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(57) Abstract: A refrigerator includes a cabinet defining an
interior volume and a door for accessing the interior volume.
An ice maker is disposed within the interior volume harvest-
ing ice. The ice maker includes a frame and a motor. An an
ice tray includes a first end engaged with the motor, a second
end engaged to the frame and a plurality ice wells defined by
a plurality of weirs including first and second sets of weirs
positioned proximate the first and second ends respectively,
and interior weirs positioned therebetween. Each of the first
and second sets of weirs and the internal weirs include a pas-
sage bifurcating each weir into first and second weir portions.
Each of the passages defined by the first and second sets of
weirs have a cross-sectional area that is greater than a cross-
sectional area of any one of the passages defined by the in-
ternal weirs.
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METHOD AND APPARATUS FOR INCREASING RATE OF ICE PRODUCTION
IN AN AUTOMATIC ICE MAKER

BACKGROUND OF THE DISCLOSURE

[0001] It is desirable in modern appliances to reduce the energy used to the minimum
necessary to accomplish any given task. In the typical automatic ice maker within a
refrigerator, a heater is used to heat the ice tray after the water is frozen, to allow the ice
to release from the ice tray. After the ice is frozen, the heater may melt a layer of ice
back into water. The ice tray is then rotated and the layer of water between the ice and
the ice tray allows the ice to slip out of the ice tray and into an ice bin. Typically this type
of ice maker is called a “Fixed Mold” ice maker because a shaft running the length of the
ice maker down the center axis rotates and fingers coming out of it flip the cubes out of
the mold and into the bin.

[0002] Stand-alone ice trays may harvest the ice without the use of a heater by twisting
the ice tray breaking the bonds of the ice cubes to the tray. Stand-alone ice trays that are
manually filled with water may be set in a freezer to freeze into ice, and then removed
for harvesting. The ice from a stand-alone tray may be harvested either individually or
into an ice bucket. Twisting a stand-alone ice tray breaks the ice connections between
ice cubes and ice wells while also deforming the ice tray, thereby forcing the ice cube out
of the ice well by mechanical means.

SUMMARY OF THE DISCLOSURE

[0003] One aspect of the current disclosure includes a refrigerator with a cabinet and an
exterior surface of the refrigerator. The refrigerator has a freezing compartment and a
refrigerator compartment within the interior of the cabinet separated by a mullion. The
refrigerator also has a plurality of doors, each door providing selective access to one of
the refrigerator compartment and the freezing compartment, including a refrigerator
door having an exterior surface and an inner cabinet interior facing surface and a freezer
door having an exterior surface and an inner cabinet interior facing surface that define a
freezer door interior space. The refrigerator also has an automatic ice maker disposed
within either the refrigerator door interior space or the freezer door interior space and
configured to harvest a plurality of ice cubes formed within the ice wells without the use

of a heating element. The ice maker has a frame, a motor, and an ice tray. The ice tray
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has a first end operably and rotationally engaged with the motor, a second end engaged
to the frame, and a plurality ice wells configured in at least three rows of at least seven
ice wells. The ice wells are defined by weirs, including a set of weirs positioned
proximate the first end and set of weirs position proximate the second end and interior
weirs positioned therebetween. The first set of weirs and the second set of weirs each
have a passage partially bifurcating the weir into a first weir portion and a second weir
portion. The passages of the first set of weirs and the second set of weirs have a greater
cross-sectional area than a passage positioned between ice wells adjacent an interior
weir.

[0004] Another aspect of the current disclosure includes a refrigerator having a cabinet
defining a cabinet interior volume and an exterior surface of the refrigerator and having a
freezing compartment and a refrigerator compartment within the interior of the cabinet
separated by a mullion. The refrigerator has more than one door, each door providing
selective access to one of the refrigerator compartment and the freezing compartment,
including a refrigerator door having an exterior surface and an inner cabinet interior
facing surface that define a freezer door interior space and a freezer door having an
exterior surface and an inner cabinet interior facing surface that define a freezer door
interior space. The refrigerator has an automatic ice maker within either the refrigerator
door interior space or the freezer door interior space. The automatic ice maker can
harvest at least 3.5 pounds of ice per 24-hour period formed within the ice wells without
the use of a heating element. The ice maker has a frame, a motor, and an ice tray. The
ice tray has a first end engaged with the motor, a second end engaged to the frame and
ice wells configured in at least three rows of at least seven.

[0005] Yet another aspect of the current disclosure includes a refrigerator having a
cabinet defining a cabinet interior volume and an exterior surface of the refrigerator and
having a freezing compartment and a refrigerator compartment within the interior of the
cabinet separated by a mullion. The refrigerator has doors, each door providing selective
access to one of the refrigerator compartment and the freezing compartment. The doors
include a refrigerator door having an exterior surface and an inner cabinet interior facing
surface that define a freezer door interior space and a freezer door having an exterior

surface and an inner cabinet interior facing surface that define a freezer door interior
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space. The refrigerator has an automatic ice maker within either the refrigerator door
interior space or the freezer door interior space and is configured to harvest at least 3.5
pounds of ice per 24 hour period formed within the ice wells without the use of a heating
element. The ice maker has a frame, a motor, and anice tray. The ice tray has a first end
operably and rotationally engaged with the motor, a second end engaged to the frame,
and ice wells configured in at least three rows of at least seven ice wells.

[0006] Another aspect of the current disclosure includes a refrigerator having a cabinet
defining a cabinet interior volume and an exterior surface of the refrigerator and having a
freezing compartment and a refrigerator compartment within the interior of the cabinet
separated by a mullion. The refrigerator has a plurality of doors providing selective
access to the refrigerator compartment and wherein each of the doors include an
exterior surface and an inner cabinet interior facing surface that define a refrigerator
door interior space. The refrigerator has an automatic ice maker within one of
refrigerator door interior spaces to harvest a plurality of ice cubes formed within the ice
wells without the use of a heating element. The ice maker has a frame having a first end
and a second end, a motor on the first end of the frame, and an ice tray. The ice tray has
a first end operably and rotationally engaged with the motor, a second end engaged to
the frame, and a plurality of ice cavities configured in at least three rows of at least seven
ice cavities.

[0007] Another aspect of the current disclosure includes a method of increasing the rate
of production of ice in an automatic, heaterless, in-appliance, motor-driven ice maker of
an appliance, including dispensing at least about 110 mL water from the appliance into
an ice tray. The ice tray has a plurality of ice forming cavities and at least three rows of
ice forming cavities. The method also includes freezing the water dispensing into the ice
tray within about 90 minutes. The ice cavities are not larger than 25mm by 25mm by
18mm, and releases the ice formed within the ice cavities by twisting the ice tray without
the use of a heater. The above steps are repeated so at least about 3.5 pounds of ice are
formed within a 24-hour period.

[0008] Another aspect of the current disclosure includes a refrigerator including a
cabinet defining an interior volume and at least one door for providing selective access to

the interior volume. An automatic ice maker is disposed within the interior volume and is
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configured to harvest a plurality of ice cubes. The ice maker includes a frame, a motor,

an ice tray comprising a first end operably and rotationally engaged with the
motor and a second end engaged to the frame. A plurality of ice wells are defined by a
plurality of weirs including a first set of weirs positioned proximate the first end and a
second set of weirs positioned proximate the second end and interior weirs positioned
therebetween. Each of the first and second sets of weirs and the internal weirs comprise
a passage at least partially bifurcating each weir into a first weir portion and a second
weir portion, wherein each of the passages defined by the first and second sets of weirs
have a cross-sectional area that is greater than a cross-sectional area of any one of the
passages defined by the internal weirs.

[0009] Another aspect of the current disclosure includes a method of producing ice
within a heaterless ice maker disposed within a door of a refrigerating appliance
including dispensing at least about 110 mL water from the refrigerating appliance into an
ice tray set within a frame, wherein the ice tray has a plurality of ice forming cavities
divided into three rows of ice forming cavities, wherein each of the ice cavities of the
plurality of ice forming cavities defines a volume of less than 11.25 mL. The method also
includes freezing the water dispensed into the ice tray for about 90 minutes, wherein the
water in the plurality of ice cavities is substantially formed into ice pieces. The method
also includes rotating first and second ends of the ice tray in a first direction relative to
the frame, wherein the first and second ends are rotated the same rotational distance.
The method also includes rotating the first end of the ice tray an additional rotational
distance and in the first direction relative to the frame and maintaining the second end of
the ice tray in a substantially fixed position relative to the frame, wherein the ice pieces
are released from the ice cavities free of the use of a heater. The method also includes
dropping the ice pieces from the ice cavities into the ice bin in a substantially vertical
direction, wherein a textured ice-retaining portion of an inner facing surface of each ice
forming cavity at least partially increases an angle of repose of the ice piece with respect
to the inner facing surface.

[0010] Another aspect of the current disclosure includes an appliance door for a
refrigerating appliance including an outer wrapper, an inner liner defining an ice making

receptacle and an interior space defined between the outer wrapper and the inner liner.
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An ice maker is disposed proximate a top portion of the ice making receptacle. A sliding
assembly is defined within an inward-facing surface of the ice making receptacle. An ice
storage bin is operable between an engaged state, wherein the ice storage bin is fully
inserted into the ice making receptacle, a disengaged state, wherein the ice storage bin is
removed from the ice making receptacle, and a lateral sliding state, wherein the ice
storage bin is operated laterally and free of rotation between the engaged and
disengaged states. The ice storage bin and the ice making receptacle cooperatively
define an ice delivery mechanism that selectively delivers ice pieces from an inner
volume of the ice storage bin to an ice delivery zone proximate the outer wrapper.

[0011] These and other aspects, objects, and features of the present disclosure will be
understood and appreciated by those skilled in the art upon studying the following
specification, claims, and appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] In the drawings:
[0013] FIG. 1 is an elevated front view of a French-Door Bottom Mount type refrigerator.
[0014] FIG. 2A is an elevated front view of a French-Door Bottom Mount type

refrigerator with the refrigerator compartment doors open;

[0015] FIG. 2B is a perspective view of an aspect of an access door for the ice maker;

[0016] FIG. 3 is a perspective view of the interior of one door of the refrigerator
compartment with the ice maker and ice bin installed;

[0017] FIG. 4A is an isometric view of the top of an ice maker according to an aspect of
the present disclosure;

[0018] FIG. 4B is another isometric view of the top of an ice maker;

[0019] FIG. 5A is an isometric perspective view of an ice tray according to an aspect of
the present disclosure;

[0020] FIG. 5B is a perspective view of an ice tray according to an aspect of the present
disclosure;

[0021] FIG. 6A is a top plan view of an ice tray according to an aspect of the present
disclosure;

[0022] FIG. 6B is a cross-section through an ice tray taken along line 6B-6B in FIG. 6A

according to an aspect of the present disclosure;
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[0023] FIG. 7 is a top perspective view of an ice tray taken along line 9A-9A in FIG. 8
according to an aspect of the present disclosure;
[0024] FIG. 8 is an isometric perspective view showing the twist motor of an ice tray

according to an aspect of the present disclosure;

[0025] FIG. 9A is a cross-section of an ice tray in a twisted configuration taken along line
9A-9A in Fig. 8;
[0026] FIG. 9B is a cross-section through an end of an overall ice maker and ice bin

portion of a refrigerator showing an ice tray and the ice bin showing the substantially
level ice storage within the ice bin due at least in part to the methods of dispensing and
the ice maker and ice tray according to an embodiment of the disclosure;

[0027] FIG. 9C is a cross-section through a prior-art ice bin showing how it accumulates in
an uneven fashion;

[0028] FIGS 10A-10C are block diagrams of the typical ice making process;

[0029] FIG. 11 is a top plan view of an aspect of an ice tray incorporating a textured
ice-retaining portion;

[0030] FIG. 12 is a cross-sectional view of the ice tray of FIG. 11 taken along line XII-XII;

[0031] FIG. 13 is a front elevational view of the interior of the refrigerating appliance
door illustrating an aspect of the ice storage bin in an engaged state;

[0032] FIG. 14 is a front elevational view of the appliance door of FIG. 13 illustrating the
ice storage bin in the sliding state;

[0033] FIG. 15 is a partially exploded view illustrating an aspect of the ice storage bin
separated from an aspect of a bottom surface of an ice making receptacle of an appliance
door;

[0034] FIG. 16 is a front perspective view of the appliance door of FIG. 13 showing the ice
storage bin in a disengaged state;

[0035] FIG. 17 is a cross-sectional view of the ice storage bin of FIG. 13 taken along line
XVII-XVII;

[0036] FIG. 18 is an enlarged cross-sectional view of the appliance door of FIG. 17 taken
at area XVII-XVII;

[0037] FIG. 19 is a cross-sectional view of the appliance door of FIG. 14 taken along line

XIX-XIX; and
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[0038] FIG. 20 is an enlarged cross-sectional view of the appliance door of FIG. 19 taken
at area XX.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0039] For purposes of description herein, The terms "upper," "lower," "right," "left,"

"rear," "front," "vertical,"” "horizontal,” and derivatives thereof shall relate to the
disclosure as oriented in FIG. 1. However, it is to be understood that the disclosure may
assume various alternative orientations, except where expressly specified to the
contrary. It is also to be understood that the specific devices and processes illustrated in
the attached drawings, and described in the following specification are simply exemplary
embodiments of the inventive concepts defined in the appended claims. Hence, specific
dimensions and other physical characteristics relating to the embodiments disclosed
herein are not to be considered as limiting, unless the claims expressly state otherwise.

[0040] Referring to FIG. 1, reference numeral 10 generally designates a refrigerator with
an automatic ice maker 20. As described below, an automatic ice maker is an ice maker
either as a stand-alone appliance, or within another appliance such as a refrigerator,
wherein the ice making process is typically induced, carried out, stopped, and the ice is
harvested with substantially no user input.

[0041] FIG. 1 generally shows a refrigerator 10 of the French-Door Bottom Mount type,
but it is understood that this disclosure could apply to any type of refrigerator, such as a
side-by-side, two-door bottom mount, or a top-mount type. As shown in FIGS. 1 and 2B,
the refrigerator 10 may have a fresh food compartment 12 configured to refrigerate and
not freeze consumables within the fresh food compartment 12, and a freezer
compartment 14 configured to freeze consumables within the freezer compartment 14
during normal use. The refrigerator 10 may have one or more doors 16, 18 that provide
selective access to the interior volume of the refrigerator 10 where consumables may be
stored. As shown, the fresh food compartment doors are designated 16, and the freezer
door is designated 18. It may also be shown that the fresh food compartment 12 may
only have one door 16.

[0042] It is generally known that the freezer compartment 14 is typically kept at a
temperature below the freezing point of water, and the fresh food compartment 12 is

typically kept at a temperature above the freezing point of water and generally below a
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temperature of from about 35°F to about 50°F, more typically below about 38°F. As
shown in FIGS. 2A-3, an ice maker 20 may be located on a door 16 to the refrigerated
fresh food compartment 12. As described below, an ice maker 20 is defined as an
assembly of a bracket, a motor 24, an ice tray 28, a bail arm 98 connected to the motor
24, at least one wire harness and at least one thermistor. The door 16 may include an ice
maker 20 and ice bin access door 46 hingedly connected to one of the doors 16 for the
refrigerator 10 along the side proximate the hinge for the door 16 of the refrigerator 10
carrying the ice maker 20, i.e. the vertical edge closest to the cabinet. The hinge may be
a single or multiple hinge(s) and may be spaced along the entire edge, substantially the
entire edge, or more frequently two hinges may be used with one close to the top edge
of the access door 46 and one close to the bottom edge of the access door 46.

[0043] Significantly, due at least in part to the access door 46 and the design and size of
the ice maker 20, the access door 46 has a peripheral edge liner that extends outward
from the surface of the access door 46 and defines a dike wall. The dike walls extend
from at least the two vertical sides, more typically all four sides and define a door bin
receiving volume along the surface of the access door 46. The access door 46 is
selectively operable between an open position, in which the ice maker 20 and the ice
storage bin 54 are accessible, and a closed position, in which the ice maker 20 and the ice
storage bin 54 are not accessible. The access door 46 may also include door bins 48 that
are able to hold smaller food items. The door bins 48 may also be located on or
removably mounted to the access door 46 and at least partially spaced within the door
bin receiving volume of the access door 46. While not typically the case, the ice maker
20 may also be located exterior the fresh food compartment 12, such as on top of the
refrigerator cabinet, in a mullion between the fresh food compartment 12 and the
freezer compartment 14, in a mullion between two fresh food compartments 12, or
anywhere else an automatic, motor driven ice maker 20 may be located.

[0044] The refrigerator 10 may also have a duct or duct system (not shown) with an inlet
in the freezer compartment 14 and an outlet in the fresh food compartment 12. The
duct may be situated such that the length of the duct necessary to direct air from the
freezer compartment 14 to the fresh food compartment 12 is minimized, reducing the

amount of heat gained in the travel between the inlet and the outlet. The duct outlet
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located in fresh food compartment 12 may be positioned at a location near the ice maker
20. The refrigerator 10 may also have one or more fans, but typically has a single fan (not
shown) located in the freezer compartment 14 to force air from the freezer compartment
14 to the fresh food compartment 12. The colder air from the freezer compartment 14 is
needed in the ice maker 20 because air below the freezing point of water is needed to
freeze the water that enters the ice maker 20 to freeze into ice cubes. In the
embodiment shown, the ice maker 20 is located in the fresh food compartment 12,
which typically holds air above the freezing point of water.

[0045] In various embodiments, where the ice maker 20 is located in a compartment or
location other than in the freezer compartment 12, a fan is needed to force the air to the
ice maker 20. In other embodiments, the fan or fans may be located either in the freezer
compartment 14, the fresh food compartment 12, or in another location where the fan is
able force air through the duct. The ice maker 20 is often positioned within a door of the
refrigerator 10 to allow for delivery of ice through the door 16 in a dispensing area 17 on
the exterior of the refrigerator 10, typically at a location on the exterior below the level
of the ice storage bin 54 to allow gravity to force the ice down an ice dispensing chute
into the refrigerator door 16. The chute extends from the bin to the dispensing area 17
and ice is typically pushed into the chute using an electrical power driven auger. Ice is
dispensed from the ice storage bin 54 to the user of the refrigerator 10.

[0046] The refrigerator 10 may also have a water inlet that is fastened to and in fluid
communication with a household water supply of potable water. Typically the household
water supply connects to a municipal water source or a well. The water inlet may be
fluidly engaged with one or more of a water filter, a water reservoir, and a refrigerator
water supply line. The refrigerator water supply line may include one or more nozzles
and one or more valves. The refrigerator water supply line may supply water to one or
more water outlets; typically one outlet for water is in the dispensing area and another
to an ice tray. The refrigerator 10 may also have a control board or controller (not
shown) that sends electrical signals to the one or more valves when prompted by a user
that water is desired or if an ice making cycle is required.

[0047] FIGS. 2A-3 show enlarged view of the ice making assembly according to one

aspect of the present disclosure and demonstrates one feature of the present disclosure,
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namely, the significantly smaller overall size of the ice making assemblies of the present
disclosure over prior the prior heaterless ice making assemblies.

[0048] FIG. 3 shows a closer view of a door 16 with the access door 46 in hidden lines to
show the ice maker 20. The door 16 may have an inner liner 50 which defines an ice
maker receiving space 52 in which the ice maker 20 and an ice storage bin 54 of the ice
maker assembly are disposed. The ice maker receiving space 52 is typically about 750-
800 cubic inches and preferably about 763 cubic inches (12,512 cubic cm). The ice maker
receiving space 52 is typically less than 11 x 12 x 7 inches and preferably about 10.5 x 11
x 6.5 inches or about 267mm x 279mm x 165mm. The ice maker 20 may be located at an
upper portion of the ice maker receiving space 52. The ice bin 54 may be located below
the ice maker 20 such that as ice is harvested, the ice maker 20 uses gravity to transfer
the ice from the ice maker 20 to the ice storage bin 54. The ice storage bin 54 may
comprise an ice bin base 56 and one or more ice bin walls 58 that extends upwardly from
the perimeter of the ice bin base 56. The ice maker 20 may include an on/off switch 60.
The on/off switch 60 may be located on the ice maker 20 in a location that is accessible
to a user without removing the ice maker 20 from the door 16 or the refrigerator 10. The
ice bin wall 58 may be configured such that when the ice storage bin 54 is placed in the
door 16, the on/off switch 60 is inaccessible to the user, and when the ice storage bin 54
is removed from the door 16, the on/off switch 60 is accessible to a user. The ice storage
bin wall 58 may be made of a clear plastic material such as a copolyester so that a user
can see the on/off switch 60 even while inaccessible when the ice bin 54 is in place.
However, the front portion of the ice bin wall 58 typically extends to cover the on/off
switch 60 when in the installed position to prevent inadvertent actuation of the on/off
switch 60. The front portion of the ice bin wall 58 also typically extends upward to form
a lip that extends around at least a portion of the ice maker 20 to further retain ice.

[0049] FIGS. 4A (top perspective view) and 4B (top perspective view from the opposing
side) show isometric views of the ice maker 20. The ice maker 20 may comprise a
bracket 22, a motor 24, and an ice tray 28. The bracket 22 is used to locate the motor 24
and the ice tray 28. The motor 24 may be disposed on one end 31 of the bracket 22. The
motor 24 may be held in place on the bracket 22 by motor locking tabs 62 and 94, which

allow the motor 24 to be placed in the bracket 22, but will not release the motor 24 until
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the motor locking tabs 62 and 94 are actuated by a user, typically by hand and without
the use of tools. In another embodiment, the motor 24 may be disposed on the door 16
of the fresh food compartment 12. As shown in FIG. 4A, the bracket 22 and ice tray 28
are configured to fit together in such a way that the combination is free of apertures
between the motor 24 and the ice wells 38 (exemplified in FIGS. 5A and 5B) in order to
keep water out of the area where the motor 24 is installed.

[0050] As shown in FIGS. 4A-8, the ice tray 28 has a first end 30 and a second end 32.
The first end 30 is configured to engage the motor 24 through a motor interface 64. The
motor interface 64 may include a rib structure 68, which produces added strength and
structure to the interface, and an aperture 66. The motor interface 64 is located at the
first end 30 of the ice tray 28. The aperture 66 as shown may be a dog-bone shape
aperture, although other shapes are contemplated. This unique structural shape allows
for superior transfer of torque from the motor 24 to the ice tray 28 and also avoids
plastic deformation or any other undesirable effect or permanent damage from repeated
twisting action of the ice tray 28 of the present disclosure. The ice tray 28 is typically
made of a polypropylene - polyethylene copolymer that allows for easy release of the ice
and good durability of the ice tray 28 in a freezing environment, but may also contain
minor amounts of other materials and polymers that would not affect the release and
durability characteristics of the ice tray 28.

[0051] The ice tray 28 typically has a second end 32 with a bracket interface 70. The
bracket interface 70 may be generally circular in shape and correspond to a circular tray
interface 74 on the bracket 22. The outside diameter of the bracket interface 70 on the
ice tray 28 is typically slightly smaller than the inside diameter of the tray interface 74 on
the bracket 22 and is configured to fit within the tray interface 74. This fit allows for
rotational movement of the ice tray 28 with respect to the bracket 22 without allowing
for excessive lateral movement of the bracket interface 70 within the tray interface 74.

[0052] The bracket 22 further includes a front flange 80 and an air inlet flange 78
defining an ice maker supply duct 82 that supplies air from the outlet in the fresh food
compartment 12 to the ice tray 28. The bracket 22 further comprises a plurality of air
deflectors or vanes 76 generally disposed within the ice maker cold air supply duct 82.

The air deflectors 76 typically extend upward from the bracket 22 along the cold air
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supply duct 82 of the bracket 22 of the ice maker 20. From two to five air deflectors 76
are typically used and most typically three air deflectors 76 are used. The plurality of air
deflectors 76 may direct the air in the ice maker supply duct 82 uniformly over the ice
tray 28. In the embodiment shown, there are three air deflectors or vanes 76.
Depending upon the particular design of the ice maker 20, fewer air deflectors 76 may
not generally uniformly direct the air over the ice tray 28, and more deflectors 76 may
require more power to push the air through the cold air supply duct 82 of the ice maker
20. The air deflectors 76 can vary in size. By way of example, and not limitation, the air
deflectors 76 may be larger in size the further they are positioned from the cold air
source. The air deflectors 76 typically increase in arcuate distance to catch and redirect
more cold air as the air passes by each successive air deflector 76. In the exemplified
aspect of the device, three air deflectors 76 are configured as shown in FIG. 4A. The air
deflectors 76 are included to provide even cooling across the ice tray 28.

[0053] The air inlet flange 78 may be located at a location generally corresponding to the
outlet of the duct in the fresh food compartment 12. The air inlet flange 78 and the front
flange 80 constrain air exiting the duct outlet in the fresh food compartment 12 and
prevent the air from reaching the fresh food compartment 12. The bracket 22 typically
further includes a plurality of wire harness supports 84 and tabs 86 for containing or
otherwise stowing electrical wiring for the ice maker 20 from view. These wire harness
supports 84 and tabs 86 may be disposed on the back of the bracket 22 in an alternating
pattern. This alternating pattern of supports 84 and tabs 86 allows an ice maker wire
harness to be held in place in the back of the ice maker 20 and out of sight of a user. The
wire harness, upon installation, may rest on the top of the supports 84. The supports 84
may further include an upstanding flange 88 to hold the wire harness in place and
prevent the wire harness from removal off of the support 84. The wire harness may be
disposed below the tabs 86. The tabs 86 are located between the supports 84 and at a
height above the supports 84 not greater than the diameter of the wire harness, which
forces the wire harness into a serpentine-like shape along the back side of the ice maker
20 and frictionally retains the ice maker 20, preventing the wire harness from undesirable
side-to-side movement. The bracket 22 may further include a wire harness clip 90 which

biases and frictionally holds the wire harness in place at the point of entry into the ice
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maker 20 when installed. While an alternating configuration of supports 84 and tabs 86
are exemplified, other non-alternating or semi-alternating patterns are contemplated.

[0054] The ice maker 20 may include a first thermistor 106 (exemplified in FIG. 6B) that
can be disposed in the ice tray 28, as well as a second thermistor 104 that can be
disposed at least proximate the ice maker receiving space 52. The first thermistor 106
may be disposed below and in thermal communication with the ice tray 28, and the
second thermistor 104 may be disposed on the bracket 22 adjacent the motor 24. Each
thermistor 104, 106 may be connected to the wire harness. The wire for the first
thermistor 106 may extend from the wire harness at the end of the ice maker 20 distal
the motor 24. The first thermistor wire may also be separate from the wire harness and
be routed through an aperture 72 in the bracket interface 70 of the ice tray 28. The wire
may be routed under the ice tray 28 and along its axis of movement as shown by line X-X
in FIG. 8. The first thermistor 106 may be disposed on the bottom of the ice tray 28 and
held in place by a thermistor bracket 108 (exemplified in FIG. 6B). The thermistor bracket
108 may include insulation that is configured to ensure the first thermistor 106 is reading
substantially only the temperature of the ice tray 28, and not the fresh food
compartment 12 or other areas outside of the ice maker receiving area 52.

[0055] The second thermistor 104 is typically located or proximate the flow of air from
the freezer compartment 14, out of the refrigerator compartment outlet, and over the
ice tray 28. The second thermistor 104 may be placed on the bracket 22 downstream of
the ice tray 28. In one embodiment as shown in FIG. 4A, the second thermistor 104 or ice
compartment thermistor is disposed adjacent the motor 24 on the bracket 22, and held
in place by an ice compartment thermistor mounting bracket 92. The ice compartment
thermistor mounting bracket 92 may comprise one or more clips and flanges configured
such that the mounting bracket 92 allows the second thermistor 104 to install and
remove without the use of tools. The mounting bracket 92 typically only frictionally
retains the second thermistor 104. The thermistor mounting bracket 92 also may be
configured to prevent the second thermistor 104 from moving laterally in any direction.

[0056] Turning to FIGS. 5A and 5B, the ice tray 28 may have a number of ice wells 38.
The ice wells 38 may be lined up in rows configured parallel with an axis of twist X-X

(exemplified in FIG. 8), and columns configured normal to the axis of twist X-X. The ice
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tray 28 may have weirs 40 between the ice wells 38. The weirs 40 may have water
channels or passages 42 that allow water to flow through the weirs 40 between the ice
wells 38 when the ice tray 28 is being filled. The ice tray 28 of the present disclosure
typically further has an ice tray top surface 39. The weirs 40 typically have an upwardly
extending projecting portion 41 that extends or projects above the top surface 39. This
allows for generally even water flow through passage 42 during a fill cycle when the ice
wells 38 or cavities are filled with water before freezing.

[0057] FIGS. 6A and 6B show the weirs 40 and the water channels or passages 42 in more
detail. FIG. 6B shows a section through one row of wells 38, as shown by the section in
FIG. 6A. Each ice well 38 may be separated by a weir 40. The weirs 40 define the shape
and size of the ice well 38. The weir 40 may have a passage 42 that allows fluid to flow
more freely between the ice wells 38. The passage 42 separates the weir 40 into two
parts, shown in FIG. 6B as 40A and 40B. Although the water channels or passages 42 may
be substantially uniform along the row of ice wells 38, the area of the passage 42 may be
larger in an ice well 38 in a position closer to the first end 30 and a second end 32 (as
exemplified in FIG. 6B) than the area of a passage 42 in an ice well 38 that is closer to the
middle of a row of ice wells 38 between the ends. In another embodiment, the ice wells
38 may be staggered as shown in FIG. 7.

[0058] To assemble the ice maker 20, an operator may attach the bail arm 98 with a
fastener such as a screw. The operator may then place the ice tray 28 into the bracket 22
by the first end 30, and the rotate the second end 32 into the bracket tray interface 74.
The motor 24 may then be snapped into place by hand and without the use of tools,
engaging the first end 30 of the ice tray 28. A wire harness including a motor connector
may then be connected to the motor 24. The wire harness is then routed through the
wire harness supports 84, tabs 86 and flanges 88 to the end of the bracket 22 distal the
motor 24. The first thermistor 106 may then be placed on the underside of the ice tray
28 and a thermistor bracket 108 snapped over the first thermistor 106 by hand without
the use of tools, thereby holding the first thermistor 106 in place. The thermistor bracket
108 typically includes a thermally resistant layer in contact with the first thermistor 106.
This thermally resistant layer is designed to keep the first thermistor 106 in contact with

the ice tray 28 and out of the flow of air over the ice tray 28. Keeping the first thermistor
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106 out of the flow of air prevents the thermistor 106 from reading a frozen temperature
before the ice is ready for harvesting. A compartment thermistor, such as the second
thermistor 104, may then be snapped into place by hand and without the use of tools
into the thermistor mounting bracket 92 on the bracket 22.

[0059] The ice maker 20 may then be snapped into place on the door 16 of the
refrigerator 10 by hand and without the use of tools, and the wire harness may then be
connected to a refrigerator wire harness. The ice maker 20 may be held in place by an
ice maker snap 96 as shown in FIG. 4B. To remove the ice maker 20, a user may simply
actuate the ice maker snap 96 to free the ice maker 20 from the door 16, and disconnect
the wire harness from the refrigerator wire harness. The ice maker 20 is typically less
than 12 inches x 4 inches x 6 inches (305 mm x 102 mm x 152 mm) and preferably is 10.6
inches x 3.5 inches x 5.25 inches (269.2 mm x 88.9 mm x 133.4 mm).

[0060] In operation, the ice maker 20 may begin an ice making cycle when a controller in
electrical communication with the sensor or ice level input measuring system or device
detects that a predetermined ice level is not met. In one embodiment, a bail arm 98
attached to a position sensor is driven, operated or otherwise positioned into the ice
storage bin 54. If the bail arm 98 is prevented from extending to a predetermined point
within the ice storage bin 54, the controller reads this as “full”, and the bail arm 98 is
returned to its home position. If the bail arm 98 reaches at least the predetermined

I”

point, the controller reads this is as “not full.” The ice in the ice tray 28 is harvested as
described in detail below, and the ice tray 28 is then returned to its home position, and
the ice making process as described in detail below may begin. In alternative
embodiments, the sensor may also be an optical sensor, or any other type of sensor
known in the art to determine whether a threshold amount of ice within a container is
met. The sensor may signal to the controller, and the controller may interpret that the
signal indicates that the threshold is not met.

[0061] FIGS. 10A-10C detail the typical icemaking process. When power is restored to
the icemaker as shown in step 200, the ice maker 20 checks whether the ice tray 28 is in
home position, as shown in step 210, and as typically exemplified in FIGS. 4A and 4B.
Step 212 shows what happens if the ice tray 28 is not in its home position, typically the

controller sends a signal to the motor 24 to rotate the ice tray 28 back to its home
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position. Once the ice tray 28 is determined to be in its home position, as shown in step
230, the controller determines whether any previous harvests were completed. If the
previous harvest was completed as shown in step 232, the controller will typically send
an electrical signal to open a valve in fluid communication with the ice maker 20. Either
after a predetermined amount of valve open time or when the controller senses that a
predetermined amount of water has been delivered to the ice tray 28, a signal will be
sent by the controller to the valve to close the valve and stop the flow of water. The
predetermined amount of water may be based on the size of the ice tray 28 and/or the
speed at which a user would like ice to be formed, and may be set at the point of
manufacture or based on an input from a user into a user interface 15. Preferably,
depending upon the design of the ice tray 28, the amount of water will typically be
greater than 100 mL. Ideally, the predetermined amount may be about 110 mL, but may
be as high as 150 mL. The amount of water may be between about 100 mL and about
150 mL. The valve will open, allowing water to flow out of the water outlet into the ice
tray 28. The valve will stay open typically between 7-10 seconds, ideally for about 7
seconds. The water outlet may be positioned above the ice tray 28, such that the water
falls with the force of gravity into the ice tray 28. The water outlet may be positioned
over the middle of the ice tray 28, or it may be positioned over the ice wells 38 adjacent
the first end 30 or the second end 32.

[0062] After step 232, or if in step 230, the controller determines that the previous
harvest was not completed, the freeze timer typically is started and air at a temperature
below the freezing point of water is forced from the freezer compartment 14 to the ice
maker 20. The air may be forced by fan or any other method of moving air known in the
art. The air is directed from the freezer 14 to the ice maker 20 via a duct or a series of
ducts as discussed above, that lead from an inlet in the freezer compartment 14, through
the insulation of the refrigerator 10, and to an outlet in the fresh food compartment 12
adjacent the ice maker 20. This air, which is typically at a temperature below the freezing
point of water, is directed through the ice maker supply duct 82 of the ice maker 20 past
the deflectors 76 into at least substantially even distribution over the ice wells 38
containing ice tray 28 to freeze the water within the ice wells 38 into ice pieces.

[0063] During the freezing process in step 240, the controller typically determines if a
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door 16 of the refrigerator 10 has been opened, as shown by step 250. If the door 16 is
determined to be open at any time, the freeze timer is paused until the door 16 of the
refrigerator 10 is closed, as shown by step 252. After some time, substantially all or all of
the water will be frozen into ice. The controller may detect this by using the first
thermistor 106 located on the underside of the ice tray 28 and in thermal contact with
the ice tray 28. During the freezing process in step 240, the controller also typically
determines if the temperature of the ice tray 28 or the temperature within the ice
compartment is above a certain temperature for a certain amount of time, as shown by
step 270. This temperature is typically between 20°F-30°F, and more typically about
25°F. The typical time above that temperature is typically about 5-15 minutes, and
ideally about 10 minutes. If the controller determines that the temperature was above
the specified temperature for longer than the specified time, the freeze timer typically
resets.

[0064] As shown in step 280, when the freeze timer reaches a predetermined time, and
when the first thermistor 106 sends an electrical signal to the controller that a
predetermined temperature of the ice tray 28 is met, the controller may read this as the
water is frozen, and it typically begins the harvesting process, and the process moves
forward to step 290. As shown in step 300, the controller first will ensure that an ice
storage bin 54 is in place below the ice tray 28 to receive the ice cubes. The ice maker 20
may have a proximity switch that is activated when the ice storage bin 54 is in place. The
ice maker 20 may also utilize an optical sensor or any other sensor known in the art to
detect whether the ice storage bin 54 is in place.

[0065] As shown by step 310, when the controller receives a signal that the ice storage
bin 54 is in place, it will send a signal to the motor 24 to begin rotating about the axis of
rotation X-X, as shown in FIG. 8, such that the ice tray 28 is substantially inverted, as
shown in FIGS. 9A and 9B. As the motor 24 begins rotating, the ice tray 28, which is
rotationally engaged with the motor at the first end 30, rotates with it. The ice tray 28
typically begins at a substantially horizontal and upright position Z-Z. The motor 24
rotates the entire ice tray 28 to an angle a (See FIG. 8) such that the ice tray 28 is
substantially inverted. When the motor 24 and tray reach angle a, the second end 32 of

the ice tray 28 may be prevented from rotating any further by a bracket stop 100 on the
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bracket 22 (See FIG. 4A). With the second end 32 held in place by the bracket stop 100,
the motor 24 continues to rotate the first end 30 of the ice tray 28 to an angle B. By
continuing to rotate the first end 30, a twist is induced in the ice tray 28. The twist angle
0 is an angle defined as:

[0066] 6=P-a

[0067] The twist in the ice tray 28 induces an internal stress between the ice and the ice
tray 28, which separates the ice from the ice tray 28. The twist angle 6 may be any angle
sufficient to break the ice apart into ice pieces 372 and also break the ice loose from the
ice tray 28. As shown in FIGS. 9A and 9B, a unique feature of the ice member and ice tray
28 of the present disclosure is the ability to be rotated substantially upside-down and
horizontal when dispensing ice pieces 372. The angle a is preferably greater than 150°,
and ideally about 160°, and the angle B is preferably greater than 190° and ideally about
200°. The twist angle 8 is preferably greater than 30°, and ideally about 40°.

[0068] By rotating the ice tray 28 to a position substantially horizontal with the ice facing
downward into the ice storage bin 54 before inducing the twist, the ice may be dropped
in a substantially uniform and even configuration into the ice bin 54 as shown in FIG. 9B.
In this manner, more complete ice dispensing is achieved. Dropping ice uniformly into
the ice bin 54 avoids ice build up on one side of the ice storage bin 54, which could lead
to a situation where a sensor indicates that the ice storage bin 54 is full when only half of
the ice storage bin 54 is full, or vice versa, as shown in a prior art example of FIG. 9C. This
enables more ice to be disposed and stored within the ice storage bin 54. Additionally,
by rotating the ice tray 28 to be substantially horizontal and inverted, the ice maker 20
may harvest the ice pieces 372 without the use of a bumper 102 as shown in the prior art
example of FIG. 9C. As is generally known in the art, a bumper 102 or ice guide aids ice
to fall into an ice storage bin 54 or ice bucket when the ice tray 28 is not rotated
substantially horizontal, as some of the ice may spill into the fresh food compartment 12.

[0069] Referring again to FIGS. 8-9B and 10A-10C, after the rotation is complete, the
motor 24 returns to its home position as indicated at lines Z-Z in FIG. 8. If the controller
determines that the ice tray 28 reached the harvest position and is back to the home
position, the cycle may begin again at step 210. The typical harvest cycle takes from

about 100 minutes to about 120 minutes, most typically about or exactly 115 minutes to
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complete. As shown in step 330, if the controller determines that the ice tray 28 did not
reach home position, it will re-attempt to move it back to the home position typically
every 18-48 hours, and ideally every 24 hours.

[0070] If in step 280 the temperature measured by first thermistor 106 does not equal a
specified predetermined temperature, the controller may determine if the signal from
the first thermistor 106 has been lost. If the signal has not been lost, the process reverts
back to step 240 and the harvest process is begun again. If the signal has been lost, the
ice maker 20 typically turns to a time-based freezing process, as shown by step 340. As
shown in steps 350 and 360, the controller will determine if the temperature of the ice
tray 28 or ice compartment temperatures have been above 20°F-30°F, typically 25°F for
5-15 minutes, more typically about or exactly 10 minutes. If either of these have been
met, the process reverts back to step 340 and the freezing process is restarted. Once a
predetermined time has been met, the harvest process is begun at step 290.

[0071] It is presently believed, through experimentation, that using the disclosed design
and process for the ice maker 20 of the present disclosure, surprisingly, is capable of
producing more than 3.5 pounds of ice per 24-hour period, more typically above 3.9
pounds (or above about 3.9 pounds) per 24-hour period. This ice production rate is
achieved during normal (unaltered) operation and not through activation of a “fast-ice”
or a temporary ice making condition. It is also presently believed that using a “fast-ice”
mode with the disclosed design and process may produce up to as much as about 4.3 |bs
of ice per 24-hour period. This is a surprising and substantial improvement over other
heaterless-tray systems that produce ice at a slower rate. As used in this disclosure,
“fast-ice” mode is defined as a temporary mode specified by a user on a user interface 15
that will force a greater amount of cold air to the ice maker receiving space 52 and the
ice maker 20 in order to speed up the freezing process.

[0072] Referring now to aspects of the device as exemplified in FIGS. 11 and 12, each of
the ice wells 38 of the ice tray 28 can include an inner facing surface 368 that defines a
textured ice-retaining portion 370. It is contemplated that the textured ice-retaining
portion 370 can serve to increase a coefficient of sliding friction between an ice piece 372
formed within the ice well 38 and the corresponding inner facing surface 368 of the ice

well 38 in which the ice piece 372 was formed. It is contemplated that the textured ice-
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retaining portion 370 can add at least a minimal amount of retaining force between the
ice piece 372 and the ice well 38, such that when the ice tray 28 is rotated to break apart
and release the ice pieces 372, the ice pieces 372 can be retained within each ice well 38
at least partially by the textured ice-retaining portion 370 so that the twisting force
applied to the ice tray 28 is more able to break apart the ice pieces 372. In this manner,
the textured ice-retaining portion 370 can retain the ice pieces 372 within the
corresponding ice well 38 to cause better breakage of the individual ice pieces 372 and to
avoid clumping of multiple ice pieces 372 that may be deposited within the ice storage
bin 54. Such a condition, where certain numbers of ice pieces 372 remain unbroken from
one another, can negatively impact the operation of the ice dispensing mechanism 374 of
the refrigerator 10.

[0073] Referring again to FIGS. 11 and 12, it is contemplated that the textured ice-
retaining portion 370 of the inner facing surface 368 of each ice well 38 can at least
partially increase an angle of repose of each ice piece 372 with respect to the inner facing
surface 368 of the corresponding ice well 38. In this manner, when the ice tray 28 is
twisted in a substantially inverted position (exemplified in FIGS. 9A and 9B) such that at
least one of the ice wells 38 is inverted and substantially horizontal with respect to a base
56 of the ice storage bin 54, the increased critical angle of repose between the ice piece
372 and the corresponding ice well 38 can cause the ice piece 372 to be retained within
the ice well 38 for an additional minimal period of time, so that the ice piece 372 can be
disengaged from the ice well 38 and dropped substantially vertically into the ice storage
bin 54. Such a configuration can promote even disposition of the ice pieces 372 from the
ice tray 28 and into the ice storage bin 54.

[0074] According to the various embodiments, it is contemplated that the textured
ice-retaining portion 370 of each of the ice wells 38 can be defined by at least a portion
of the inner facing surface 368 of the ice well 38 having scoring, ripples, dimples, etching,
recesses, protrusions, combinations thereof, or other similar surface texture that can
serve to increase the coefficient of sliding friction and/or the critical angle of repose
between the ice piece 372 and the corresponding ice well 38. It is also contemplated
that the textured ice-retaining portion 370 can be defined by the entire inner facing

surface 368 of the ice well 38, or can be defined by a portion of the inner facing surface
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368 of the ice well 38. The size of the textured ice-retaining portion 370 can be
determined based upon various factors that can include, but are not limited to, the size
of each ice well 38, the number of ice wells 38 in the ice tray 28, the size of the various
weirs 40 defined between the various ice wells 38, the material of the ice tray 28, and
other similar design factors and considerations.

[0075] According to the various embodiments, the configuration of the textured ice-
retaining portion 370 is designed to allow for efficient breakage of the various ice pieces
372 and disposal of each of the ice pieces 372 into the ice storage bin 430.
Simultaneously, the configuration of the textured ice-retaining portion 370 is configured
to not interfere or substantially interfere with the proper operation of the ice maker 20
disclosed herein. Accordingly, the textured ice-retaining portion 370 should be textured
enough to at least partially retain the ice pieces 372 in each of the ice wells 38 during
twisting of the ice tray 28 to break apart the ice pieces 372 and also during a portion of
the rotating phase. However, the textured ice-retaining portion 370 is not so textured
that it retains the ice pieces 372 within the corresponding ice well 38 after the first end
30 of the ice tray 28 has been fully rotated by the motor 24. It is contemplated that the
ice tray 28 can include a supplemental ejection mechanism that is configured to vibrate
the ice tray 28 by tapping, striking or otherwise shaking a portion of the ice tray 28 to
remove any ice pieces 372 that may remain within the various ice wells 38, to insure that
when the ice tray 28 is returned to the home position, the ice pieces 372 have been
removed, or substantially removed, from the ice tray 28.

[0076] Referring now to the various embodiments of the device as exemplified in FIGS.
13-20, new figure numbers have been incorporated into this portion of the disclosure.
However, the presence of new figure numbers does not exclude the potential
combination of the subject matter to follow from that previously disclosed herein.
Accordingly, embodiments of the device as disclosed throughout the application can be
combined with any one or more of other or alternate aspects or embodiments of the
device as exemplified herein, either explicitly or implicitly.

[0077] According to the various aspects of the device as exemplified in FIGS. 13-20, the
refrigerating appliance 410 can include a cabinet 412 that defines an interior

compartment 414. An appliance door 416 is attached to the cabinet 412 and is
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selectively operable to at least partially enclose the interior compartment 414. The
appliance door 416 can include an outer wrapper 418, an inner liner 420 and an interior
space 422 defined between the outer wrapper 418 and the inner liner 420. The inner
liner 420 is configured to define an ice making receptacle 424 that can extend inward
through at least a portion of the interior space 422 and toward the outer wrapper 418.
According to the various embodiments, an ice maker 426 is at least partially disposed
within a top portion 428 of the ice making receptacle 424. An ice storage bin 430 is
disposed within the ice making receptacle 424 and is positioned below the ice maker 426
to define an engaged state 432. The ice storage bin 430 is operable between the
engaged state 432 and a disengaged state 434 via a sliding state 436. The engaged state
432 is defined by the ice storage bin 430 being fully inserted into the ice making
receptacle 424 and under the ice maker 426. The disengaged state 434 is defined by the
ice storage bin 430 being removed from the appliance door 416, such that the ice storage
bin 430 is also removed from the ice making receptacle 424. A sliding assembly 438 is
positioned proximate a bottom surface 440 of the ice making receptacle 424. It is
contemplated, in various embodiments, that the ice storage bin 430 is vertically operable
from an engaged state 432 up to the sliding assembly 438 to define the sliding state 436.
The ice storage bin 430, in the sliding state 436, is horizontally slidable through a portion
of the ice-making receptacle 424 between the engaged state 432 and the disengaged
state 434 such that a base 442 of the ice storage bin 430 remains substantially horizontal
as the ice storage bin 430 is moved between the engaged and sliding states 432, 436.

[0078] While it is disclosed that the base 442 of the ice storage bin 430 remains
substantially horizontal in each of the engaged and sliding states 432, 436, it is
contemplated that the base 442 of the ice storage bin 430 is not rotated, or is rotated
only minimally as the ice storage bin 430 is moved between the engaged and sliding
states 432, 434. This configuration will be described more fully below.

[0079] Referring again to FIGS. 13-20, the sliding assembly 438 can include a ramped
surface 450, wherein movement of the ice storage bin 430 along the ramped surface 450
of the sliding assembly 438 defines a transitional state 452, wherein the ice storage bin
430 is operable between the engaged state 432 and the sliding state 436. In this manner,

the vertical operability of the ice storage bin 430 between the engaged state 432 and the
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sliding state 436 is accomplished as a portion of the ice storage bin 430 is slid along the
ramped surface 450 of the sliding assembly 438. It is contemplated that the sliding
assembly 438 can be defined by a plurality of tabs 454 that extend upward from the
bottom surface 440 of the ice making receptacle 424. In this manner, each of the
plurality of tabs 454 defines a portion of the ramped surface 450 of the sliding assembly
438. In order to provide the vertical movement of the ice storage bin 430 along the
ramped surface 450, the base 442 of the ice storage bin 430 can include a plurality of tab
receptacles 456 that engage and receive corresponding tabs 454 of the ice making
receptacle 424. Each of the plurality of tab receptacles 456 can include a biasing surface
458 that slidably engages corresponding portions of the ramped surface 450 to define a
transitional state 452 that vertically operates the ice storage bin 430 between the
engaged state 432 and the sliding state 436.

[0080] Referring again to FIGS. 13-20, it is contemplated that each of the plurality of tabs
454 of the sliding assembly 438 can include a retaining surface 470 that can substantially
oppose the corresponding portion of the ramped surface 450. Each of the retaining
surfaces 470 is configured to at least partially engage a portion of a corresponding tab
receptacle of a base 442 of the ice storage bin 430. In this manner, the retaining surfaces
470 of the plurality of tabs 454 substantially engages the base 442 of the ice storage bin
430 and substantially prevents or prevents unintentional movement of the ice storage
bin 430 away from the engaged state 432.

[0081] Referring again to the various aspects of the device as exemplified in FIGS. 13-20,
it is contemplated that the ice storage bin 430 is substantially free of rotational
movement in both vertical and lateral directions, when the ice storage bin 430 is in the
engaged state 432, the transitional state 452 and the sliding state 436. In order to
accomplish this rotation-free movement, the sliding assembly 438 can be separated into
front and rear portions 480, 482. It is contemplated that the front 484 of the ice storage
bin 430 can rest upon and slide against a front portion 480 of the sliding assembly 438,
and a rear 486 of the ice storage bin 430 can rest upon and slide against a rear portion
482 of the sliding assembly 438. Accordingly, as the ice storage bin 430 moves from the
engaged state 432 and through the transitional state 452, the front and rear 484, 486 of

the ice storage bin 430 slidably engages in a generally vertical direction, the front and
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rear portions 480, 482 of the sliding assembly 438, respectively. Accordingly, the front
and rear 484, 486 of the ice storage bin 430 are elevated through the transitional state
452 such that the ice storage bin 430 does not rotate as it moves through the transitional
state 452 to the sliding state 436. Conversely, when the ice storage bin 430 is returned
to the engaged state 432, the front and rear 484, 486 of the ice storage bin 430 slidably
engage and descend along the ramped surfaces 450 of the front and rear portions 480,
482 of the sliding assembly 438 to descend from the sliding state 436, through the
transitional state 452, and back into the engaged state 432.

[0082] It is contemplated, in various embodiments, that the transitional state 452 can be
defined by the ice storage bin 430 being operated in a lateral, arcuate, irregular, diagonal
or other linear or substantially linear direction between the engaged and sliding states
432, 436. In such an embodiment, the ice storage bin 430 can be moved in a first linear
direction that defines the transitional state 452, then the ice storage bin 430 can be
moved in a second linear direction that defines the sliding state 436. It is contemplated
that the first linear direction is different than the second linear direction. Accordingly,
the first and second linear directions can cooperate to maneuver the ice storage bin 430
between the engaged and disengaged states 432, 434 and at least partially secure the ice
storage bin 430 in the engaged state 432. Accordingly, the transitional state 452 can be
defined by a generally vertical movement, either upward or downward, from the
engaged state 432 to the sliding state 436. The transitional state 452 can also be defined
by lateral movement between the engaged and sliding states 432, 436.

[0083] According to the various embodiments, it is contemplated that the use of the
sliding assembly 438 and the ramped surface 450 can provide for minimal vertical
movement of the ice storage bin 430 as the ice storage bin 430 is moved between the
engaged and disengaged states 432, 434. In this manner, a top edge 490 of the ice
storage bin 430 can be positioned a minimal distance below the bottom of the ice maker
426 to define the engaged state 432. Accordingly, a minimal amount of space is
necessary to house both the ice maker 426 and the ice storage bin 430 within the ice
making receptacle 424 of the appliance door 416. Additionally, this configuration allows
for an upper portion 492 of the ice storage bin 430 to at least partially surround the ice

maker 426 when the ice storage bin 430 is in the engaged state 432. As such, the upper
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portion 492 of the ice storage bin 430 can substantially prevent unwanted ejection of ice
pieces 372 from the appliance door 416 during operation of the various ice harvesting
processes disclosed herein.

[0084] Referring again to FIGS. 13-16, according to the various embodiments, the
minimal space devoted for the ice maker 426 and the ice storage bin 430 can also house
an ice delivery system 500 of the appliance door 416. In such an embodiment, the
bottom surface 440 of the ice making receptacle 424 can be placed in communication
with the ice delivery chute 502 that extends from the bottom surface 440 of the ice
making receptacle 424 to an ice dispensing location 504. It is contemplated that the ice
dispensing location 504 can be proximate the outer wrapper 418 of the appliance door
416 corresponding to a location exemplified at 15 in FIG. 1. It is also contemplated that
the ice delivery chute 502 can extend toward a freezer compartment (shown in FIGS. 1
and 2 at 18) of the refrigerating appliance 410 for disposal of ice pieces 372 (exemplified
in FIGS. 9B and 12) into an ice receptacle disposed within the freezer compartment 14 of
the refrigerating appliance 410. The base 442 of the ice storage bin 430 can include an
ice delivery mechanism 506, such as an auger, conveyor, or other similar ice delivery
mechanism 506 that is configured to be selectively operable to deliver ice from within
the ice storage bin 430 into the ice delivery chute 502. It is also contemplated that the
ice storage bin 430 can include various ice manipulation features (not shown) where such
ice manipulation features can include, but are not limited to, ice chopping features, ice
shaving features, ice crushing features, combinations thereof, and other similar ice
manipulation mechanisms.

[0085] Referring again to the various aspects of the device as exemplified in FIGS. 13-20,
an appliance door 416 for the refrigerating appliance 410 can include the outer wrapper
418 and inner liner 420, wherein the inner liner 420 defines the ice making receptacle
424, 1t is contemplated that the sliding assembly 438 can be defined within an inward-
facing surface 510 of the ice making receptacle 424. Such inward-facing surface 510 can
include the bottom surface 440, side surfaces 512, top surface 514, back surface 516, or
other inward-facing surface 510 of the ice making receptacle 424. While FIGS. 13-20
exemplify the sliding assembly 438 extending from the bottom surface 440 of the ice

making receptacle 424, it is contemplated that other positions of the sliding assembly
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438 are contemplated, among the various embodiments, as described above. The ice
storage bin 430 can be operable between the engaged state 432, the disengaged state
434, and the lateral sliding state 436, wherein the ice storage bin 430 is operated laterally
and free of rotation between the engaged and disengaged states 432, 434. It is
contemplated that the ice storage bin 430 and ice making receptacle 424 can
cooperatively define the ice delivery mechanism 506 that selectively delivers ice pieces
372 from an inner volume of the ice storage bin 430 to an ice dispensing location 504 of
the refrigerating appliance 410, such as proximate the outer wrapper 418 or in another
portion of the interior compartment 414 of the refrigerating appliance 410.

[0086] Referring again to FIGS. 16-20, it is contemplated that the sliding assembly 438
can define a lateral sliding surface 520 upon which a portion of the ice storage bin 430
can slide to define the sliding state 436. The lateral sliding surface 520, according to the
various aspects of the device, can be vertically offset and/or parallel with the bottom
surface 440 of the ice making receptacle 424. As described above, this configuration
where the lateral sliding surface 520 is substantially parallel with the bottom surface 440
of the ice making receptacle 424 allows for the movement of the ice storage bin 430 from
the engaged state 432 and toward the disengaged state 434 without rotating the ice
storage bin 430 or substantially rotating the ice storage bin 430.

[0087] Referring again to FIGS. 16-20, the sliding assembly 438 can at least partially
define the ramped surface 450 that corresponds to the transition state of the ice storage
bin 430. It is contemplated that the sliding movement of the ice storage bin 430 along
the ramped surface 450 of the sliding assembly 438 can vertically operate the ice storage
bin 430 between the engaged and sliding states 432, 436. Through this vertical and
lateral movement through the transitional and sliding states 452, 436, the base 442 of
the ice storage bin 430 is configured to remain substantially parallel with the bottom
surface 440 of the ice making receptacle 424. As discussed herein, in various
embodiments, the base 442 of the ice storage bin 430 may not be parallel with the
bottom surface 440 of the ice making receptacle 424. In such an embodiment, the base
442 of the ice storage bin 430 is configured to move within a single plane or parallel with
the single plane as the ice storage bin 430 is operated between the engaged, transitional,

sliding and disengaged states 432, 452, 436, 434.
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[0088] It is also contemplated, in various embodiments, that the base 442 of the ice
storage bin 430 may not be parallel with the bottom surface 440 of the ice making
receptacle 424. However, according to the various embodiments, regardless of the
parallel/non-parallel relationship of the base 442 of the ice storage bin 430 and the
bottom surface 440 of the ice making receptacle 424, the movement of the ice storage
bin 430 from the engaged state 432 through the transitional and sliding states 452, 436
and to the disengaged state 434 is accomplished without rotating the ice storage bin 430,
or substantially rotating the ice storage bin 430, during such movement. It is
contemplated that a limited amount of wobble, vibration, or other limited non-linear
movement may be possible. However, it should be understood that such limited non-
linear movement is merely for operating clearance of the ice storage bin 430 with respect
to the ice making receptacle 424.

[0089] Referring again to FIGS. 16-20, it is contemplated that the sliding assembly 438
can be configured to extend from the inward-facing surface 510 of the ice making
receptacle 424 and into a portion of the ice making receptacle 424. As discussed above,
the sliding assembly 438 can so extend into the ice making receptacle 424 from any of
the inward facing surfaces of the ice making receptacle 424 including, but not limited to,
the bottom surface 440, side surfaces 512, back surface 516, top surface 514,
combinations thereof, and other various surfaces of the ice making receptacle 424. It is
further contemplated that the ice storage bin 430 can include a receptacle assembly 530
that can include one or more tab receptacles 456 or other receptacle configurations. The
receptacle assembly 530 is configured to slidably engage with the sliding assembly 438 to
define the engaged and lateral sliding states 436 of the ice storage bin 430. By way of
example, and not limitation, where the sliding assemblies are disposed on side surfaces
512 of the ice making receptacle 424, the receptacle assembly 530 of the ice storage bin
430 can be disposed on side portions 540 of the ice storage bin 430. Alternatively, it is
contemplated that the sliding assembly 438 can be positioned on multiple inward facing
surfaces of the ice making receptacle 424 for engagement with corresponding portions of
the receptacle assembly 530 of the ice storage bin 430.

[0090] Referring again to FIG. 17, it is contemplated that when the ice storage bin 430 is

in the engaged state 432, portions of the ice storage bin 430 can at least partially
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surround portions of the ice maker 426. In this configuration, minimal clearance is
necessary between a top edge 490 of the ice storage bin 430 and an underside 550 of the
ice maker 426 due to the minimal clearance needed for the vertical movement of the ice
storage bin 430 as it moves through the transitional state 452. As discussed above, the
transitional state 452 may define the only vertical movement of the ice storage bin 430
between the engaged state 432 and the disengaged state 434. Accordingly, rotational
assemblies, tilting, and other similar rotating mechanisms are not needed to move the
ice storage bin 430 from the engaged state 432 to the disengaged state 434.

[0091] Referring again to FIGS. 13-16, it is contemplated that the sliding assembly 438
can include a plurality of sliding tabs 454 that extend upward from a bottom surface 440
of the ice making receptacle 424. Each of the sliding tabs 454 of the plurality of sliding
tabs 454 can include a portion of the lateral sliding surface 520 as well as a portion of the
ramped surface 450. According to the various embodiments, it is also contemplated that
the sliding tabs 454 can include a pair of forward tabs 560 and a pair of rearward tabs
562. According to various embodiments, it is contemplated that the pair of forward tabs
560 can be free of alignment with the pair of rearward tabs 562. Such an alignment, or
lack of alignment, can prevent unintentional or unwanted engagement with a rear 486 of
the ice storage bin 430 with the pair of forward tabs 560. Accordingly, the receptacle
assembly 530 of the ice storage bin 430 includes a plurality of recesses or tab receptacles
456 that are spaced corresponding to the non-aligning pairs of forward and rearward
tabs 562 of the sliding assembly 438. As the ice storage bin 430 is moved through the
sliding state 436, the tab receptacles 456 of the receptacle assembly 530 positioned at
the rear 486 of the ice storage bin 430 are spaced so as to not engage the pair of forward
tabs 560. Instead, the ice storage bin 430 can be moved through the entire sliding state
436 up to the transitional state 452 wherein each of the recesses of the receptacle
assembly 530 of the ice storage bin 430 engage the ramped surfaces 450 of each of the
corresponding tabs 454 of the sliding assembly 438 so that the ice storage bin 430 can be
moved into the engaged position.

[0092] According to various alternate embodiments, where the sliding assembly 438
includes multiple tabs 454, in order to prevent unwanted or unintentional engagement of

a recess of the ice storage bin 430 with a non-corresponding tab 454 of the sliding
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assembly 438, the recesses and tabs 454 can be configured to include different
alignments, locations, sizes, shapes, combinations thereof, and other similar
configurations that are adapted to prevent a misalighment and/or disengagement of the
ice storage bin 430 within the ice making receptacle 424.

[0093] Referring again to FIGS. 13-20, the ice making assembly for the appliance door
416 of the refrigerating appliance 410 can include the inner liner 420 that defines an ice
making receptacle 424, wherein the bottom surface 440 of the ice making receptacle 424
at least partially defines the ice delivery chute 502. The ice storage bin 430 is configured
to be selectively positioned between the engaged state 432 and the disengaged state
434. The ice storage bin 430 can include the ice delivery mechanism 506 that places the
interior volume of the ice storage bin 430 in selective communication with the ice
delivery chute 502 when the ice storage bin 430 is in the engaged state 432. It is
contemplated that the ice storage bin 430 is free of vertical rotation and lateral rotation
as the ice storage bin 430 is operated between the engaged state 432 and the
disengaged state 434. An ice maker 426 can be positioned proximate a top of the ice
making receptacle 424, wherein a portion of the ice storage bin 430 at least partially
surrounds a front 484 of the ice maker 426 when the ice storage bin 430 is in the
engaged state 432.

[0094] According to the various embodiments, it is contemplated that the ice making
and/or harvesting assembly described above can be disposed within any one of various
appliance doors 416 that can include, but are not limited to, refrigerator compartment
doors, pantry compartment doors, freezer compartment doors, combinations thereof,
and other similar compartment doors 16 of a refrigerating appliance 410. It is also
contemplated that the ice making and/or harvesting assembly described above can be
disposed within interior portions of the refrigerating appliance 410, such as within any
one of the interior compartments 414 of the refrigerating appliance 410. Moreover, the
ice making and/or harvesting assembly can be included in any one of various appliances,
cabinetry, and other similar household locations.

[0095] It will be understood by one having ordinary skill in the art that construction of
the described disclosure and other components is not limited to any specific material.

Other exemplary embodiments of the disclosure disclosed herein may be formed from a
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wide variety of materials, unless described otherwise herein. It is within the scope of the
present invention that a liquid other than water or ice may be dispensed from a storage
location or directly from a supply of the liquid or other beverage. Primarily the present
disclosure is directed to the use of filtered, treated or tap water received from a water
source into the refrigerating appliance 410 and dispensed to the ice maker 426 by the
refrigerating appliance 410 either before or after being optionally filtered or otherwise
treated. The water may also be treated with supplements like, for example, vitamins,
minerals or glucosamine and chondroitin or the like.

[0096] For purposes of this disclosure, the term "coupled" (in all of its forms, couple,
coupling, coupled, etc.) generally means the joining of two components (electrical or
mechanical) directly or indirectly to one another. Such joining may be stationary in
nature or movable in nature. Such joining may be achieved with the two components
(electrical or mechanical) and any additional intermediate members being integrally
formed as a single unitary body with one another or with the two components. Such
joining may be permanent in nature or may be removable or releasable in nature unless
otherwise stated.

[0097] It is also important to note that the construction and arrangement of the
elements of the disclosure as shown in the exemplary embodiments is illustrative only.
Although only a few embodiments of the present innovations have been described in
detail in this disclosure, those skilled in the art who review this disclosure will readily
appreciate the many modifications are possible (e.g., variations in sizes, dimensions,
structures, shapes and proportions of the various elements, values of parameters,
mounting arrangements, use of materials, colors, orientations, etc.) without materially
departing from the novel teachings and advantages of the subject matter recited. For
example, elements shown as integrally formed may be constructed of multiple parts or
elements shown as multiple parts may be integrally formed, the operation of the
interfaces may be reversed or otherwise varied, the length or width of the structures
and/or members or connector or other elements of the system may be varied, the nature
or number of adjustment positions provided between the elements may be varied. It
should be noted that the elements and/or assemblies of the system may be constructed

from any of a wide variety of materials that provide sufficient strength or durability, in
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any of a wide variety of colors, textures, and combinations. Accordingly, all such
modifications are intended to be included within the scope of the present innovations.
Other substitutions, modifications, changes, and omissions may be made in the design,
operating conditions, and arrangement of the desired and other exemplary embodiments
without departing from the spirit of the present innovations.

[0098] It will be understood that any described processes or steps within the described
processes may be combined with other disclosed processes or steps to form structures
within the scope of the present disclosure. The exemplary structures and processes
disclosed herein are for illustrative purposes and are not to be construed as limiting.

[0099] It is also to be understood that variations and modifications can be made on the
aforementioned structures and methods without departing from the concepts of the
present disclosure, and further it is to be understood that such concepts are intended to
be covered by the following claims unless these claims by their language expressly state

otherwise.
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What is claimed is:

1.

A refrigerator comprising:

a cabinet defining an interior volume and at least one door for providing selective

access to the interior volume; and

an automatic ice maker disposed within the interior volume and configured to

harvest a plurality of ice cubes, the automatic ice maker comprising:

2.

a frame;
a motor; and
an ice tray comprising:

a first end operably and rotationally engaged with the motor;

a second end engaged to the frame; and

a plurality of ice wells defined by a plurality of weirs including a
first set of weirs positioned proximate the first end and a second set of
weirs positioned proximate the second end and interior weirs positioned
therebetween, and wherein each of the first and second sets of weirs and
the interior weirs comprise a passage at least partially bifurcating each
weir into a first weir portion and a second weir portion, wherein each of
the passages defined by the first and second sets of weirs have a cross-
sectional area that is greater than a cross-sectional area of any one of the

passages defined by the interior weirs.

The refrigerator of claim 1, wherein the plurality of ice wells includes at least

three rows of at least seven ice wells.

3.

The refrigerator of any one or more of clams 1-2, wherein the automatic ice

maker is disposed within an interior space of the at least one door, and wherein the ice

tray is free of a heating element.

4,

The refrigerator of any one or more of clams 1-3, wherein each of the plurality of

ice wells measures less than 11.25 mL.
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5. The refrigerator of any one or more of clams 1-4, wherein the ice wells each have
a fill volume and the sum of the fill volume of all of the ice wells is a total fill volume and

where the total fill volume is at least about 110 mL.

6. The refrigerator of any one or more of clams 1-5, wherein the motor and the
frame are configured to rotate the ice tray at least about 155° in a first direction, hold the
ice tray at the second end, and rotate the first end of the ice tray at least another 35° in

the first direction.

7. The refrigerator of any one or more of clams 1-6, wherein the automatic ice

maker is free of an ice guide or bumper to aid in delivering ice into an ice bin.

8. The refrigerator of any one or more of clams 1-7, wherein the ice tray comprises a

polypropylene - polyethylene copolymer.

9. The refrigerator of any one or more of clams 1-8, wherein each of the ice wells
includes an inner facing surface that defines a textured ice-retaining portion that
increases a coefficient of sliding friction between an ice cube and the corresponding well

of the plurality of ice wells.

10. A method of producing ice within a heaterless ice maker disposed within a door of
a refrigerating appliance, the method comprising steps of:

dispensing at least about 110 mL water from the refrigerating appliance into an
ice tray set within a frame, wherein the ice tray has a plurality of ice forming cavities
divided into three rows of ice forming cavities, wherein each of the ice forming cavities of
the plurality of ice forming cavities defines a volume of less than 11.25 mL;

freezing the water dispensed into the ice tray for about 90 minutes, wherein the
water in the plurality of ice cavities is substantially formed into ice pieces;

rotating first and second ends of the ice tray in a first direction relative to the

frame, wherein the first and second ends are rotated the same rotational distance;
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rotating the first end of the ice tray an additional rotational distance and in the
first direction relative to the frame and maintaining the second end of the ice tray in a
substantially fixed position relative to the frame, wherein the ice pieces are released
from the ice cavities free of the use of a heater; and

dropping the ice pieces from the ice cavities into an ice bin in a substantially
vertical direction, wherein a textured ice-retaining portion of an inner facing surface of
each ice forming cavity at least partially increases an angle of repose of the ice piece with

respect to the inner facing surface.

11. The method of claim 10, wherein the same rotational distance that the first and
second ends of the ice tray are rotated is approximately 155 degrees, and wherein the

additional rotational distance that the first end is rotated is approximately 35 degrees.

12. The method of any one or more of clams 10-11, wherein each the plurality of ice
cavities is at least partially defined by a weir having a first weir portion and a second weir
portion that further defines a passage extending between adjacent ice cavities of the
plurality of ice cavities, and wherein the weirs positioned proximate the first and second
ends each define a passage having a first cross-sectional area, and wherein the weirs
positioned distal from the first and second ends each define a passage having a second
cross-sectional area, wherein the first cross-sectional area is greater than the second

cross-sectional area.

13. An appliance door for a refrigerating appliance, the appliance door comprising:

an outer wrapper;

an inner liner defining an ice making receptacle and an interior space defined
between the outer wrapper and the inner liner;

an ice maker disposed proximate a top potion of the ice making receptacle;

a sliding assembly defined within an inward-facing surface of the ice making
receptacle; and

an ice storage bin operable between an engaged state, wherein the ice storage

bin is fully inserted into the ice making receptacle, a disengaged state, wherein the ice
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storage bin is removed from the ice making receptacle, and a lateral sliding state,
wherein the ice storage bin is operated laterally and free of rotation between the
engaged and disengaged states, and wherein the ice storage bin and the ice making
receptacle cooperatively define an ice delivery mechanism that selectively delivers ice
pieces from an inner volume of the ice storage bin to an ice delivery zone proximate the

outer wrapper.

14, The appliance door of claim 13, wherein the sliding assembly defines a lateral
sliding surface that is vertically offset from and parallel with a bottom surface of the ice

making receptacle.

15. The appliance door of claim 14, wherein the sliding assembly further defines a
ramped surface that defines a transition state, wherein sliding movement of the ice
storage bin along the ramped surface vertically operates the ice storage bin between the

engaged and lateral sliding states.

16. The appliance door of claim 15, wherein a base of the ice storage bin remains
substantially parallel with the bottom surface of the ice making receptacle in the

engaged, transition and lateral sliding states.

17. The appliance door of any one or more of clams 13-16, wherein the sliding
assembly extends into a portion of the ice making receptacle, and wherein the ice
storage bin includes a receptacle assembly that slidably engages the sliding assembly to

define the engaged and lateral sliding states.

18. The appliance door of claim 17, wherein the sliding assembly extends upward
from a bottom surface of the ice making receptacle, and wherein the receptacle

assembly is defined within a base of the ice storage bin.

19. The appliance door of any one or more of clams 16-18, wherein the sliding

assembly includes a plurality of sliding tabs that extend upward from the bottom surface
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of the ice making receptacle, and wherein each of the sliding tabs of the plurality of
sliding tabs includes a portion of the lateral sliding surface and a portion of the ramped

surface.
20. The appliance door of claim 19, wherein the plurality of sliding tabs includes a pair

of forward tabs and a pair of rearward tabs, and wherein each of the pair of forward tabs

are free of alignment with each of the pair of rearward tabs.
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