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WCEMAKER WITH THERMOFORMED ICE TRAY PROVIDING HEATING AND PHASE
CHANGE SENSING

CROSE-REFERENCE TO RELATED APPLICATIONS
{001} This application claims the benetit of US provisional application 62/721,959 filed
August 23, 2018 and US non-provisional application 16/545,843 filed August 20, 2019, both of
which are hereby incorporated by reference,
FIELD OF THE INVENTION
G021 The present invention relates to icemaking machines for home refrigerators and the
tike and specifically an icemaker providing improved energy efficiency and high throughput
wcemaking.
BACKGROUND OF THE INVENTION
{B003] Houschold refrigergtors cornmonly include automatic teemakers located in the
freezer compariment of the refrigerator.
(004} A typical ivemaker provides an ice cube tray positioned to receive water from an
electrically controlled valve that may open for a predetermined time to G the tray. The water is
allowed to cool until ice formation is ensured. At this poini, the ice is harvested from the tray
mto an ice bin postiioned beneath the ice fray, for example, by a twisting and inverting of the ice
tray or by a heating of the ice tray and use of a comb that pushes the {ce cubes out of the ice tray.
The amount of ice in the ice tray may be determined with a bail arm which periodically lowers
into the wee fray to check the ice level. If the bail arm is blocked in its descent by a high level of
ice, this blockage s detected and ice production is stopped.
{HE88] In systems where the tray is heated for iee removal, the tray may be fabricated, for
examaple, of & highly conductive material such as aluminum and a central calorie rod (Mealorod™
heater may be attached to the tray, for example, slong its centerline to heat the way. Such
systems are effective in releasing ice but can use substantial electrical power In excess of 140
watis,
HUEERY: fn systems where the ice tray is twisted and inverted for ice removal, the ice tray
may be consiructed of 3 robust injection molded plastic material or the like that can resist

substantial cycling and distortion.
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SUMMARY OF THE INVENTION
D87} The present invention provides an extremely light weight ice tray that can be
fabricated by thermoforming, a process in which g planar, thin sheet of thermoplastic material i
heated to a pliable state and then formed by being drawn into a mold using vacuum or plugs
corresponding to the mold recesses. The resulting ice tray allows improved ice giection with no
or very slight mechanical distortion. In various embodiments, the thermoformed ice tray offers
an improved substrate for the printing of elecirical heaters or sensing elements, the former
assisting in tce release and the latter providing water height sensing, ice release sensing, and
phase change sensing.
{H008] In one embodiment, the invention includes a method of fabricating an ice tray for an
icemaking machine providing multiple pockets for molding water into ice cubes. The method
involves: {2} heating a substaniially planar sheet of thermoplastic to a pliable forming
temperature; (b} forming the planar sheet into an ice tray by drawing the thermoplastic into
multiple recesses in a mold each forming a pocket; and {o} attaching the formed ice tray o &
motor driven shaft of an icemaking machine positioning the mold in a fivst upright position for
filling the pockets with water and a second inverted position for ejecting frozen water from the
pocksts.
6009 it is thus a feature of at least one embodiment of the invention to provide a highly
flexible and lightweight ice fray for improved ice release.
{6010} The method may provide a supporting frame having a first axle communicating with
a proximal end of the ioe tray to rotate the same about a rotational axis and to warp the ice ray as
it is inverted,
{6011} It is thus a feature of at least one embodiment of the invention to asaist in ice release
through slight longitudinal, mechanical warpage of the ice tray readily accommodated by the thin
thermoformed material.
18012} The ice tray may communicate at a distal end with a cam rotating about the
rotational axis when the ice tray is facing upward 1o receive water within the pockets and nising
off the rotational axis when the ice tray is facing downward to flex the ice tray to release ice,
18013 It is thus a feature of at least one embodiment of the invention 1o provide a simple

mechanism for mechanical warpage of the ive tray using the power gvailable for ice tray rotation.
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[0014] The frame may include a catch contacting the ice tray In between the distal and
proximal ends of the ice fray to bow the ice tray concavely upward.

18015] It is thus a feature of &t least one embodiment of the invention to promote a more
aniform flexure of the ice tray which releases ice egually from multiple pockets.

g1} The method may provide a motor for rotating the first axle wherein the motor has a
low wattage, for example, 8 wattage of less than 10 walts,

{0617 H is thus a feature of at least one embodiment of the invention to provide a readily
flexed ice tray reducing power requirements and energy usage by the ejection mechanism motor.
G018} The motor may be 3 stepping maoior.

00191 £t is thus a featore of at least one embodiment of the tnvention to permit the use of a
low torque stepper motor permitting simplified control of foe tray motion through step counting
and step-rate control without a need for position sensors.

026} The method may further inchude trimming the planar sheet after forming to provide a
immed edge and insert-molding thermoplastic material over the trimmed edge to provide an
injection molded rim covering the trimuned edge.

106211 B s thas a feature of at least one embodiment of the invention to permit the use of a
thin ice tray material for improved cooling, reduced heat absorption, and improved flexibility,
while providing resistance {0 edge tearing and controlling flexibility.

BU2EE The method may further include printing electrical conductors on the planar sheet of
thermoplastic prior to thermoforming.

{B023] It is thus a feature of at least one embodiment of the invention to provide an
improved manufacturing technique for including electrical conductors within an ice fray.

{6024} The printing may print on an upper surface of the thenmoplastic shest adjacent to
water when the ice tray is filled.

HEIARY it is thus a feature of at least one embodiment of the invention o provide close
proximity between the conductors and the ice both for sensing purposes (sensing water fill,
freezing, and ice gjection) and for improved heating, the latter requiring lower wattage heating
output because of the reduced thermal insulation between the heater and the tray.

16826} The pockets may have a bottorn wall surrounded by upstanding sidewalls and the
printing may print a serpentine heating pattern on an upper surface of the bottom wall and/or at

least one sidewall,
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{6827} ¥t is thus a feature of at least one embodimert of the invention o provide a
fabrication method that places heating conductors on any of a variety of different surfaces having
different orientations by pre-printing on a flat surface and then forming that surface into the
desired shape. It is another feature of at least one embodiment of the invention to permit healing
on multiple of the surfaces including all of the surfaces of the ice tray pockets for improved ice
release.

1G838] The method may further make use of an electrical source connected 1o the heating
pattern for applying less than 10 watls to the heating pattern.

D028} It is thus a feature of at least one embodiment of the invention to permit extremely
low wattage heating compatible with printed wiring assisted by the low thermal mass of the ice
tray and the close proximity of the conductors o the ice in contrast to cal-rod systems.

1B036] In addition or alternatively, the method may provide a printing of at leasi two
electrically isolated (divect current isolated) electrodes in at least one ice fray pocket for
capacitive sensing of material within the pocket.

{6031 It is thus a feature of at least one embodiment of the invention to provide for the
construction of capacitive sensing electrodes for a varisty of purposes including water fill level
determination, ice freezing determination, and ice ejection determination.

D032} The method may further include attaching solid metal conductors (wire or metal
strips) to the privted conductors, the metal conductors comununicating from the ice tray to
electrical cirenitry of the icemaker. This attachment may be by mechanical staking.

{8331 It is thus a feature of at least one embodiment of the invention to provide a method
of connecting printed wiring on an ice tray 1o corresponding circuitry using the printed wiring for
heating or sensing purposes.

{0341 Additionally or alternatively, the invention may provide an icemaking apparatus
with an ice tray having multiple pockets for molding water into ice cubes and a first and second
glectrode positioned adjacent to at least one pocket for measuring a capacitance between the
electrodes as influenced by a dieleciric of material held within the pocket. An ejector
communicaies with the ice trays 1o eject fce from the pockets after water in the pockets freexes
into ice cobes and a controller communicates with the first and second electrodes and the ejector
1o operate: (a) in a first state to allow flling of the multiple pockets of the ive tray with water; (b)

in a second state, after completion of the first state, to montior the fivst and second electrodes o
4
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detect a capacitance associated with phase change of the water to ice; and (¢} based on detection
of the capacitance associated with the phase change of water to ice, to getivate the gjector to eject
the ice cubes.

{B635] It is thus a feature of at least one embodiment of the invention to provide for sensing
of complete freezing of ice cubes to provide for higher throughput tn which ice is gjected
immediately or closer to the time that it freezes.

{036] The sjector may inchude a heater positioned adjacent to at least one pocket and the
controller may further operate to: activate the heater of the elector to eject ice cubes; monitor the
first and second electrodes to detect a capacifance asscciated with gjected ice from the pockets;
and in response to the detection of gjected ice, deactivate the heater.

18837} It is thus a feature of at least one embodiment of the invention to provide a detection
of ice ejection allowing the healer operation 1o be terminated as scon as possible, thereby
reducing energy consumption by the heater and unnecessary heating of the refrigerator
compariment.

B03%] The apparatus may further include a valve controlling the flow of water into the
pockets and the controller may commumicate with the first and second electrode and the gjector
to: open the valve 1o begin filling the pockets; monttor the first and second electrodes to detect 2
capacttance associated with a complete filling of the pockets; and based on detection of the
capaciiance assoctated with a complete filling of the pockets, close the valve.

[8839] 1t is thus a feature of at least one embodiment of the invention to provide for a
condrol of water level by capacitive sensing using in-pocket! sensing elements that can also be
used for other purposes including phase change sensing and ejection seusing.

18048] Additionally or altematively, the invention may provide an ice making apparatus that
improves ice clarity by heating the ice mold holding the water during the freezing process. This
may be done by activating the heater elements normally used to gjsct the fce. A controller
commmticates with the heater elements and operates in multiple states. In a filling state, a valve
is controlled to deliver water into ice tray pockets. In a clarity state, the heater elements are
activated before the water completely freezes in the pockets to reduce cloudiness in the freezing
ice from gas bubbles,

041} It is thus a feature of at least one embodiment of the invention to provide a simple

method of improving ice clarity without the need for continuous agitation.
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{6042} Other features and advantages of the invention will become apparent to those skilled
in the art upon review of the following detatled deseription, claims and drawings in which like

numerals are used to designate like features.

BRIFF DESCRIPTION OF THE DRAWINGS
8043} Fig. 1 is a perspective view of an icemaking machine providing an ice fray rotatable
by a motor unit for discharging ice cubes into a receiving bin and showing a cam attached to one
end of the ice tray for flexing the ioe tray during toe discharge;
{6844} Fig. 2 is an elevational view of the cam of Fig. 1 in its elevated or flexing position;
[8045] Fig. 3 is a side elevational view of the tray of Fig. | and cam of Fig. 2 showing the
flexing cavsed by the camming action in the elevated cam position as enforced by a stationary
catch bending the tray;
{90461 Fig. 4 is a top plan view of a thermoformed blank and aligned side view of the blank
with & pre-printed heatsr pattern;
{0471 Fig. 3 is a top plan view of the blank of Fig. 4 and aligned side view of that blank
after thermoforming showing the formation of the pockets and attachrnent of conductors for
commuication with ship rings;
16048} Fig. & is a process flow chart showing the process of thermoforming and printing for
producing the ice tray of Fig. 4 including an optional irimwaing step and over molding step;
{0491 Fig. 7 is a fragmentary cross-section through a wall of one of the ice pockets
showing the fow thermal mass of the ice tray and surface heating by surface printed heaters such
as promotes heat flow directly into the ics cube/tray interface;
6058 Fig. & is a fragmentary perspective view of a thermoformed pocket showing both
heater elements and a sidewsll capacitive sensor;
8851} Fig. 9 is a top plan view of the pockets of the ice tray Fig. | showing mulliple
aptions for capacitive sensor locations and styles;
EERY Fig. 10 is a schematic block diagram of g controller of the present application
implementing a capacitive sensor for fill and ice gjection control;
HERRY! Fig. 11 is an experimentally obtained plot of capaciiance as a function of water il

levels showing detection of water fill against a threshold;
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[88354] Fig. 12 is an experimentally obtained plot of capacitance versus phase change
showing detection of freezing of the ice using a capacitive sensor;

LIRS Fig. 13 is a flowchart of a program executed by the countrolier controlling the ice
maker of Fig. 1;

EEES Y Fig. 14 is a block diagram of an embodiment of the invention providing individual
sensing ¢f each ice mold pocket;

{887} Fig. 15 is a variation of the flowehart of Fig. 13 with a program that heats an ice tray
during freezing to promote ce clarity;

[B058] Fig. 16 is a plot of temperature as a fanction of time for a freezing procedure with
without getivation of the heating elemenis:

18059 Fig. 17 is a plot of temperature as g function of time for a freezing procedure with
activation of the heating elemenis to promote ice clarity; and

19061 Fig. 18 is another plot of temperature as & function of tiee for a freering procedure
with activation of the heating elements to promots ice clarity.

[0861] Before the embodiments of the invention are explained in detail, i 18 o be
understood that the invention is not limited in its application to the details of construction and the
arrangement of the components set forth in the following description or illustrated in the
drawings. The invention is capable of other embodiments and of being practiced or being carvied
out in various ways. Also, it is to be understood that the phraseology and terminelogy used
herein are for the purpose of description and should not be regarded as Hmiting. The use of
*inchuding” and "comprising” and variations thereof is meant to encompass the items listed

therealier and eguivalenis thereof as well as additional items and equivalents thereof.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

L Referring now to Fig. 1, an icemaker 10 may include an ice tray 12 having multiple
pockets 13 for receiving water and molding the water into frozen ice cubes 14 of arbitrary shape
defined by the pockets 13, The ice tray 12 may be positioned adjacent to a drive housing 13, the
latter exposing the rotatable drive 16 connected 1o a proximal end 11 of the ice tray 12,

180631 The distal end @ of the rotatable drive 16 communicates within the drive housing 13
with an electric motor 17 for rotating the ice tray 12 between a first position {as shown in Fig. 1}

¥
H
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allowing the ice ray 12 to be filled with water and a second position {not shown) rotated 18U
degrees about a rotation axis 23 of the votatable drive 16 so that the ice tray 12 is inverted to
discharge ice cubes into & lower collection bin 19, The ice tray 12 as shown provides for throe
pockets 13 communicating by inter-pocket channels 22 allowing the equalization of water level
within each pocket if desired. The inveniion contemplates additional pockets 13 as desired.
{00641 The motor may be a DO permanerd magnet motor, a stepper motor, or other
electrical motor well known in the art. The low gjection force for ejecting ice as is required by
the icemaker 10 allows the use of low-power versions of such motors, for example, consuming
less than 10 watts. The use of the stepper motor made possible with this design allows simplified
control of the ice tray position through step counting and/or veloeity through step rate control,
for example, by & microconiroller using well-known techniques, possibly eliminating the need
for limit switches or other sensors for monitoring ice fray position.

{0065] The motor 17 will be controlled by a controller 18, for example, including a
wicrocontroller and associated clrcuiiry as will be discussed below. The controller 18 may
further communicate with a valve {not shown) controlling water theough a nozzle 20 for use in
filling the ice fray 12 when the ice tray 12 is in the upright position as depicted.

13066} Although not shown in Fig. 1, the invention contemplates additional structure that
may be included in the icemaker 10, for example, including a bail arm to check for ice level
accorsding to methods well known in the art, for exaraple, as deseribed in U.S Patent Application
MNo. 13/288,443, entitled “Iee-Harvest Drive Mechanism with Dual Position Bail Aren,” which is
assigned to the assignee of the present invention and hereby incorporated in its entirety by
reference.

16067} Referring now also to Fig. 2, a distal end of the ioe tray 12 connects to a cam disk 24
being a generally circular disk radially syrunetric about an axle 26 but having a high radius
portion 28 extending ontward from the circle positioned at an upper periphery of the cam disk 24
when the ice tray 12 is in the upright position as shown in Fig, 1. When the ice tray 12isinan
inverted ejecting position, as shown in Fig. 2, the high radius portion 28 engages with a siop
element 30 being part of a frame 32 stationary with respect to the housing 13,

{8068} Referring now to Fig. 3, this engagement between the high radius portion 28 and the
stop element 30 Hifts the gxle 26 within a slotted journal 33 causing a bowing of the ice fray 12

along curvature line 31 being generally upwardly concave such as promotes ejection of the ice
g
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cubes 14 from the pockets 13, This bowing may be facilitated by a stationary catch 34
positionsd on the frame 32 and extending inward toward the rotation axis 23 and acting to hold
down a middle of the ice tray 12 when the ice tray 12 is in the inverted position.

8069 As will be discussed in move detail below, the fee tray 12, including the pockets 13,
may be fabricated by thermoforming the ice tray 12 from a thin polymer material, for example,
the thin polymer material having a thickness of less than 20 mils (0.020 inches) or typically less
than (.40 inches providing substantial flexability in the pockets 13, This flexibility of this thin
material is believed fo permit improved ejection of the ice cubes 14 with very little mechanical
distortion providing a long life to the thin material. As shown, the pockets 13 may have large
mold release angles to facilitate release of the cubes 14,

{6070} Referring now also to Figs. 1, 6 and 4, in one embodiment, the thermoformed ice
tray 12 may be thermoformed from a thin flexible blank 36 of a thermoplastic material such as
Lexan 8040, a polycarbonate thermoplastic commercially available from SABIC of Saudi Arabia
with functionally similar materials being widely available commercially, A thickness of the
blank 36 will typically be less than 0.060 inches and preferably less than 9.049 inches or
substantially .02 inches in thickness,

{6871 Axn upper surface of the blank 36 may be printed with a conductor pattern 38 in the
planar state to facilitate the printing process, for example, using silkscreen or the like. The
conductor pattern 38 may be from a conductive polymer-based thick film ink, for example, using
a stiver conductor within a polymer carrier that can be stretched in postprocessing. A suitable
ink is available from the DuPont company under the tradenarne DuPont 5025, The conductor
patiern 38 will normally be printed on the bottom side of the tray (the surface opposite the water)
to prevent direct electrical contact between that pattern and water in the ice tray 12.

{6672} Cnee the ink has cured, the blank 36 may be thermoformed by heating it to a pliable
state and forming the pockets 13 in the blank 36 to produce a form blank 36" The pockets 13
may be formed using a mold 41 (having recesses defining the exterior of the pockets) and
drawing the blank 36 into the mold recesses using a vacuum (air preseure) and/or physical plugs
{not shown) mating with the recesses according to well known thermoforming technigues.
j6873] Referring specifically to Figs. 4 and 3, in one embodiment, the conductor pattern 38
may provide for serpentine heater elements 40 that will ultimately be positioned on a rectangular

bottom surface 42 and sach of four upstanding sidewalls 44 extending vpwardly from the bottom
G



WO 2020/041393 PCT/US2019/047375

surface 42 of sach pocket 13, For this purpose, the patterns for the heater elements 40 may be
pre-distorted to have the proper shape after thermoforming. As shown the heating elements 40
may be interconnected in electrical series and in parallel electrical circuits as desired to conirol
the desired currents and heating of each heater eloment 40,

88741 As shown in Fig. 6, after thermoforming, the blank 36 may be wimmed, for example,
by a die cutter to a desired outside dimension. Referring also to Fig. 5, at this time secondary
conductors 46 may be attached to the printed conductor pattern 38, the latter terminating at a
proximal end 11, for example, through a conductive adhesive or mechanical staking process
using conductive rivets or the Hke. The conductors 46 may be solid metal strips or solid single
or malti-strand conductive wire {as opposed to the particulate silver of the ink) with an outer
nsulating material as is generally understood in the art.

LHERRY! The conductors 48 may connect the printed conductor pattern 38 o a slip ring
assembly SO allowing the latter to communicate with & voltage source 32 within the housing 15
as will be discussed below. Generally, the voltage source 52 will apply a current to the heater
glements 40 so that the power consumption of the heaters is less than 10 watts. Slip ring systems
suitable for this purpose are described in U8, Patent Application No. 14/438,231, entitled “Ice-
Maler Motor with Integrated Encoder and Header,” hereby Incorporated in its entivety by
reference and in particular with respect o the discussion of Figs, 12-14 and generally including a
circular or eylindrical conductor ring 53 conununicating with brushes 54 that slide along its
surface.

{076 Referring to Fig. 6, the thermoformed ice tray 12 may optionally be placed inan
injection molding mold 60 {only one half shown for clarity) to insert-mold rim 62 over the out
edge of the form blank 36 afier the die cut rimming to provide improved finish and resistance fo
tearing as well as better control of flexure,

7T Referring now to Fig. 7, it will be appreciated that the extremely thin thermoformed
material 64 of the bottom surface 42 and sidewalls 44 of the pockets 13 provide reduced thermal
mass such as may absorb heat from the heater elements 40, in this way allowing most of the heat
energy from the heater slements 40 to pass, as indicated by arrow 66, lnto the ice cubes 14 for
surface heating 1o release the ice cubes 14 from the pockets 13, This heating effect is amplified

by the fact that the heating elements 40 are on the inner surface of the pockets 13 which are

ig
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adjacent io the ice cubes 14 separated only by a thin electrical insulating layer of less than $.10
inches. Thus that heat is not insulated from the ice cubes 14 by the thermoformed material 64.
{68478] Referving now to Fig. 8, in one embodimaent one or all of the heating elements 40
may he replaced by capacitive sensing electrodes 70 providing two electrodes adjacent o the
volurie of the pockets 13 and within the pockets 13 electrically isolated except through
electrostatic coupling through a dielectric from any material within the volume of the pockets 13.
As such, the capacitance between the sensing electrodes 70 varies according (o the dielectric or
bulk dielectric of the material in the pocket 13, The sensing electrodes 70 are provided by
conductive patterns 38 {of material similar to or identical with the conductive patterns used for
the heater elements 40) with conductors 46 {not shown) that may alse pass through slip rings 50
to communicate with circnitry within the housing 18.

{791 Referring now to Fig. 9, the sensing electrodes 70 may provide for a variety of forms
including form 72a providing adjacent parallel conductive bands, form 72b providing a center
electrode and a swrounding second elecirode, or form 72¢ providing interdigitated parallel
fingers,

[B486] Referring now to Fig. 10, generally the sensing electrodes 70 may communicate
through slip rings 30 with the controller 18 as discussed above, The controller 18 implements a
capacitive sensing cirounit 80, for example, with dedicated circuitry and/or programiming
according to technigues well known in the art. For example, the capacitive sensing circuit 80
may incorporate the capacitance of the sensing electrodes 70 into a tuned or resonant cireuit
whose resonant frequency changes according to the capacitance and whose frequency may be
measured, for exaraple, by pulse counting. Alternatively, the capacitive sensing circutt 80 may
operate using a charging system where the capacitance formed by the sensor electrades 70 are
charged and the time constant of that charging is measured through a timing circuit or the like.
{808} The capacitive sensing cireuit 80 may provide a capacitance output 82 that may be
compared against a water level threshold by threshold comparator 84 and against the phase
change comparator 86 as will be discussed in greater detail below, the comparator 84 providing a
fill signal 8¥ and the comparator 86 providing & freezing signal 90, respectively.

1082 The signals 88 and 90 may be used by a oycle state sequencer %2 that controls the
filling, freezing, and gjection of ice from the ice fray 12 as will be discussed below. In this

regard the controller 18 may also compumicate with the motor 17 with a valve 100
3
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communicating with the nozzle 20 for filling the ice tray 12, and with a wser interface 102, for
example, being a switch activatable by the user to turn the jcemaker on and off, and with one or
more heating elements 40 through shp rings 50 as will also be discussed below. This cvele state
sequencet 92 may be implemented through discrete circuitry or through firmware PORIAMTINgG
of a microcontrolier.

3083 Referring now to Figs. 1, 10, 11, and 13, the controller 18 implements the cycle state
sequencer 97 as indicated at a first process block 106 (Fig. 13} 1o move ice tray 1210 the first
upright position shown in Fig. 1. At this point, as indicated by process block 108, the capacitive
sensing ciroudt 80 may be calibrated to the capacitance of the ice tray 12 when empty of water or
ice and may adjust the threshold of the comparators 84 and 86 with respect to that calibrated
value.

{B6084] At succeeding process block 110, the controller 18 may fill the ice tray 12 through
ihe nozzle 20. During this filling process, the capacitance measured by the capacitive sensing
electrodes 70 may be monitored as indicated by decision block 112 to continue the filling
process only as long as the capacitive sensing indicates that the ice mold pockets 13 are not fully
filled with water.

EHEERY ¥y this regard, and referring also to Fig. 11, as the water level increases in the
nocksts 13, a volume of air dislectric within the pocket 13 is displaced by the higher dielectric of
water increasing the capacitance output 82 from the calibration level 125, When the capacitance
outprit 82 crosses a predetermined threshold 116, referenced with respect to the calibration step
of process block 108, the decision block 112 indicates that the 1l is complete and the valve 100
is closed. At this point as indicated by process Block 118, a new calibration value 122 may be
obtained with respect to the capacitance of the pocket 13 filled with water,

{6086] Referring now o Fig. 12, as the water begins to freeze, the high diclectric water will
be replaced with low diglectric ice causing the capacitance to change from calibration value 122
{0 ice capacitance value 126, Per decision block 119, this value may be detected sither by a
teveling off of the capacitance output 82 or against a threshold value 128 per the comparison of
comparator 86 of Fig. 14,

{87} Yipon an indication that the ice (within each pocket 13 or a representative pocket 13)
is fully frozen, af decision block 119, the state sequencer 92 may move immediately to gject the

iee by inverting the ice tray 12 as indicated by process block 120 so as to maximize throughput
12
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of ice making. This detection of frozen ice immediately eliminates the need for the icemaker 1o
allow a generous freszing time that accommodates a range of possible initial water temperature
conditions and freezer tomperature conditions that necessarily require additional time for g
margin of ervor in 2 system based sirictly on timing and/or indivect tray temperature.

(B8] Afler inverting the ice trav 12, or concurrent with that process, the heater eloments
40 may be activated per process block 130, This activation may be for a predetermined time and
may be accompanied by a slight optional flexing of the ice tray 12 as described above.
Alternatively, the capacitive sensing electredes 70 may be monitored to detect the change in
capacitance from pockets 13 full of ive o pockets 13 exapty of ice at level 121 indicating that
sufficient heating has occurred as determined by decision block 132, By actively moniforing
ejection of the ice, the amount of time that the heater elements 40 need to be activated can be
mintmized further improving energy efficiency. Immediately upon giection of the ice cubes 14,
as determined by decision block 132, a new ice oycle may be begun per process block 106,
thereby maximizing ice throughput.

[B085] Referring now to Fig. 14, in one embodiment, each pocket 13 rather than a single
pocket 13 may have cgpacitive sensing electrodes 70 within that pocket 13 and may provide
separate conductors of the conductor patterns 38 leading to the controller 18 so that the freezing
of water in each pocket 13 and ciection of the ice cube from each pocket 13 may be
independently determined for each pocket 13, Alternatively, a single representative pocket may
be chosen. Generally, the contraller 18 may include a processor 140 and & memory 142 holding
a stored program 144 for conununication with the motor 17, the valve 100, user interface 102,
and the conductors of the conductive patterns 38 for capacitive sensors 70 and heater elements
40,

059 Referring now to Fig. 15, a modification of the flowchart of Fig. 13, provides for
heating the ice mold during the freezing process to improve ice clarity. The clanty enhancement
procedure is shown between the process block 118 and decision block 119, After calibration at
process block 118, the water is allowed {o inttially rapidly cool without heating, during a first
portion of the heat off time mtended 1o acceleraie the ve making process during temperature
ranges that are not critical for improving ice clarity. The controller 18 determines an ending of
the heat off time at decision block 146, This portion of the heat off time may be tracked by a

timer commumicating with the controller 18 and may last for a duration empirically determined
£3
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to allow the water 1o cool 1o a sufficiently low temperature, which may be at or preferably
slightly above the freezing point. Instead of elapsed time, ending the heat off time may be based
on ternperature. In this approach, the controller 18 may determine whether 1o end the heat off
time based on a temperature value measured by a temperature sensor such as a thermistor or the
tike mounted to the ice tray 12 in thermal communication with the water of at Isast one pocket 13
or the determination may be based on sensed capacitive characteristios from electrodes 70
described sbove.

{891} When the first portion of the heat off time ends at decision block 146, the ice tray 12
is heated at process block 148 with controller 18 (Figs. 1, 10) further implementing the cycle
state sequencer 92 (Fig. 10} to control the heater elements 40. The heating at process block 148
may be al a reduced heat cutput or low-level heating compared to that used for the cjection of ice
cubes, for example, by use of a lower voltage or by duty eyele modulating electricity applied to
the heating elements 40 by a solid-state switching slement or the like. This reduced heat output
slows but does not stop the freezing of the ice, Although the inventors do not wish to be bound
by a particular theory, it is believed that this slower freezing of the ice can promote and
outgassing of the water before the gas bubbles are trapped under an ice crust.

iU, Still referring to Fig. 13, at decision block 130, controller 18 may optionally
determine whether the water is partially frozen in the pockets 13 to the point of having a thin ice
crust on top of the water in the pockets 13, Similar to determining an ending point for the heat
off time at decision block 146, at decision biock 150, controlier 18 may gvaluate whether the
water is partially frozen based on a timer value(s) that was empirically determined o provide a
partially frozen condition or based on sensed capacitive characteristics from electrodes 70, Inoune
embodiment, if a pariially frozen state is determined at decision block 150, then controller 18
commands a slight agitation of ice tray 12, such as flexing the tray at process block 152, The
agligtion or flexing at process block 132 may be a lesser version of rotation {without inverting or
spilling water) and/or bowing of the {ce tray 12 described with respect to Fig. 3. Although the
agitation is shight, it is preferably enough to allow discrete air bubbles trapped under a thin
frozen crust on top of the freezing water to coalesce into a single or fower larger bubbles and
escape from the pocket 13 through openings or separations at the interface between the ice crust
and the heated sidewalls of the pocket 13 that are heated. While the inventors do not wish to be

hound by a particular theory, it is believed that this top crust of ice preferentially forms because
i4
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of the exposure of watsr directly to the refrigerated chamber of the freezer upwardly open
pockets 13, In this regard, it may be important that the heater elements 40 are positioned on the
sidewails of the ice molds to release the ice crust from those walls, for example, during the
heating procedure at process step 148 which may be further facilitated by the slight agitation or
flexing the ice tray 12 at process step 1532 (o provide a mechanical separation force to assist the
release.

o831 At the conclusion of this flexing process of process block 152, the heater may be
turned off beginning a second portion of the heat off time per decision block 146 as the ice
clarity improving steps have been completed. Alternatively, it the Hexing of process block 152
is not used, the heat may be twned off at a predetermined time interval or degree of freezing
detected either by temperature or through the capacitive sensing described above. By turning off
the heat, full freexing of the lce cubes is accelerated or energy is conserved.

{30941 {Once the cubes have been determined o be fully frozen per decision block 119, the
controller moves to steps 120--132 as have been previousty described which may include
reactivation of the heater 130, typically at a higher level, for gjection of the ice cubes,

[0095] Referring now to Fig. 16, during a normal freezing of ice cubes without
stmultanecus heating o improve ice clarity, temperatiws of the water within the ice mold or ice
tray 12 will drop rapidly as indicated by initial cooling section 154 until the phase change
temperature of water and ice 18 reached at phase change initiation point 136, At this point
temperature of the water will stabilize at 0% C as indicated by phase change section 158 until the
ice i fully frozen at full ice point 166, The frozen ice may then continue to cool as indicated by
cooling ice section 162 to asvmptotically reach the temperature of the freerer at about -25% (.
LY Referring now to Fig. 17, in a first embodiment of the present invention, again the
water in the ice tray 12 may cool rapidly as indicated by section 164 until a predetermined
temperature, for example, 3°C, is reached as determined by the temperature sensing described
above or comparable technique. At this point, the heater clements 40 are activated, represented
by heat-on point 166, and maintained during a heat application section 168 at & low level
grupirically determined o prolong the time with which the water in the ice moild is maintained
within a fregzing band 170, for example, +3° Cto 07 C. In one embodiment, the heater elements
are activated at an average power of 1.5 W, being less than the power used to release the ice

during the eiection cycle. The amount of power may be set {o prolong the freezing time (the
15
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time within the band 170 to an excess of 160 minutes), This slow freexing process has been
empirically determined to promote clear ice.

16087 Referring now to Fig. 18, another embodiment which may be combined with the first
embodiment or used alone, the heater elements 40 may be activated prior to a full freezing of the
ice cubes or before the time of full fee polnt 172 and a slight agitation of the fce tray made, along
the lines described with respect to the tray flexing at process block 152 in Fig. 15, During the
cooling fee section 174, the ice cools further to approach the temperature of the freezer.

60981 In this embodiment, again the water in the ice tray 12 may cool rapidly as indicated
by section 176, Similar to the unheated example shown in FIG. 16, the water cools until a phase
change initiation point 178 at about 0° €, After a short period of time, shown as about 15
minutes in an initial phase change section 180, the heater clements 40 are activated, represented
at heat-on point 182, This embodiment provides more heat than deseribed in the embodiment of
Fig. 17 and increases the temperature beyond that in the phase change section 180 during a
heating section 184 within a heating band 186, for example, +5° C 1o 0° C. The heating stops
after a short period of time at heat-off point 188, providing a pulse-type high-intensity heating.
Again without wishing to be bound by a particular theory, it is believed that this rapid and slight
heating may facilitate release of a top crust of fce and allow trapped gas bubbles o escape o
promote clear ice, which reay further be accompanied by & slight agiiation of ice tray 12, A
seoond rapid cooling period at section 190 follows the heat-off point 188 and second phase
change initiation point 192 starts a second temperature-stabilized peviod at about 0° € at phase
change section 194 antil full iece point 196, Like in the above examples, this is followed by
contimued conling of the ice as il approaches the temperature of the freezer at ice cooling section
198,

(099 It will be appreciated that the timing of the heating 166 (Fig. 17} and 182 (Fig. 18}
and the control of the heater element with respect to the time 168 (Fig, 17 and 184 Fig. 18) may
he informed by the temperature measurements described above and the sensing of the freezing
state of the water described with respect to Fig. 12. Further, although the low-intensity generaily
continuons heating of Fig. 17 and high-intensity generally pulse-type heating of Fig. 18 were
described separately, these approaches can be combined with each other. It is further understood
that heating can continue longer than show, including heating for at least some time after the

fully frozen point, if desired.
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{81861 The present application hereby incorporates the following applications assigned to
the assignee of the present invention and hereby incorporated in their entivety by veference:
(G181 The present appHeation hereby incorporates the following applications assigned fo
the assignee of the present invention and hereby incorporated in their entivety by reference ULS,
Patent Application No. 13/288,443 entitled: "Toe-Harvest Dirive Mechanism With Dhal Position
Bail Arm™; U.S. Patent Appleation No., 15/756,382 entitled: "loe-Maker With Weight-Sensitive
Ice Bin"; U.S. Patent Application No, 16/075,181 entitled: "Flexing Tray lve-Maker with AC
Divive"; and 1S, Patent Application No. 14/438,231 entitled: " lce-Maker Motor With
Integrated Encoder and Header"

[001021  Certain terminology is used herein for purposes of referenice only, and thus is not
intended to be limiting. For example, terms such as "upper”, "lower”, "above”, and "below" refer
to directions in the drawings to which reference is made. Terms such as "front", "back”, "rear”,
"hotiom" and "side”, describe the orlentation of portions of the component within a consistent
but arbitrary frame of reference which is made clear by reference to the text and the associated
drawings describing the component under discussion. Such terminology may include the words
specifically mentioned above, dertvatives thereof, and words of similar import. Simmtlarly, the
terms "frst”, "second” and other such numerical torms referring to structures do not imply a
sequence or order unless clearly indicated by the context.

180103} When introducing elements or features of the present disclosure and the exemplary
embodiments, the articles "g", "an”, "the" and "sald” are intended to mean that there are one or
mare of such elements or features. The terms "comprising”, "including” and "having” are
intended to be inclusive and mean that there may be additional elements or features other than
those specifically noted. It is further to be understood that the method steps, processes, and
operations described herein are not o be construed as necessarily requiring thetr performance in
the particular order discussed or illustrated, unless specifically identified as an order of
performance. It is also o be understoed that additional or aliernative steps may be employed.
[G0184]  References to "a microprocessor” and "a processor” or “the microprocessor” and Mhe
progessor,” can be understood to include one or more microprocessors that can cornmurnicate in a
stand-alone and/or a distributed environment(s), and can thus be configured to communicate via
wired or wireless communications with other processors, where such one or more processor can

be configured to operate on one or more processor-controlled devices that can be simular or
i7
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different devices. Furthermore, references 1o memory, unless otherwise specified, can include
one or more processor-readable and accessible memory elements and/or components that can be
internal 1o the processor-controlled device, external to the processor-controlled device, and can
be accessed via & wived or wireless network,

G8185] I is specifically intended that the present invention not be limited 1o the
embodiments and illustrations contained herein and the claims should be understood o include
modified forms of those embodiments including portions of the embodimenis and combinations
of elements of different embodiments as come within the scope of the following claims. All of
the publications described herein, including patents and non-patent publications, are hereby
incorporated hervein by reference in their entiveties

901861 To aid the Patent Office and any readers of any patent issued on this application in
interpreting the claims appended hereto, applicants wish to note that they do vot intend any of
the appended claims or claim elements to invoke 35 UR.C. 1121 unless the words “means for”

or “step for” are explicitly used in the particular claim.
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CLAIMS

WHAT IS CLAIMED IS:

I A method of fabricating an ice tray for an ice making machine providing multiple
pockets for molding water info ice cubes, the method comprising:

(2} heating a substantially planar sheet of thermoplastic to a pliable forming temperature;

(b} forming the planar sheet into an ice ray by drawing the thermoplastic into muitiple
recesses in a mold each forming a pocket; and

{c) attaching the formed ice tray 1o 8 motor driven shaft of an ice making machine
positioning the mold in a first upright position for filling the pockets with water and a second

inverted position for ejecting frozen water from the pocksts,

2. The method of claim 1 wherein the planar sheet has a dimension of less than .06

inches 1 thickness.

3. The method of claim 1 further including a supporting frame providing a first axie
communicating with a proximal end of the ioe tray to rotate the ice tray ghout a rotational axis

and to warp the ice tray as il is inveried.

4. The method of claimn 3 wherein the ice tray communicates at a distal end with a
cam rotating about the rolational axis when the ice tray is facing upward to receive water within
the pockets and rising off the rotational axis when the ice tray is facing downward to flex the ice

fray 1o release ice,
5. The method of claim 4 further including a catch on the supporting frame

conigcting the ice tray in between the distal and proximal ends of the ice tray to bow the ice tray

concavely upward.
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6. The method of claim 3 further including 2 motor for rotating the fivst axle wherein

the motor has a watiage of less than 10 watls.

7. The method of claim 6 whereln the motor is 8 stopping motor,

8. The method of claim 1 further including trimming the planar sheet after forming
to provide a frimmed edge and inseri-molding thermoplastic material (o provide an injection

molded rim covering the trimmed edgs.

3. The method of claim 1 further Including printing electrical conductors on the

planar sheet of thermoplastic pricr to (al.

i3, The method of claim 9 wherein the printing prints are on an upper surface of the

thermonplastic sheet adjacent to water when the lce tray is filled.

11, The method of claim 9 wherein the pockets have a bottom wall surrounded by
upstanding sidewalls and the printing prints a heating pattern on an upper surface of the bottom

wall and/or at least one sidewall,

12.  Themethod of claim 11 wherein the heating pattern is adjacent to the water of the

ice mold when the ice mold is filled with respect fo the supporting structure of the ice,

13, The method of claim 12 wherein the supporting structure of the ice mold in the

pockets has a thickness of leas than .06 inches and is a polymer material.

14, The method of claim 11 fiwther including an electrical source connecied o the

electrical conductors for applving less than 10 watts to the heating pattern,

13, The method of clairm 9 wherein the electrical conductors provide an electrically

continuous serpentine pattern through multiple pockets providing heating of the ice mold.
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16, The method of claim 15 wherein the printing patiern provides at least two
electrically isolated electrodes in at Jeast one pocket for capacitive sensing of material within the

pockst.

17, The method of claim & wherein the printing pattern provides at least two
electrically isolated electrodes in at least one pocket for capacitive sensing of material within the

pocket.

I8, The method of claim % firther including ap attachment of solid metal conductors
to the elecirical conductors, the solid metal conduciors communicating from the ice tray to

electrical circuitry of the lce making machine.

19, The method of claim 18 wherein the attachment provides mechanieal staking.

28, Ance making apparatus comprising:

an toe tray having multiple pockets of a thermeplastic material for molding water into ice
cubes;

a first and second electrode printed on at least one pocket for measwring a capaciiance
between the electrodes as influenced by a dielectric of material held within the pocket;

an gjector comumunicating with the foe trays o eject ice from the pockets after water in
the pockets freezes into ive cubes; and

a controller communicating with the first and second electrode and the sjector to operate:

(g} in 2 first state to allow filling of the multiple pockets of the ice tray with water;

{b} i a second state after completion of the frst state to monitor the first and second
electrodes to detect a capacitance associated with a phase change of the water o ice; and

{¢} based on detection of the capacitance associated with the phase change of water to ice

o activate the ejector to gject the ice cubes,

21, The apparatus of claim 20 wherein the electrodes are selected from the group
consisting of: side-by-side parallel elecirodes, interdigitated finger electrodes, or a first electrode

partially or fully encircling a second elecirode.
21
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22, The apparatus of claim 20 wherein the electrodes are positionsd adjacent to the

water when the ice tray is filled with respect to the supporting structure of the lece tray.
23, The apparatus of claim 20 wherein the elecirodes are printed in thick film ink.

24, The apparatus of claim 20 wherein the supporting structure of the lce rays is a

thermotormed plastic sheet having a thickness less than 8.06 inches.

23, The apparatus of claim 20 wherein the gjector inchudes a heater positioned
adiacent to at least one pocket and wherein the controller further operates to:

{dy activate the heater of the ejector to gject ice cubes;

{e} monitor the first and second electrodes 1o detect 4 capacitance associated with ejected
ice from the pockets; and

{{} i response to the detection of gjected ice, deactivate the heater.

26, The apparatus of claim 20 further incloading s valve controlling a flow of water
inte the pockets;

and wherein the controller communicates with the first and second electrode and the
giector to operate:

{d} to open the valve to begin filling the pockets;

{e} to monitor the first and second electrodes {o detect a capacitance associated with a
complete filling of the pockets;

{f) based on detection of the capacitance associated with a complete filling of the pockets,

10 close the valvs,

27 An ice making apparatus comprising,

an ice tray having multiple pockets for molding water inio ice cubss;

a first and second electrode printed on an lnner surface of at least one pocket for
nmeasuring a capacitance between the elecirodes as influsnced by a dielectric of material held

within the pocket;
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& valve conirolling a flow of water into the pockets;

a controller commurdcating with the first and second electrode 1o operate:

{a} to open the valve to begin filing the pockets;

(b} to monitor the first and second electrodes to detect a capacitance associated with g
complete filling of the pockets;

{c} based on detection of the capaciiance associated with a complete filling of the

pockets, (o close the valve,

28.  The apparatus of claim 27 wherein the ice tray is g thermoformed plastic sheet
and wherein the first and second electrodes are printed with ink that is elastic to stretch during 2
thermoforming process to make the ice iray so as o be applied In a planar state of a sheet of the

thermotormed plastic sheet befors thermoforming of that sheet.

29. Anice making apparsfus comprising:

an ice tray having multiple pockets of a thermoplastic material for molding water info ice
cubes:

avalve controlling s flow of water into the pockets;

slecirical heater elements positionsd at the nmultiple pockests; and

a controller communicating with the electrical heater elements and an ejector o operate:

{a} in a filling state controlling the valve to fill the multiple pockets of the ive tray with
water; and

(b} in a clarity state prior 10 a complete freszing of the water in the nultiple pockets
activating the electrical heater elements to reduce cloudiness in the freezing ice from gas

bubhbles.

30.  The apparatus of claim 29 wherein the contrelier communicates with the electrical
heater elements and the ejector to operate:

{c} in an gjection state afier 2 complete freezing of the water in the multiple pockets by
detection of the capacitance associated with the phase change of water {0 toe to activate the

gjector to eject the we cubes.

B2
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1. The apparatus of claim 29 wherein the controller activates the gjector 1o agitate the ice

tray during the clarity state to release trapped gas bubbles,
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