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1
METHOD FOR CONTROLLING OPERATION
OF REFRIGERATOR

TECHNICAL FIELD

The present disclosure relates to a method for controlling
an operation of a refrigerator.

BACKGROUND ART

Recently, as concerns for the environment are gradually
rising, needs for low noise refrigerators are increasing. To
this end, a noise level of a refrigerator may be reduced, or
freezing capacity of a refrigerator may be adjusted according
to whether the refrigerator operates in the daytime or the
nighttime.

Refrigerators including a linear compressor as a type of
reciprocating compressor are recently commercialized. Such
a linear compressor applied to refrigerators is controlled to
operate according to loads by varying only a stroke of the
compressor without varying a frequency thereof. Since the
frequency is an important factor, the frequency is deter-
mined based on mechanical characteristics such as the
characteristics of a spring disposed in the compressor,
required freezing capacity, optimized efficiency, and noise
characteristics.

Since a linear compressor has optimal efficiency at a
resonant frequency, its operation frequency is controlled to
correspond to the resonant frequency. A stroke of a piston of
the compressor is increased with the operation frequency
approaching the resonant frequency, so that a flow rate of
refrigerant is adjusted to match with freezing capacity
corresponding to a load to the refrigerator.

The resonant frequency is determined by a modulus of
elasticity of a mechanical spring in the compressor; a
modulus of elasticity of an injected gas spring; and the mass
of both the linearly reciprocating piston and a member
connected to the piston. The refrigerant in a compressed
space uses its own elastic force to function as the gas spring,
thereby elastically supporting the piston.

In general, when a compressor is manufactured, its reso-
nant frequency, that is, a frequency having the maximum
efficiency is determined. In addition, a frequency having the
optimal noise level is determined. Furthermore, each of the
resonant frequency and the frequency having the optimal
noise level may be determined in plurality.

To satisfy consumers with respect to a noise from a
refrigerator, the number of rotations of a compressor as a
main noise source of the refrigerator may be varied such that
a sound quality index related to an ambient noise during the
operating of the refrigerator follows a sound quality index
related to an ambient noise during the stopping of the
refrigerator.

However, in this case, since a periodic noise variation
according to various operation conditions such as starting of
the compressor and driving of a refrigerating compartment
and a freezing compartment is measured to calculate a sound
quality index, a frequent noise variation for following the
sound quality index may annoy a consumer.

In addition, since only the varying of the number of
rotations of the compressor is insufficient to satisfy a sound
quality index related to a noise varied according to operation
states of the refrigerator, the number of rotations of the
compressor may be excessively reduced to thereby degrade
the performance of the compressor.

In addition, even when the number of rotations of the
compressor is reduced based on a sound quality index to
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reduce a noise, the number of rotations of a refrigerator
compartment fan and the number of rotations of a freezing
compartment fan should be increased to prevent a perfor-
mance degradation of the refrigerator, thereby further
increasing a noise.

DISCLOSURE OF INVENTION
Technical Problem

Embodiments provide a method for controlling an opera-
tion of a refrigerator, in which the refrigerator is operated at
a minimum noise level by varying freezing capacity of a
compressor, and air volumes from fans in a refrigerating
compartment, a freezing compartment, and a mechanical
compartment, thereby satisfying consumers.

Solution to Problem

In one embodiment, a method for controlling an operation
of a refrigerator including a reciprocating compressor, the
method including: opening a refrigerator door; determining
whether to perform a load mode according to whether the
refrigerator door is opened or closed, and according to an
inner temperature of the refrigerator; and determining
whether to perform a stable mode or a silent mode according
to a room temperature and an ambient noise, after the
refrigerator door is closed.

The details of one or more embodiments are set forth in
the accompanying drawings and the description below.
Other features will be apparent from the description and
drawings, and from the claims.

Advantageous Effects of Invention

According to the embodiments, the freezing capacity of
the compressor, and air volumes from the fans in the
refrigerating compartment and the mechanical compartment
are varied in the silent mode such that an operation noise of
the refrigerator is equal to or lower than the detection
threshold with respect to an ambient noise, and thus, the
ambient noise hides the operation noise of the refrigerator.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a flowchart illustrating a method for controlling
an operation of a refrigerator according to an embodiment.

FIG. 2 is a flowchart illustrating a method for controlling
a load mode in a method for controlling an operation of a
refrigerator according to an embodiment.

FIG. 3 is a flowchart illustrating a method for controlling
a silent mode in a method for controlling an operation of a
refrigerator according to an embodiment.

MODE FOR THE INVENTION

Reference will now be made in detail to the embodiments
of the present disclosure, examples of which are illustrated
in the accompanying drawings.

In a method for controlling an operation of a refrigerator,
the refrigerator includes a linear compressor as a type of
reciprocating compressor, but the present disclosure is not
limited thereto.

FIG. 1 is a flowchart illustrating a method for controlling
an operation of a refrigerator according to an embodiment.

Referring to FIG. 1, in the method according to the current
embodiment, the operation of the refrigerator is controlled at
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multiple stages according to opening/closing of a door of the
refrigerator, heat load due to a room temperature, and an
ambient noise. A linear compressor has a constant frequency
regardless of operation modes, and a stroke of a piston and
an air volume from a fan are varied. Accordingly, an
operation noise from the refrigerator is maintained within a
detection threshold of about 3 dB, so that a user cannot
perceive the operation noise.

In detail, when the operation of the refrigerator is stopped
in operation S11, it is sensed in operation S12 whether the
door is opened. To this end, a door open sensor may be
installed on a main body of the refrigerator. After that, it is
sensed in operation S13 whether the door is closed.

After the door is closed, it is determined in operation S14
whether a set time is elapsed. An operation mode of the
refrigerator is primarily determined according to whether the
set time is elapsed. Operation modes of the refrigerator may
be defined as operation modes of the compressor.

In more detail, after the door is closed, unless the set time
is elapsed, the inner temperature of the refrigerator is
measured in operation S16, and it is determined in operation
S17 whether the inner temperature is less than a reference
temperature Ta. If the inner temperature is less than the
reference temperature Ta, the refrigerator is still stopped. On
the contrary, if the inner temperature is equal to or greater
than the reference temperature Ta, the refrigerator is oper-
ated since its inner load is high. That is, an operation mode
corresponding to the inner load is performed in operation
S100. The operation mode corresponding to the inner load is
defined as a load mode. A method for controlling the load
mode will be described later in detail with reference to the
accompanying drawing.

After the door is closed, and the set time is elapsed, a
room temperature RT is measured in operation S15. To this
end, a temperature sensor may be installed on the outside of
the refrigerator.

In detail, even after the door is closed, and the set time is
elapsed, if the room temperature RT is equal to or higher
than a reference temperature Th, the possibility that heat is
transferred into the refrigerator may be increased. Thus, in
this case, the inner temperature of the refrigerator is mea-
sured in operation S16 to determine whether to perform
operation S100.

On the contrary, if the room temperature RT is lower than
the reference temperature Th, the ambient noise is measured
in operation S19, and an operation mode of the refrigerator
is secondarily determined according to a value of the ambi-
ent noise.

In detail, after the door is closed, and the set time is
elapsed, if the room temperature RT is lower than the
reference temperature Tb, the ambient noise is measured.
Then, it is determined whether a level (dB) of the ambient
noise is less than a reference noise level (dB). If the level
(dB) of the ambient noise is equal to or greater than the
reference noise level (dB) in operation S20, the inner
temperature of the refrigerator is measured in operation S23
to perform a stable mode. If the inner temperature is equal
to or greater than the reference temperature Ta, the stable
mode is performed in operation S200.

The level (dB) of the ambient noise may be equal to or
greater than the reference noise level (dB) in the daytime
when the room temperature RT may be lower than the
reference temperature Tb, but the ambient noise may be
relatively high. In the stable mode, the frequency of the
compressor is maintained at a resonant frequency of a top
dead center (TDC) operation, and the stroke of the com-
pressor is smaller than in the load mode. In the stable mode,
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a refrigerating cycle may be driven according to a natural
increase of the inner temperature of the refrigerator, without
an external load increase factor such as opening of the door
or inputting of a food. Accordingly, in the stable mode, the
performance of the refrigerator is stably assured, and a noise
from the compressor is reliably reduced. In other words, a
noise from the compressor is acceptable.

In the stable mode, since a noise from the refrigerator is
lower than the ambient noise, a user may not perceive a
noise from the compressor. In detail, when a noise from the
refrigerator is higher by about 10 dB or greater than the
ambient noise, the ambient noise cannot hide the noise from
the refrigerator. That is, a noise from the compressor hides
the ambient noise.

If the level (dB) of the ambient noise is less than the
reference noise level (dB) in operation S20, the inner
temperature of the refrigerator is measured in operation S21,
and an operation mode of the refrigerator is determined
according to a value of the inner temperature.

In detail, if the inner temperature is less than the reference
temperature Ta, it is unnecessary to supply cool air into the
refrigerator, and thus, the refrigerator is still stopped. How-
ever, if the inner temperature is equal to or greater than the
reference temperature Ta, a silent mode is performed in
operation S300. The level (dB) of the ambient noise may be
less than the reference noise level (dB) in the nighttime. In
addition, the room temperature RT may be lower than the
reference temperature Tb in the night time in winter.

In more detail, the ambient noise is relatively high at the
night time in winter, and a frequency in use of the refrig-
erator is decreased. In this case, freezing capacity of the
refrigerator may be reduced in the silent mode not to break
a user’s sleep. Since a frequency in use of the refrigerator is
not high in the night time, although the freezing capacity
thereof is reduced, there is no significant effect on a food in
the refrigerator, and power consumption can be saved. In the
silent mode, freezing capacity of the compressor is reduced
when a load to the refrigerator is small in the night time or
at a low room temperature such that an operation noise of the
refrigerator is equal to or lower than the detection threshold
of about 3 dB with respect to an ambient noise measured
when the refrigerator is stopped. When a noise from the
compressor is equal to or lower than the detection threshold,
the ambient noise hides the operation noise of the refrigera-
tor.

The method for controlling the load mode in operation
S100 will now be described.

FIG. 2 is a flowchart illustrating the method for control-
ling the load mode in the method for controlling the opera-
tion of the refrigerator.

As described above, the refrigerator is stopped, then, the
door is opened and closed, then, a load to the refrigerator
increases within the set time, and then, the inner temperature
of the refrigerator is equal to or higher than the reference
temperature Ta, and then, the load mode is performed

Referring to FIG. 2, when the load mode is performed, the
compressor is driven in operation S101. At this point, an
evaporator fan and a condenser fan are driven in operation
S102. In operation S103, a temperature of an evaporator is
measured using a temperature sensor installed on the evapo-
rator. A stroke of the compressor is measured in operation
S104. At this point, the compressor is maintained at the
resonant frequency. To this end, an operation frequency of
the compressor is controlled to correspond to the resonant
frequency. The resonant frequency is determined by Equa-
tion 1.
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1
f =t BN —

where k,, denotes a modulus of elasticity of a mechanical
spring supporting the piston in the compressor, k, denotes a
modulus of elasticity of a gas spring, and m denotes the mass
of both the piston and a member connected to the piston.

The reciprocating compressor, particularly, the linear
compressor is controlled to adjust a flow rate of refrigerant
according to required freezing capacity corresponding to a
load. A flow rate of the compressor is determined by
Equation 2.

O-Cs(A4sSsf) Equation 2

where C denotes a proportional constant, A denotes a
cross-sectional area, S denotes a stroke as a total linear
distance travelled by the piston in one direction, and f
denotes an operation frequency of the compressor.

Since the proportional constant C and the cross-sectional
area A are constant, and the operation frequency f'is fixed to
the resonant frequency, the flow rate of the compressor is
determined by the stroke S.

Thus, since the stroke S is adjusted according to a
required freezing capacity of the compressor, it is necessary
to measure the stroke S in real time while the compressor is
driven. The operation frequency f and the stroke S increase
from a small load condition to a large load condition, and the
operation frequency f is controlled to follow the resonant
frequency. The maximum freezing capacity of the compres-
sor corresponds to a flow rate of the refrigerant when the
compressor is in the TDC operation. The stroke S is maxi-
mum in the TDC operation in which a head surface of the
piston reciprocates between the TDC and a bottom dead
center (BDC). That is, a head of the piston moves up to the
TDC.

It is determined whether the stroke S is smaller than that
in the TDC operation in operation S105. Unless the stroke S
is smaller than that in the TDC operation, the stroke S, the
number of rotations of the evaporator fan, and the number of
rotations of the condenser fan are not varied. On the con-
trary, if the stroke S is smaller than that in the TDC
operation, the number of rotations of the evaporator fan is
increased in operation S106. Since the inner temperature of
the refrigerator is high in the load mode, cool air should be
supplied to the refrigerator. Thus, in the case, when the
compressor is not in the TDC operation, the number of
rotations of the evaporator fan is increased.

After the number of rotations of the evaporator fan is
increased, and a set time is elapsed in operation S107, it is
determined in operation S108 whether a temperature of the
evaporator is lower than a reference temperature T1. If the
temperature of the evaporator is equal to or greater than the
reference temperature T1, there is no change in the refrig-
erator. If the temperature of the evaporator is still lower than
the reference temperature T1, the number of rotations of the
condenser fan is increased in operation S109. When the
number of rotations of the condenser fan is increased to
maximally change the refrigerant to a saturated liquid state
through phase transformation, a temperature at an inlet of
the evaporator is decreased to improve a heat exchange with
cool air in the refrigerator. Accordingly, a load in the
refrigerator can be quickly reduced.

After the number of rotations of the condenser fan is
increased, and a set time is elapsed in operation S110, it is
determined in operation S111 whether a temperature of the
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evaporator is lower than the reference temperature T1. If the
temperature of the evaporator is lower than the reference
temperature T1, the stroke S is increased in operation S112.
Accordingly, the freezing capacity of the compressor is
increased, thereby more quickly decreasing the inner tem-
perature of the refrigerator.

As such, the number of rotations of the evaporator fan and
the number of rotations of the condenser fan are appropri-
ately adjusted according to a temperature of the evaporator
in the load mode, thereby decreasing the inner temperature
of the refrigerator. The stroke S is increased in phases
according to loads in the refrigerator until the compressor
reaches the TDC operation, thereby increasing the freezing
capacity of the compressor. At this point, when the inner
temperature of the refrigerator reaches the reference tem-
perature Ta, the refrigerator is stopped.

FIG. 3 is a flowchart illustrating a method for controlling
the silent mode in the method for controlling the operation
of the refrigerator.

The method for controlling the silent mode is the same as
a method for controlling the stable mode, except for a
reference temperature of the evaporator as a parameter for
determining both the number of rotations of the evaporator
fan and the number of rotations of the condenser fan. That
is, a reference temperature T2 of the evaporator in the silent
mode for determining whether to vary both the number of
rotations of the evaporator fan and the number of rotations
of the condenser fan is lower than a reference temperature
T3 of the evaporator in the stable mode. The reference
temperature T1 of the evaporator in the load mode is higher
than the reference temperature T2 of the evaporator in the
silent mode. That is, a relationship of T1>T3>T2 is formed.

Since the method for controlling the silent mode is the
same as the method for controlling the stable mode, except
for a reference temperature of the evaporator, a description
of the method for controlling the stable mode will be
omitted.

Referring to FIG. 3, when the silent mode is performed,
the compressor is driven in operation S201. At this point, the
evaporator fan and the condenser fan are driven in operation
S202. In operation S203, a temperature of the evaporator is
measured. In operation S204, it is determined whether the
temperature of the evaporator is lower than the reference
temperature T2. Operations S201, S202, S203, and S204 are
the same as those in the load mode except that the reference
temperature T2 is lower than the reference temperature T1 of
the load mode.

In detail, if the temperature of the evaporator is lower than
the reference temperature T2, the number of rotations of the
evaporator fan is reduced in operation S205. This is different
from the method for controlling the load mode in which the
number of rotations of the evaporator fan is increased. The
silent mode is performed in the night time when a room
temperature, the ambient noise, and a frequency in use of the
refrigerator are low. Substantially, there is no quick change
in load to the refrigerator, and thus, the number of rotations
of the evaporator fan may be decreased to reduce a noise.

After the number of rotations of the evaporator fan is
decreased, and a set time is elapsed in operation S206, it is
determined in operation S207 whether the temperature of the
evaporator is lower than the reference temperature T2. If the
temperature of the evaporator is lower than the reference
temperature T2, the number of rotations of the condenser fan
is also decreased in operation S208. This is because of the
same reason as in the previous one that the number of
rotations of the evaporator fan is decreased.
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After the number of rotations of the condenser fan is
decreased, and a set time is elapsed in operation S209, it is
determined in operation S210 whether the temperature of the
evaporator is lower than the reference temperature T2. If the
temperature of the evaporator is lower than the reference
temperature T2, the stroke S is decreased. Since the tem-
perature of the evaporator is lower than the reference tem-
perature T2 even after the number of rotations of the
evaporator fan and the number of rotations of the condenser
fan are decreased to reduce an operation performance of the
refrigerator means, a variation in load to the refrigerator is
considered to be small. That is, the freezing capacity of the
compressor can be further decreased, and thus, the stroke S
is reduced to improve a noise reduction performance.

As described above, the freezing capacity of the com-
pressor, the number of rotations of the evaporator fan, and
the number of rotations of the condenser fan are varied in
conjunction with one another according to temperatures of
the evaporator, thereby ensuring the performance of the
refrigerator and reducing a noise from the refrigerator.

Although embodiments have been described with refer-
ence to a number of illustrative embodiments thereof, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled in the art that
will fall within the spirit and scope of the principles of this
disclosure. More particularly, various variations and modi-
fications are possible in the component parts and/or arrange-
ments of the subject combination arrangement within the
scope of the disclosure, the drawings and the appended
claims. In addition to variations and modifications in the
component parts and/or arrangements, alternative uses will
also be apparent to those skilled in the art.

The invention claimed is:

1. A method for controlling an operation of a refrigerator
including a reciprocating compressor, a condenser, an
evaporator, a condenser fan, and an evaporator fan, the
method comprising:

measuring a room temperature when a refrigerator door is

determined to be closed after the refrigerator door is
opened, wherein the room temperature is measured
after a first preset time has elapsed;

measuring an ambient noise when the room temperature

is determined to be lower than a first reference tem-
perature; and
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measuring an inner temperature which is defined as a
temperature in a storage compartment of the refrigera-
tor when the ambient noise is lower than a reference
noise,

wherein detecting the opening/closing of the refrigerator
door, the measuring the room temperature for deter-
mining of heat load transmission in the refrigerator, and
the measuring the inner temperature are successively
performed, in order to control the operation of the
refrigerator at multi stages,

wherein a silent mode is performed when the first preset
time has lapsed after closing the refrigerator door, the
room temperature is lower than the first reference
temperature, the ambient noise is lower than the refer-
ence noise, and the inner temperature is greater than a
second reference temperature,

wherein the silent mode includes:

driving the compressor, the evaporator fan, and the con-
denser fan; and

measuring a temperature of the evaporator,

wherein a number of rotations of the evaporator fan is
firstly varied according to the temperature of the evapo-
rator, a number of rotations of the condenser fan is
secondly varied, and a stroke of the compressor is
thirdly varied, according to the temperature of the
evaporator.

2. The method of claim 1, wherein the number of rotations
of the evaporator fan is controlled to be decreased when the
temperature of the evaporator is lower than a third reference
temperature.

3. The method of claim 2, wherein the number of rotations
of the condenser fan is controlled to be decreased when the
temperature of the evaporator is still lower than the third
reference temperature after the number of rotations of the
evaporator fan has been decreased.

4. The method of claim 3, wherein the stroke of the
compressor is controlled to be decreased when the tempera-
ture of the evaporator is still lower than the third reference
temperature after the number of rotations of the condenser
fan has been decreased.

5. The method of claim 1, wherein the reciprocating
compressor comprises a linear compressor.
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