
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connector 78 permitting the strain gauges 76 to be connected to the
controller 72. The controller 72 monitors the tension forces during knife
fixture operation to permit prompt detection of a broken knife blade.

The strain gauges 76 beneficially permit the initial tension force
applied to the knife blades 16 by rotationatl setting of the adjustment screws
46 to b:e set at a substantially optimum level for cutting operation. In this
regard, the adjustment screws 46 can be initially set to a predetermined
specific tension leve! by utilizing the controller 72 to read actual tension force
as the adjustment screws are rotated. Thereafter, during production
operation of the knife fixture, the strain gauges 76 will provide an actual
tension force reading to indicate breakage of a knife blade, as previously
described. Alternately, or in addition, the strain gauges 76 permit the
controller 72 to monitor slow or progressive changes in the knife blade
tension, such as, for example, reduction in tension force associated with
blade wear and fatigue over an extended period of time. The strain gauges
76 also permit detection of short tension spikes as typically occur, for
example, when a foreign object such as a rock deforms the knife blades
while passing therebetween without breaking a blade. The controller 72 can
be set to detect such tension force spikes to provide an indication that a
foreign object is present in the production stream.

FIGURE 6 depicts the knife fixture 10 of the present invention,

utilizing either the electrical conductor concept of FIGS. 1-4 or the strain
gauge concept of FIG. 3, in a system adapted to automatically replace a
knife fixture 10 containing a broken blade with a replacement fixture for
substantially immediate resumption of normal production. As shown, a
plurality of the knife fixtures 10 are mounted on a rotatable index wheel 80
positioned adjacent to the production passage 12 with one of the knife
fixtures in an active position disposed in-line with the production passage for

normal operation. The controller 72 responds to detection of a broken knife
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hlade 16 in the active fixture, to substantially immediately operate an index
motor 82 for rotating the index wheel 80 in a manner removing the fixture
with the broken blade from the active position along the production passage, .
and replacing that fixture with a fresh knife fixture on the index wheel. If

desired or required, the controller 72 can aiso interrupt the supply pump 22

for a brief interval sufficient to effect knife fixture changeover. Thus,

production operation can be resumed with minimal interruption, while the
fixture with broken blade is automatically removed from the production

passage by the index wheel to a position for convenient access for repair or

replacement. When the strain gauge concept of FIG. S 1is used, the controller
72 can similarly change the active knife fixture upon detection of a knife
blade tension force indicative of excess blade wear prior to blade breakage.

The improved knife fixture of the present invention thus includes a
relatively simple yet effective broken blade detector and method for quickly
identifying a broken knife blade, sO that appropriate remedial action can be
taken substantially immediately. As a result, proionged interruption of
production operation and resultant wasted production capacity IS
substantially avoided. Moreover, significant plugging of the oroduction
passage, which can take an extended period of time to clear, is also avoided.

A variety of further modifications and improvements in and to the
invention will be apparent to persons skilled In the art. For example, while

the electrical conductor concept of FIGS. 1-4 has been shown and described

with regard to connecting the knife blades 16 in series, it will be recognized

and understood that the knife blades can be electrically connected in

parallel, if desired. Accordingly, no limitation on the invention is intended by

way of the foregoing description and the accompanying drawings, except as

set forth in the appended claims.
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1. A knife fixture for cutting food products, comprising:

a fixture frame having a central opening formed therein;

a plurality of knife blades;
means for mounting said knife blades on said fixture frame to

extend in a generally paraliel array across said central opening; and

means on said fixture frame for detecting breakage of one of said

knife blades.

2. The knife fixture of claim 1 wherein said mounting means

includes means for supporting said knife blades under tension on said fixture

frame.

3. The knife fixture of claim 1 wherein said detecting means
comprises means for passing an electrical signal through said knife blades,
and further including controller means for monitoring said electrical signal to

detect changes therein indicative of a broken knife blade.

4. The knife fixture of claim 3 wherein said mounting means

includes means for mounting said knife blades on said knife fixture in

electrically connected series relation.

5. The knife fixture of claim 1 further including alarm means

responsive to said detecting means to provide an indication of a broken knife

blade.
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6. The knife fixture of claim 2 wherein saild detecting means
comprises at least one strain gauge mounted on said fixture frame for
detecting the tension force applied to said knife blades, and further including
controlier means for responding to changes in the detected tension force to

provide an indication of a broken knife blade.

7. A system for cutting food products, comprising:

conduit means defining a production passage,

product delivery means for causing food products to flow through
said production passage,;

a knife fixture mounted along said production passage, said knife
fixture having a central opening formed therein and a plurality of knife blades
mounted thereon to extend in spaced relation across said central opening to
cut food products flowing through said production passage; and

means on said knife fixture for detecting breakage of one of said

knife blades.

8. The system of claim 7 wherein said knife fixture includes means

for mounting said knife blades under tension on said fixture frame.

9. The system of claim 7 wherein said detecting means comprises
means for passing an electrical signal through said knife blades, and further

including controller means for monitoring said electrical signal to detect

changes therein indicative of a broken knife blade.

10. The system of claim 9 wherein said knife fixture includes

means for mounting said knife blades on said knife fixture in electrically

connected series relation.
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11. The systém of claim 7 further including alarm means
responsive to said detecting means to provide indication of a broken knife

blade.

12. The system of claim 8 wherein said detecting means
comprises at least one strain gauge mounted on said fixture frame for
detecting the tension force applied to said knife blades, and further including
controller means for responding to changes in the detected tension force to
provide an indication of a broken knife blade. .

13. The system of claim 7 further including controller means
responsive to detection of a broken knife blade to interrupt said product

deliverymeans. : = o o

14. The system of claim 7 further including an index member
having a plurality of said knife fixtures mounted thereon, said index member
being movable in index steps to advance said knife fixtures one at a time to
an active position mounted along said production passage, and further
including controller means responsive to detection of a broken knife blade in
the knife fixture disposed at said active position to move said index member

through one index step to advance the next knife fixture in succession to said

active position.

15. A knife fixture for cutting food products, comprising:

a fixture frame having a central opening formed therein;

a plurality of knife blades;

means for mounting said knife blades on said fixture frame to
extend in spaced relation across said central opening, said mounting means

supporting said knife blades in electrically connected series relation, and
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controller means for passing an electrical signal through said knife blades and for monitoring

said signal for changes indicative of a broken knife blade.

16. A knife fixture for cutting food products, comprising:
a fixture frame having a central opening formed therein;

a plurality of knife blades;
* means for mounting-said knife blades on said fixture frame to

extend under tension across said central opening; and
at least one strain gauge mounted on said fixture frame to detect

the tension force applied to said knife blades.

17. The knife fixture of claim 16 further including controller means
coupled to said strain gauge for monitoring changes in the tension force
¥ applied to said knife blades. '
1 AR
8 - 18. A method of detecting a broken knife blade in a knife fixture
having a plurality of knife blades for cutting food products, said method

comprising the steps of:
passing‘ an electncal signal through the knife blades; and

monitoring changes in the electrical signal indicative of a broken
knife blade.

19. The method of claim 18 further including the step of mounting

the knife blades on the fixture in electrically connected series relation, said
signal passing step comprising passing said signal in series through the knife
blades.

20.. The method of claim 18 further including the step of actuating



CA 02285993 2004-05-11

WO 98/45097 PCT/US98/06329

-17 -

an alarm upon detection of a broken knife blade.

21. A method of monitoring a knife fixture having a plurality of knife
blades for cutting food products, said method comprising the steps of:
“mounting the knife blades on the fixture under tension; and
monitoring the tension force applied to the knife blades, by means
of at least one strain gauge mounted on the fixture, to detect changes in the

tension force.

22. The method of claim 21 further including the step of actuating
an alarm upon detection of changes in the tension force indicative of a
broken knife blade.
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