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(54) AN APPARATUS AND METHOD FOR DETECTING FREEZING OF A SUBSTANCE

(57)  An apparatus (200) for detecting freezing of a
substance comprises a first member (202) which has at
leastone container (204), the container (204) having flex-
ible walls and containing a substance which has a freez-
ing temperature below which the substance is solid, and
above which it is fluid. The apparatus (200) also com-
prises a second member (206), the first member (202)
and second member (206) being arranged to bring the
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Description
Technical Field

[0001] The present disclosure relates to an apparatus
and method for detecting freezing of a substance.

Background

[0002] So-called frost-free refrigeration apparatus,
such as freezers and refrigerators and the like, employ
various complex methods for preventing a build up of ice.
One example of such a method is periodically heating
the freezer or refrigerator to melt any ice that may have
formed inside. This process can be wasteful and ineffi-
cient.

Summary

[0003] According to a first aspect disclosed herein,
there is provided an apparatus for detecting freezing of
a substance, the apparatus comprising:

a first member comprising at least one container, the
container having flexible walls and containing a sub-
stance which has a freezing temperature below
which the substance is solid and above which the
substance is fluid; and

a second member;

the first and second members being arranged such
that the container of the first member can be brought
into contact with the second member;

the arrangement being such that engagement be-
tween the first and second members is detected
when the substance in the container is solid at the
time that the container of the first member is brought
into contact with the second member.

[0004] In an example, the first member is rotatable
such that rotation of the first member brings the container
of the first member into contact with the second member.
[0005] In an example, the apparatus comprises an
electric motor for driving the first member to bring the
container of the first member into contact with the second
member.

[0006] In an example, the apparatus comprises a cur-
rent monitor for detecting a surge in the motor drive cur-
rent at the time that the container is brought into contact
with the second member when the substance in the con-
tainer is solid.

[0007] Inanexample, the second member is arranged
to be driven to move when the container is brought into
contact with the second member when the substance in
the container is solid, the apparatus comprising a gen-
erator which is drivable by the second member and which
produces a current when driven by the second member.
[0008] In an example, the second member comprises
at least one container, the container having flexible walls
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and containing a substance which has a freezing tem-
perature below which the substance is solid and above
which the substance is fluid.

[0009] Inan example, the first member comprises plu-
ral containers, each container having flexible walls and
containing a substance which has a freezing temperature
below which the substance is solid and above which the
substance is fluid.

[0010] In an example, the substance is water which in
its fluid state is water or steam and in its solid state it is ice.
[0011] In an example, there is provided refrigeration
apparatus comprising apparatus as described above.
The refrigeration apparatus may be for example a refrig-
erator or a freezer.

[0012] According to a second aspect disclosed herein,
there is provided a method for detecting freezing of a
substance, the method comprising:

moving a first member, the first member comprising
at least one container, the container having flexible
walls and containing a substance which has a freez-
ing temperature below which the substance is solid
and above which the substance is fluid;

bringing the container of the first memberinto contact
with a second member; and

receiving an indication that the substance in the con-
taineris solid at the time that the container of the first
member is brought into contact with the second
member.

[0013] In an example, the method comprises rotating
the firstmember such that the rotation of the first member
brings the container of the first member into contact with
the second member.

[0014] In an example, the method comprises an elec-
tric motor which drives the first member to move to bring
the container of the first member into contact with the
second member.

[0015] In an example, the method comprises an indi-
cation received by a current monitor, wherein the indica-
tion is a surge in the motor drive current at the time that
the container is brought into contact with the second
member when the substance in the container is solid.
[0016] Inan example, the second member is driven to
move when the container is brought into contact with the
second member when the substance in the container is
solid, and wherein the second member is able to drive a
generator, the generator being arranged to produce a
current when driven by the second member.

[0017] In an example, the second member comprises
at least one container, the container having flexible walls
and containing a substance which has a freezing tem-
perature below which the substance is solid and above
which the substance is fluid.

Brief Description of the Drawings

[0018] To assist understanding of the present disclo-
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sure and to show how embodiments may be put into ef-
fect, reference is made by way of example to the accom-
panying drawings in which:

Figure 1 shows schematically a first example of ap-
paratus for detecting freezing of a substance; and

Figure 2 shows schematically a second example of
apparatus for detecting freezing of a substance.

Detailed Description

[0019] As mentioned previously, refrigeration appara-
tus, such as for example frost-free freezers and refriger-
ators and the like, prevent a build-up of ice, particularly
on for example the heat exchanger, using relatively com-
plex or inefficient methods. One such method is period-
ically heating a heater that is located on or near the heat
exchanger to melt any ice that may have formed. Often
these methods are wasteful, particularly if heaters are
used excessively, and inefficient. These methods have
no regard for whether ice has actually formed, and simply
periodically heat the heat exchanger regardless.

[0020] Accordingtoexamplesdescribed herein,anap-
paratus is arranged to detect the freezing of a substance,
which may be for example water/ice. The apparatus has
afirst member comprising a container. The container has
flexible walls. The container contains a substance which
has a freezing temperature below which the substance
is solid, and above which the substance is a fluid. The
apparatus also has a second member. The first member
and second member are arranged such that when the
substance in the container of the first member is solid at
a time that the container makes contact with the second
member, an engagement between the first and second
members is detected. Such apparatus may be used in a
refrigeration apparatus, such as a refrigerator or a freezer
or the like. Such apparatus may also be used in other
applications where it may be useful to determine or detect
that a substance has solidified.

[0021] Figure 1 shows a first example of an apparatus
100 for detecting that a substance has solidified. A first
member 102 has one or more containers 104 attached
to it or integrally formed with it. The or each container
102 contains a substance for which it is desired to detect
that it has frozen. The or each container 102 has flexible
walls. The or each container 102 may be in the form of
a balloon, and may be made of for example a synthetic
ornatural rubber or other elastomeric or plastics material.
[0022] The first member 102 is movable to bring the
one or more containers 104 into contact with a second
member 106. The first member 102 may be rotatable to
bring the containers 104 in contact with the second mem-
ber 106. In the example shown, the first member 106 is
a wheel. However, in other examples, other shapes may
be used. For example, the first member 102 may be a
rod, an example of which will be discussed further below.
[0023] The first member 102 may be driven to move
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by an electric motor 108. In this example, the second
member 106 is static. The second member 106 may be
for example a wall or the like against which the container
104 can strike. The second member 106 may have a
protrusion 110 against which the container 104 can
strike.

[0024] The first member 102 and the second member
106 are arranged such that when the substance in a con-
tainer 104 of the first member 102 is solid. i.e. has frozen,
the contact between the container 104 and the second
member 106 can be detected, whereas when the sub-
stance in a container 104 of the first member 102 is not
solid, any contact between the container 104 and the
second member 106 is not detected. This can be done
in a number of ways. In one example, a sharp increase
in the current that is driving the motor 108 may be ob-
served when movement of the motor 108 is inhibited, i.
e. when a container 104 containing the substance in solid
form strikes the second member 106. In particular, when
a container 104 of the first member 102 is brought into
contact with the second member 106 and the substance
inthe container 104 is solid, the motion of the firstmember
102 is dampened or supressed. As is known per se, this
has the effect of causing the drive current in the motor
108 to rise sharply, which can be detected by a current
monitoring circuit.

[0025] In another example (not shown), the first mem-
ber may be in the shape or a rod, which can be brought
into engagement with a second member, such as the
second member 106 described above. The rod may carry
at least one container, such as a container 104 described
above, wherein the container has flexible walls and con-
tains a substance. The rod may be arranged to move in
a rotating or reciprocating or translational movement so
as to bring the container(s) into contact with a static sec-
ond member.

[0026] A second example of apparatus 200 for detect-
ing freezing of a substance is shown in Figure 2. In this
example, similarly to the first example, a first member
202 has one or more containers 204 attached to it or
integrally formed with it. The or each container 204 con-
tains a substance for which it is desired to detect that it
has frozen. The or each container 204 has flexible walls.
The or each container 204 may be in the form of a balloon,
and may be made of for example a synthetic or natural
rubber or other elastomeric or plastics material. The first
member 202 is movable to bring the one or more con-
tainers 204 into contact with a second member 206, in
particularin contact with the containers 204 of the second
member 206. In the example shown, the first member
206 is a wheel. The first member 202 may be driven to
move by an electric motor 208. A first member is con-
nected to a motor 208.

[0027] Inthis example, the second member 206 is also
rotatable and is in the form of a wheel. However, in other
examples, other shapes may be used. The second mem-
ber 206 has the one or more containers 204 attached to
it or integrally formed with it. The containers 204 have
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flexible walls. The containers 204 of the second member
206 contain a substance which has a freezing tempera-
ture below which the substance is solid, and above which
the substance is a fluid.

[0028] The first member 202 and the second member
206 are arranged such that when a substance in a con-
tainer 204 of the first member 202 is solid, the contact
between the container(s) 204 of the first member 202
and the container(s) 204 of the second member 206 can
be detected. To achieve this, in this example the second
member 206 is connected to a generator 212.

[0029] Inthe example shown in Figure 2, the first mem-
ber 202 is driven to rotate by the motor 208. A power
supply unit 210 drives the motor 208. When the sub-
stance in the containers 204 is fluid, the containers 204
of the first member 202 are not stiff or rigid enough to
connect with the containers 204 of the second member
206 in a manner that causes the second member 206 to
move. When the substance in the containers 204 is solid,
the first member 202 causes the second member 206 to
move.

[0030] In this example, the movement of the second
member 206 is a rotational movement. The movement
of the second member may drive a generator 212. The
output ofthe generatoris connected to an ADC (analogue
to digital conversion) unit 214. An output of the ADC unit
204 is passed to a microcontroller unit 216. In use, the
microcontroller unit 216 receives an indication that the
second member 206 has driven the generator 212 to
move. The microcontroller unit 216 in this example is
connected to the power supply unit 210 which drives the
motor 208 for the first member 202.

[0031] Additionally, the frictional force associated with
movement of the generator 212 may be relatively high.
This may help to ensure that movement of the second
member 208 is minimized or prevented altogether when
the substance in the containers 204 of the first member
202 is a fluid. The frictional force associated with move-
ment of the motor 208 may be low.

[0032] In an example embodiment, the microcontroller
unit 216 may be arranged to control a component to heat
the environment in which the first member and second
member reside. The microcontroller unit may be ar-
ranged to continue to provide this control signal until the
generator stops generating a current. Additionally or al-
ternatively, the heating component may be arranged to
heat the environment until the substance in the container
returns to a fluid state. Additionally or alternatively, the
heating component may be arranged to heat the envi-
ronment up to a maximum period of time. Additionally or
alternatively the heating component may be arrange to
heat the environment for a fixed period of time. In the
specific example here, the microcontroller unit 216 may
trigger an environmental change to cause the substance
in the containers 206 to return to a fluid state.

[0033] In one specific application of the examples of
the apparatus 100, 200 described herein, the apparatus
may be used in a refrigerator or freezer. The apparatus
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may be used to detect a build up of ice, especially in heat
exchangers. In this example, the substance in the con-
tainer(s) will be water or steam in the fluid state and ice
when in the solid state. The apparatus 100, 200 may
trigger heating of one or more components of the refrig-
erator or freezer, or the region near the one or more com-
ponents of the refrigerator or freezer, so as to melt any
ice that has built up on the one or more components. This
includes particularly heating the heat exchanger or the
region near the heat exchanger of the refrigerator or
freezer so as to melt any ice that has built up on the heat
exchanger. Known apparatus that is designed to reduce
the build up of ice in refrigerators and freezers heat the
environment regardless of whether ice is actually present
or not in the appliance. The apparatus described herein
allows the build up of ice to be detected first, thereby
allowing heating to occur only when necessary. There-
fore the solution presented by this apparatus to the prob-
lem of ice build up is more efficient than prior art tech-
niques that periodically heat the appliance, or other such
environment in which the apparatus can be used.
[0034] The examples described herein are to be un-
derstood as illustrative examples of embodiments of the
invention. Further embodiments and examples are en-
visaged. Any feature described in relation to any one ex-
ample or embodiment may be used alone or in combi-
nation with other features. In addition, any feature de-
scribed in relation to any one example or embodiment
may also be used in combination with one or more fea-
tures of any other of the examples or embodiments, or
any combination of any other of the examples or embod-
iments. Furthermore, equivalents and modifications not
described herein may also be employed within the scope
of the invention, which is defined in the claims.

Claims

1. An apparatus for detecting freezing of a substance,
the apparatus comprising:

a first member (102, 202) comprising at least
one container (104, 204), the container (104,
204) having flexible walls and containing a sub-
stance which has a freezing temperature below
which the substance is solid and above which
the substance is fluid; and

a second member (106, 206);

the first and second members (104, 204, 106,
206) being arranged such that the container
(104, 204) of the first member (102, 202) can be
brought into contact with the second member
(106, 206);

the arrangement being such that engagement
between the first (102, 202) and second mem-
bers (106, 206) is detected when the substance
in the container (104, 204) is solid at the time
that the container (104, 204) of the first member
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(102, 202) is brought into contact with the sec-
ond member (106, 206).

An apparatus according to claim 1, wherein the first
member (102, 202) is rotatable such that rotation of
the first member (102, 202) brings the container
(104, 204) of the first member (102, 202) into contact
with the second member (106, 206).

An apparatus according to claim 1 or claim 2, com-
prising an electric motor (108, 208) for driving the
first member (102, 202) to bring the container (104,
204) of the first member (102, 202) into contact with
the second member (106, 206).

An apparatus according to claim 3, comprising a cur-
rent monitor for detecting a surge in the motor (108,
208) drive current at the time that the container (104,
204) is brought into contact with the second member
(106, 206) when the substance in the container (104,
204) is solid.

An apparatus according to any of claims 1 to 4,
wherein the second member (106, 206) is arranged
to be driven to move when the container (104, 204)
is brought into contact with the second member (106,
206) when the substance in the container (104, 204)
is solid, the apparatus comprising a generator which
is drivable by the second member (106, 206) and
which produces a current when driven by the second
member (106, 206).

An apparatus according to any of claims 1 to 5,
wherein the second member (106, 206) comprises
atleastone container (104, 204), the container (104,
204) having flexible walls and containing a sub-
stance which has a freezing temperature below
which the substance is solid and above which the
substance is fluid.

An apparatus according to any of claims 1 to 6,
wherein the firstmember (102, 202) comprises plural
containers (104, 204), each container (104, 204)
having flexible walls and containing a substance
which has a freezing temperature below which the
substance is solid and above which the substance
is fluid.

An apparatus according to any of claims 1 to 7,
wherein the substance is water which in its fluid state
is water or steam and in its solid state it is ice.

A refrigeration apparatus comprising apparatus ac-
cording to any of claims 1 to 8.

A method for detecting freezing of a substance, the
method comprising:
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1.

12.

13.

14.

15.

moving a firstmember (102, 202), the first mem-
ber (102, 202) comprising at least one container
(104, 204), the container (104, 204) having flex-
ible walls and containing a substance which has
a freezing temperature below which the sub-
stance is solid and above which the substance
is fluid;

bringing the container (104, 204) of the first
member (102, 202) into contact with a second
member (106, 206); and

receiving an indication that the substance in the
container (104, 204) is solid at the time that the
container (104, 204) of the first member (102,
202) is brought into contact with the second
member (106, 206).

A method according to claim 10, comprising rotating
the first member (102, 202) such that the rotation of
the first member (102, 202) brings the container
(104, 204) of the first member (102, 202) into contact
with the second member (106, 206).

A method according to claim 10 or claim 11, wherein
an electric motor (108, 208) drives the first member
(102, 202) to move to bring the container (104, 204)
of the first member (102, 202) into contact with the
second member (106, 206).

A method according to claim 12, wherein the indica-
tion is received by a current monitor, wherein the
indication is a surge in the motor (108, 208) drive
current at the time that the container (104, 204) is
brought into contact with the second member (106,
206) when the substance in the container (104, 204)
is solid.

A method according to any of claims 10 to 13, where-
in the second member (106, 206) is driven to move
when the container (104, 204) is brought into contact
with the second member (106, 206) when the sub-
stanceinthe container (104, 204) is solid, and where-
in the second member (106, 206) is able to drive a
generator (212), the generator (212) being arranged
to produce a current when driven by the second
member (106, 206).

A method according to any of claims 10 to 14, where-
in the second member (106, 206) comprises at least
one container (104, 204), the container (104, 204)
having flexible walls and containing a substance
which has a freezing temperature below which the
substance is solid and above which the substance
is fluid.
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