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(57) Abstract: Machines and methods for cutting
products. Such a machine (50) includes an annu-
lar-shaped cutting head (20) and at least one knife
(22) that is oriented axially at an inner circumference
of the cutting head (20) and extends radially inward
into an interior of the cutting head (20). An impeller
(40) is coaxially mounted within the cutting head (20)
and has a base (44), a ring (46) spaced axially from
the base (44), an entrance (47) to an interior of the
impeller (40) defined by the ring (46), and a unit for
delivering products within the interior of the impeller
(40) toward the inner circumference of the cutting
head (20) as the impeller (40) rotates within the cut-
ting head (20). The delivering unit includes paddles
(42) that are circumferentially spaced within the in-
terior of the impeller (40) between the base (44) and
the ring (46). The outer circumference of the impeller
(40) has a diameter of greater than 35 centimeters.
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MACHINES AND METHODS FOR CUTTING PRODUCTS

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application No.
62/174,985, filed June 12, 2015, the contents of which are incorporated herein by

reference.

BACKGROUND OF THE INVENTION

[0002] The present invention generally relates to methods and machines for
cutting products. The invention particularly relates to machines equipped with a
cutting head and an impeller adapted to rotate within the cutting head for
transporting products to one or more knives mounted on the cutting head for cutting

the products.

[0003] Various types of equipment are known for cutting (for example, slicing,
shredding, granulating, etc.) food products, such as vegetable, fruit, dairy, and meat
products. A widely used line of machines for this purpose is commercially available
from Urschel Laboratories, Inc., under the name Urschel Model CC®, an
embodiment of which is schematically represented in FIG. 1. The Model CC®
machine line provides versions of centrifugal-type slicers capable of producing
uniform slices, strip cuts, shreds, and granulations of a wide variety of products at
high production capacities. When used to produce potato slices for potato chips, the
Model CC® line of machines can make use of substantially round potatoes to

produce a desirable circular chip shape with a minimum amount of scrap.

[0004] The Model CC® machine 10 representedin FIG. 1 includes a cuttinghead
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12 mounted on a support ring 15 above a gear box 16. The cutting head 12 is
generally annular-shaped with cutting knives (not shown) mounted at its inner
circumference. An impeller 14 is coaxially mounted within the cutting head 12 and
has an axis 17 of rotation that coincides with an axis of the cutting head 12. The
impeller 14 rotates about its axis 17 within the cutting head 12, while the latter
remains stationary. The impeller 14 is rotationally driven by a shaft that is enclosed
within a housing 18 and coupled to the gear box 16. Products are delivered to the
cutting head 12 and impeller 14 through a feed hopper 11 located above the cutting
head 12. In operation, as the hopper 11 delivers products to the middle of the
impeller 14, centrifugal forces cause the products to move outward into engagement
with the knives of the cutting head 12. The impeller 14 comprises generally radially-
oriented paddles 13, each having a face that engages and directs the products
radially outward toward and against the knives of the cutting head 12 as the impeller

14 rotates.

[0005] As a result of factors and constraints relating to product size, slicing
speed, slice quality, weight, etc., present commercial embodiments of Model CC®
machines have cutting heads with diameters of under fourteen inches (under 35
cm). Other aspects pertaining to the construction and operation of Model CC®
machines, including improved embodiments thereof, are described in U.S. Patent
Nos. 5,694,824 and 6,968,765, the entire contents of which are incorporated herein

by reference.

BRIEF DESCRIPTION OF THE INVENTION

[0006] The present invention provides methods and equipment suitable for

cutting products.
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[0007] According to one aspect of the invention, a machine is provided that
includes a cutting head and an impeller. The cutting head has an annular shape
that defines an axis of the cutting head and at least one knife that is oriented axially
at an inner circumference of the cutting head and extends radially inward into an
interior of the cutting head. The impeller is coaxially mounted within the interior of
the cutting head so that an outer circumference thereof is adjacent the inner
circumference of the cutting head. The impeller is mounted for rotation within the
cutting head about the axis of the cutting head in a rotational direction relative to the
cutting head. The impeller includes a base, a ring spaced axially from the base, an
entrance to an interior of the impeller defined by the ring, and means for delivering
products within the interior of the impeller toward the inner circumference of the
cutting head as the impeller rotates within the cutting head. The impeller has
outward radial directions that coincide with radials of the impeller that pass through
the axis of the cutting head. The delivering means comprises paddles that are
circumferentially spaced within the interior of the impeller between the base and the
ring and are sized and configured for delivering and forcing food products in the
outward radial directions toward the knife as the impeller rotates within the cutting
head. The outer circumference of the impeller has a diameter of greater than 35

centimeters.

[0008] Other aspects of the invention include methods of using machines
equipped with impellers and cutting heads of the types described above to cut
products. Such a method includes rotating the impeller, supplying products to the
impeller through the entrance defined by the ring, causing the products to be
delivered toward the inner circumference of the cutting head through action of
rotating the impeller, and slicing the products with one or more knives located at the

inner circumference of the cutting head.
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[0009] Otheraspects and advantages of this invention will be better appreciated

from the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 schematically represents a side view in partial cross-section of a

cutting machine known in the art.

[0011] FIG. 2 schematically represents a cross-sectional view of a portion of a

cutting machine in accordance with a nonlimiting embodiment of the invention.

[0012] FIG. 3is aperspective view representing a cutting head of a type suitable

for use with the cutting machine of FIG. 2.

[0013] FIG. 4is aperspective view representing an impeller of a type suitable for

use with the cutting machine of FIG. 2 and the cutting head of FIG. 3.

DETAILED DESCRIPTION OF THE INVENTION

[0014] FIG. 2 represents a nonlimiting example of a portion of a centrifugal-type
cutting machine 50 similar to the Model CC® machine 10 of FIG. 1, though modified
for reasons that will become apparent from the following discussion. FIGS. 3 and
4 represent, respectively, a cutting head 20 and an impeller 40 that, in accordance
with nonlimiting embodiments of the presentinvention, are of types that can be used
in the machine 50 of FIG. 2, which schematically represents the cutting head 20 and
impeller 40 enclosed within a housing 54. Though the cutting head 20, impeller 40,
and machine 50 will be discussed in reference to cutting food products, it should be

understood that the scope of the invention encompasses the ability to cut other
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types of products.

[0015] Consistentwith FIG. 1 and the discussion thereof, the cutting head 20 is
generally annular-shaped with cutting knives 22 (FIG. 3) mounted and spaced about
its perimeter. Also consistent with FIG. 1, the impeller 40 is adapted to be rotated
within the cutting head 20 about an axis 52 of rotation, while the cutting head 20
remains stationary. The impeller 40 is represented in FIG. 2 as coaxially mounted
within the cutting head 20 such that its axis 52 approximately coincides with an axis
of the cutting head 20 and an outer circumference of the impeller 40 is adjacent an
inner circumference of the cutting head 20. Based on the configurations of the
machine 50, cutting head 20 and impeller 40 shown in FIGS. 2 through 4, the

impeller 40 rotates clockwise within the cutting head 20 when viewed from above.

[0016] Each knife 22 of the cutting head 20 projects radially inward toward the
interior of the cutting head 20, generally in a direction opposite the rotation of the
impeller 40, and defines a cutting edge at its radially innermost extremity. The
cutting head 20 of FIG. 3 comprises a lower support ring 24, an upper support ring
26, and circumferentially-spaced support segments (shoes) 28 (one of which is
omitted in FIG. 3). The knives 22 of the cutting head 20 are individually secured to
the shoes 28 with clamping assemblies 30. Each clamping assembly 30 includes
a knife holder 30A mounted to the radially inward-facing side of a shoe 28, and a
clamp 30B mounted on the radially outward-facing side of the shoe 28 to secure the
knife 22 to the knife holder 30A (some clamp assemblies 30 are shown in FIG. 3
without their clamps 30B in order to expose their knives 22 and holders 30A). The
clamping assemblies 30 enable the knives 22 to be replaced without removing the

head 20 from its housing 54.

[0017] The shoes 28 are secured with bolts (not shown) or other suitable means

-5-
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to the support rings 24 and 26. The shoes 28 are equipped with coaxial pivot pins
(not shown) that engage holes 32 (a pair of which is visible in FIG. 3) in the support
rings 24 and 26. By pivoting on its pins, the orientation of a shoe 28 can be
adjusted to alter the radial location of the cutting edge of its knife 22 with respect to
the axis of the cutting head 20, thereby controlling the thickness of the sliced food
product. As an example, adjustment can be achieved with an adjusting screw
and/or pin 34 (one of which is shown in FIG. 3) located circumferentially behind the
pivot pins. FIG. 3 further shows optional gate insert strips 36 mounted to each shoe
28, which the food product crosses prior to encountering the knife 22 mounted to the
succeeding (trailing) shoe 28. Each gate insert strip 36 and its corresponding
trailing knife 22 define a gate opening whose width can be adjusted by pivoting the
shoe 28 toward and away from the cutting edge of the knife 22. As such, the
thickness of each slice produced by a knife 22 is determined by the gate opening,
and specifically the radial distance between the cutting edge of a knife 22 and the
adjacent trailing edge of a gate insert strip 36 preceding the knife 22. As used
herein, “trailing” refers to a position on a cutting head that follows or succeeds
another in the direction of rotation of an impeller assembled with the cutting head,
whereas “leading” refers to a position on a cutting head that is ahead of or precedes

another in the direction opposite the impeller’s rotation.

[0018] As represented in FIG. 4, the impeller 40 comprises generally radially-
oriented paddles 42 disposed between a base 44 and an upper ring 46. The base
44 and ring 46 are represented in the embodiment of FIG. 4 as being parallel to
each other and perpendicular to the rotational axis 52 of the impeller 40. The ring
46 defines an upper central opening 47 that provides an entrance through which
food products enter an interior space of the impeller 40 defined by and between its
base 44, ring 46, and outer circumference. In contrast, the base 44 is entirely

closed to receive and support food products introduced into the impeller 40. The
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paddles 42 have clockwise-facing faces 48 that engage and direct the food products
radially outward toward and against the knives 22 of the cutting head 20 as the
impeller 40 rotates within the cutting head 20. The pitch of each paddle face 48 is
preferably positive, meaning that the radially innermost extent of each paddle face
48 is angled toward the direction of rotation of the impeller 40 relative to a radial of
the impeller 40. Alternatively, the pitch of the paddle faces 48 could be negative or
neutral, the latter meaning that the face 48 of each paddle 42 entirely lies on a radial

of the impeller 40.

[0019] The knives 22 shown in FIG. 3 are depicted as having straight cutting
edges for producing flat slices, though other shapes could be used to produce
sliced, strip-cut, shredded, or granulated products. For example, the knives 22 can
have cutting edges that define a periodic pattern of peaks and valleys when viewed
edgewise. The periodic pattern can be characterized by sharp peaks and valleys,
or a more corrugated or sinusoidal shape characterized by more rounded peaks and
valleys when viewed edgewise. If the peaks and valleys of each knife 22 are
aligned with those of its leading knife 22, slices are produced in which each peak on
one surface of a slice corresponds to a valley on the opposite surface of the slice,
such that the slices are substantially uniform in thickness but have a cross-sectional
shape that is characterized by sharp peaks and valleys (“V-slices”) or a more
corrugated or sinusoidal shape (crinkle slices), collectively referred to herein as
periodic shapes. Alternatively, shredded food product can be produced if each peak
of each knife 22 is aligned with a valley of its leading knife 22, and waffle/lattice-cut
food product can be produced by intentionally making off-axis alignment cuts with
a periodic-shaped knife, for example, by crosscutting a food product at two different
angles, typically ninety degrees apart. In addition, strip-cut and granulated products
can be produced with the use of additional knives and/or cutting wheels located

downstream of the knives 22. Whether a sliced, strip-cut, shredded, granulated, or
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waffle/lattice-cut productis desired will depend on the desired shape orintended use

of the product.

[0020] The embodiment represented in FIGS. 2 through 4 differs in part from
current commercial embodiments of Model CC® machines in terms of the interior
diameter of the cutting head 20 (defined by the inner circumference thereof) and the
corresponding outer diameter of the impeller 40 (defined by the outer circumference
thereof). In particular, the respective diameters of the cutting head 20 and impeller
40 exceed fourteen inches (about 35 cm), and preferably exceed twenty inches
(about 50 cm). In a particular embodiment, the respective diameters of the cutting
head 20 and impeller 40 are about twenty-one inches (about 53 cm), allowing for a
suitable diametric clearance therebetween. Depending on the products being
processed, the diameters of the cutting head 20 and impeller 40 will typically be
capable of promoting greater throughput (higher capacity) in comparison to smaller
commercial embodiments of Model CC® machines. The diameters of the cutting
head 20 and impeller 40 also allow for the use of various alternative feeding
methods that are not practical and may not be possible with smaller diameter cutting
heads. For example, due to the larger diameters of the cutting head 20 and impeller
40, FI1G. 2 represents the machine 50 as equipped with a feed hopper 56 configured
with a feeding apparatus 58 that directs products downward and then radially
outward toward the outer circumference of the impeller 40, rather than simply
dropping the products in the center of the impeller 40 and entirely relying on
centrifugal force to cause the products to move outward into engagement with the
paddles 42 of the impeller 40 and, thereafter, the knives 22 of the cutting head 20.
In the represented embodiment, the feeding apparatus 58 comprises an arcuately-
tapering chute that extends downward into the impeller 40 and redirects the
products radially outward toward the outer circumference of the impeller 40 as the

products enter the interior of the impeller 40. Alternatively, the paddles 42 of the
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impeller 40 could be replaced with tubes or a chute associated with a feeding
apparatus that extends downward into the impeller 40 and is capable of orienting the
products as they are delivered to the outer circumference of the impeller 40. In
combination, the hopper 56, feeding apparatus 58, and paddles 42 can be

considered to be members of a delivery means or unit of the machine 50.

[0021] FIG. 4 represents the face 48 of each paddle 42 as substantially planar
with axially-oriented ribs or grooves that promote engagement and stability of the
products during the cutting operation. In FIG. 4. the ribs/grooves are represented
as being equi-spaced from each other, substantially parallel to each other,
orientated substantially parallel to the axis 52 of the impeller 40, and continuous to
an outward radial end of each paddle 42 at the outer circumference of the impeller
40. FIG. 4 further shows the ribs/grooves as occupying the entirety of each paddle
face 48. It is within the scope that the ribs/grooves could be omitted or replaced
with other surface features, including surface textures resulting from grit blasting the
paddle faces 48. Suitable dimensions for the paddles 42 will depend in part on the
size of the food products being processed, and therefore can vary considerably.

In the embodiment of the impeller 40 represented in FIG. 4, each paddle 42 has a
length between its radially innermost and outermost extents of less than twenty
percent, roughly about fifteen percent, of the radius of the impeller 40, which is
attributable at least in part to the relatively large diameter of the impeller 40. The
number of paddles 42 within the impeller 40 can also be varied, i.e., more or less

than the eight paddles 42 shown for the embodiment in FIG. 4.

[0022] While there are no restrictions on the height of the shoes 28 (i.e., in the
axial direction of the cutting head 20), for practical reasons shoe height will typically
be sized to accommodate the size of the product being cut but limited so as not to

unnecessarily add unnecessary weight to the cutting head 20. The circumferential
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lengths and spacing of the shoes 28 preferably enable the food product to settle
when being cut and between cutting operations performed by a pair of
circumferentially successive shoes 28, and to ensure that the food product isn't
being cut by two knives 22 at the same time. For this reason, the cutting head 20
is shown in FIG. 3 as comprising twelve shoes 28 to which are mounted a
corresponding number of knives 22. The eight paddles 42 of the impeller 40
depicted in FIG. 4 are believed to be effective in conjunction with the twelve knives
22 of the cutting head 20 depicted in FIG. 3. Similar to the shoes 28 of the cutting
head 20, while there are no restrictions on the height of the paddles 42 (i.e., in the
axial direction of the impeller 40), for practical reasons paddles 42 are preferably
sized so that the axial height of the impeller 40 is less than the axial height of the

cutting head 20, corresponding to the representation of the machine 50 in FIG. 2.

[0023] Due to the relatively large diameter of the cutting head 20, the head 20
will have a correspondingly low rake-off angle, such that slices leaving the knives
22 will tend to be relatively flat with reduced likelihood of cracking attributable to
bending as the slices are coming off the knives 22. As used herein, the term
“rake-off angle” is measured as the angle that a slice must deviate relative to a
tangent line that begins at an intersection defined by the knife edge and a path of
a product sliding surface defined by the interior surface of a leading shoe 28, i.e.,
the shoe 28 immediately upstream of a particular knife 22. The line is then tangent
to the radial product sliding surface of the leading shoe 28. The rake-off angle is a
function of both the hardware and the gap setting at which the entire knife holder
30A, knife 22, and shoe 28 is positioned. In commercial embodiments of Model
CC® machines, a typical rake-off angle is about 29 to 30 degrees, whereas the
larger diameter cutting head 20 of FIG. 3 may have a typical rake-off angle that is
lower by 2 to 4 degrees or more, for example, a rake-off angle of 26 to 27 degrees,

with lower angles also being foreseeable. By reducing the rake-off angle, potential
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benefits include further increases in slice quality, reduced liquid (juice) losses,

reduced starch release, fewer fines, etc.

[0024] Alsodue to the larger diameter of the impeller 40, itis foreseeable that the
higher rotational speeds for the impeller 40 may be attained and adjusted to obtain
an appropriate tip speed (velocity at the outer extremities of the paddles 42) to

maintain or further promote slice quality.

[0025] In combination, the cutting head 20 and impeller 40 are well suited for
producing slices of a wide variety of products, including food products such as
vegetables, cheese, nuts, etc. The cutting head 20 and impeller 40 are capable of
offering improvements and versatility for producing slices, strip cuts, shreds and
granulations from a wider variety of products at high production capacities. The
cutting head 20 and impeller 40 are also well suited for processing food products
that are relatively large, for example, larger than potatoes of sizes commonly used

to produce potato chips (e.g., larger than diameters of about two to three inches).

[0026] While the invention has been described in terms of specific embodiments,
it is apparent that other forms could be adopted by one skilled in the art. For
example, the impeller 40, cutting head 20, and machine 50 in which they are
installed could differ in appearance and construction from the embodiments shown
in the drawings, the functions of each component of the impeller 40, cutting head 20,
and machine 50 could be performed by components of different construction but
capable of a similar (though not necessarily equivalent) function, and various
materials and processes could be used to fabricate the impeller 40, cutting head 20,
machine 50, and their components. |n addition, the nonlimiting embodiment of the
cutting head 20 shown in FIG. 3 is particularly adapted to cut food products into

slices, though it is foreseeable that the impeller 40 could be used in combination
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with a cutting head adapted for cutting other materials. Therefore, the scope of the

invention is to be limited only by the following claims.
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CLAIMS:

1. A machine (50) for cutting products, the machine (50) comprising:

a cutting head (20) having an annular shape that defines an axis of the
cutting head (20), and at least one knife (22) oriented axially at an inner
circumference of the cutting head (20), the knife (22) extending radially inward into
an interior of the cutting head (20); and

an impeller (40) coaxially mounted within the interior of the cutting head
(20) so that an outer circumference thereof is adjacent the inner circumference of
the cutting head (20), the impeller (40) being mounted for rotation within the cutting
head (20) about the axis of the cutting head (20) in a rotational direction relative to
the cutting head (20), the impeller (40) comprising a base (44), a ring (46) spaced
axially from the base (44), an entrance (47) to an interior of the impeller (40) defined
by the ring (46), and means for delivering products within the interior of the impeller
(40) toward the inner circumference of the cutting head (20) as the impeller (40)
rotates within the cutting head (20), the impeller (40) having outward radial
directions that coincide with radials of the impeller (40) that pass through the axis
of the cutting head (20), the delivering means comprising paddles (42) that are
circumferentially spaced within the interior of the impeller (40) between the base (44)
and the ring (46) and are sized and configured for delivering and forcing food
products in the outward radial directions toward the at least one knife (22) as the
impeller (40) rotates within the cutting head (20), the outer circumference of the

impeller (40) having a diameter of greater than 35 centimeters.

2. The machine (50) of claim 1, wherein the impeller (40) has a diameter

of greater than fifty centimeters.

3. The machine (50) of claim 1, wherein the cutting head (20) has a

-13 -
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rake-off angle of about 27 degrees or less.

4. The machine (50) of claim 3, wherein the rake-off angle is about 26 to

about 27 degrees.

5. The machine (50) of claim 1, wherein the cutting head (20) has at least
twelve knives (22) oriented axially at the inner circumference of the cutting head
(20).

6. The machine (50) of claim 1, wherein the impeller (40) has at least
eight paddles (42).

7. The machine (50) of claim 1, wherein each of the paddles (42) extends
to the outer circumference of the impeller (40) at an angle relative to a

corresponding one of the radials of the impeller (40) intersecting the paddle (42).

8. The machine (50) of claim 1, wherein each of the paddles (42) as a
length between radially innermost and radially outermost extents thereof of less than

20 percent of a radius of the impeller (40).

9. The machine (50) of claim 1, wherein the delivering means comprises
grooves defined on faces (48) of the paddles (42) that face the rotational direction
of the impeller (40).

10. The machine (50) of claim 9, wherein the grooves on each paddle
(42) are equi-spaced, substantially parallel to each other, orientated substantially
parallel to the axis of the impeller (40), and continuous to an outward radial end of

the paddle (42) at the outer circumference of the impeller (40).
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11. The machine (50) of claim 1, wherein the delivering means further
comprises means (56,58) for directing products downward into the interior of the
impeller (40) and then redirecting the products radially outward toward the inner

circumference of the cutting head (20).

12. The machine (50) of claim 1, wherein the delivering means comprises
a chute (48) that extends downward into the impeller (40) and is configured to direct
products downward into the interior of the impeller (40) and then redirect the

products radially outward toward the inner circumference of the cutting head (20).

13. A method of using the machine (50) of claim 1, the method
comprising:

rotating the impeller (40);

supplying products to the impeller (40) through the entrance (47) defined
by the ring (46);

causing the products to be delivered toward the inner circumference of the
cutting head (20) through action of rotating the impeller (40); and

slicing the products with the knife (22).

14. The method of claim 13, further comprising directing products
downward into the interior of the impeller (40) and then redirecting the products
radially outward toward the inner circumference of the cutting head (20).

15. The method of claim 13, wherein the products are food products.

16. The method of claim 13, wherein the products have diameters greater

than three inches.
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