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tainer configured to be filled with ice-making water; a
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ICE MAKER

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED THE
APPLICATION

This application is based on and claims priority under 35
U.S.C. § 119 to Korean Patent Application No. 10-2018-
0005779, filed on Jan. 16, 2018 in the Korean Intellectual
Property Office, the disclosure of which is incorporated by
reference herein in its entirety.

BACKGROUND

Field

The disclosure relates to an ice maker which can make ice
with high transparency.

Description of the Related Art

A refrigerator refers to an apparatus that employs a
refrigeration cycle to store things at a low temperature by
supplying a chill to a storage compartment, and make ice by
supplying a chill to an ice-making compartment.

The ice-making compartment is kept at a freezing point of
water, i.e. 0° C. or below while an ice making container is
filled with ice-making water. The ice-making water in the ice
making container starts to freeze from a part that first comes
into contact with an ambient chill, and gradually freezes
toward the center. That is, the ice-making water in the ice
making container starts to freeze from a water surface that
first comes into contact with the ambient chill or from a part
being in contact with the inner surface of the ice making
container and thus forms an ice nucleus from which forma-
tion of an ice crystal is triggered and propagates toward the
center of the ice making container filled with the ice-making
water, thereby entirely becoming ice. The ice-making water
supplied to the ice making container contains a certain
amount of air in the form of bubbles. To make clear ice, such
air bubbles have to be rapidly exhausted into the air.
However, in practice, the air bubbles are not exhausted into
the air but remain in the water during ice making, and
therefore cloudy ice is ultimately made.

To make ice transparent by eliminating the air bubbles,
there has been proposed a technique that a thawing rod for
radiating heat is immersed in the ice-making water filled in
the ice making container. After ice is completely made, such
a conventional technique takes the thawing rod out of the
ice-making water unfrozen in the vicinity thereof and then
rotates an ejector to separate ice. To this end, a heating
device used when the thawing rod is immersed in and taken
out of the ice-making water, a space occupied by the heating
device, a separating device and a space occupied by the
separating device have to be all taken into account when
designed, and therefore a problem arises in that an ice
making unit has a complicated structure and becomes bulky.

Further, in the conventional technique, the formation of
the ice crystal is achieved simultaneously throughout the
inner surface of the ice making container, i.e. on both the
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lateral surface and the bottom surface, and therefore the ice
formation propagating in a direction from the lateral surface
toward the center may meet the ice formation propagating in
a direction from the bottom surface toward the center. Such
an overlap of the ice formation may cause the ice to contain
air bubbles or accelerate a freezing speed to thereby lead to
opaque ice.

SUMMARY

An aspect of the disclosure is to provide an ice maker in
which a freezing condition is uniform to improve transpar-
ency of ice and ice is made and separated by a simple
structure.

According to an embodiment of the disclosure, there is
provided an ice maker including: an ice making container
configured to be filled with ice-making water; a heating
ice-separator comprising a heating rod extended from above
a water surface of the ice-making water into the ice making
container so as to be immersed in the ice-making water and
configured to transfer heat to the ice-making water, and a
rotary shaft connecting with the heating rod, extended to
traverse an upper portion of the ice making container, and
configured to rotate the heating rod to be separated from the
ice making container; and a heater configured to supply heat
to the heating rod. Thus, when the heating ice-separator
transfers heat to the ice-making water while making ice, and
rotates while separating ice to thereby easily separate the
made ice.

The ice making container may have a hemispheric inner
surface, thereby maintaining the freezing direction in a
single direction.

An end of the heating rod may be extended up to a bottom
of the ice making container in the range of not affecting
rotation, thereby making the freezing direction face from the
lateral side of the inner surface of the ice making container
toward the heating ice-separator.

The heating rod may be extended toward a bottom of the
ice making container.

The rotary shaft may include a hollow in a lengthwise
direction, and the heater may be inserted in the hollow of the
rotary shaft and configured to heat the heating rod, thereby
effectively heating the heating rod.

The rotary shaft may rotate around the heater.

The heater may be provided leaving a first air gap from an
inner surface of the rotary shaft, thereby not only making the
rotary shaft effectively rotate with regard to the heater but
also preventing the heater from abrasion.

The ice maker further includes a rotation driver config-
ured to rotate the rotary shaft, the rotary shaft including: a
first rotary shaft supporting the heater and including the
heating rod; and a second rotary shaft configured to surround
the first rotary shaft and transfer power of the rotation driver
to the first rotary shaft, thereby not only effectively trans-
ferring power but also making it easy to manufacture the ice
maker.

The first rotary shaft may include a material having high
thermal conductivity, and the second rotary shaft may
include a material having lower thermal conductivity than
the first rotary shaft.

The second rotary shaft may be provided leaving a second
air gap from the first rotary shaft, thereby decreasing transfer
of heat from the heater to the second rotary shaft.

The heating rod may include a heating head including an
outer circumferential surface having a curvature correspond-
ing to the inner surface of the ice making container.
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The heating rod may include a plurality of pores, thereby
eliminating air bubbles that lowers transparency of ice.

The heating rod may be subjected to hydrophilic surface
treatment.

The heating rod may be internally provided with a hollow,
and the heater may be inserted in the hollow.

The heater may include an electric cable configured to
supply power, and the electric cable may be arranged to be
wound and unwound as the heater rotates, thereby prevent-
ing durability from being lowered by a twist of the electric
cable when separating ice.

The heater may be rotated when ice is made or separated,
and a power connector may be provided to supply power
corresponding to the rotation.

The ice maker may further include an ice-separation guide
extended from an edge of the ice making container toward
the rotary shaft, and configured to guide ice to be separated
from the heating rod, thereby making the heating rod be
easily withdrawn from separating ice.

The ice-separation guide may have an arc shape of which
a radius of curvature gradually decreases from the edge of
the ice making container toward the rotary shaft.

The ice maker may further include a container supporter
arranged above the ice making container, configured to
support the ice making container, and including a cup to
supply the ice-making water to the ice making container,
thereby making the ice making container have uniform ice
making conditions.

The ice making container may include at least one ice-
making cell to be filled with the ice-making water and a cup
adjacent to and integrated with the ice-making cell and
configured to supply the ice-making water, and at least one
perforation may be provided in a connecting portion
between the ice-making cell and the cup, thereby decreasing
transfer of a chill from the cup adjacent to the ice making
container.

The ice making container may include a cooling fin to
promote cooling of the ice-making water, thereby supple-
menting a part of the container, which lacks a chill, with a
chill and controlling the ice making condition to be uniform.

According to another embodiment of the disclosure, there
is provided an ice maker including: an ice making container
comprising a space to be filled with ice-making water; a
cooler configured to make ice by supplying a chill to the
ice-making water filled in the space; a heater configured to
generate heat; a heating ice-separator extended from above
a water surface of the ice-making water toward a bottom of
the ice making container, immersed in the ice-making water,
configured to transfer heat from the heater to the ice-making
water, and rotatable to separate the made ice; and a rotation
driver configured to rotate the heating ice-separator.

According to other embodiment of the disclosure, there is
provided an ice maker including: a main body comprising an
ice-making compartment; an ice making container compris-
ing at least one ice-making cell to be filled with ice-making
water; a heating ice-separator extended from above a water
surface of the ice-making water toward a bottom of the
ice-making cell so as to be immersed in the ice-making
water, configured to transfer heat to the ice-making water,
and rotate to separate from the ice-making cell for separating
ice; a heater configured to supply heat to the heating
ice-separator; a cooler configured to supply a chill to the
ice-making compartment; and a controller configured to
control power supplied to the heater.

The ice maker may further include an ice making fan
configured to circulate the chill transferred to the ice-making
water of the ice making container.
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The controller may change an output of the heater for a
predetermined period of time, thereby making ice with a
high transparency.

The controller may control the heater to be turned on or
off a plurality of times for a predetermined period of time,
thereby making ice with a high transparency.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and/or other aspects will become apparent and
more readily appreciated from the following description of
exemplary embodiments, taken in conjunction with the
accompanying drawings, in which:

FIG. 1 is a font view showing an upright refrigerator
according to an embodiment of the disclosure, of which
doors are open;

FIG. 2 is a section view showing a lateral section of an
upright refrigerator according to an embodiment of the
disclosure;

FIG. 3 is a schematic perspective view of a built-in freezer
according to an embodiment of the disclosure;

FIG. 4 is a section view showing a section of a built-in
freezer according to an embodiment of the disclosure;

FIG. 5 is a perspective view of an ice maker mounted to
an ice-making compartment according to an embodiment of
the disclosure;

FIG. 6 is an exploded perspective view of an ice maker
according to an embodiment of the disclosure;

FIGS. 7 to 9 are a longitudinal-section view, a cross-
section view and a planar section view of an ice making unit,
respectively;

FIG. 10 is a view showing an electric cable connected to
a heater of FIG. 6 when ice is made and separated;

FIG. 11 is a view showing a simulation of a freezing
process in an ice making container;

FIGS. 12 and 13 are views for explaining a process of
separating ice made in the ice maker;

FIGS. 14 and 15 are views showing a structure of a heater
and a heating ice-separator according to a second embodi-
ment of the disclosure;

FIG. 16 is a view showing a structure of a heating
ice-separator according to a third embodiment of the dis-
closure;

FIGS. 17 and 18 are views showing a structure of a
heating ice-separator according to a fourth embodiment of
the disclosure;

FIG. 19 is a view for explaining ice separation based on
rotation of the heating ice-separator according to the fourth
embodiment of the disclosure;

FIGS. 20 and 21 are views showing a mounting state and
an exploded state of a cable guider and a cable holder for
winding and unwinding an electric cable according to a fifth
embodiment of the disclosure;

FIGS. 22 and 23 are perspective views of an electric-cable
holder structure according to a sixth embodiment of the
disclosure when ice is made and when the ice is released,
respectively;

FIG. 24 is a view showing a power connector for sup-
plying power while rotating based on rotation of a heater
according to a seventh embodiment of the disclosure;

FIG. 25 is a perspective view showing an ice making
container according to an eighth embodiment of the disclo-
sure;

FIG. 26 is a perspective view showing a structure of an ice
making container according to a ninth embodiment of the
disclosure;
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FIG. 27 is a view of showing a structure of an ice making
container according to a ninth embodiment of the disclosure;

FIG. 28 is a block diagram showing control flow of an ice
making system according to an embodiment of the disclo-
sure;

FIG. 29 is a flowchart showing a clear-ice making control
process by controlling an output in an ice making system
according to an eleventh embodiment of the disclosure;

FIG. 30 is a view showing a method of controlling an
output of a heater according to set time in a case of clear ice
making;

FIG. 31 is a graph showing a freezing speed according to
ice-making periods;

FIG. 32 is a view showing transparency distribution
according to ice-making conditions;

FIG. 33 is a view showing ice weight distribution accord-
ing to ice-making conditions;

FIG. 34 is a view showing optimal control according to
change in ice-making conditions;

FIG. 35 is a flowchart showing a clear-ice making control
process by on/off control in an ice making system according
to a twelfth embodiment of the disclosure;

FIG. 36 is a view showing a method of controlling a
heater to be turned on and off according to set time when
clear ice is made;

FIG. 37 is a graph showing a clear-ice making tempera-
ture pattern according to on/off control of a heater; and

FIG. 38 is a table showing clear-ice making results
according to heating time and power on/off periods of a
heater.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Below, embodiments of the disclosure will be described in
detail with reference to accompanying drawings so as to be
easily actualized by a person having an ordinary skill in the
art. The disclosure may be achieved in various different
forms without being limited to the embodiments set forth
herein. For clarity of description, like numerals refer to like
elements throughout.

An ice maker 1 according to an embodiment of the
disclosure includes a refrigerator having a refrigerating
compartment and a freezing compartment capable of freez-
ing ice, a freezer having a freezing compartment dedicated
to making ice, and an ice machine dedicated to making ice.
Further, the ice maker 1 according to an embodiment of the
disclosure may include am upright refrigerator or built-in
premium freezer of an indirect or direct cooling type.

Below, an overall structure for the refrigerator will be
described with reference to FIGS. 1 and 2.

FIGS. 1 and 2 are a front view and a lateral section view
of the refrigerator according to an embodiment of the
disclosure, of which doors are open, respectively.

As shown in FIGS. 1 and 2, the refrigerator includes a
main body 10 having a freezing compartment 11, a refrig-
erating compartment 12 and an ice-making compartment 13;
a freezing compartment door 14 for opening and closing the
freezing compartment 11; a refrigerating compartment door
15 for opening and closing the refrigerating compartment
12; and a cooler 20 for supplying a chill to the freezing
compartment 11, the refrigerating compartment 12 and the
ice-making compartment 13.

A user opens the freezing compartment door 14 and put a
storage thing in the freezing compartment 11. The freezing
compartment 11 may be provided with a freezing box 16, so
that a user can put storage things in the freezing box 16.
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The freezing compartment 11 may be provided with a first
cool-air supply duct 17 in a rear wall thereof. In the first
cool-air supply duct 17, there may be installed a freezing-
compartment evaporator 27 of the cooler 20, a freezing fan
17a, and a freezing-compartment cool-air outlet 17b. The
freezing fan 17a is capable of supplying a chill, which has
been subjected to heat exchange by the freezing-compart-
ment evaporator 27, to the freezing compartment 11 via the
freezing-compartment cool-air outlet 17b.

A user may open the refrigerating compartment door 15 to
put a storage thing in the refrigerating compartment 12. The
refrigerating compartment 12 may be provided with a plu-
rality of racks 18, so that a user can put storage things on
each rack 18, thereby keeping the storage things refriger-
ated.

The refrigerating compartment 12 may be provided with
a second cool-air supply duct 19 in a rear wall thereof. In the
second cool-air supply duct 19, there may be installed a
refrigerating-compartment evaporator 26 of the cooler 20, a
refrigerating fan 19a, and a refrigerating-compartment cool-
air outlet 19b. The refrigerating fan 19a is capable of
supplying chill, which has been subjected to heat exchange
by the refrigerating-compartment evaporator 26, to the
refrigerating compartment 12 via the refrigerating-compart-
ment cool-air outlet 19b.

The ice-making compartment 13 is partitioned from the
refrigerating compartment 12 by an ice-making compart-
ment casing that forms a predetermined space therein, and
thus formed as insulated from the refrigerating compartment
12.

The ice-making compartment 13 may be provided with an
ice making unit 100 for making ice, and an ice storage
container 50 for storing the ice made by the ice making unit
100. The ice made by the ice making unit 100 may be stored
in the ice storage container 50, and the ice stored in the ice
storage container 50 may be transferred to an ice crusher 52
by a transferrer 51. The ice crushed by the ice crusher 52
may be supplied to a dispenser 54 via an ice discharging duct
53.

The ice making unit 100 may be installed with at least a
part of a coolant pipe 28 of the cooler 20. A direct cooler 28a
of the coolant pipe 28 in the cooler 20 may be inserted in the
ice-making compartment 13, and the direct cooler 28a of the
coolant pipe 28 inserted in the ice-making compartment 13
may be installed in the ice making unit 100. The direct
cooler 28a of the coolant pipe 28 may be in direct contact
with the ice making unit 100 and thus directly cool the ice
making unit 100.

Further, the ice-making compartment 13 may be installed
with an ice making fan 37 for circulating air therein. The ice
making fan 37 forcibly makes air in the ice-making com-
partment 13 flow toward the direct cooler 28a of the coolant
pipe 28 or the ice making unit 100, so that the air in the
ice-making compartment 13 can be cooled by exchanging
heat with the direct cooler 28a of the coolant pipe 28 or the
ice making unit 100.

The cooler 20 may include a compressor 21, a condenser
22, a switching valve 23, a first expansion valve 24, a second
expansion valve 25, the refrigerating-compartment evapo-
rator 26, the freezing-compartment evaporator 27, and the
coolant pipe 28.

The coolant pipe 28 may connect the compressor 21, the
condenser 22, the first expansion valve 24, the second
expansion valve 25, the refrigerating-compartment evapo-
rator 26, and the freezing-compartment evaporator 27. Cool-
ant flowing in the coolant pipe 28 is discharged from the
compressor 21, passes through the condenser 22 and the
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second expansion valve 25, and is supplied to the refriger-
ating-compartment evaporator 26 and the freezing-compart-
ment evaporator 27. The coolant supplied to the refrigerat-
ing-compartment evaporator 26 exchanges heat with air in
the refrigerating compartment 12 and cools the air in the
refrigerating compartment 12, and the coolant supplied to
the freezing-compartment evaporator 27 exchanges heat
with air in the freezing compartment 11 and cools the air in
the freezing compartment 11. Further, the coolant flowing in
the coolant pipe 28 comes out of the first expansion valve 24,
passes through the direct cooler 28a of the ice-making
compartment 13, and is supplied to the refrigerating-com-
partment evaporator 26 and the freezing-compartment
evaporator 27 in sequence.

FIG. 2 illustrates the direct cooling type that the coolant
directly passes through the direct cooler 28a of the coolant
pipe 28, but the indirect cooling type where coolant passes
through the ice-making compartment evaporator is also
possible.

FIGS. 3 and 4 are a schematic perspective view and a
schematic section view of a built-in premium freezer. The
built-in premium freezer is generally of the indirect cooling
type, but may be of the direct cooling type. As compared
with the upright refrigerator, like numerals refer to like
elements and repetitive descriptions thereof will be avoided.

As shown in FIGS. 3 and 4, the freezer includes a cooler
40 applied to the inside of the ice-making compartment 13,
at least one ice making fan 47, and two ice making units 100.

The ice-making compartment 13 is mounted with two ice
making units 100 for making ice, and receives chill supplied
from an evaporator 45 through the ice making fan 37. Under
the two ice making units 100, an ice storage container (not
shown) for receiving separated ice is arranged. As an ice-
making water supplier, two ice-making water-supplying
pipes (not shown) for supplying ice-making water to two ice
making units 100 are introduced into the ice-making com-
partment 13. The ice-making water supplied by the ice-
making water-supplying pipe may be subjected to pretreat-
ment such as filtering, sterilization, etc.

The cooler 40 includes a compressor 41, a condenser 42,
an expansion valve 44, first and second evaporators 45-1 and
45-2, and a coolant pipe 48. The first and second evaporators
45-1 and 45-2 are respectively arranged in two ice-making
compartments 13 to cool each of the ice-making compart-
ments 13. Of course, only one evaporator may be provided
when two ice making units 100 are arranged in one ice-
making compartment 13. The coolant pipe 48 connects the
condenser 42, the expansion valve 44, and the evaporators
45-1 and 45-2. Coolant flowing in the coolant pipe 48 is
discharged from the compressor 41, passes through the
condenser 42 and the expansion valve 44, and is supplied to
the evaporators 45-1 and 45-2. In the evaporators 45-1 and
45-2, the coolant exchanges heat with air in the ice-making
compartment 13 and cools the air in the ice-making com-
partment 13.

The ice making fan 47 is arranged in each of the two
ice-making compartments 13 and forcibly circulates the air
cooled by the evaporators 45-1 and 45-2, thereby lowering
each temperature of the ice-making compartments 13.

The ice making unit 100 refers to a device for making ice
with the cooled air. Usually, one of the two ice making units
100 is used for making clear ice, and the other one is used
for quickly making ice. According to situations, both the two
ice making units 100 may be used in clear ice making or
quick ice making.

FIGS. 5 t0 9 are a perspective view, an exploded perspec-
tive view, a longitudinal-section view, a cross-section view
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and a planar-section view of the ice making unit 100
according to a first embodiment of the disclosure.

As shown therein, the ice making unit 100 includes an ice
making container 110 having a space to be filled with
ice-making water; a heater 120 for supplying heat; a heating
ice-separator 130 immersed in the ice-making water as
extended from above the water surface of the ice-making
water toward the bottom of the ice making container 110,
transferring heat from the heater to the ice-making water
while cooling the ice-making water, and rotatable while
separating ice; an ice-separation guider 140; a rotation driver
150 for rotating the heating ice-separator 130 to separate the
made ice; a container supporter 160; and an electric cable
170 for supplying power to the heater 120.

The ice making container 110 is made of a material having
high thermal conductivity, e.g. aluminum. The ice making
container 110 refers to an ice-making tray that may for
example include four ice-making cells 112 partitioned by a
partition wall 113 and arranged in parallel. The partition wall
113 includes an overflow allowing portion 115 via which the
ice-making water overtlows into an adjacent ice-making cell
112. Each ice-making cell 112 has an unrestricted hemi-
spheric inner surface.

The heater 120 is made of a material that generates heat
due to resistance when receiving power through the electric
cable 170, for example, tungsten. The heater 120 includes a
first heating wire 121 and a second heating wire 123 to
which (+) power and (-) power are applied. The electric
cable 170 includes a first electric cable 171 and a second
electric cable 172 respectively connected to the first heating
wire 121 and the second heating wire 123. The first heating
wire 121 and the second heating wire 123 are connected to
each other at the end thereof and generate heat due to
resistance when (+) power and (-) power are applied. The
heater 120 is extended from an upper middle of the ice-
making cell 112 along an arranged direction of the ice-
making cell 112 and supported on the ice making container
110. The heater 120 has one side fastened by a heater cap
122, and the other side fastened by a heater holder 124. The
heater 120 may be coated or sheathed with a material having
high thermal conductivity or may be inserted in a metal pipe
having high thermal conductivity. Here, the heater 120 is
stationary and serves as the center for rotating the heating
ice-separator 130. Alternatively, the heater 120 may be
designed to be not stationary but rotate together with the
heating ice-separator 130.

According to another embodiment, the heater 120 may
repeat rotating clockwise or counterclockwise together with
the heating ice-separator 130, for example, by 360 degrees
when ice is made and separated. In this case, the electric
cable 170 also repeats alternating between twisted and
untwisted by the rotation of the heater 120, and is thus
degraded in durability.

FIG. 10 is a view showing the electric cable 170 con-
nected to the heater 120 when ice is made and separated. As
shown therein, the electric cable 170 is extended in a
transverse direction to the lengthwise direction of the heater
120, i.e. in a rotating direction and wound one or more times
with respect to the heater 120 on an initial state in a case of
making ice. In this case, the electric cable 170 includes an
extra electric cable 172 that is not wound but sags so as to
be additionally wound when the heater 120 rotates in a case
of separating ice. In the case of separating ice, the extra
electric cable 172 of the electric cable 170 is wound as the
heater 120 rotates in a forward direction. In a case of making
ice again, the extra electric cable 172 of the electric cable
170 is unwound and sags as the heater 120 rotates in a
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reverse direction. Like this, the electric cable 170 is struc-
tured to be smoothly wound and unwound as the heater 120
rotates in the forward and reverse directions in the cases of
making ice and separating the ice. Besides the structural
design of the electric cable, a flexible material such as
silicon, Teflon, etc. may be used for the sheath of the electric
cable 170 to thereby further improve durability. Further,
when an actuator for winding and unwinding the electric
cable is designed, the radius of curvature that the electric
cable 170 has may be increased to thereby improve the
durability. Such a structure for smoothly winding and
unwinding the electric cable 170 leads to decrease in a core
wire, for example, from 0.16¢ to 0.08¢.

The heating ice-separator 130 includes rotary shafts 131
and 132 having a hollow, and a heating rod 133 for heating
the ice-making water in the ice-making cell 112.

The rotary shafts 131 and 132 include a first rotary shaft
131 and a second rotary shaft 132 which can be coupled to
and separated from each other. The second rotary shaft 132
couples with the first rotary shaft 131 and transfers rotary
power. The rotary shaft is not limited to such a structure
separable into the first rotary shaft 131 and the second rotary
shaft 132, but may be manufactured as a single body.

The first rotary shaft 131 has the hollow in which the
heater 120 is inserted or supported. The first rotary shaft 131
is inserted leaving a first air gap G1 from the heater 120. The
first rotary shaft 131 and the heating rod 133 may be formed
as a single body of a metal material having high thermal
conductivity. The first rotary shaft 131 includes at least one
pair of opposite hooks 134 on the outer circumferential
surface thereof to be hooked to the second rotary shaft 132.
Each hook 134 protrudes upward from the outer circum-
stance of the first rotary shaft 131, is elastically transform-
able, and has a projection at the end thereof.

The second rotary shaft 132 lengthwise couples with the
first rotary shaft 131, and connects with the rotation driver
150 at one end thereof to receive rotation power. The second
rotary shaft 132 is coupled leaving a semicircular second air
gap G2 from the first rotary shaft 131 and the heater 120.
The second air gap G2 prevents heat of the internal heater
120 from being transferred from the upper portion of the first
rotary shaft 131 to the second rotary shaft 132. The second
rotary shaft 132 includes at least one pair of hook holders
135 on the outer circumferential surface thereof to which the
hook 134 of the first rotary shaft 131 is hooked. Each pair
of hook holders 135 includes a projection holder extended
left and right from the outer circumferential surface of the
second rotary shaft 132. The hook 134 of the first rotary
shaft 131 is hooked as fitted to the projection holder of the
hook holder 135. The second rotary shaft 132 is made of a
material, which has low thermal conductivity and of which
injection molding is possible, for example, plastic. The
second rotary shaft 132 may be omitted as necessary, and the
first rotary shaft 131 may directly receive power from the
rotation driver 150.

Such hook coupling between the first rotary shaft 131 and
the second rotary shaft 132 is merely an example. Alterna-
tively, the first rotary shaft 131 and the second rotary shaft
132 may be coupled by various methods, for example,
adhesive (glue), forcible fitting, screw, etc.

The heating rod 133 is shaped like a stick, for example, a
cylindrical shape, but not limited to this shape. The heating
rod 133 is extended as a single body from the first rotary
shaft 131 and for example perpendicular to the lengthwise
direction of the first rotary shaft 131. The heating rod 133 is
extended from above the water surface of the ice-making
water toward the bottom of the ice-making cell 112 and
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immersed into the ice-making water. For example, to be
immersed in the ice-making water, at least a distal end of the
heating rod 133 extends into the ice-making water, as shown
for example, in various of the figures. The heating rod 133
may be extended to the bottom of the ice-making cell 112.
However, the heating rod 133 has to leave a space so as to
properly rotate without interfering with the inner surface of
the ice-making cell 112. Here, the heating rod 133 is
provided as a single body in the first rotary shaft 131, but not
limited to this description. Alternatively, the heating rod 133
and the first rotary shaft 131 may be designed to be sepa-
rately manufactured and coupled.

The ice-separation guider 140 is made of a material of
which injection molding is possible, for example, plastic.
The ice-separation guider 140 includes an ice-separation
guide 142 having four ice-separation slots 144 through
which four heating rods 133 passes during rotation. The
ice-separation guide 142 is extended from the edge of the ice
making container 110 toward the second rotary shaft 132
within the radius of curvature for the heating rod 133. The
ice-separation guider 140 is coupled to a lateral side of the
ice making container 110 and guides ice separated by the
rotation of the heating ice-separator 130 to be discharged.
The ice-separation guide 142 has an arc shape of which the
radius of curvature gradually increases from an end portion
adjacent to the second rotary shaft 132 toward the edge of
the ice making container 110. In result, the heating rod 133,
which has been inserted in the ice to be separated, is
gradually separated from the ice while passing by the
arc-shaped ice-separation guide 142.

The rotation driver 150 is coupled to one end of the
second rotary shaft 132 and supplies power so that the
second rotary shaft 132 can repeat alternating between
forward rotation and reverse rotation. The rotation driver
150 may be actualized by a stepping motor, and a cam (not
shown) may be connected to a driving shaft (not shown) for
power transmission.

The container supporter 160 is made of a material of
which injection molding is possible, for example, plastic.
The container supporter 160 is arranged to cover the top of
the ice making container 110 and fastened to the inner wall
of the ice-making compartment 13. The container supporter
160 is coupled to and supports the ice making container 110.
The container supporter 160 includes a cup 162 for holding
the ice-making water supplied through the ice-making
water-supplying pipe. The cup 162 supplies the ice-making
water to the first ice-making cell 112 adjacent to the lower
ice making container 110. When the first ice-making cell 112
is fully filled with the ice-making water, the ice-making
water flows to the next ice-making cell through the overflow
allowing portion 115. In this manner, the ice-making water
is stepwise filled in all the ice-making cells. In a conven-
tional ice maker, the cup for holding the ice-making water is
integrally attached to the ice making container. In result, the
cup having a predetermined volume additionally transfers a
chill to the adjacent ice-making cell, and it is therefore
difficult to control temperature for making clear ice in an
ice-making cell adjacent to the cup among four ice-making
cells. However, the ice making unit 100 according to an
embodiment of the disclosure can control the plurality of
ice-making cells to have uniform temperature because the
cup is mounted to the upper container supporter 160.

When ice is made, ice formation starts on the surface of
the ice-making cell 112 and the whole inner surface of the
ice-making cell. In the heating ice-separator 130, the heating
rod 133 has a rotatable structure and is extended from the
center to the bottom of the ice-making cell 112 having the
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hemispheric inner surface. Because heat is transferred from
the heating rod 133 to the ice-making water, ice formation
starts at a position far away from the heating rod 133 as
shown in FIG. 7.

FIG. 11 is a view showing a stepwise simulation of a
freezing direction in an ice making container. The first step
is an ice-making induction period in which freezing starts
from the water surface of the ice-making water and the edge
of the ice-making cell 112. The second step is an ice growth
period in which ice is formed in a single direction from the
edge of the ice-making cell 112 toward the center, i.e. the
heating rod 133, in other words, in a direction parallel to the
water surface. The third step is a freezing stop period in
which ice formation is finished around the heating rod 133,
thereby completing the ice formation. In the ice making unit
100 according to an exemplary embodiment, the ice forma-
tion is performed from a position far away from the heating
rod 133 toward the heating rod 133 in a single direction
parallel to the water surface, and therefore it is possible to
constantly control ice-making speed and induce clear ice.

FIGS. 12 and 13 are views for explaining a process of
separating ice in the ice making unit 100 according to an
embodiment of the disclosure.

When ice making is completed, the heating rod 133 of the
ice making unit 100 is inserted in the center of the ice as
shown in FIG. 7. In this case, when the heating rod 133
rotates counterclockwise by the rotation of the rotation
driver 150, the heating rod 133 is separated from the
ice-making cell 112 as inserted in ice 2 as shown in FIG. 12.
Then, as shown in FIG. 13, the ice 2 is completely separated
from the ice-making cell 112 as the heating rod 133 further
rotates to pass through the ice-separation guide 142 beyond
the ice-separation slots 144. Like this, the heating rod 133 of
the ice making unit 100 in this embodiment not only
transfers heat to the ice-making water so that the ice for-
mation can be induced in one direction to make ice trans-
parent, but also serves as an ice ejector to separate the ice.

FIGS. 14 and 15 are views showing a structure of a heater
220 and a heating ice-separator 230 according to a second
embodiment of the disclosure.

The heater 220 includes four bending portions 222 to be
respectively inserted into hollows inside four heating rods
233. On the contrary to the conductive type of the foregoing
embodiment, the bending portion 222 directly heats each
heating rod 233. The heater 220 includes a first heating wire
221 and a second heating wire 223 which are made of a
material such as tungsten or the like that generates heat
based on resistance. The first heating wire 221 includes four
first bending portions 222 bent having a ‘U’ shape respec-
tively corresponding to four heating rods 233 while being
extended along a lengthwise direction of a first rotary shaft
231. The second heating wire 223 includes four second
bending portions 224 bent having a ‘U’ shape respectively
corresponding to four heating rods 233 while being adjacent
to the first heating wire 221 and extended along the length-
wise direction of the first rotary shaft 231. The first heating
wire 221 and the second heating wire 223 are arranged to be
adjacent to each other in parallel to form a pair, and
connected to each other at the ends thereof to thereby
generate heat based on resistance when (+) power and (-)
power are respectively applied.

The heating ice-separator 230 includes the first rotary
shaft 231 for example having a hollow semi-cylindrical
shape, a second rotary shaft 232 coupled to the top of the
first rotary shaft 231 along the lengthwise direction and
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transmitting rotation power, and the heating rod 233 inte-
grally provided beneath the first rotary shaft 231 and
extended downward.

On the semi-cylindrical inner surface of the first rotary
shaft 231, the first heating wire 221 and the second heating
wire 223 adjacent to each other are arranged. The first rotary
shaft 231 includes at least one hook 234 to couple with the
second rotary shaft 232.

The second rotary shaft 232 is made of plastic or the like
material which has low thermal conductivity and of which
injection molding is possible. The second rotary shaft 232 is
coupled to the top of the first rotary shaft 231, receives rotary
power from the rotation driver and provides the rotary power
to the first rotary shaft 231. The second rotary shaft 232
includes at least one hook holder 235 to which a hook 234
of the first rotary shaft 231 is hooked. The second rotary
shaft 232 includes four insertion projection 236 extended
downward. The insertion projection 236 is inserted in the
hollow of the heating rod 233 when the first rotary shaft 231
and the second rotary shaft 232 are coupled to each other.
When the insertion projection 236 is inserted in the heating
rod 233, the heating rod 233 holds and supports the first
bending portion 222 of the first heating wire 221 and the
second bending portion 224 of the second heating wire 223
within the hollow.

The heating rod 233 is extended downward from the
bottom on the outer circumferential surface of the first rotary
shaft 231. The heating rod 233 includes the hollow in which
the first bending portion 222 of the first heating wire 221 and
the second bending portion 224 of the second heating wire
223 are inserted.

FIG. 16 is a view showing a structure of the heating rod
333 according to a third embodiment of the disclosure.

The heating rod 333 includes a plurality of pores 337 on
the outer circumferential surface thereof. The pores 337 may
be exposed to the outside along an inner passage (not shown)
of'the heating rod 333. The heating rod 333 may be extended
from above the water surface of the ice-making water
toward the bottom of the ice-making cell 312 and immersed
in the ice-making water. As shown in FIG. 16, the ice
formation in the ice-making cell 312 proceeds from the
lateral side of the inner surface toward the center, i.e. the
heating rod 333, and ultimately stops in the heating rod 333.
In this case, air bubbles in the ice-making water enter the
pores 337 of the heating rod 333 so that ice around the
heating rod 333 can keep transparency. The heating rod 333
may be extended to the bottom of the ice-making cell 312.
However, the end of the heating rod 333 has to be properly
spaced apart from the inner surface of the ice-making cell
312 to smoothly rotate.

The outer circumferential surface of the heating rod 133,
233 or 333 may be subjected to hydrophilic treatment to
prevent a white residue from being formed on the ice around
the surface of the heating rod while completing the ice
formation. As a method of applying the hydrophilic treat-
ment to the outer circumferential surface of the heating rod
333, there may be a chemical process, ultraviolet radiation,
oxygen plasma treatment, etc.

FIGS. 17 and 18 are views showing a structure of a
heating ice-separator 430 according to a fourth embodiment
of the disclosure.

The heating ice-separator 430 includes a first rotary shaft
431 having a hollow, a second rotary shaft 432 coupled to
the first rotary shaft 431 and transmitting rotary power, and
a heating rod 433 to be immersed downward from the outer
circumferential surface of the first rotary shaft 431 to at the
center of an ice-making cell 412.
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The first rotary shaft 431 is shaped like a cylinder, and
puts a heater 420 therein leaving a first air gap G1. The first
rotary shaft 431 and the heating rod 433 may be provided as
a single body and made of a metal material having high
thermal conductivity. The first rotary shaft 431 includes at
least one hook 434, which is hooked to the second rotary
shaft 432, on the outer circumferential surface. Hook cou-
pling between the first rotary shaft 431 and the second rotary
shaft 432 is merely an example, and there may be usable
various methods such as adhesive (glue), forcible fitting,
screws, etc.

The second rotary shaft 432 has a semi-cylindrical shape
and is coupled to the first rotary shaft 431 along a lengthwise
direction leaving the second air gap G2. The second rotary
shaft 432 connects with the rotation driver at one end thereof
and receives rotary power. The second rotary shaft 432
includes four ejectors 439 for ejecting ice when the ice is
separated. The ejectors 439 are rotated as the second rotary
shaft 432 rotates. The second rotary shaft 432 include at least
one hook holder 435 on the outer circumferential surface
thereof, to which the hook 434 of the first rotary shaft 431
is hooked. The second rotary shaft 432 is made of a material
which has low thermal conductivity and of which injection
molding is possible, for example, plastic. The second rotary
shaft 432 may be omitted as necessary, and the first rotary
shaft 431 may directly receive the power from the rotation
driver.

The heating rod 433 is integrally extended from the first
rotary shaft 431 in a transverse direction, for example, in a
perpendicular direction to the lengthwise direction of the
first rotary shaft 431. The heating rod 433 includes a heating
head 438 provided at an end portion thereof and shaped like
a half moon (or an anchor). The heating head 438 includes
an outer circumferential surface having curvature corre-
sponding to curvature the inner surface of the ice-making
cell 412 has. In result, the shortest distance is uniformly
formed between the inner surface of the ice-making cell 412
and the outer circumferential surface of the heating head
438, so that ice formation starting from the inner surface of
the ice-making cell 412 can be simultaneously finished
throughout the outer circumferential surface of the heating
head 438.

FIG. 19 is a view for explaining ice separation in the
heating ice-separator 430 according to the fourth embodi-
ment of the disclosure. As shown therein, when the second
rotary shaft 432 rotates, the heating head 438 is separated
from the ice 2 and at the same time the rotating ejector 439
pushes up the ice 2 from the ice-making cell 112. In this
case, the ice-separation guide 442 does not need to have an
arc shape to withdraw the heating rod, but may be shaped
like a flat plate extended horizontally from the edge of the
ice making container like that of a conventional one.

FIG. 20 is a view showing a mounting state of a cable
guider 190 and a cable holder 180 for winding and unwind-
ing an electric cable 170 according to a fifth embodiment of
the disclosure. As shown therein, the cable holder 180
includes a barrel 182 having a hollow through which the
electric cable 170 passes, and a roll 184 integrally extended
from the barrel 182. The roll 184 includes first and second
flanges 181 and 183 radially extended and protruding from
both ends thereof, and an electric cable bobbin 185 provided
between the first and second flanges 181 and 183. The
electric cable bobbin 185 includes a spiral groove 186
formed to make the electric cable 170 be wound in turn on
the outer circumferential surface. The spiral groove 186
includes an electric cable withdrawal hole 187 at a left
starting portion thereof to communicate with the hollow of
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the barrel 182. The electric cable 170 from the heater passes
through the hollow of the barrel 182, is withdrawn through
the electric cable withdrawal hole 187, and is wound on the
spiral groove 186 on the outer circumferential surface of the
roll 184. In result, the electric cable 170 is wound and
unwound on the spiral groove 186 as the roll 184 rotates.

FIG. 21 is a view showing an exploded state of the cable
guider 190 and the cable holder 180 for winding and
unwinding the electric cable according to the fifth embodi-
ment of the disclosure. As shown therein, a first holder 180-1
cut open in a longitudinal direction partially leaving a first
barrel part 182-1 and a first roll part 184-1, and a second
holder 180-2 cut from the first holder 180-1 and including a
second barrel part 182-2 and a second roll part 184-2 are
assembled into the cable holder 180 by a ring clip 189. The
first holder 180-1 and the second holder 180-2 may be
individually formed by injection molding and then fastened
by the ring clip 189. Of course, the cable holder 180 may be
formed as a single body.

The cable guider 190 includes a support main body 191
shaped like a hollow box; a holder supporter 192 extended
from an upper portion of the support main body 191 in a
front direction toward the ice making container 110, and
supporting the cable holder 180; a roll accommodating
portion 193 formed in an upper portion of the support main
body 191; an electric-cable separation preventer 194 placed
at a right side of the roll accommodating portion 193 and
preventing separation of the electric cable 170 unwound as
rotated; and a container holder 195 extended from a lower
portion of the support main body 191 in a front direction
toward the ice making container 110. The roll accommodat-
ing portion 193 includes a roll supporter 196 protruding at
a different height from the left holder supporter 192. The
container holder 195 is fastened to the ice making container
110 through a screw hole 198.

The barrel 182 of the cable holder 180 is extended up to
the holder supporter 192 without contacting the holder
supporter 192, and the roll 184 is arranged on the roll
accommodating portion 193. In this case, the first flange 181
is positioned at a portion corresponding the height difference
between the holder supporter 192 and the roll supporter 196.
The roll 184 is arranged to be rotatable in the roll accom-
modating portion 193. The roll accommodating portion 193
is formed to communicate with the internal space of the
support main body 191 so as to accommodate the electric
cable 170 unwound from the roll 184. The electric-cable
separation preventer 194 is adjacent to the second flange 183
and restricts separation of the electric cable 170, which is
unwound as rotated, from the roll 184.

When ice is made, the electric cable 170 is tightly wound
on the roll 184. When ice is separated, the electric cable 170
wound on the roll 184 in the forward direction is loosened
and unwound. When ice is made again, the electric cable 170
is tightly wound by reverse rotation of the roll 184. In this
manner, the electric cable 170 is smoothly wound or
unwound as the roll 184 rotates in the forward and reverse
directions. Here, descriptions about a gear or motor for
rotating the roll 184 in the forward and reverse directions are
omitted.

FIGS. 22 and 23 are perspective views of an electric-cable
holder structure 380 according to a sixth embodiment of the
disclosure when ice is made and when the ice is released,
respectively.

The electric-cable holder structure 380 includes a cylin-
drical electric cable bobbin 382, a pinion 384 arranged at
one side of the electric cable bobbin 382, a rack 386
engaging with the pinion 384, and an electric cable holder
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388 integrally protruding upward from the rack 386 at a
position spaced apart from the electric cable bobbin 382.
The electric cable 170 connected to the heater is primarily
wound on the electric cable bobbin 382 and secondarily held
on the electric cable holder 388 at the spaced position, and
returns to the electric cable bobbin 382. When the pinion 384
rotates forward to separate ice, the electric cable 170 is
wound on the electric cable bobbin 382 and the rack 386
engaging with the pinion 384 moves to make the electric
cable holder 388 get close to the electric cable bobbin 382.
Then, when the pinion 384 rotates reversely to make ice, the
electric cable 170 is unwound from the electric cable bobbin
382 and the rack 386 engaging with the pinion 384 moves
reversely to make the electric cable holder 388 get away
from the electric cable bobbin 382. Thus, the heater rotates
forward and backward so that the electric cable 170 can be
smoothly wound and unwound without being twisted.

FIG. 24 is a view showing a power connector 480 for
supplying power while rotating based on rotation of a heater
according to a seventh embodiment of the disclosure. The
power connector 480 includes a first power shaft 482
arranged at the center thereof, a second power shaft 484
surrounding the first power shaft 482 as insulated from the
first power shaft 482, a first power ring 486 being in
rotatable contact with the first power shaft 482, and a second
power ring 488 being in rotatable contact with the second
power shaft 484. First power (+) is applied to the first power
shaft 482, and second power (-) is applied to the second
power shaft 484. The first power ring 486 connects with the
first electric cable 171 of the electric cable 170, and the
second electric cable 172 is connected to the second power
ring 488. When the heater rotates forward or backward, the
first power ring 486 and the second power ring 488 respec-
tively connecting with the first electric cable 171 and the
second electric cable 172 are rotated while keeping contact
with the first power shaft 482 and the second power shaft
484. Thus, the power connector 480 keeps supplying power
even though the electric cable 170 rotates based on the
rotation of the heater.

FIG. 25 is a perspective view showing an ice making
container 210 according to an eighth embodiment of the
disclosure. The ice making container 210 includes four
ice-making cells 212 arranged in parallel, and a cup 262
adjacent to the rightmost ice-making cell 212. The cup 262
is positioned above the rightmost ice-making cell 212. The
cup 262 includes an ice-making water outlet 263 commu-
nicating with the rightmost ice-making cell. The ice-making
water discharged to the ice-making water outlet 263 fills the
rightmost ice-making cell 212 and overflows into the other
ice-making cells 212 in sequence. The ice making containers
210 may for example be integrally made of aluminum or the
like material having thermal conductivity. In this case, the
whole volume of the cup 262 is so large that relatively much
chill can be transferred to the rightmost ice-making cell.
Such transfer of the chill makes the rightmost ice-making
cell be different in a temperature condition from the other
three ice-making cells, and it is therefore difficult to make
ice uniformly transparent. According to an embodiment of
the disclosure, as shown in FIG. 25, at least one perforation
264 is provided in a connecting portion between the right-
most ice-making cell 212 and the cup 262. Thus, the
perforation 264 in the connecting portion is used in reducing
the chill transferred to the ice-making cell 212 adjacent to
the cup 262.

FIG. 26 is a perspective view showing a structure of an ice
making container 310 according to a ninth embodiment of
the disclosure. The ice making container 310 includes at
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least one cooling fin 314 on the outer bottom of the ice-
making cell 312. The cooling fin 314 may be used in
additionally increasing the amount of chill transferred to the
ice-making cell 312. Usually, the ice making container 310
usually include four ice-making cells 312 arranged in par-
allel. All these four ice-making cells do not have the same
temperature conditions because they are different in a chill
transfer medium or thermal capacity according to positions.
In this case, more cooling fins 314 are properly attached to
the ice-making cell to which relatively less chill is applied,
thereby making temperature control uniform throughout.
Such uniform temperature control makes the ice uniformly
transparent throughout.

FIG. 27 is a view of showing a structure of an ice making
container 410 according to a ninth embodiment of the
disclosure. The ice making container 410 includes four
ice-making cells 412-1~412-4 arranged in parallel, and
insulation reinforcing members 414 mounted to edges of
both outer ice-making cells 412-1 and 412-4. Both outer
ice-making cells 412-1 and 412-4 transfer more chill than
two inner ice-making cells 412-2 and 412-3. Therefore, the
insulation reinforcing member 414 relatively reduces the
area of receiving the chill, and makes a temperature condi-
tion uniform throughout all the ice-making cells 412-1~412-
4. However, there are no limits to the mounted portion or
shape of the insulation reinforcing members 414, and the
insulation reinforcing members 414 may be alternatively
mounted corresponding to conditions or positions where
much chill is transferred.

FIG. 28 is a block diagram showing control flow of an ice
maker 1 according to an embodiment of the disclosure. With
reference to FIG. 28, the control flow of the ice maker 1
according to an embodiment of the disclosure will be
described. As shown therein, the ice maker 1 includes a
mode setter 101, a display 102, a temperature sensor 103, a
storage 104, a controller 105, and a cooling system 106.

The ice maker 1 makes ice by cooling the ice-making
water below a freezing point, and sets a target temperature.
The target temperature is set as a default value when the ice
maker 1 is manufactured, and may be changed by a user’s
control in the future. In general, the target temperature of the
ice-making compartment 13 provided with the ice making
unit 100 may for example be set to -20° C. as a default
value.

The ice making unit 100 according to an embodiment of
the disclosure may operate in a normal-ice making mode or
a clear-ice making mode based on a user’s selection using
the mode setter 101. The normal-ice making mode refers to
a mode where a large quantity of ice is quickly made
regardless of transparency of ice, and the clear-ice making
mode refers to a mode where ice is made slowly but has very
high transparency. The normal-ice making mode or the
clear-ice making mode is selectable by a user.

In accordance with the modes, the ice maker 1 determines
an ice-making temperature of the ice-making compartment
13, and a temperature condition of the ice making container
110 through the cooling system 106.

The mode setter 101 may employ a button switch, a
switch, a touch screen, etc. The mode setter 101 allows a
user to select one of a quick ice-making mode, the normal-
ice making mode or the clear-ice making mode, and addi-
tionally receives a command input about the amount of ice,
a degree of transparency, etc. in each ice-making mode.

The display 102 may employ a liquid crystal display
(LCD) panel, an organic light emitting diode (OLED) panel,
or etc. The display 102 displays information about the
ice-making mode, information about ice-making conditions
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of the ice-making compartment 13, and information about
target temperatures and current temperature, power-saving
operations or the like operations of the refrigerating com-
partment 11 and the freezing compartment 12.

The temperature sensor 103 is installed in the ice-making
compartment 13 and/or the ice making container 110 and
used for providing information about quick ice making or
clear ice making, and information ice separation timing.

The storage 104 may employ a flash memory or the like,
and is configured to store various pieces of information
related to operations, such as a target temperature, an
operation mode, etc. for the ice-making compartment 13, the
freezing compartment 12, and the refrigerating compartment
11.

The controller 105 generally controls the elements of the
ice maker 1 so that ice can be made in accordance with the
normal-ice making mode or clear-ice making mode set by a
user.

The controller 105 may for example be actualized by an
integrated circuit having a control function like a system on
chip (SoC), a central processing unit (CPU), a micro pro-
cessing unit (MPU), or the like universal processor.

The universal processor executes a control program (or an
instruction) for performing control operations, and the con-
troller 106 may further include a nonvolatile memory in
which the control program is installed.

The cooling system 106 may include the coolers 20 and
40, the ice-making fans 37 and 47, and the heater 120.

As described above with reference to FIGS. 2 and 4, the
cooler 20, 40 includes the compressor 21, 41, the condenser
22, 42, the expansion valve 24, 44, the direct cooler 28a or
the evaporator 45-1, 45-2, and the coolant pipe 28, 48. The
coolant pipe 28, 48 connects the condenser 22, 42, the
expansion valve 24, 44, and the direct cooler 28a or the
evaporator 45-1, 45-2. The coolant flowing in the coolant
pipe 28, 48 is discharged from the compressor 21, 41, passes
through the condenser 22, 42 and the expansion valve 24,
44, is then supplied to the direct cooler 28a or the evaporator
45-1, 45-2, and exchanges heat with the air in the ice-making
compartment 13, thereby cooling the air in the ice-making
compartment 13.

The ice making fan 37, 47 is arranged inside the ice-
making compartment 13 and circulates the chill, thereby
controlling the temperature in the ice-making compartment
13. For precise control, the ice making fan 37, 47 may be
mounted at various positions inside the ice-making com-
partment 13. Likewise, a plurality of ice making fans 37, 47
may be installed in one ice-making compartment 13.

The heater 120 is mounted to the ice making container 110
and adjusts the temperature of the heating rod 133, thereby
controlling an ice making temperature and an ice making
speed together with the cooler 20, 40, and the ice making fan
37, 47.

FIG. 29 is a flowchart showing a clear-ice making control
process by controlling an output in an ice maker 1 according
to an eleventh embodiment of the disclosure.

At operation S10, the controller 105 supplies the ice-
making water to the ice making container (or the ice-making
tray) 110.

At operation S11, the controller 105 identifies the clear-
ice making mode and changes a cooling cycle mode of the
cooler 20, 40 and the ice making fan 37, 47 from the general
mode into the clear-ice making mode. In this case, an
automatic defrosting mode is turned off.
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At operation S12, the controller 105 senses the tempera-
ture of the ice-making water through the temperature sensor
103, and sets a reference time at for example 0° C., thereby
turning on a timer.

At operation S13, the controller 105 turns on the heater
120 to have a set output at a set time after the timer is on (i.e.
the reference time).

At operation S14, the controller 105 controls the output of
the heater 120 during a set time.

At operation S15, the controller 105 turns off the heater
120 when the ice is completely made as the set time elapses.

At operation S16, the controller 105 drives the rotation
driver 150 to rotate the heating rod 133 or ejectors of the
heating ice-separator 130, thereby separating the ice from
the ice making container 110.

FIG. 30 is a view showing a method of controlling an
output of the heater 120 according to set time in a case of
clear ice making.

A first period (i.e. induction period) refers to a section
during which a phase transition from the ice-making water
to the ice is induced. During the induction period, the
controller 105 for example applies a single voltage of about
6.8V to the heater 120 for about 0~30 minutes and controls
ice formation at a position far away from the heating rod
133.

The second period (i.e. growth period) refers to a section
during which the growth of the ice is accelerated under a
condition of a certain speed or below. During the growth
period, the controller 105 for example applies a voltage of
5.9V for 30~60 minutes, a voltage of 6.2V for 60~80
minutes, and a voltage of 6.4V for 80~90 minutes to the
heater 120, thereby growing the ice.

The third period (i.e. stop period) refers to a section
during which an ice formation speed is the fastest. During
the stop period, the controller 105 for example applies a
voltage of 6.6V for 90~160 minutes to the heater 120.

FIG. 31 is a graph showing a freezing speed according to
ice-making period. An abscissa indicates time, and an ordi-
nate indicates an interface moving speed. As shown therein,
the fastest section of the ice formation speed corresponds to
100~160 minutes during which the interface moving speed
is higher than or equal to about 2.0 (um/sec).

As show in FIG. 30, the controller 105 in the first period
(i.e. induction period) applies heat based on relatively high
voltage to the heating rod 133 and thus lowers a freezing
speed in order to improve transparency of ice formed at the
farthest position from the heating rod 133. In the second
period (i.e. growth period), the controller 105 slightly lowers
the temperature of the heating rod 133 and thus accelerates
the ice formation. In the third period (i.e. stop period), the
controller 105 slightly raises the temperature of the heating
rod 133 in order to prevent ice formation from proceeding
excessively fast with surrounding ice. Thus, the controller
105 changes the temperature of the heating rod 133 at every
operation where the ice is made in the ice making container,
thereby making the ice with higher transparency. In the
foregoing examples, the voltage and the set time for con-
trolling the temperature of the heating rod 133 are merely an
example, and may be variously adjusted according to sur-
rounding conditions.

FIG. 32 is a view showing transparency distribution
according to ice-making conditions. In the shown distribu-
tion, an abscissa indicates a temperature of an ice-making
compartment, and an ordinate indicates an initial voltage. As
shown therein, ice is made to have a transparency of 90% or
higher under conditions that the temperature of the ice-
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making compartment is higher than or equal to about -21°
C., and the initial voltage is higher than or equal to about
6.00V.

FIG. 33 is a view showing ice weight distribution accord-
ing to ice-making conditions. In the shown distribution, an
abscissa indicates a temperature of an ice-making compart-
ment, and an ordinate indicates an initial voltage. Ice is made
to have a weight of 24~26 g under conditions that the
temperature of the ice-making compartment is lower than or
equal to about -21° C., and the initial voltage is lower than
or equal to about 6.00V.

As shown in FIGS. 32 and 33, the transparency and
weight of the ice are determined based on conditions incom-
patible with each other. Under these conditions, the ice
maker 1 may operate by selectively entering the clear-ice
making mode or the quick ice-making mode.

FIG. 34 is a view showing optimal control according to
change in ice-making conditions. An abscissa indicates a
temperature of an ice-making compartment, and an ordinate
indicates weight of ice. As shown therein, a contour of an
initial voltage applied to a heater shows that the weight of
the ice increases as the initial voltage gradually becomes
lower and decreases as the initial voltage gradually becomes
higher. On the other hand, the transparency of the ice is
lowered as the initial voltage gradually becomes lower and
raised as the initial voltage gradually becomes higher.

FIG. 35 is a flowchart showing a clear-ice making control
process by on/off control in an ice maker 1 according to a
twelfth embodiment of the disclosure.

At operation S20, the controller 105 supplies the ice-
making water to the ice making container (or the ice-making
tray) 110.

At operation S21, the controller 105 identifies the clear-
ice making mode and changes a cooling cycle mode of the
cooler 20, 40 from the general mode into the clear-ice
making mode. In this case, an automatic defrosting mode is
turned off.

At operation S22, the controller 105 senses the tempera-
ture of the ice-making water through the temperature sensor
103, and sets a reference time at for example 0° C., thereby
turning on a timer.

At operation S23, the controller 105 turns on or off the
heater 120 on a set cycle at a set time after the timer is on
(i.e. the reference time). In this case, a voltage applied to the
heater 120 is constant.

At operation S24, the controller 105 turns off the heater
120 when the ice is completely made as the set time elapses.

At operation S25, the controller 105 drives the rotation
driver 150 to rotate the heating rod 133 of the heating
ice-separator 130, thereby separating the ice from the ice
making container 110.

FIG. 36 is a graph showing a method of controlling a
heater to be turned on and off according to set time when
clear ice is made. In the graph, an abscissa indicates time
(minutes, min), a left ordinate indicates heating power (W),
and a right ordinate indicates a temperature (° C.) of the
ice-making water. As shown therein, the controller 105
repeatedly performs a process, in which the heater 120 is
turned on at the set time, maintained for a certain period of
time and turned off, until the ice formation is completed. In
detail, the heater 120 is turned by power of 1.6 W on every
about 10 minutes, maintained for a predetermined period of
time (e.g. an irregular period of time), and turned off. As
shown in a dotted line on the graph of FIG. 36, the
temperature of the ice-making water is gently lowered while
the heater 120 is controlled to be turned on and off, thereby
lowering a freezing speed.
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FIG. 37 is a graph showing a clear-ice making tempera-
ture pattern according to the on/off control of the heater 120.
In the graph, an abscissa indicates time (minutes, min), and
an ordinate indicates temperature (° C.) of the ice-making
water. As shown therein, the temperature for the normal-ice
making is rapidly dropped below -4° C. in 40 minutes, and
thus ice is generated involving a white residue. On the other
hand, the clear-ice making delays ice formation as the heater
120 is controlled to be turned on and off. That is, the
temperature of the ice-making water at the clear-ice making
is slowly decreased below —4° C. over about 140 minutes,
and thus ice is generated with high transparency.

FIG. 38 is a table showing clear-ice making results
according to keeping (heating) time and power on/off peri-
ods of the heater 120. As shown in the table, ice is made to
have a transparency of 90% or higher when the heater 120
is turned on and off every 2~5 minutes and kept for 2~2.5
minutes. Of course, the foregoing period and the keeping
time are merely an example, and may be varied depending
on cooling conditions.

According to an embodiment of the disclosure, the ice
maker is effective as follows.

First, a single freezing direction is formed from the inner
surface of the ice making container toward the center, i.e. the
heating ice-separator, thereby making ice with improved
transparency.

Second, the heating rod is rotated as immersed in the ice
making container after the ice is completely made, thereby
simplifying a structure for making and separating ice.

Third, a plurality of ice-making cells is controlled to have
uniform freezing conditions on the ice-making tray, thereby
further improving the transparency of the ice.

Fourth, the rotary shaft rotates leaving a gap between the
rotary shaft and the heater inserted therein, thereby improv-
ing the durability of the heater.

Fifth, the rotary shaft includes the first rotary shaft made
of metal having high thermal conductivity and the second
rotary shaft made of plastic by injection molding, and the
first rotary shaft and the second rotary shaft are coupled
leaving an air gap, so that heat used in heating the ice-
making water can be focused on the heating rod.

Sixth, the heater is varied in power or powered on and off
for a predetermined period of time, thereby making ice with
higher transparency.

Seventh, the durability of the electric cable for applying
power while the heater is rotating is effectively improved in
durability.

Although a few embodiments have been described in
detail, the present inventive concept is not limited to these
embodiments and various changes may be made without
departing from the scope defined in the appended claims.

What is claimed is:
1. An ice maker comprising:
an ice making container including an ice-making cell;
a heating ice-separator comprising
a rotary shaft, and
a heating rod coupled to the rotary shaft, and configured
to, with ice-making water filled into the ice-making
cell, extend from above a water surface of the
ice-making water so that at least a distal end of the
heating rod extends into a center of the ice-making
cell and to a bottom of the ice-making cell and
thereby ice formation proceeds in the ice-making cell
from lateral sides of an inner surface of the ice-
making cell toward the heating rod located at the
center of the ice-making cell, and, with at least the
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distal end extending into the ice-making water, to
transfer heat to the ice-making water,

wherein the rotary shaft is configured to, with the distal
end extending into the ice-making cell and at least
some of the ice-making water having been formed
into ice, rotate the heating rod so that the distal end
no longer extends into the ice-making cell, to sepa-
rate the ice from the ice-making cell or to separate
the heating rod from the ice; and

a heater configured to supply heat to the heating rod.

2. The ice maker according to claim 1, wherein the
ice-making cell has a hemispheric inner surface.

3. The ice maker according to claim 2, wherein the distal
end of the heating rod extends to the bottom of the ice-
making cell within a range not affecting rotation of the
heating rod.

4. The ice maker according to claim 1, wherein

the rotary shaft comprises a hollow in a lengthwise

direction, and

the heater is inserted in the hollow of the rotary shaft.

5. The ice maker according to claim 4, wherein the rotary
shaft rotates around the heater.

6. The ice maker according to claim 4, wherein the heater
is provided so as to leave an air gap from an inner surface
of the rotary shaft.

7. The ice maker according to claim 4, further comprising:

a motor configured to rotate the rotary shaft,

wherein the rotary shaft comprises:

a first rotary shaft supporting the heater and comprising
the heating rod; and

a second rotary shaft coupling with the first rotary shaft,
and transferring power of the motor to the first rotary
shaft.

8. The ice maker according to claim 7, wherein

the first rotary shaft comprises a material having high

thermal conductivity, and

the second rotary shaft comprises a material having lower

thermal conductivity than the first rotary shaft.

9. The ice maker according to claim 7, wherein the second
rotary shaft is provided so as to leave an air gap from the first
rotary shaft.

10. The ice maker according to claim 1, wherein the
heating rod comprises a heating head comprising an outer
circumferential surface having a curvature corresponding to
the inner surface of the ice-making cell.

11. The ice maker according to claim 1, wherein the
heating rod comprises a plurality of pores.

12. The ice maker according to claim 1, wherein the
heating rod has been subjected to hydrophilic surface treat-
ment.

13. The ice maker according to claim 1, wherein

the heating rod is internally provided with a hollow, and

the heater is inserted in the hollow.

14. The ice maker according to claim 1, wherein

the heater comprises an electric cable configured to sup-

ply power,

the heater is configured to rotate as the heating rod rotates,

and

the electric cable is arranged to be wound and unwound

as the heater rotates.

15. The ice maker according to claim 4, wherein

the heater is configured to rotate when ice is made or

separated, and

a power connector is provided to supply power corre-

sponding to the rotation of the heater.

16. The ice maker according to claim 1, further compris-
ing an ice-separation guide extended from an edge of the ice
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making container toward the rotary shaft, and configured to
guide ice to be separated from the heating rod.

17. The ice maker according to claim 16, wherein the
ice-separation guide has an arc shape of which a radius of
curvature gradually decreases from the edge of the ice
making container toward the rotary shaft.

18. The ice maker according to claim 1, further compris-
ing a container supporter arranged above the ice making
container, configured to support the ice making container,
and comprising a cup to supply the ice-making water to the
ice making container.

19. The ice maker according to claim 1, wherein the ice
making container comprises a cup adjacent to and integrated
with the ice-making cell and configured to supply the
ice-making water, and

at least one perforation is provided in a connecting portion

between the ice-making cell and the cup.

20. The ice maker according to claim 1, wherein the ice
making container comprises a cooling fin to promote cooling
of the ice-making water.

21. An ice maker comprising:

an ice making container including an ice-making cell;

a heating ice-separator comprising

a rotary shaft, and

a heating rod coupled to the rotary shaft, and configured
to, with ice-making water filled into the ice-making
cell, extend from above a water surface of the
ice-making water so that at least a distal end of the
heating rod extends into the ice-making cell and
thereby extends into the ice-making water, and, with
at least the distal end extending into the ice-making
water, to transfer heat to the ice-making water,

wherein the rotary shaft is configured to, with the distal
end extending into the ice-making cell and at least
some of the ice-making water having been formed
into ice, rotate the heating rod so that the distal end
no longer extends into the ice-making cell, to sepa-
rate the heating rod from the ice;

a heater configured to supply heat to the heating rod; and

an ejector which rotates at a same time as the heating rod,

to eject, from the ice-making cell, the ice from which
the heating rod is separated.

22. An ice maker comprising:

an ice making container;

a cooler configured to supply a chill;

a heater configured to generate heat;

a heating rod configured to,

with ice-making water filled into a space of the ice
making container, extend from above a water surface
of the ice-making water so that at least a distal end
of the heating rod extends into a center of the ice
making container and to a bottom of the ice making
container and thereby ice formation proceeds in the
ice making container from lateral sides of an inner
surface of the ice making container toward the
heating rod located at the center of the ice making
container,

while at least the distal end extending into the ice-
making water, transfer the heat generated by the
heater to the ice-making water, and,

with at least some of the ice-making water having been
formed into ice by the supply of chill by the cooler,
rotate to separate the ice from the space or to separate
the heating rod from the ice; and

a motor configured to rotate the heating rod.
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23. An ice maker comprising:

a main body comprising an ice-making compartment;

a cooler configured to supply chill to the ice-making

compartment;

an ice making container in the ice-making compartment

and comprising at least one ice-making cell;

a heater configured to generate heat;

a heating rod configured to,

with ice-making water filled in the ice-making cell,
extend from above a water surface of the ice-making
water so that at least a distal end of the heating rod
extends into a center of the ice-making cell and to a
bottom of the ice-making cell and thereby ice for-
mation proceeds in the ice-making cell from lateral
sides of an inner surface of the ice-making cell
toward the heating rod located at the center of the
ice-making cell,

with at least the distal end of the heating rod extending
into the ice-making water, transfer heat generated by
the heater to the ice-making water, and

with at least the distal end of the heating rod extending
into the ice-making water and at least some of the
ice-making water forming ice by the supply of chill
by the cooler, rotate to separate the ice from the
ice-making cell or to separate the heating rod from
the ice; and

a controller configured to control power supplied to the

heater.

24. The ice maker according to claim 23, further com-
prising an ice making fan configured to circulate the chill.

25. The ice maker according to claim 23, wherein the
controller changes an output of the heater for a predeter-
mined period of time.

26. The ice maker according to claim 23, wherein the
controller controls the heater to be turned on or off a
plurality of times for a predetermined period of time.

27. A refrigerator comprising:

a main body;

a cooler configured to supply cold air; and

an ice-making unit provided inside the main body,

wherein the ice-making unit includes:

an ice-making container including a plurality of ice-
making cells arranged in a single row and config-
ured to accommodate ice-making water;

a plurality of ejector rods configured to be aligned with
respective ice-making cells and to separate ice from
the respective ice-making cells by pushing the ice in
the respective ice-making cells;

a reinforcing heat insulator provided at an outside of a
first ice-making cell of the plurality of ice-making
cells to reduce the cold air transmitted to the first
ice-making cell;

a container support arranged to cover at least a
portion of an upper side of the ice-making container;
and

a heater extending at least partially above and adjacent
to each of the plurality of ice-making cells and
configured to supply heat to the plurality of ice-
making cells,

wherein the reinforcing heat insulator is provided
immediately adjacent the first ice-making cell which
is an end cell of the plurality of ice-making cells, but
is not provided immediately adjacent a second cell of
the plurality of ice-making cells.

28. The refrigerator of claim 27, wherein the ice-making
unit further includes
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a temperature sensor provided to detect a temperature of
the ice-making water supplied to the plurality of ice-
making cells.

29. The refrigerator of claim 28, further comprising a
controller provided to control the heater, the temperature
sensor, and a timer,

wherein the controller is configured to turn on the timer
based on the temperature of the ice-making water
detected by the temperature sensor veaching a refer-
ence temperature.

30. The refrigerator of claim 29, wherein the controller is
configured to turn on the heater with a preset output at a
preset time after the timer is turned on.

31. The refrigerator of claim 27, wherein the ice-making
unit further includes:

a rotation driver configured to supply power; and

the plurality of ejector rods configured to rveceive the
power from the rotation driver and separate pieces of
ice of the plurality of ice-making cells from the plurality
of ice-making cells.

32. The refrigerator of claim 27, wherein the container
support is mounted with a cup that supplies the ice-making
water to one of the plurality of ice-making cells,

wherein the cup supplies the ice-making water to an
ice-making cell adjacent to a lower end of the cup
among the plurality of ice-making cells.

33. The refrigerator of claim 32, wherein the ice-making
container is provided such that the ice-making water sup-
plied from the cup passes through the ice-making cell
adjacent to the lower end of the cup and flows to another
ice-making cell adjacent to the ice-making cell adjacent to
the lower end of the cup.

34. The refrigerator of claim 27, wherein each of the
plurality of ice-making cells of the ice-making container
includes a hemispherical inner circumferential surface.

35. The refrigerator of claim 27, wherein the heater is
inserted into a predetermined groove that extends along a
direction in which the plurality of ice-making cells are
arranged.

36. The refrigerator of claim 27, further comprising:

a fan provided to cause the cold air supplied from the

cooler to flow;

a cold air supply duct arranged at a rear side of the main
body; and

a cold air exhaust port configured to exhaust the cold air
from the cold air supply duct into the main body,

wherein the ice-making unit is arranged at a front side of
the cold air exhaust port.

37. The refrigerator of claim 36, wherein the reinforcing
heat insulator is mounted on the outside of the ice-making
cell adjacent to the cold air exhaust port.

38. The refrigerator of claim 27, wherein the ice-making
unit further includes an ice-separating guide that extends
downward with respect to one side of the ice-making con-
tainer, the ice-separating guide including a cold air hole
provided to allow the cold air to pass therethrough.

39. The refrigerator of claim 38, wherein the cold air hole
has a size smaller than a size of the ice to prevent the ice
from passing through the cold air hole.

40. The refrigerator of claim 38, wherein the container
support and the ice separating guide are formed of a plastic
material.

41. The refrigerator of claim 27, wherein the heater
rotates with respect to a predetermined axis when pieces of
ice of the plurality of ice-making cells are separated from the
plurality of ice-making cells.
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42. The refrigerator of claim 41, further comprising a
controller provided to control the heater,

wherein the controller is configured to turn off the heater

before the separating of the pieces of ice of the plurality
of ice-making cells from the plurality of ice-making
cells.

43. The refrigerator of claim 27, further comprising a
rotation driver configured to supply power,

the heater rotates with respect to a predetermined axis by

receiving the power from the rotation driver when
pieces of ice of the plurality of ice-making cells are
separated from the plurality of ice-making cells.

44. The refrigerator of claim 43, wherein the ice-making
unit further includes an injector configured to separate the
pieces of ice of the plurality of ice-making cells from the
plurality of ice-making cells by receiving the power from the
rotation driver when the heater is rotated.

45. The refrigerator of claim 27, wherein the second cell
is not an end cell of the plurality of ice-making cells.

46. The refrigerator of claim 45, wherein the first and
second cells are arranged linearly in the plurality of cells.

47. The refrigerator of claim 27, wherein a thivd cell of the
plurality of ice-making cells is located between the first cell
and the second cell of the plurality of ice-making cells.

48. The refrigerator of claim 47, wherein the first, second
and third cells are arranged linearly.

10

15

20

25

26

49. The refrigerator of claim 47, wherein the first, second
and third cells are arranged linearly and are configured to
be overlapped by an elongated support that supports the
plurality of ejector rods.

50. The refrigerator of claim 49, wherein the ejector rods
are heater rods.

51. The refrigerator of claim 27, wherein the second cell
is adjacent the first cell in the plurality of ice-making cells,
so that no other cell of the plurality of ice-making cells is
located between the first cell and the second cell.

52. The refrigerator of claim 27, wherein the reinforcing
heat insulator does not entirely surround the first cell as
viewed from above.

53. The refrigerator of claim 27, wherein the reinforcing
heat insulator is provided at only one side of the first cell.

54. The refrigerator of claim 27, wherein the first cell is
closer to a cold air supply than is the second cell.

55. The refrigerator of claim 27, wherein the reinforcing
heat insulator is provided immediately adjacent the first
ice-making cell which is an end cell of the plurality of
ice-making cells, but is not provided immediately adjacent a
second cell of the plurality of ice-making cells, so that ice
forming is more uniform across the plurality of ice-making
cells.

56. The refrigerator of claim 27, wherein the heater
includes a first wire and a second wire disposed parallel to
the first wire.



