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(54) APPARATUS AND METHOD FOR DETECTING A FORMATION OF ICE IN A HOUSEHOLD 
APPLIANCE

(57) The present disclosure relates to an apparatus
(100) for detecting a formation of ice in a household ap-
pliance, comprising: a container (110) configured to ac-
commodate a fluid (1), the container (110) including an
entry port (112) and an opening (114); a gas supply de-
vice (120) connected to the entry port (112) of the con-
tainer (110) to supply a gas to the fluid (1) in the container

(110); a measurement device (130) covering at least a
part of the opening (114) of the container (110), wherein
the measurement device (130) includes a strain gauge;
and a determination device (130) configured to determine
the formation of ice in the fluid (1) based on measurement
signals provided by the strain gauge.
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Description

FIELD

[0001] Embodiments of the present disclosure relate
to an apparatus for detecting a formation of ice in a house-
hold appliance, a household appliance having the appa-
ratus, and a method for detecting a formation of ice in a
household appliance. The present disclosure particularly
relates to the control of a defrost operation in a household
appliance, such as a refrigerator or freezer.

BACKGROUND

[0002] Defrosting is a technique which defrosts a cool-
ing element in a household appliance, such as a refrig-
erator or freezer. The defrost mechanism heats the cool-
ing element, such as an evaporator, and melts the ice
that has formed thereon. Conventional defrost mecha-
nisms start the defrosting automatically and periodically,
i.e., in preset time intervals using a timer. For example,
after a certain time after the start of the household appli-
ance (e.g. 8 to 12 hours) has elapsed, the heater is ac-
tivated and operated for a pretrimmed time (e.g. 5 to 10
minutes) to melt the ice on the cooling element.
[0003] However, such a periodic operation of the de-
frost mechanism does not take into account the amount
of ice that has been formed on the cooling element.
Therefore, the periodic operation of the defrost mecha-
nism is inefficient and increases an energy consumption
of the household appliance.
[0004] In view of the above, new apparatuses and
methods for detecting a formation of ice in a household
appliance that overcome at least some of the problems
in the art are beneficial.

SUMMARY

[0005] In light of the above, an apparatus for detecting
a formation of ice in a household appliance, a household
appliance having the apparatus, and a method for de-
tecting a formation of ice in a household appliance are
provided.
[0006] It is an object of the present disclosure to reliably
control a defrost operation of a household appliance. In
particular, it is an object of the present application to con-
trol a defrost operation of the household appliance ac-
cording to the actual amount of ice formed e.g. on a cool-
ing device of the household appliance, such as an evap-
orator.
[0007] Further objects, aspects, benefits, and features
of the present disclosure are apparent from the claims,
the description, and the accompanying drawings.
[0008] According to an independent aspect of the
present disclosure, an apparatus for detecting a forma-
tion of ice in a household appliance is provided. The ap-
paratus includes a container configured to accommodate
a fluid, the container including an entry port and an open-

ing; a gas supply device connected to the entry port of
the container to supply a gas to the fluid in the container;
a measurement device covering at least a part of the
opening of the container, wherein the measurement de-
vice includes a strain gauge; and a determination device
configured to determine the formation of ice in the fluid
based on measurement signals provided by the strain
gauge.
[0009] According to another independent aspect of the
present disclosure, a household appliance, such as a
refrigerator or freezer, is provided. The household appli-
ance includes an apparatus for detecting a formation of
ice, wherein the apparatus includes a container config-
ured to accommodate a fluid, the container including an
entry port and an opening; a gas supply device connected
to the entry port of the container to supply a gas to the
fluid in the container; a measurement device covering at
least a part of the opening of the container, wherein the
measurement device includes a strain gauge; and a de-
termination device configured to determine the formation
of ice in the fluid based on measurement signals provided
by the strain gauge.
[0010] According to another independent aspect of the
present disclosure, a method for detecting a formation
of ice in a household appliance is provided. The method
includes supplying air to a fluid in a container to generate
bubbles in the fluid; recording measurement signals of a
strain gauge covering at least a part of an opening of the
container above a surface of the fluid; and determining
a presence of ice in the fluid based on the measurement
signals provided by the strain gauge.
[0011] Embodiments are also directed at apparatuses
for carrying out the disclosed methods and include ap-
paratus parts for performing each described method as-
pect. These method aspects may be performed by way
of hardware components, a computer programmed by
appropriate software, by any combination of the two or
in any other manner. Furthermore, embodiments accord-
ing to the disclosure are also directed at methods for
operating the described apparatus. The methods include
method aspects for carrying out every function of the ap-
paratus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] So that the manner in which the above recited
features of the present disclosure can be understood in
detail, a more particular description of the disclosure,
briefly summarized above, may be had by reference to
embodiments. The accompanying drawings relate to em-
bodiments of the disclosure and are described in the fol-
lowing:

FIG. 1 shows a schematic view of an apparatus for
detecting a formation of ice in a household ap-
pliance according to embodiments described
herein;
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FIG. 2 shows a flowchart of a method for detecting a
formation of ice in a household appliance ac-
cording to embodiments described herein; and

FIG. 3 shows a schematic configuration of a determi-
nation device of the apparatus for detecting a
formation of ice in a household appliance ac-
cording to embodiments described herein.

DETAILED DESCRIPTION OF EMBODIMENTS

[0013] Reference will now be made in detail to the var-
ious embodiments of the disclosure, one or more exam-
ples of which are illustrated in the figures. Within the fol-
lowing description of the drawings, the same reference
numbers refer to same components. Generally, only the
differences with respect to individual embodiments are
described. Each example is provided by way of explana-
tion of the disclosure and is not meant as a limitation of
the disclosure. Further, features illustrated or described
as part of one embodiment can be used on or in conjunc-
tion with other embodiments to yield yet a further embod-
iment. It is intended that the description includes such
modifications and variations.
[0014] A defrost mechanism heats a cooling element,
such as an evaporator, and melts the ice that has formed
thereon. Conventional defrost mechanisms start the de-
frosting automatically and periodically, i.e., in preset time
intervals. However, such a periodic operation of the de-
frost mechanism is inefficient and increases an energy
consumption of the household appliance.
[0015] The present disclosure overcomes these draw-
backs by providing an apparatus which determines
whether ice has formed on a cooling device, and operates
the defrost mechanism only when it is determined that
there is ice on the cooling device. The apparatus uses a
strain gauge which senses a generation of air bubbles in
a fluid, such as water. When the fluid starts to freeze,
i.e., when ice is formed in the fluid, the characteristics of
the generation of the bubbles change. This change is
detected by the strain gauge. Since the ice formation in
the fluid is indicative of an ice formation in the household
appliance, such as on a cooling device, the detected
change can be used to control the defrosting operation
of the cooling device.
[0016] Accordingly, the defrosting is performed only
when there is ice on the cooling device, whereby an ef-
ficient defrosting can be provided and an energy con-
sumption of the household appliance, such as a refrig-
erator or freezer, can be reduced.
[0017] Figure 1 shows a schematic view of an appa-
ratus 100 for detecting a formation of ice in a household
appliance according to embodiments described herein.
[0018] The apparatus 100 can be mounted inside the
household appliance, such as inside of a refrigerator or
freezer. The apparatus 100 can be mounted adjacent
and/or in close proximity to a cooling device 3 of the
household appliance, such as an evaporator. However,

the use of the apparatus 100 is not limited to cooling
devices and can be used in combination with other de-
vices or elements of a household appliance which are
subject to ice formation.
[0019] The apparatus 100 includes a container 110
configured to accommodate a fluid 1, such as water,
wherein the container 110 includes an entry port 112 and
an opening 114; a gas supply device 120 connected to
the entry port 112 of the container 110 to supply a gas
to the fluid 1 in the container 110; a measurement device
130 covering at least a part of the opening 114 of the
container 110, wherein the measurement device 130 in-
cludes a strain gauge; and a determination device 140
configured to determine the formation of ice in the fluid
1 based on measurement signals provided by the strain
gauge.
[0020] The apparatus 100 uses the strain gauge to
senses air bubbles escaping from a surface of the fluid.
When the fluid starts to freeze, i.e., when ice is formed
in the fluid, the characteristics of the generation of the
bubbles change. Based on this change or difference in
the bubble generation, an ice formation in the fluid can
be detected. Since the apparatus 100 is inside the house-
hold appliance, the ice formation in the fluid is indicative
of an ice formation e.g. on a cooling device 3, such as
an evaporator. Thus, a defrosting mechanism of the
household appliance can be controlled in an efficient and
energy saving manner.
[0021] The container 110 has a top side and a bottom
side. The terms "top" and "bottom" are defined with re-
spect to the vertical direction. The term "vertical direction"
is understood to distinguish over "horizontal direction".
The vertical direction can be substantially parallel to the
force of gravity.
[0022] In some implementations, the opening 114 of
the container 110 can be provided at the top side of the
container 110. For example, the top side of the container
114 can be open to air. In particular, the container 110
can include an accommodation space configured to ac-
commodate the fluid 1, such as water, wherein the ac-
commodation space is open at the top such that the fluid
in the accommodation space is exposed to the outside.
[0023] According to some embodiments, the container
110 is configured such that the opening 114 thereof is
located adjacent to a surface of the fluid 1 in the container
110. The upper surface of the fluid 1 in the container 110
can be located adjacent to the opening 114 such that the
upper surface of the fluid 1 is exposed to the outside of
the container 114. In particular, the upper surface of the
fluid 1 can face the strain gauge of the measurement
device 130 without contacting the strain gauge of the
measurement device 130. In other words, the fluid 1 is
not in direct contact with the strain gauge.
[0024] In some implementations, the container 110
has a cone shape having a narrow portion and a wide
portion. The narrow portion can be provided at the bottom
side of the cone shape, and the wide portion can be pro-
vided at the top side of the cone shape. The entry port
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112 of the container 110 can be provided at the narrow
portion of the cone shape, and may for instance corre-
spond to the narrow portion of the cone shape. The open-
ing 114 of the container 110 can be provided at the wide
portion of the cone shape, and may for instance corre-
spond to an uppermost part of the wide portion of the
cone shape.
[0025] According to some embodiments, the cone
shape corresponds to, or is, a funnel or hopper.
[0026] The measurement device 130, and in particular
the strain gauge thereof, covers at least a part of the
opening 114 of the container 110. In some embodiments,
the measurement device 130, and in particular the strain
gauge thereof, covers the opening 114 entirely. The
strain gauge may have one or more openings such that
air can pass through the strain gauge from the container
110 to the outside.
[0027] In some embodiments, the measurement de-
vice 130, and in particular the strain gauge thereof, may
cover at least a part of the opening 114 at the wide portion
of the cone shape. For example, the measurement de-
vice 130, and in particular the strain gauge thereof, may
entirely cover the opening 114 at the wide portion of the
cone shape.
[0028] The measurement device 130, and in particular
the strain gauge thereof, may be connected to the deter-
mination device 140 by one or more connection elements
132, such as wires and/or strain gauge pins. The meas-
urement signals of the strain gauge can be provided to
the determination device 140 via the one or more con-
nection elements 132 for analysis.
[0029] According to some embodiments, the entry port
112 is provided at a portion of the container 110 below
a fluid level of the fluid 1 in the container 110. The gas
supply device 120, which is connected to the entry port
112 of the container 110, can thus supply a gas, and in
particular air, to the fluid 1 in the container 110. In par-
ticular, the gas supply device 120 is configured to gen-
erate bubbles in the fluid 1. The gas supply device 120
can thus also be referred to as "bubble creator".
[0030] According to some embodiments, the gas sup-
ply device 120 is an air pump or a compressor. The gas
supply device 120 can be connected to an external power
source 122 to operate the gas supply device 120, such
as the air pump or compressor to generate bubbles 2 in
the fluid 1 in the container 110.
[0031] The gas supply device 120 generates bubbles
2 in the fluid 1, which escape from the surface of the fluid
1 and reach the strain gauge which faces the surface of
the fluid 1. In some embodiments, a gap is provided be-
tween the surface of the fluid 1 and the strain gauge. The
gap can be 5cm or less, 3cm or less, or 1cm or less. The
gap can be sufficiently large to ensure that the bubbles
2 can escape from the surface of the liquid 1 and reach
the strain gauge to generate the measurement signals
which are indicative of ice formation in the fluid 1 and
thus on a cooling device 3 of the household appliance.
[0032] In more detail, the bubbles 2, which reach the

strain gauge, exert a mechanical force on the strain
gauge and generate measurement signals. In other
words, the measurement signals of the strain gauge are
indicative of bubbles 2 exiting the surface of the fluid.
When the fluid 1 starts to freeze, i.e., when ice is formed
in the fluid 1, the characteristics of the generation of the
bubbles 2 change. This change is detected by the deter-
mination device 140. Based on the change, the determi-
nation device 140 can determine the formation of ice in
the fluid 1 and control a defrosting of the household ap-
pliance.
[0033] In some implementations, a defrosting mecha-
nism of the household appliance, such as a heater, is
controlled based on the determination results provided
by the determination device 140. In particular, the de-
frosting mechanism can be operated when it is deter-
mined that there is ice in the fluid 1 or that the amount of
ice is above a predetermined threshold. Further, the de-
frosting mechanism is not operated when it is determined
that there is no ice in the fluid 1 or the amount of ice is
below the predetermined threshold. It is noted that the
apparatus 100 is inside the household appliance and
thus, the ice formation in the fluid is indicative of an ice
formation e.g. on a cooling device 3, such as an evapo-
rator.
[0034] A detailed example of the determination device
140 and an operation of the defrosting mechanism based
on an output of said determination device 140 is de-
scribed later with reference to figure 3.
[0035] According to some embodiments, the appara-
tus 100 further includes a base 150 supporting at least
the container 110. The base 150 can be a plate or other
element on which the container 110 is mounted. The base
150 can stabilize the container 110 and thus the strain
gauge mounted on top of the container 110 to improve
an accuracy of the measurement signals provided by the
strain gauge.
[0036] In some implementations, at least one elastic
element 160 is provided between the base 150 and the
container 110. The at least one elastic element 160 may
be a spring, and in particular a coil spring. The at least
one elastic element 160 can prevent vibrations from be-
ing transferred from the gas supply device 120, such as
the air pump, to the strain gauge, Thereby, a measure-
ment accuracy of the measurement device 130 can be
further improved.
[0037] In some implementations, the apparatus 100
further includes at least one thermally conductive ele-
ment 170, such as a wire. The apparatus 100 may include
a plurality of conductive elements 170, such as a plurality
of wires. The at least one thermally conductive element
170 can be made of a material having a high thermal
conduction coefficient, such as copper. The at least one
thermally conductive element 170 is configured to pro-
vide thermal conduction between the household appli-
ance, and in particular the cooling device 3, and the fluid
1 in the container 110. The apparatus 100, and in partic-
ular the container 110, may be located adjacent to the
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cooling device 3 of the household appliance.
[0038] For example, a first end of the at least one ther-
mally conductive element 170 is connectable to the
household appliance, and in particular the cooling device
3 of the household appliance. The cooling device 3 may
be an evaporator. The first end of the at least one ther-
mally conductive element 170 may be connectable to the
household appliance by at least one clamp 172, such as
at least one copper clamp. A second end of the at least
one thermally conductive element 170 may be connected
to the container 110 and/or may extend into the container
110 to be immersed in the fluid 1.
[0039] The at least one thermally conductive element
170 provides thermal transfer between the cooling device
3 and the fluid 1 in the container 110. Thus, the formation
of ice in the fluid 1 is related to the formation of ice on
the cooling device 3. The apparatus 100, and in particular
the container 110, may be located adjacent to the cooling
device 3 to further improve the correspondence between
the formation of ice in the fluid 1 and the formation of ice
on the cooling device3. Accordingly, a defrosting of the
cooling device 3 can be controlled efficiently and with
reduced power consumption.
[0040] Figure 2 shows a flowchart of a method 200 for
detecting a formation of ice in a household appliance
according to embodiments described herein.
[0041] The method 200 includes in block 210 a sup-
plying of air to a fluid in a container to generate bubbles
in the fluid; in block 220 a recording of measurement
signals of a strain gauge covering at least a part of an
opening of the container above a surface of the fluid; and
in block 230 a determining of a presence of ice in the
fluid based on the measurement signals provided by the
strain gauge.
[0042] According to some embodiments, the method
200 further includes operating a defrost heater of the
household appliance if it is determined that ice is present
in the fluid.
[0043] According to embodiments described herein,
the method for detecting a formation of ice in a household
appliance can be conducted by means of computer pro-
grams, software, computer software products and the
interrelated controllers, which can have a CPU, a mem-
ory, a user interface, and input and output means being
in communication with the corresponding components of
the apparatus for detecting a formation of ice in a house-
hold appliance.
[0044] However, the present disclosure is not limited
thereto and the method for detecting a formation of ice
in a household appliance can be conducted by means of
a simplified structure without the use of a CPU or soft-
ware. An example of such a controller-less structure is
described in the following.
[0045] Figure 3 shows a schematic configuration of a
determination device 300 according to embodiments de-
scribed herein.
[0046] The determination device 300 does not require
a microcontroller and determines a formation of ice in the

fluid and thus on the cooling device using collected strain
gauge data, which are indicative of bubble bursts.
[0047] The determination device 300 includes in par-
ticular a comparator 310, a first trigger 320, a second
trigger 330, a switch 340, and a memristor 350.
[0048] The comparator 310 includes a first input 312,
a second input 314, and an output 316. The output 316
of the comparator may be connectable to a defrost heater
of the household appliance. The first trigger 320 has a
first trigger period t1. The second trigger 330 has a sec-
ond trigger period t2 longer than the first trigger period
t1. For example, the first trigger period t1 can be 10 min-
utes and/or the second trigger period t2 can be 20 min-
utes.
[0049] The switch 340 is operable by the second trigger
330 and has an input connected to the measurement
device 130 to receive the measurement signals provided
by the strain gauge. A first output of the switch 340 is
connected to the first input 312 of the comparator 310.
The switch can be a two-way switch.
[0050] The memristor 350 is connected between a sec-
ond output of the switch 340 and the second input 314
of the comparator 310. The memristor is configured to
store the measurement signals provided by the strain
gauge according to the first trigger period t1.
[0051] The example of the determination device 300
in figure 3 includes two different timers, namely the short-
time timer 320 (e.g. 10 minutes) and the long-time timer
330 (e.g. 20 minutes), the memristor 350 for storing a
previous state, the two-way switch 340 for having meas-
urement data of two different times, and the comparator
310 which is triggered by the long-time timer 330.
[0052] Accordingly, the determination device 300
reads or detects bubble bursts with the first trigger period
t1 of, for example, 10 minutes. The strain gauge data (or
value) is saved e.g. at t = 10 minutes in the memristor
350 and the memristor 350 keeps this strain gauge data
(or value) for the second input 314 of the comparator
310, until the second trigger 330 triggers. When a trigger
pulse of the second trigger 330 reaches the two-way
switch 340, the first input 312 of the comparator receives
current data (or a current value) e.g. at t = 20 minutes,
and the comparator 310 compares the current value and
the value of 10 minutes before stored in the memristor
350. In some implementations, the gas supply device,
such as the air pump may, be triggered by the first trigger
320 every 10 minutes.
[0053] If only water is in the container, the bubble
bursts generate a pressure effect at the strain gauge. If
there is ice in the container, the effects of the bubble
bursts are weakened. Thus, a difference between pure
water and a water-ice mixture can be detected. A defrost
mechanism, such as a defrost heater, can be operated
according to an output of the comparator 310, which can
be a logic value of 1 or 0.
[0054] The present disclosure provides an apparatus
which determines whether ice has formed on a cooling
device, and operates the defrost mechanism only when
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it is determined that there is ice on the cooling device.
The apparatus uses a strain gauge which senses a gen-
eration of air bubbles in a fluid, such as water. When the
fluid starts to freeze, i.e., when ice is formed in the fluid,
the characteristics of the generation of the bubbles
change. This change is detected by the strain gauge and
used to control the defrosting. Accordingly, the defrosting
is performed only when there is ice on the cooling device,
whereby an efficient defrosting can be provided and an
energy consumption of the household appliance, such
as a refrigerator or freezer, can be reduced
[0055] Further, the apparatus requires neither a micro-
controller nor a complex structure. The container can be
manufactured as one piece and act as a sensor. A reli-
ability of the apparatus is improved compared to capac-
itive or mechanical sensing techniques because ice for-
mation is detected in water. Further, the defrost operation
may start when food freezes and does not rely on inde-
pendently operated fixed triggers.
[0056] While the foregoing is directed to embodiments
of the disclosure, other and further embodiments of the
disclosure may be devised without departing from the
basic scope thereof, and the scope thereof is determined
by the claims that follow.

Claims

1. An apparatus (100) for detecting a formation of ice
in a household appliance, comprising:

a container (110) configured to accommodate a
fluid (1), the container (110) including an entry
port (112) and an opening (114);
a gas supply device (120) connected to the entry
port (112) of the container (110) to supply a gas
to the fluid (1) in the container (110);
a measurement device (130, 300) covering at
least a part of the opening (114) of the container
(110), wherein the measurement device (130)
includes a strain gauge; and
a determination device (140) configured to de-
termine the formation of ice in the fluid (1) based
on measurement signals provided by the strain
gauge.

2. The apparatus (100) of claim 1, wherein the contain-
er (110) is configured such that the opening (114)
thereof is located adjacent to a surface of the fluid (1).

3. The apparatus (100) of claim 1 or 2, wherein the gas
supply device (120) is configured to generate bub-
bles (2) in the fluid (1), and wherein the measurement
signals of the strain gauge are indicative of bubbles
(2) exiting the surface of the fluid (1).

4. The apparatus (100) of any one of claims 1 to 3,
wherein the container (110) has a cone shape,

wherein the entry port (112) is provided at a narrow
portion of the cone shape, and wherein the opening
(114) is provided at a wide portion of the cone shape.

5. The apparatus (100) of claim 4, wherein the strain
gauge of the measurement device (130, 300) covers
the opening (114) at the wide portion of the cone
shape.

6. The apparatus (100) of any one of claims 1 to 5,
further including a base (150) supporting at least the
container (110), wherein at least one elastic element
(160) is provided between the base (150) and the
container (110).

7. The apparatus (100) of claim 6, wherein the at least
one elastic element (160) is a spring, and in particular
a coil spring.

8. The apparatus (100) of any one of claims 1 to 7,
further comprising at least one thermally conductive
element (170), wherein a first end of the at least one
thermally conductive element (170) is connectable
to the household appliance, and in particular a cool-
ing device (3) of the household appliance.

9. The apparatus (100) of claim 8, wherein a second
end of the at least one thermally conductive element
(170) is connected to the container (110) and/or ex-
tends into the container (110) to be immersed in the
fluid (1).

10. The apparatus (100) of any one of claims 1 to 9,
wherein the gas supply device (120) is an air pump
or a compressor.

11. The apparatus (100) of any one of claims 1 to 10,
wherein the determination device (300) includes:

a comparator (310) having a first input (312), a
second input (314), and an output (316);
a first trigger (320) having a first trigger period
(t1);
a second trigger (330) having a second trigger
period (t2) longer than the first trigger period (t1);
a switch (340) operable by the second trigger
(330) and having an input connected to the
measurement device (130) to receive the meas-
urement signals provided by the strain gauge,
wherein a first output of the switch (340) is con-
nected to the first input (312) of the comparator
(310); and
a memristor (350) connected between a second
output of the switch (340) and the second input
(314) of the comparator (310), wherein the mem-
ristor (350) is configured to store the measure-
ment signals provided by the strain gauge ac-
cording to the first trigger period (t1).
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12. The apparatus (100) of claim 11, wherein the output
(316) of the comparator (310) is connectable to a
defrost mechanism of the household appliance.

13. A household appliance, comprising the apparatus
(100) of any one of claims 1 to 12.

14. A method (200) for detecting a formation of ice in a
household appliance, comprising:

supplying (210) air to a fluid (1) in a container
(110) to generate bubbles (2) in the fluid (1);
recording (220) measurement signals of a strain
gauge covering at least a part of an opening
(114) of the container (310) above a surface of
the fluid (1); and
determining (230) a presence of ice in the fluid
(1) based on the measurement signals provided
by the strain gauge.

15. The method (200) of claim 14, further comprising:
operating a defrost mechanism of the household ap-
pliance if it is determined that ice is present in the
fluid (1).
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