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(54) REFRIGERATOR

(57) The present disclosure relates to a refrigerator.
The refrigerator according to one embodiment of the
present disclosure comprises: an evaporator; a defrost-
ing heater; a temperature sensor; and a controller to con-
trol the defrosting heater. The controller is configured to:
in response to a defrosting operation starting time arriv-
ing, perform a defrosting operation mode including a
pre-defrosting cooling mode, a heater operation mode
and a post-defrosting cooling mode; perform a continu-
ous operation mode, in which the defrosting heater is
continuously on; and when a temperature change rate
sequentially increases, decreases and increases again,
perform a pulse operation mode, in which the defrosting
heater is repeatedly turned on and off. Accordingly, de-
frosting efficiency may be improved, and power con-
sumption may be reduced.
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Description

BACKGROUND

Field of the disclosure

[0001] The present disclosure relates to a refrigerator,
and more particularly, to a refrigerator capable of improv-
ing defrosting efficiency and power consumption.

Description of the Related Art

[0002] For long-term storage of foods in a refrigerator,
a refrigerator temperature is reduced using a compressor
and an evaporator. For example, a freezer compartment
in the refrigerator is maintained at a temperature of ap-
proximately -18 °C.
[0003] Meanwhile, in order to improve refrigerator per-
formance, it is desirable to remove frost which may be
on the evaporator when the evaporator operates.
[0004] Korean Patent Application Laid-Open No.
10-2001-0026176 (hereinafter, referred to as Prior Doc-
ument 1) relates to a method for controlling a defrost
heater of a refrigerator, in which the defrost heater is
turned on when a certain time for defrosting arrives, and
turned off after the lapse of a certain period of time.
[0005] However, according to Prior Document 1, since
the ON time and the OFF time of the defrost heater are
based on a certain time or a predetermined time, defrost-
ing is not performed according to the actual amount of
frost of an evaporator. That is, when the amount of frost
is large, defrosting is not performed properly, or when
the amount of frost is small, unnecessary defrosting is
performed, thereby unnecessarily consuming power.
[0006] U.S. Patent Publication No. US6694754 (here-
inafter, referred to as Prior Document 2) relates to a re-
frigerator having a pulse-based defrost heater, disclosing
that the On and off time of a defrost heater is determined
based on time.
[0007] According to Prior Document 2, since the ON
time and the OFF time of the defrost heater are deter-
mined based on time, defrosting is not performed accord-
ing to the actual amount of frost of an evaporator. That
is, when the amount of frost is large, defrosting is not
performed properly, or when the amount of frost is small,
unnecessary defrosting is performed, thereby unneces-
sarily consuming power.
[0008] Korean Patent Application Laid-Open No.
10-2016-0053502 (hereinafter, referred to as Prior Doc-
ument 3) relates to a defrosting device, a refrigerator hav-
ing the same, and a control method of the defrosting de-
vice, in which the On and off time of a defrost heater
determined based on time or time and temperature.
[0009] According to Prior Document 3, since the ON
time and the OFF time of the defrost heater are deter-
mined based on time or time and temperature, defrosting
is not performed according to the actual amount of frost
of an evaporator. That is, when the amount of frost is

large, defrosting is not performed properly, or when the
amount of frost is small, unnecessary defrosting is per-
formed, thereby unnecessarily consuming power.

SUMMARY

[0010] An aspect of the present disclosure provides a
refrigerator capable of improving defrosting efficiency
and power consumption.
[0011] In an aspect, a refrigerator includes: an evapo-
rator configured to perform heat exchange; a defrost
heater configured to operate to remove frost formed on
the evaporator; a temperature sensor configured to de-
tect an ambient temperature of the evaporator; and a
controller configured to control the defrost heater, in
which, in response to a defrosting operation start time
point arriving, the controller is configured to perform a
defrost operation mode including a pre-defrost cooling
mode, a heater operation mode, and a post-defrost cool-
ing mode, perform a continuous operation mode in which
the defrost heater is continuously turned on based on the
heater operation mode, and in response to a temperature
change rate detected by the temperature sensor sequen-
tially increasing, decreasing, and increasing again while
performing the continuous operation mode, perform a
pulse operation mode, in which the defrost heater is re-
peatedly turned on and off.
[0012] In response to a temperature change rate de-
tected by the temperature sensor sequentially increas-
ing, decreasing, and increasing again while performing
the continuous operation mode, after a predetermined
time elapses, the controller may be configured to perform
the pulse operation mode after the defrost heater is
turned off.
[0013] In response to the temperature change rate de-
tected by the temperature sensor being between a first
reference value and a second reference value while per-
forming the pulse operation mode, the controller may be
configured to continuously perform the pulse operation
mode.
[0014] In response to the temperature change rate de-
tected by the temperature sensor being between the first
reference value and the second reference value while
performing the pulse operation mode, the controller may
perform the pulse operation mode and sequentially de-
crease an ON period of the defrost heater.
[0015] The controller may be configured to terminate
the pulse operation mode and turn off the defrost heater
in response to exceeding the first reference value while
performing the pulse operation mode.
[0016] The controller may be configured to terminate
the pulse operation mode and perform the continuous
operation mode again in response to less than the second
reference value while performing the pulse operation
mode.
[0017] In response to performing the continuous oper-
ation mode again, the controller may be configured to
control a duration of the continuous operation mode to
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be less than a duration of the continuous operation mode
before the pulse operation mode.
[0018] In response to the defrosting operation start
time point arriving while performing the normal cooling
operation mode, the controller may perform the defrost
operation mode including the pre-defrosting cooling
mode, the heater operation mode, and the post-defrost-
ing cooling mode, and perform the continuous operation
mode of the defrost heater, and the pulse operation
mode, in which the defrost heater is repeatedly turned
on and off, based on the heater operation mode.
[0019] The controller may be configured to, as the
number of opening times of the cooling compartment
door increases, decrease a duration of the defrost oper-
ation mode.
[0020] The controller may be configured to control a
peak temperature arrival time point of the evaporator in
response to the continuous operation mode and the pulse
operation mode being performed in the defrost operation
mode to be later than the peak temperature arrival time
point of the evaporator in response to the defrost heater
being only continuously turned on in the defrost operation
mode.
[0021] The controller may be configured to control a
size of a second section related to temperature versus
time between the defrost end temperatures at a phase
change temperature in response to the continuous op-
eration mode and the pulse operation mode being per-
formed in the defrost operation mode to be greater than
a size of a first section related to temperature versus time
between the defrost end temperatures at the phase
change temperature in response to the defrost heater
being only continuously turned on.
[0022] The controller may be configured to control an
effective defrost in response to the continuous operation
mode and the pulse operation mode being performed in
the defrost operation mode to be larger than the effective
defrost in response to the defrost heater being only con-
tinuously performed in the defrost operation mode.
[0023] The controller may be configured to control a
heater OFF time point in response to the continuous op-
eration mode and the pulse operation mode being per-
formed in the defrost operation mode to be later than the
heater OFF time point in response to the defrost heater
being only continuously turned on in the defrost operation
mode.
[0024] The controller may be configured to control a
size of an overheat temperature region higher than the
defrosting end temperature in response to the continuous
operation mode and the pulse operation mode being per-
formed in the defrost operation mode to be less than a
size of the overheat temperature region higher than the
defrost end temperature in response to the defrost heater
being only continuously performed in the defrost opera-
tion mode.
[0025] The controller may be configured to control a
cooling power supply time point according to a normal
cooling operation mode in response to the continuous

operation mode and the pulse operation mode being per-
formed in the defrost operation mode to be later than the
cooling power supply time point according to the normal
cooling operation mode in response to the defrost heater
being only continuously turned on in the defrost operation
mode.
[0026] In another aspect, a refrigerator includes: an
evaporator configured to perform heat exchange; a de-
frost heater configured to operate to remove frost formed
on the evaporator; a temperature sensor configured to
detect an ambient temperature of the evaporator; and a
controller configured to control the defrost heater, in
which, in response to a defrosting operation start time
point arriving, the controller is configured to perform a
defrost operation mode including a pre-defrost cooling
mode, a heater operation mode, and a post-defrost cool-
ing mode, perform a continuous operation mode in which
the defrost heater is continuously turned on based on the
heater operation mode, and after the continuous opera-
tion mode ends, before the pulse operation mode in which
the defrost heater is repeatedly turned on and off, in re-
sponse to the temperature detected by the temperature
sensor reaching the defrosting end temperature, the con-
troller is configured to turn on and off the defrost heater
at least once after the defrosting end temperature arrives.
[0027] The controller may be configured to terminate
the heater operation mode after performing the turn on
and off at least once, and perform the post-defrost cooling
mode.
[0028] The controller may be configured to turn off the
defrost heater in response to the temperature detected
by the temperature sensor reaching the defrosting end
temperature during the continuous operation mode.
[0029] The controller may be configured to perform a
pulse operation mode in which the defrost heater is re-
peatedly turned on and off after the continuous operation
mode ends, and turn off the defrost heater in response
to the temperature detected by the temperature sensor
reaching the defrosting end temperature during the con-
tinuous operation mode.

EFFECTS OF THE INVENTION

[0030] A refrigerator according to an embodiment of
the present disclosure includes: an evaporator config-
ured to perform heat exchange; a defrost heater config-
ured to operate to remove frost formed on the evaporator;
a temperature sensor configured to detect an ambient
temperature of the evaporator; and a controller config-
ured to control the defrost heater, in which, in response
to a defrosting operation start time point arriving, the con-
troller is configured to perform a defrost operation mode
including a pre-defrost cooling mode, a heater operation
mode, and a post-defrost cooling mode, perform a con-
tinuous operation mode in which the defrost heater is
continuously turned on based on the heater operation
mode, and in response to a temperature change rate
detected by the temperature sensor sequentially increas-
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ing, decreasing, and increasing again while performing
the continuous operation mode, perform a pulse opera-
tion mode, in which the defrost heater is repeatedly
turned on and off. Accordingly, it is possible to improve
the defrosting efficiency and reduce the power consump-
tion. In particular, since the defrosting is performed ac-
cording to the amount of frost of the actual evaporator,
it is possible to improve defrosting efficiency and power
consumption.
[0031] Meanwhile, in response to a temperature
change rate detected by the temperature sensor sequen-
tially increasing, decreasing, and increasing again while
performing the continuous operation mode, after a pre-
determined time elapses, the controller may be config-
ured to perform the pulse operation mode after the defrost
heater is turned off. Accordingly, it is possible to improve
the defrosting efficiency and reduce the power consump-
tion.
[0032] Meanwhile, in response to the temperature
change rate detected by the temperature sensor being
between a first reference value and a second reference
value while performing the pulse operation mode, the
controller may be configured to continuously perform the
pulse operation mode. Accordingly, it is possible to im-
prove the defrosting efficiency and reduce the power con-
sumption.
[0033] Meanwhile, in response to the temperature
change rate detected by the temperature sensor being
between the first reference value and the second refer-
ence value while performing the pulse operation mode,
the controller may perform the pulse operation mode and
sequentially decrease an ON period of the defrost heater.
Accordingly, it is possible to improve the defrosting effi-
ciency and reduce the power consumption.
[0034] Meanwhile, the controller may be configured to
terminate the pulse operation mode and turn off the de-
frost heater in response to exceeding the first reference
value while performing the pulse operation mode. Ac-
cordingly, it is possible to improve the defrosting efficien-
cy and reduce the power consumption.
[0035] Meanwhile, the controller may be configured to
terminate the pulse operation mode and perform the con-
tinuous operation mode again in response to less than
the second reference value while performing the pulse
operation mode. Accordingly, it is possible to improve
the defrosting efficiency and reduce the power consump-
tion.
[0036] Meanwhile, in response to performing the con-
tinuous operation mode again, the controller may be con-
figured to control a duration of the continuous operation
mode to be less than a duration of the continuous oper-
ation mode before the pulse operation mode. According-
ly, it is possible to improve the defrosting efficiency and
reduce the power consumption.
[0037] Meanwhile, in response to the defrosting oper-
ation start time point arriving while performing the normal
cooling operation mode, the controller may perform the
defrost operation mode including the pre-defrosting cool-

ing mode, the heater operation mode, and the post-de-
frosting cooling mode, and perform the continuous oper-
ation mode of the defrost heater, and the pulse operation
mode, in which the defrost heater is repeatedly turned
on and off, based on the heater operation mode. Accord-
ingly, it is possible to improve the defrosting efficiency
and reduce the power consumption.
[0038] Meanwhile, the controller may be configured to,
as the number of opening times of the cooling compart-
ment door increases, decrease a duration of the defrost
operation mode. Accordingly, it is possible to improve
the defrosting efficiency and reduce the power consump-
tion.
[0039] Meanwhile, the controller may be configured to
control a peak temperature arrival time point of the evap-
orator in response to the continuous operation mode and
the pulse operation mode being performed in the defrost
operation mode to be later than the peak temperature
arrival time point of the evaporator in response to the
defrost heater being only continuously turned on in the
defrost operation mode. Accordingly, it is possible to im-
prove the defrosting efficiency and reduce the power con-
sumption.
[0040] The controller may be configured to control a
size of a second section related to temperature versus
time between the defrost end temperatures at a phase
change temperature in response to the continuous op-
eration mode and the pulse operation mode being per-
formed in the defrost operation mode to be greater than
a size of a first section related to temperature versus time
between the defrost end temperatures at the phase
change temperature in response to the defrost heater
being only continuously turned on. Accordingly, it is pos-
sible to improve the defrosting efficiency and reduce the
power consumption.
[0041] Meanwhile, the controller may be configured to
control such that an effective defrost in response to the
continuous operation mode and the pulse operation
mode being performed in the defrost operation mode to
be larger than the effective defrost in response to the
defrost heater being only continuously performed in the
defrost operation mode. Accordingly, it is possible to im-
prove the defrosting efficiency and reduce the power con-
sumption.
[0042] Meanwhile, the controller may be configured to
control a heater OFF time point in response to the con-
tinuous operation mode and the pulse operation mode
being performed in the defrost operation mode to be later
than the heater OFF time point in response to the defrost
heater being only continuously turned on in the defrost
operation mode. Accordingly, it is possible to improve
the defrosting efficiency and reduce the power consump-
tion.
[0043] Meanwhile, the controller may be configured to
control a size of an overheat temperature region higher
than the defrosting end temperature in response to the
continuous operation mode and the pulse operation
mode being performed in the defrost operation mode to
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be less than a size of the overheat temperature region
higher than the defrost end temperature in response to
the defrost heater being only continuously performed in
the defrost operation mode. Accordingly, it is possible to
improve the defrosting efficiency and power consumption
in response to performing the continuous operation mode
and the pulse operation mode.
[0044] Meanwhile, the controller may be configured to
control a cooling power supply time point according to a
normal cooling operation mode in response to the con-
tinuous operation mode and the pulse operation mode
being performed in the defrost operation mode to be later
than the cooling power supply time point according to the
normal cooling operation mode in response to the defrost
heater being only continuously turned on in the defrost
operation mode. Accordingly, it is possible to improve
the defrosting efficiency and reduce the power consump-
tion. Accordingly, it is possible to improve the defrosting
efficiency and power consumption in response to per-
forming the continuous operation mode and the pulse
operation mode.
[0045] Meanwhile, after the continuous operation
mode ends, before the pulse operation mode in which
the defrost heater is repeatedly turned on and off, in re-
sponse to the temperature detected by the temperature
sensor reaching the defrosting end temperature, the con-
troller may be configured to turn on and off the defrost
heater at least once after the defrosting end temperature
arrives.. Accordingly, it is possible to improve the defrost-
ing efficiency and reduce the power consumption. In par-
ticular, since the defrosting is performed according to the
amount of frost of the actual evaporator, it is possible to
improve defrosting efficiency and power consumption.
[0046] A refrigerator according to an embodiment of
the present disclosure includes: an evaporator config-
ured to perform heat exchange; a defrost heater config-
ured to operate to remove frost formed on the evaporator;
a temperature sensor configured to detect an ambient
temperature of the evaporator; and a controller config-
ured to control the defrost heater, in which, in response
to a defrosting operation start time point arriving, the con-
troller is configured to perform a defrost operation mode
including a pre-defrost cooling mode, a heater operation
mode, and a post-defrost cooling mode, perform a con-
tinuous operation mode in which the defrost heater is
continuously turned on based on the heater operation
mode, and after the continuous operation mode ends,
before the pulse operation mode in which the defrost
heater is repeatedly turned on and off, in response to the
temperature detected by the temperature sensor reach-
ing the defrosting end temperature, the controller is con-
figured to turn on and off the defrost heater at least once
after the defrosting end temperature arrives. Accordingly,
it is possible to improve the defrosting efficiency and re-
duce the power consumption. In particular, since the de-
frosting is performed according to the amount of frost of
the actual evaporator, it is possible to improve defrosting
efficiency and power consumption.

[0047] Meanwhile, the controller may be configured to
terminate the heater operation mode after performing the
turn on and off at least once, and perform the post-defrost
cooling mode. Accordingly, it is possible to improve the
defrosting efficiency and reduce the power consumption.
[0048] Meanwhile, the controller may be configured to
turn off the defrost heater in response to the temperature
detected by the temperature sensor reaching the defrost-
ing end temperature during the continuous operation
mode. Accordingly, it is possible to improve the defrosting
efficiency and reduce the power consumption.
[0049] Meanwhile, the controller may be configured to
perform a pulse operation mode in which the defrost heat-
er is repeatedly turned on and off after the continuous
operation mode ends, and turn off the defrost heater in
response to the temperature detected by the temperature
sensor reaching the defrosting end temperature during
the continuous operation mode. Accordingly, it is possi-
ble to improve the defrosting efficiency and reduce the
power consumption.

BRIEF DESCRIPTION OF THE DRAWINGS

[0050]

FIG. 1 is a perspective view illustrating a refrigerator
according to an embodiment of the present disclo-
sure;
FIG. 2 is a perspective view of a door of the refrig-
erator of FIG. 1;
FIG. 3 is a view schematically illustrating a configu-
ration of the refrigerator of FIG. 1;
FIG. 4 is a block diagram schematically illustrating
the inside of the refrigerator shown in FIG. 1;
FIG. 5A is a perspective view illustrating an example
of an evaporator associated with the present disclo-
sure;
FIG. 5B is a diagram referenced in the description
of FIG. 5A;
FIG. 6 is a flowchart illustrating a method of operating
a refrigerator according to an embodiment of the
present disclosure;
FIGS. 7A to 13 are diagrams referenced in the de-
scription of FIG. 6;
FIG. 14 is a flowchart illustrating a defrosting method
according to another embodiment of the present dis-
closure;
FIGS. 15A to 15D are diagrams referenced in the
description of FIG. 14;
FIG. 16 is a flowchart illustrating a defrosting method
according to another embodiment of the present dis-
closure; and FIGS. 17A and 17B are diagrams ref-
erenced in the description of FIG. 16.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0051] Hereinafter, the present disclosure will be de-
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scribed in further detail with reference to the accompa-
nying drawings.
[0052] The suffixes "module" and "unit" in elements
used in description below are given only in consideration
of ease in preparation of the specification and do not
have specific meanings or functions. Therefore, the suf-
fixes "module" and "unit" may be used interchangeably.
[0053] FIG. 1 is a perspective view illustrating a refrig-
erator according to an embodiment of the present disclo-
sure.
[0054] Referring to the drawings, a refrigerator 100 ac-
cording to an embodiment of the present disclosure forms
a rough outer shape by a case 110 having an internal
space divided, although not shown, into a freezer com-
partment and a refrigerating compartment, a freezer
compartment door 120 that shields the freezer compart-
ment, and a refrigerator door 140 to shield the refriger-
ating compartment.
[0055] In addition, the front surface of the freezer com-
partment door 120 and the refrigerating compartment
door 140 is further provided with a door handle 121 pro-
truding forward, a user easily grips and rotates the freezer
compartment door 120 and the refrigerating compart-
ment door 140.
[0056] Meanwhile, the front surface of the refrigerating
compartment door 140 may be further provided with a
home bar 180 which is a convenient means for allowing
a user to take out a storage such as a beverage contained
therein without opening the refrigerating compartment
door 140.
[0057] In addition, the front surface of the freezer com-
partment door 120 may be provided with a dispenser 160
which is a convenient means for allowing the user to eas-
ily take out ice or drinking water without opening the freez-
er compartment door 120, and a control panel 210 for
controlling the driving operation of the refrigerator 100
and displaying the state of the refrigerator 100 being op-
erated on a screen may be further provided in an upper
side of the dispenser 160.
[0058] Meanwhile, in the drawing, it is illustrated that
the dispenser 160 is disposed in the front surface of the
freezer compartment door 120, but is not limited thereto,
and may be disposed in the front surface of the refriger-
ating compartment door 140.
[0059] The control panel 210 may include an input de-
vice 220 formed of a plurality of buttons, and a display
device 230 for displaying a control screen, an operation
state, and the like.
[0060] The display device 230 displays information
such as a control screen, an operation state, a temper-
ature inside the refrigerator, and the like. For example,
the display device 230 may display the set temperature
of the freezer compartment and the set temperature of
the refrigerating compartment.
[0061] The display device 230 may be implemented in
various ways, such as a liquid crystal display (LCD), a
light emitting diode (LED), an organic light emitting diode
(OLED), and the like. In addition, the display device 230

may be implemented as a touch screen capable of serv-
ing as the input device 220.
[0062] The input device 220 may include a plurality of
operation buttons. For example, the input device 220 may
include a freezer compartment temperature setting but-
ton (not shown) for setting the freezer compartment tem-
perature, and a refrigerating compartment temperature
setting button (not shown) for setting the refrigerating
compartment temperature. Meanwhile, the input device
220 may be implemented as a touch screen that may
also function as the display device 230.
[0063] Meanwhile, the refrigerator according to an em-
bodiment of the present disclosure is not limited to a dou-
ble door type shown in the drawing, but may be a one
door type, a sliding door type, a curtain door type, and
the like regardless of its type.
[0064] FIG. 2 is a perspective view of a door of the
refrigerator of FIG. 1.
[0065] Referring to the drawing, a freezer compart-
ment 155 is disposed inside the freezer compartment
door 120, and a refrigerating compartment 157 is dis-
posed inside the refrigerating compartment door 140.
[0066] FIG. 3 is a view schematically illustrating a con-
figuration of the refrigerator of FIG. 1.
[0067] Referring to the drawing, the refrigerator 100
may include a compressor 112, a condenser 116 for con-
densing a refrigerant compressed by the compressor
112, a freezer compartment evaporator 122 which is sup-
plied with the refrigerant condensed in the condenser
116 to evaporate, and is disposed in a freezer compart-
ment (not shown), and a freezer compartment expansion
valve 132 for expanding the refrigerant supplied to the
freezer compartment evaporator 122.
[0068] Meanwhile, in the drawing, it illustrated that a
single evaporator is used, but it is also possible to use
respective evaporators may be used in the refrigerating
compartment and the freezer compartment.
[0069] That is, the refrigerator 100 may further include
a refrigerating compartment evaporator (not shown) dis-
posed in a refrigerating compartment (not shown), a
three-way valve (not shown) for supplying the refrigerant
condensed in the condenser 116 to the refrigerating com-
partment evaporator (not shown) or the freezer compart-
ment evaporator 122, and a refrigerating compartment
expansion valve (not shown) for expanding the refriger-
ant supplied to the refrigerating compartment evaporator
(not shown).
[0070] In addition, the refrigerator 100 may further in-
clude a gas-liquid separator (not shown) which separates
the refrigerant passed through the evaporator 122 into a
liquid and a gas.
[0071] In addition, the refrigerator 100 may further in-
clude a refrigerating compartment fan (not shown) and
a freezer compartment fan 144 that suck cold air that
passed through the freezer compartment evaporator 122
and blow the sucked cold air into a refrigerating compart-
ment (not shown) and a freezer compartment (not shown)
respectively.
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[0072] In addition, the refrigerator 100 may further in-
clude a compressor driver 113 for driving the compressor
112, and a refrigerating compartment fan driver (not
shown) and a freezer compartment fan driver 145 for
driving the refrigerating compartment fan (not shown)
and the freezer compartment 144.
[0073] Meanwhile, based on the drawing, since a com-
mon evaporator 122 is used for the refrigerating com-
partment and the freezer compartment, in this case, a
damper (not shown) may be installed between the refrig-
erating compartment and the freezer compartment, and
a fan (not shown) may forcibly blow the cold air generated
in one evaporator to be supplied to the freezer compart-
ment and the refrigerating compartment.
[0074] FIG. 4 is a block diagram schematically illus-
trating the inside of the refrigerator shown in FIG. 1.
[0075] Referring to the drawings, the refrigerator of
FIG. 4 includes a compressor 112, a machine room fan
115, the freezer compartment fan 144, a controller 310,
a heater 330, a temperature sensor 320, and a memory
240, and an evaporator 122.
[0076] In addition, the refrigerator may further include
a compressor driver 113, a machine room fan driver 117,
a freezer compartment fan driver 145, a heater driver
332, a display device 230, and an input device 220.
[0077] The compressor 112, the machine room fan
115, and the freezer compartment fan 144 are described
with reference to FIG. 2.
[0078] The input device 220 includes a plurality of op-
eration buttons, and transmits a signal for an input freezer
compartment set temperature or refrigerating compart-
ment set temperature to the controller 310.
[0079] The display device 230 may display an opera-
tion state of the refrigerator. Meanwhile, the display de-
vice 230 is operable under the control of a display con-
troller (not shown).
[0080] The memory 240 may store data necessary for
operating the refrigerator.
[0081] For example, the memory 240 may store power
consumption information for each of the plurality of power
consumption devices. In addition, the memory 240 may
output corresponding power consumption information to
the controller 310 based on the operation of each power
consumption device in the refrigerator.
[0082] The temperature sensor 320 detects a temper-
ature in the refrigerator and transmits a signal for the
detected temperature to the controller 310. Here, the
temperature sensor 320 detects the refrigerating com-
partment temperature and the freezer compartment tem-
perature respectively. In addition, the temperature of
each chamber in the refrigerating compartment or each
chamber in the freezer compartment may be detected.
[0083] In order to control an ON/OFF operation of the
compressor 112, the fan 115 or 144, and the heater 330,
as shown in the drawing, the controller may be configured
to control the compressor driver 113, the fan driver 117
or 145, the heater driver 332 to eventually control the
compressor 112, the fan 115 or 144, and the heater 330.

Here, the fan driver may be the machine room fan driver
117 or the freezer compartment fan driver 145.
[0084] For example, the controller 310 may output a
corresponding speed command value signal to the com-
pressor driver 113 or the fan driver 117 or 145 respec-
tively.
[0085] The compressor driver 113 and the freezer
compartment fan driver 145 described above are provid-
ed with a compressor motor (not shown) and a freezer
compartment fan motor (not shown) respectively, and
each motor (not shown) may be operated at a target ro-
tational speed under the control of the controller 310.
[0086] Meanwhile, the machine room fan driver 117
includes a machine room fan motor (not shown), and the
machine room fan motor (not shown) may be operated
at a target rotational speed under the control of the con-
troller 310.
[0087] When such a motor is a three-phase motor, it
may be controlled by a switching operation in an inverter
(not shown) or may be controlled at a constant speed by
using an AC power source intactly. Here, each motor (not
shown) may be any one of an induction motor, a Blush
less DC (BLDC) motor, a synchronous reluctance motor
(synRM) motor, and the like.
[0088] Meanwhile, as described above, the controller
310 may be configured to control the overall operation
of the refrigerator 100, in addition to the operation control
of the compressor 112 and the fan 115 or 144.
[0089] For example, as described above, the controller
310 may be configured to control the overall operation
of the refrigerant cycle based on the set temperature from
the input device 220. For example, the controller 310 may
further control a three-way valve (not shown), a refriger-
ating compartment expansion valve (not shown), and a
freezer compartment expansion valve 132, in addition to
the compressor driver 113, the refrigerating compart-
ment fan driver 143, and the freezer compartment fan
driver 145. In addition, the operation of the condenser
116 may also be controlled. In addition, the controller 310
may be configured to control the operation of the display
device 230.
[0090] Meanwhile, the cold air heat-exchanged in the
evaporator 122 may be supplied to the freezer compart-
ment or the refrigerating compartment by a fan or a damp-
er (not shown).
[0091] Meanwhile, the heater 330 may be a freezer
compartment defrost heater. For example, when only one
freezer compartment evaporator 122 is used in the re-
frigerator 100, the freezer compartment defrost heater
330 may operate to remove frost attached to the freezer
compartment evaporator 122. To this end, the heater
driver 332 may be configured to control the operation of
the heater 330. Meanwhile, the controller 310 may be
configured to control the heater driver 332.
[0092] Meanwhile, the heater 330 may include a freez-
er compartment defrost heater and a refrigerating com-
partment defrost heater. For example, when the freezer
compartment evaporator 122 and the refrigerating com-
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partment evaporator (not shown) are separately used in
the refrigerator 100, the freezer compartment defrost
heater 330 may operates to remove frost attached to the
freezer compartment evaporator 122, and the refrigerat-
ing compartment defrost heater (not shown) may operate
to remove frost attached to the refrigerating compartment
evaporator. To this end, the heater driver 332 may be
configured to control the operations of the freezer com-
partment defrost heater 330 and the refrigerating com-
partment defrost heater.
[0093] FIG. 5A is a perspective view illustrating an ex-
ample of an evaporator related to the present disclosure,
and FIG. 5B is a diagram referenced in the description
of FIG. 5A.
[0094] First, referring to FIG. 5A, the evaporator 122
in the refrigerator 100 may be a freezer compartment
evaporator as described above with reference to FIG. 2.
[0095] A sensor mounter 400 including a temperature
sensor 320 may be attached to the evaporator 122 in the
refrigerator 100.
[0096] In the drawing, it is illustrated that a sensor
mounter 400 is attached to an upper cooling pipe of the
evaporator 122 in the refrigerator 100.
[0097] The evaporator 122 includes a cooling pipe 131
extending from one side of the accumulator 134 and a
support 133 supporting the cooling pipe 131.
[0098] The cooling pipe 131 may be repeatedly bent
in a zigzag manner to form multiple rows and may be
filled with a refrigerant.
[0099] Meanwhile, the defrost heater 330 for defrosting
may be disposed in the vicinity of the cooling pipe 131
of the evaporator 122.
[0100] In the drawing, it is illustrated that the defrost
heater 330 is disposed in the vicinity of the cooling pipe
131 in a lower region of the evaporator 122.
[0101] For example, since frost ICE is formed from a
lower region of the evaporator 122 and grows in an up-
ward direction, and thus, preferably, the defrost heater
330 may be disposed in the vicinity of the cooling pipe
131 in the lower region of the evaporator 122.
[0102] Accordingly, as shown in the drawing, the de-
frost heater 330 may be disposed in a shape surrounding
the cooling pipe 131 of the lower region of the evaporator
122.
[0103] Meanwhile, FIG. 5B illustrates frost ICE is at-
tached to the evaporator 122.
[0104] In the drawing, it is illustrated that frost ICE is
attached to a central portion and a lower portion of the
evaporator 122.
[0105] In particular, in the drawing, it is illustrated that
frost ICE is formed on the defrost heater 330 to cover the
defrost heater 330.
[0106] Meanwhile, when the defrost heater 330 oper-
ates, frost ICE is removed from the lower region of the
evaporator 122 and may be gradually removed in the
direction of the central region.
[0107] Meanwhile, in the present disclosure, a method
for improving defrosting efficiency and power consump-

tion when removing frost ICE, that is, defrosting, is pro-
posed. This will be described with reference to FIG. 6
and the following drawings.
[0108] FIG. 6 is a flowchart illustrating a method of op-
erating a refrigerator according to an embodiment of the
present disclosure.
[0109] Referring to the drawings, the controller 310 of
the refrigerator 100 according to an embodiment of the
present disclosure determines whether a defrosting op-
eration start time point for defrosting arrives (S610).
[0110] For example, the controller 310 of the refriger-
ator 100 may determine whether a defrosting operation
start time point arrives while performing a normal cooling
operation mode Pga.
[0111] The defrosting operation start time point may
vary according to a defrost cycle.
[0112] For example, when the number of opening
times a door of the cooling compartment (the refrigerating
compartment or the freezer compartment) increases, the
amount of cold air supplied in the normal cooling opera-
tion mode increases, and accordingly, a rate at which
frost is formed on the evaporator 122 may increase.
[0113] Accordingly, when the number of opening times
the door of the cooling compartment (the refrigerating
compartment or the freezer compartment) increases, the
controller 310 of the refrigerator 100 may be configured
to control such that a defrost cycle is shortened.
[0114] That is, when the number of opening times the
door of the cooling compartment (the refrigerating com-
partment or the freezer compartment) increases, the con-
troller 310 of the refrigerator 100 may be configured to
control the defrosting operation start time point to be
shortened.
[0115] Meanwhile, when a defrosting operation start
condition is satisfied, for example, in response to a de-
frosting operation start time point arriving, the controller
310 of the refrigerator 100 may be configured to terminate
the normal cooling operation mode, control to perform a
defrost operation mode Pdf, and control the defrost heat-
er 330 to be continuously turned on based on a heater
operation mode PddT in the defrost operation mode Pdf
(S615).
[0116] Next, the controller 310 of the refrigerator 100
may be configured to perform a pulse operation mode in
which the defrost heater 330 is repeatedly turned on and
off by a heater pulse after the defrost heater 330 is con-
tinuously turned on (S620).
[0117] For example, when the defrost operation start
condition is satisfied, the controller 310 of the refrigerator
100 may be configured to perform the defrost operation
mode Pdf including a pre-defrost cooling mode Pbd, a
heater operation mode PddT, and a post-defrost cooling
mode pbf.
[0118] Also, based on the heater operation mode Pd-
dT, based on the defrost operation mode pdf, the con-
troller may be configured to perform a continuous oper-
ation mode Pona in which the defrost heater 330 is con-
tinuously turned on and a pulse operation mode Ponb in
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which the defrost heater 330 is repeatedly turned on and
off.
[0119] Meanwhile, the controller 310 controls the de-
frost heater 330 to be continuously turned on based on
the continuous operation mode Pona, and in the ON state
of the defrost heater 330, when a change rate of an am-
bient temperature of the evaporator 122 detected by the
temperature sensor 320 is equal to or greater than a first
reference value ref1, the controller 310 may enter the
pulse operation mode Ponb to control the defrost heater
330 to be turned off. Accordingly, defrosting efficiency
and power consumption may be improved.
[0120] Meanwhile, the controller 310 of the refrigerator
100 may be configured to control the defrost heater 330
to be turned on and off based on a change rate of the
temperature detected by the temperature sensor 320
when the pulse operation mode Ponb is performed.
[0121] For example, in response to performing the
pulse operation mode Ponb, if the change rate of the
temperature detected by the temperature sensor 320 is
equal to or greater than the first reference value ref1, the
controller 310 of the refrigerator 100 may be configured
to control the defrost heater 330 to be turned off, and if
the change rate of the temperature detected by the tem-
perature sensor 320 is less than or equal to a second
reference value ref2 less than the first reference value
ref1, the controller 310 may be configured to control the
defrost heater 330 to be turned on. Accordingly, since
defrosting may be performed based on a change rate ΔT
of the temperature, defrosting efficiency and power con-
sumption may be improved.
[0122] Next, the controller 310 of the refrigerator 100
determines whether a pulse operation mode end time
point arrives (S630), and if pulse operation mode end
time point arrives, the controller 310 turn off the defrost
heater 330 (S640).
[0123] For example, the pulse operation mode end
time point may be a time point at which the temperature
detected by the temperature sensor 320 falls below a
phase-change temperature Trf1.
[0124] As another example, the pulse operation mode
end time point may be an end time point of the defrosting
operation or an end time point of the heater operation
mode.
[0125] As such, the continuous operation mode Pona
in which the defrost heater 330 is continuously turned on
and the pulse operation mode in which the defrost heater
330 is repeatedly turned on and off are controlled to be
performed based on the change rate of the temperature
detected by the temperature sensor 320, defrosting effi-
ciency and power consumption may be improved by per-
forming defrosting based on the change rate ΔT of the
temperature.
[0126] In particular, since defrosting is performed ac-
cording to the actual amount of frost of the evaporator
122, defrosting efficiency and power consumption may
be improved.
[0127] FIGS. 7A to 13 are diagrams referenced in the

description of FIG. 6.
[0128] First, FIG. 7A is a diagram illustrating a defrost
heater HT and a switching element RL for driving a de-
frost heater when one evaporator and one defrost heater
are used in the refrigerator 100.
[0129] Referring to the drawing, when only one freezer
compartment evaporator 122 is used in the refrigerator
100, the freezer compartment defrost heater HT may op-
erate to remove frost attached to the freezer compart-
ment evaporator 122.
[0130] To this end, the switching element RL in the
heater driver 332 may be configured to control the oper-
ation of the defrost heater HT. In this case, the switching
element RL may be a relay element.
[0131] That is, when the switching element RL is con-
tinuously turned on, the continuous operation mode Pona
in which the defrost heater HT is continuously turned on
may be performed, and when the switching element RL
is switched On and off, the pulse operation mode Ponb
in which the defrost heater HT is repeatedly turned on
and off may be performed.
[0132] Next, FIG. 7B is a diagram illustrating defrost
heaters HTa and HTb and switching elements RLa and
Rlb for driving the defrost heaters when two evaporators
and two defrost heaters are used in the refrigerator 100.
[0133] When a first defrost heater HTa is a freezer com-
partment defrost heater, a first switching element RLa in
the heater driver 332 may be configured to control the
operation of the first defrost heater HTa. In this case, the
first switching element RLa may be a relay element.
[0134] That is, when the first switching element RLa is
continuously turned on, the continuous operation mode
Pona in which the first defrost heater HTa is continuously
turned on may be performed, and when the first switching
element RLa performs On and off switching, the pulse
operation mode Ponb in which the first defrost heater
HTa is repeatedly turned on and off may be performed.
[0135] When a second defrost heater HTb is a refrig-
erating compartment defrost heater, a second switching
element RLb in the heater driver 332 may be configured
to control the operation of the second defrost heater HTb.
In this case, the second switching element RLb may be
a relay element.
[0136] That is, when the second switching element
RLb is continuously turned on, the continuous operation
mode Ponb in which the second defrost heater HTb is
continuously turned on may be performed, and when the
second switching element RLb performs On and off
switching, the pulse operation mode Ponb in which the
second defrost heater HTb is repeatedly turned on and
off may be performed.
[0137] Meanwhile, On and off timings of the first switch-
ing element RLa and the second switching element RLb
may be different from each other. Accordingly, it is pos-
sible to perform the defrosting of the freezer compartment
evaporator and the defrosting of the refrigerating com-
partment evaporator, separately.
[0138] FIG. 8A is a diagram illustrating an example of
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a pulse waveform indicating an operation of one defrost
heater of FIG. 7A.
[0139] Referring to the drawings, the horizontal axis of
the pulse waveform Psh may represent time and the ver-
tical axis may represent a level.
[0140] When the defrosting cloud base start time To
arrives, while performing the normal cooling operation
mode Pga, the controller 310 of the refrigerator 100 may
be configured to terminate the normal cooling operation
mode Pga and control to perform the defrost operation
mode pdf.
[0141] The defrost operation mode pdf may include a
pre-defrost cooling mode Pbd between Toa and Ta, a
heater operation mode PddT between Ta and Td, and a
post-defrost cooling mode pbf between Td and Te.
[0142] Meanwhile, after the defrost operation mode pdf
is ended, the normal cooling operation mode Pgb is per-
formed again.
[0143] The defrost heater 330 is turned off in the normal
cooling operation mode Pga and the normal cooling op-
eration mode Pgb.
[0144] Meanwhile, the defrost heater 330 may be
turned off in the pre-defrost cooling mode Pbd and the
post-defrost cooling mode pbf of the defrost operation
mode Pdf.
[0145] Meanwhile, the defrost heater 330 may be con-
tinuously turned on in the continuous operation mode
Pona of the heater operation mode PddT, and may be
repeatedly turned on and off in the pulse operation mode
Ponb of the heater operation mode PddT.
[0146] The continuous operation mode Pona may be
performed between Ta and Tb, and the pulse operation
mode Ponb may be performed between Tb and Tc.
[0147] When only the continuous operation mode is
performed and the defrost heater 330 is continuously
turned on, if the amount of frost is large, defrosting may
not be performed properly or if the amount of frost is
small, unnecessary defrosting may be performed, and
thus, unnecessary power consumption may be con-
sumed.
[0148] Accordingly, in the present disclosure, the con-
tinuous operation mode Pona and the pulse operation
mode Ponb are used in combination. Accordingly, de-
frosting efficiency and power consumption may be im-
proved.
[0149] FIG. 8B is a diagram illustrating an example of
a pulse waveform indicating an operation of two defrost
heaters of FIG. 7B.
[0150] Referring to the drawing, (a) of FIG. 8B shows
a pulse waveform Psha indicating an operation of the
freezer compartment defrost heater, and (b) of FIG. 8B
shows a pulse waveform Pshb indicating an operation of
the refrigerating compartment defrost heater.
[0151] The pulse waveform Psha of (a) of FIG. 8B may
be the same as the pulse waveform Psh of FIG. 8A.
[0152] Meanwhile, since less frost may occur in the
refrigerating compartment evaporator than in the freezer
compartment evaporator, an operating section of the re-

frigerating compartment defrost heater may be less than
an operating section of the freezer compartment defrost
heater.
[0153] Referring to the pulse waveform Pshb of (b) of
FIG. 8B, a period of continuously turning on in the con-
tinuous operation mode Pona in the heater operation
mode PddT may be less than a period of the pulse wave-
form Psha of (a) of FIG. 8B.
[0154] In addition, referring to the pulse waveform
Pshb of (b) of FIG. 8B, an ON/OFF repetition period of
the pulse operation mode Ponb in the heater operation
mode PddT may be less than the pulse waveform Psha
of (a) of FIG. 8B.
[0155] FIG. 9 is a diagram illustrating an example of
cooling power supply and a defrost heater operation in
the defrost operation mode Pdf of FIG. 8A.
[0156] Referring to the drawing, the defrost operation
mode pdf may include a pre-defrost cooling mode Pbd
between To and Ta, a heater operation mode PddT be-
tween Ta and Td, and a post-defrost cooling mode pbf
between Td and Te.
[0157] During a period To to T1 of the pre-defrost cool-
ing mode Pbd, a level of supplied cooling power may be
an R level, and during a period T1 to T2, a level of cooling
power may be an F level greater than the R level.
[0158] Also, during a period T2 to T3 of the pre-defrost
cooling mode Pbd, the cooling power supply may be
stopped.
[0159] In addition, during a period T3 to Ta in the pre-
defrost cooling mode Pbd, a level of supplied cooling
power may be the R level.
[0160] According to the pre-defrost cooling mode Pbd,
cooling power supply for compensating for the stoppage
of cooling power supply during the heater operation mode
PddT is performed.
[0161] Meanwhile, the cooling power supply may be
performed by a compressor, a thermoelectric element,
or the like, and in the drawings, it is illustrated that the
cooling power supply is performed by an operation of the
compressor.
[0162] During a period To to T2 and T3 to Ta in which
cooling power is supplied, the compressor operates, and
during a period T2 to T3 in which cooling power is not
supplied, the compressor is turned off.
[0163] Meanwhile, during a period To to T1 in which
the R level cooling power is supplied, the refrigerating
compartment fan may operate and the freezer compart-
ment fan may be turned off.
[0164] Meanwhile, during a period from a time point
T1, at which the F level cooling power is supplied, to a
time point Ta, at which the pre-defrost cooling mode Pbd
is ended, the refrigerating compartment fan may be
turned off and the freezer compartment fan may be op-
erated.
[0165] Meanwhile, during the period T2 to Ta, the de-
frost heater 330 should be maintained in an OFF state.
[0166] Next, the defrost heater 330 may operate during
the period of Ta to Tc in the period of Ta to Td of the
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heater operation mode PddT.
[0167] As shown in FIG. 8A, the continuous operation
mode Pona may be performed during the period of Ta
and Tb of the heater operation mode PddT period, and
the heater operation mode PddT may be performed dur-
ing the Tb and Tc periods.
[0168] Meanwhile, the defrost heater 330 may be
turned off from Tc, which is an end time point of the con-
tinuous operation mode Pona, to Td.
[0169] Meanwhile, during the period of the heater op-
eration mode PddT, the compressor and the refrigerating
compartment fan may be turned off.
[0170] Meanwhile, during the period of the heater op-
eration mode PddT, the freezer compartment fan may
be turned off. In particular, it is preferable that the freezer
compartment fan is turned off from Tc, which is the end
time point of the continuous operation mode Pona, to Td.
[0171] After the heater operation mode PddT, the post-
defrost cooling mode Pbf is performed.
[0172] During the period of Td to T4 in the post-defrost
cooling mode Pbf, a level of the supplied cooling power
may be an R+F level, and the largest level of cooling
power may be supplied.
[0173] In addition, during the period of T4 to T6 in the
post-defrost cooling mode Pbf, a level of the supplied
cooling power may be F level, and the cooling power
supply may be stopped during the period T6 to Te.
[0174] According to the post-defrost cooling mode Pbf,
the largest level of cooling power supply may be per-
formed according to the stopping of the cooling power
supply during the heater operation mode PddT.
[0175] During the period of Td to T6 in which cooling
power is supplied, the compressor operates, and the
compressor is turned off during the period of T6 to Te in
which cooling power is not supplied.
[0176] Meanwhile, during the period of Td to T4 in
which the R +F level of cooling power is supplied, the
refrigerating compartment fan and the freezer compart-
ment fan may be turned off together.
[0177] Meanwhile, during the period of T4 to T6 in
which the F level cooling power is supplied, the refriger-
ating compartment fan may be turned off and the freezer
compartment fan may be operated.
[0178] Meanwhile, the level of power consumption in
the heater operation mode PddT in FIG. 9 may be greater
than the level of power consumption of the R+F level
cooling power.
[0179] FIG. 10 is a diagram illustrating temperature
change waveforms of an evaporator in response to the
defrost heater being operated only in the continuous op-
eration mode and in response to the continuous opera-
tion mode and the pulse operation mode being mixed.
[0180] In particular, in (a) of FIG. 10, CVa represents
a temperature change waveform in response to the de-
frost heater being operated only in the continuous oper-
ation mode, and CVb represents a temperature change
waveform in response to the defrost heater being oper-
ated by mixing the continuous operation mode and the

pulse operation mode.
[0181] According to CVa, the defrost heater 330 is con-
tinuously turned on, and may be turned off at a time point
Tx, as shown in (b) of FIG. 10.
[0182] According to CVb, the defrost heater 330 oper-
ates during the Pohm period, as shown in (c) of FIG. 10.
[0183] That is, during the Ponm period including up to
a Tpa time point, the continuous operation mode is per-
formed, and the pulse operation mode is performed dur-
ing a Pofn period from Tpa to Tpb.
[0184] Trf1 represents a phase-change temperature,
and may be, for example, 0°C. Meanwhile, Trf2 repre-
sents a defrost end temperature, for example, may be
5°C.
[0185] Meanwhile, a region between Trf1 and Trf2 may
indicate a defrosting region in which defrosting is actually
performed, and a region exceeding Trf2 may indicate an
overheating region in which excessive defrosting is per-
formed.
[0186] In order to actually effectively perform defrost-
ing, it is preferable that a size of the overheating region
is reduced and a size of the defrosting region is in-
creased.
[0187] Accordingly, in the present disclosure, the con-
tinuous operation mode and the pulse operation mode
of the defrost heater 300 are mixed in order to reduce
the size of the overheating region and increase the size
of the defrosting region.
[0188] Meanwhile, the controller 310 may be config-
ured to control a peak temperature arrival point Qd of the
evaporator 122 when the continuous operation mode Po-
na and the pulse operation mode Ponb are performed in
the defrost operation mode Pdf to be later than a peak
temperature arrival point Qc of the evaporator 122 when
the defrost heater 330 is only continuously turned on in
the defrost operation mode Pdf. Accordingly, it is possible
to improve the defrosting efficiency and power consump-
tion when the continuous operation mode Pona and the
pulse operation mode Ponb are performed.
[0189] Meanwhile, the controller 310 may be config-
ured to control a size of a second section Arbb related
to a temperature versus time between a phase-change
temperature Trf1 and a defrost end temperature Trf2 in
response to the continuous operation mode and the pulse
operation mode being performed in the defrost operation
mode Pdf to be greater than a size of a first section Arab
related to a temperature versus time between the phase-
change temperature Trf1 and the defrost end tempera-
ture Trf2 in response to the defrost heater being only
continuously turned on in the defrost operation mode Pdf.
Accordingly, it is possible to improve the defrosting effi-
ciency and power consumption when the continuous op-
eration mode Pona and the pulse operation mode Ponb
are performed.
[0190] Meanwhile, the controller 310 may be config-
ured to control an effective defrost when the continuous
operation mode Pona and the pulse operation mode
Ponb are performed in the defrost operation mode Pdf
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to be greater than an effective defrost when the defrost
heater 330 is only continuously turned on in the defrost
operation mode Pdf. Accordingly, it is possible to improve
the defrosting efficiency and power consumption when
the continuous operation mode Pona and the pulse op-
eration mode Ponb are performed.
[0191] Meanwhile, the controller 310 may be config-
ured to control a heater OFF time point Tpb when the
continuous operation mode Pona and the pulse operation
mode Ponb are performed in the defrost operation mode
Pdf to be later than a heater OFF time point Tx when the
defrost heater 330 is only continuously turned on in the
defrost operation mode Pdf. Accordingly, it is possible to
improve the defrosting efficiency and power consumption
when the continuous operation mode Pona and the pulse
operation mode Ponb are performed.
[0192] Meanwhile, the controller 310 may be config-
ured to control a period Tpb-Qd between the heater OFF
time point Tpb and a peak temperature arrival time Qd
of the evaporator 122 when the continuous operation
mode Pona and the pulse operation mode Ponb are per-
formed in the defrost operation mode Pdf to be greater
than a period Tx-Qc between the heater OFF time point
and the peak temperature arrival time Qc of the evapo-
rator 122 when the defrost heater 330 is only continuously
turned on in the defrost operation mode Pdf. Accordingly,
it is possible to improve the defrosting efficiency and pow-
er consumption when the continuous operation mode Po-
na and the pulse operation mode Ponb are performed.
[0193] Meanwhile, the controller 310 may be config-
ured to control a period Tpb-Qh during which a temper-
ature maintains above the phase-change temperature
Trf1 when the continuous operation mode Pona and the
pulse operation mode Ponb are performed in the defrost
operation mode Pdf to be greater than a period Tx-Qg
during which a temperature maintains above the phase-
change temperature Trf1 when the defrost heater 330 is
only continuously turned on in the defrost operation mode
Pdf. Accordingly, it is possible to improve the defrosting
efficiency and power consumption when the continuous
operation mode Pona and the pulse operation mode
Ponb are performed
[0194] Meanwhile, the controller 310 may be config-
ured to control a period Tpb-Qh between the heater OFF
time point Tpb to a time point at which a temperature falls
below a phase-change temperature Trf1 when the con-
tinuous operation mode Pona and the pulse operation
mode Ponb are performed in the defrost operation mode
Pdf to be less than a period Tx-Qg between the heater
OFF time point Tx to a time point Qg at which the tem-
perature falls below the phase-change temperature Trf1
when the defrost heater 330 is only continuously turned
on in the defrost operation mode Pdf. Accordingly, it is
possible to improve the defrosting efficiency and power
consumption when the continuous operation mode Pona
and the pulse operation mode Ponb are performed.
[0195] Meanwhile, the controller 310 may be config-
ured to control a size of an overheat temperature region

Arba equal to higher than the defrosting end temperature
Trf2 when the continuous operation mode Pona and the
pulse operation mode Ponb are performed in the defrost
operation mode Pdf to be less than an overheat temper-
ature region Araa equal to higher than the defrosting end
temperature Trf2 when the defrost heater 330 is only con-
tinuously turned on in the defrost operation mode Pdf.
Accordingly, it is possible to improve the defrosting effi-
ciency and power consumption when the continuous op-
eration mode Pona and the pulse operation mode Ponb
are performed.
[0196] In FIG. 10, (d) shows a cooling power supply
waveform COa in the case of only continuously turning
on the defrost heater 330 and a cooling power supply
waveform COb in the case of performing a continuous
operation mode Pona and a pulse operation mode Ponb.
[0197] Referring to the drawing, the controller 310 may
be configured to control a cooling power supply time point
Tcb according to a normal cooling operation mode Pga
when the continuous operation mode Pona and the pulse
operation mode Ponb are performed in the defrost oper-
ation mode Pdf to be later than a cooling power supply
time point Tca according to the normal cooling operation
mode Pga when the defrost heater 330 is only continu-
ously turned on in the defrost operation mode Pdf.
[0198] Accordingly, it is possible to improve the de-
frosting efficiency and power consumption. Accordingly,
it is possible to improve the defrosting efficiency and pow-
er consumption when the continuous operation mode Po-
na and the pulse operation mode Ponb are performed.
[0199] FIG. 11 is a diagram illustrating an operating
method in a pulse operation mode according to an em-
bodiment of the present disclosure.
[0200] Referring to the drawing, the controller 310 con-
trols the defrost heater 330 to be turned on based on the
heater operation mode, in particular, based on the con-
tinuous operation mode (S1115).
[0201] Next, the controller 310 calculates a change
rate ΔT of a temperature detected by the temperature
sensor 320 during the operation of the defrost heater
330, and determines whether the change rate ΔT of the
temperature is equal to or greater than a first reference
value ref1 (S1120).
[0202] For example, when the change rate ΔT of the
temperature during the continuous operation of the de-
frost heater 330 is less than the first reference value ref1,
the controller 310 may be configured to control the defrost
heater 330 to continuously operate.
[0203] Meanwhile, when the change rate ΔT of the tem-
perature during the continuous operation of the defrost
heater 330 is equal to or greater than the first reference
value ref1, the controller 310 may temporarily turn off the
defrost heater 330 (S1125).
[0204] Next, the controller 310 calculates the change
rate ΔT of the temperature detected by the temperature
sensor 320 after the defrost heater 330 is temporarily
turned off, and determine whether the change rate ΔT of
the temperature is less than or equal to a second refer-
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ence value ref2 (S1128).
[0205] When the change rate ΔT of the temperature
detected by the temperature sensor 320 is less than or
equal to the second reference value ref2 after the defrost
heater 330 is temporarily turned off, the controller 310 is
configured to turn on the defrost heater. That is, the con-
troller 310 controls to perform step S1115.
[0206] As such, when steps 1115 to 1128 are repeated,
the pulse operation mode of the defrost heater 330 is
performed.
[0207] Meanwhile, in step S1128, after the defrost
heater 330 is temporarily turned off, when the change
rate ΔT of the temperature exceeds the second reference
value ref2, the controller 310 determines a pulse opera-
tion mode end condition is met. When the pulse operation
mode end condition is met (S1130), the controller 310
ends the pulse operation mode and controls the heater
to be turned off (S1140).
[0208] The pulse operation mode end condition may
correspond to the pulse operation mode time point.
[0209] For example, the pulse operation mode end
time point may be a time at which the temperature de-
tected by the temperature sensor 320 falls below the
phase-change temperature Trf1.
[0210] As another example, the pulse operation mode
end time point may be an end time point of the defrosting
operation or an end time point of the heater operation
mode.
[0211] Meanwhile, when the defrosting operation start
time point To arrives, the controller 310 controls to per-
form the defrost operation mode Pdf and controls to per-
form the continuous operation mode Pona in which the
defrost heater 330 is continuously turned on and the
pulse operation mode Ponb in which the defrost heater
330 is repeatedly turned on and off based on the defrost
operation mode Pdf, and in response to performing the
pulse operation mode Ponb, the controller is configured
to control the defrost heater 330 to be turned on and off
based on the change rate ΔT of the temperature detected
by the temperature sensor 320. Accordingly, since de-
frosting may be performed based on the change rate ΔT
of the temperature, it is possible to improve defrost effi-
ciency and power consumption.
[0212] In particular, since defrosting is performed ac-
cording to the actual amount of frost ICE of the evaporator
122, it is possible to improve defrost efficiency and power
consumption.
[0213] Meanwhile, the controller 310 may be config-
ured to perform the continuous operation mode Pona or
the pulse operation mode Ponb based on the change
rate ΔT of the temperature detected by the temperature
sensor 320. Accordingly, it is possible to improve the de-
frosting efficiency and power consumption.
[0214] Meanwhile, the controller 310 may be config-
ured to operate the heater with power inversely propor-
tional to the change rate ΔT of the temperature detected
by the sensor during the pulse operation mode Ponb.
Accordingly, it is possible to improve the defrosting effi-

ciency and power consumption.
[0215] Meanwhile, the controller 310 may be config-
ured to decrease a period of performing the defrost op-
eration mode Pdf as the number of opening times the
cooling compartment door increases. Accordingly, it is
possible to improve the defrosting efficiency and power
consumption.
[0216] FIG. 12A is a diagram showing a temperature
waveform of the evaporator when there is a large amount
of frost formation.
[0217] In FIG. 12A, (a), CVma represents a tempera-
ture change waveform in response to the defrost heater
being operated only in the continuous operation mode,
and CVmb represents a temperature change waveform
in response to the defrost heater being operated by mix-
ing the continuous operation mode and the pulse oper-
ation mode.
[0218] According to CVma, the defrost heater 330 may
be continuously turned on, and may be turned off at a
time point Tmg, as shown in (b) of FIG. 12A.
[0219] According to CVmb, as shown in (c) of FIG. 12A,
the defrost heater 330 is continuously turned on during
a Tma period and turned off during Tma and Tmb, during
Tmc and Tmd, during Tme and Tmf, and during Tmg and
Tmh, and the defrost heater 330 is turned on during Tmb
and Tmc, during Tmd and Tme, during Tmf and Tmg,
and during Tmh and Tmi.
[0220] That is, from Tma to Tmi, the defrost heater 330
operates in the pulse operation mode.
[0221] Meanwhile, the controller 310 controls the de-
frost heater 330 to be continuously turned on based on
the continuous operation mode Pona, and in the ON state
of the defrost heater 330, when the change rate ΔT of
the ambient temperature of the evaporator 122 detected
by the temperature sensor 320 is equal to or greater than
the first reference value ref1, the controller 310 may enter
the pulse operation mode Ponb and control the defroster
heater 330 to be turned off. Accordingly, it is possible to
improve the defrosting efficiency and power consump-
tion.
[0222] Meanwhile, when the defrost heater 330 is
turned off during the pulse operation mode Ponb and the
change rate ΔT of the temperature around the evaporator
122 is equal to or less than the second reference value
ref2 less than the first reference value ref1, the controller
310 may be configured to control the defrost heater 330
to be turned on. Accordingly, it is possible to improve the
defrosting efficiency and power consumption.
[0223] Meanwhile, when the defrost heater 330 is
turned on during the pulse operation mode Ponb and the
change rate ΔT of the temperature around the evaporator
122 is equal to or greater than the first reference value
ref1, the controller 310 may be configured to control the
defrost heater 330 may to be turned on. Accordingly, it
is possible to improve the defrosting efficiency and power
consumption.
[0224] Meanwhile, the controller 310 may be config-
ured to control the defrost heater 330 to be continuously
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turned on based on the continuous operation mode Pona,
and based on the pulse operation mode Ponb, the con-
troller 310 may repeatedly turned on and off the defrost
heater 320 the change rate ΔT of the temperature around
the evaporator 122 may be between the first reference
value ref1 and the second reference value ref2. Accord-
ingly, it is possible to improve the defrosting efficiency
and power consumption.
[0225] FIG. 12B is a diagram showing a temperature
waveform of the evaporator when the amount of frost
formation is less than that of FIG. 12A.
[0226] In (a) of FIG. 12B, CVna represents a temper-
ature change waveform in response to the defrost heater
being operated only in the continuous operation mode,
and CVnb represents a temperature change waveform
in response to the defrost heater being operated by mix-
ing the continuous operation mode and the pulse oper-
ation mode.
[0227] According to CVna, the defrost heater 330 may
be continuously turned on and may be turned off at a
time point Tng, as shown in (b) of FIG. 12B.
[0228] According to CVnb, as shown in (c) of FIG. 12b,
the defrost heater 330 is continuously turned on during
a period of Tna, and the defrost heater 330 is turned off
during Tna and Tnb, during Tnc and Tnd, during Tne and
Tnf, and during Tng and Tnh, and turned on during Tnb
and Tnc, during Tnd and Tne, during Tnf and Tng, and
during Tnh and Tni.
[0229] That is, from Tna to Tni, the defrost heater 330
operates in the pulse operation mode.
[0230] FIG. 13 is a view showing a region requiring
cooling power supply and a region requiring defrosting
according to temperatures of the refrigerating compart-
ment and the freezer compartment.
[0231] Referring to the drawing, the horizontal axis
may indicate a temperature of the refrigerating compart-
ment, and the vertical axis may indicate a temperature
of the freezer compartment.
[0232] When a temperature is equal to or lower than a
reference temperature of the freezer compartment ref-
ma, it may indicate that a freezing capacity is sufficient,
and when the temperature is equal to or lower than a
reference temperature of the refrigerating compartment
refmb, it may indicate that cooling capacity of the refrig-
erating compartment is sufficient.
[0233] An Arma region in the drawing is a region in
which freezing capacity of the freezer compartment and
cooling capacity of the refrigerating compartment are suf-
ficient, and may be a region requiring defrosting.
[0234] Accordingly, when the defrosting required re-
gion is satisfied based on the temperature of the refrig-
erating compartment and the freezer compartment, the
controller 310 may be configured to perform the contin-
uous operation mode and the pulse operation mode de-
scribed above. In particular, ON/OFF of the defrost heat-
er 330 in the pulse operation mode may be controlled
based on a temperature change rate around the evapo-
rator 122.

[0235] Meanwhile, the Armb region in the drawing may
be a region in which both cooling power of the freezer
compartment and cooling power of the refrigerating com-
partment are insufficient, and may be a cooling power
supply requiring region requiring cooling power supply.
[0236] Accordingly, the controller 310 may be config-
ured to control supply of cooling power. For example, a
compressor may be operated or a thermoelectric element
may be operated to control supply of cooling power.
[0237] FIG. 14 is a flowchart illustrating a defrosting
method according to an embodiment of the present dis-
closure, and FIGS. 15A to 15D are diagrams referenced
in the description of FIG. 14.
[0238] First, referring to FIG. 14, the controller 310 of
the refrigerator 100 according to an embodiment of the
present disclosure determines whether a defrosting op-
eration start time point arrives for defrosting (S610).
[0239] For example, the controller 310 of the refriger-
ator 100 may determine whether a defrosting operation
start time point arrives, while performing the normal cool-
ing operation mode Pga. The defrosting operation start
time point may vary according to a defrost cycle.
[0240] Meanwhile, when a defrosting operation start
condition is satisfied, for example, in response to a de-
frosting operation start time point arriving, the controller
310 of the refrigerator 100 may be configured to terminate
the normal cooling operation mode and control to perform
the defrost operation mode Pdf.
[0241] Meanwhile, the defrost operation mode Pdf may
include a pre-defrost cooling mode Pbd, a heater oper-
ation mode PddT, and a post-defrost cooling mode pbf.
[0242] Meanwhile, the heater operation mode PddT
may include a continuous operation mode in which the
defrost heater 330 is continuously turned on and a pulse
operation mode in which the defrost heater 330 is repeat-
edly turned on and off.
[0243] Meanwhile, the controller 310 of the refrigerator
100 may be configured to control the defrost heater 330
to be continuously turned on based on the continuous
operation mode Pona of the heater operation mode PddT
in the defrost operation mode Pdf (S615).
(a) of FIG. 15A illustrates an example of a temperature
waveform Tcva around the evaporator 122, and (b) of
FIG. 15A illustrates an example of an operating waveform
Pshna of the defrost heater 330.
[0244] Referring to the drawing, based on the heater
operation mode, the continuous operation mode Pona1
is performed during a period between Ta1 and Tb1.
[0245] Meanwhile, the controller 310 of the refrigerator
100 may determine whether the temperature change rate
ΔT detected by the temperature sensor 320 sequentially
increases, decreases, and increases again while per-
forming the continuous operation mode Pona1 (S617),
and if so, may be configured to terminate the continuous
operation mode Pona1 and turn off the defrost heater
330 (S618).
[0246] The controller 310 of the refrigerator 100 con-
trols the pulse operation mode Ponb1, in which the de-
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frost heater 330 is repeatedly turned on and off according
to the end of the continuous operation mode Pona1, to
be performed (S620).
[0247] FIG. 15A illustrates that, while performing the
continuous operation mode Pona1, the temperature
change rate increases during period Pr1 that is a period
up to time point Tr1, the temperature change rate de-
creases during period Pr2 that is a period from the time
point Tr1 to time point Tr2, and the temperature change
rate ΔT increases again from the time point Tr2.
[0248] Accordingly, the controller 310 of the refrigera-
tor 100 may determine that the frost of the evaporator
122 is properly removed, and may be configured to con-
trol the pulse operation mode Ponb1 to be performed in
order to remove the remaining frost and reduce the power
consumption.
[0249] Accordingly, the controller 310 may be config-
ured to control the defrost heater 330 to be turned off in
Tb1 after the predetermined time of the time point Tr2 at
which the temperature change rate ΔT increases again.
[0250] The controller 310 controls the pulse operation
mode Ponb1, in which the defrost heater 330 is repeat-
edly turned on and off, to be performed after the defrost
heater 330 is turned off. Accordingly, it is possible to im-
prove the defrosting efficiency and reduce the power con-
sumption. In particular, since the defrosting is performed
according to the amount of frost of the actual evaporator,
it is possible to improve defrosting efficiency and power
consumption.
[0251] Meanwhile, the controller 310 may determine
whether the temperature change rate ΔT detected by the
temperature sensor 320 is between a first reference val-
ue ref1 and a second reference value ref2 while perform-
ing the pulse operation mode Ponb1 (S627), and if so,
control the pulse operation mode Ponb1 to be continu-
ously performed (S628). Accordingly, it is possible to im-
prove the defrosting efficiency and reduce the power con-
sumption.
[0252] Meanwhile, the controller 310 may perform the
pulse operation mode Ponb1 when the temperature
change rate ΔT detected by the temperature sensor 320
is between the first reference value ref1 and the second
reference value ref2 while performing the pulse operation
mode Ponb1, and as illustrated in FIG. 15A, may be con-
figured to control the ON period of the defrost heater 330
to be sequentially decreased.
[0253] FIG. 15A illustrates that the ON period of the
defrost heater 330 sequentially decreases between Tb1
and Tc1 when the pulse operation modePonb1 is per-
formed. Accordingly, it is possible to improve the power
consumption while performing the defrosting.
[0254] Next, the controller 310 may determine whether
the temperature change rate ΔT detected by the temper-
ature sensor 320 exceeds the first reference value ref1
while performing the pulse operation mode Ponb1
(S629), and if so, terminate the pulse operation mode
Ponb1, and turn off the defrost heater 330 (S640).
[0255] FIG. 15A illustrates that the temperature

change rate ΔT detected by the temperature sensor 320
exceeds the first reference value ref1 at the time point
Tc1. Accordingly, the controller 310 may be configured
to terminate the pulse operation mode Ponb1 and turn
off the defrost heater 330. Accordingly, it is possible to
terminate the defrost operation mode.
[0256] Meanwhile, in step 629, when the temperature
change rate ΔT detected by the temperature sensor 320
does not exceed the first reference value ref1, step S632
may be performed.
[0257] The controller 310 may determine whether the
temperature change rate ΔT detected by the temperature
sensor 320 is less than the second reference value ref2
while performing the pulse operation mode Ponb2
(S632), and if so, may be configured to control a contin-
uous operation mode Pona3 to be performed again
(S634).
(a) of FIG. 15A illustrates another example of a temper-
ature waveform Tcvb around the evaporator 122, and (b)
of FIG. 15B illustrates another example of an operating
waveform Pshb1 of the defrost heater 330.
[0258] Referring to the drawing, based on the heater
operation mode Pon, the continuous operation mode
Pona2 is performed during the period Pona2 between
Ta2 and Tb2.
[0259] FIG. 15B illustrates that, while performing the
continuous operation mode Pona2, the temperature
change rate increases during period Ps1 that is a period
up to the time point Tr1, the temperature change rate
decreases during period Ps2 that is a period from the
time point Ts1 to the time point Ts2, and the temperature
change rate ΔT increases again from the time point Ts2.
[0260] Accordingly, the controller 310 of the refrigera-
tor 100 may determine that the frost of the evaporator
122 is properly removed, and may be configured to con-
trol the pulse operation mode Ponb2 to be performed in
order to remove the remaining frost and reduce the power
consumption.
[0261] Accordingly, the controller 310 may be config-
ured to control the defrost heater 330 to be turned off in
Tb2 after the predetermined time of the time point Ts2
at which the temperature change rate ΔT increases
again.
[0262] The controller 310 controls the pulse operation
mode Ponb2, in which the defrost heater 330 is repeat-
edly turned on and off, to be performed after the defrost
heater 330 is turned off. Accordingly, it is possible to im-
prove the defrosting efficiency and reduce the power con-
sumption. In particular, since the defrosting is performed
according to the amount of frost of the actual evaporator,
it is possible to improve defrosting efficiency and power
consumption.
[0263] Meanwhile, FIG. 15B illustrates that the tem-
perature change rate ΔT detected by the temperature
sensor 320 is less than the second reference value ref2
at the time point Tc2 while performing the pulse operation
mode Ponb2.
[0264] Accordingly, the controller 310 may end a pulse
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operation mode Ponb12, and control the continuous op-
eration mode Pona3 to be performed again.
[0265] FIG. 15B illustrates that the continuous opera-
tion mode Pona3 is performed again between Tc2 and
Tc3.
[0266] Meanwhile, the controller 310 may be config-
ured to control, when the continuous operation mode
Pona1 is performed again, the duration Tc2 to Tc3 of the
continuous operation mode Pona3 to be less than the
duration Ta2 to Tb2 of the continuous operation mode
Pona2 before the pulse operation mode Ponb1 as illus-
trated in FIG. 15B. Accordingly, it is possible to improve
the defrosting efficiency and reduce the power consump-
tion.
[0267] Meanwhile, FIG. 15B illustrates that the tem-
perature change rate ΔT detected by the temperature
sensor 320 exceeds the first reference value ref1 at the
time point Tc3 while performing the continuous operation
mode Pona3.
[0268] Accordingly, the controller 310 may be config-
ured to terminate the continuous operation mode Pona3
and turn off the defrost heater 330. Accordingly, it is pos-
sible to terminate the defrost operation mode.
[0269] Meanwhile, in response to the defrosting oper-
ation start time point arriving while performing the normal
cooling operation mode the controller 310, the controller
310 may be configured to control the defrost operation
mode including the pre-defrost cooling mode Pbd, the
heater operation mode PddT, and the post-defrost cool-
ing mode pbf to be performed, and control the continuous
operation mode Pona1 of the defrost heater and the pulse
operation mode Ponb1, in which the defrost heater is
repeatedly turned on and off, to be performed, based on
the heater operation mode PddT. Accordingly, it is pos-
sible to improve the defrosting efficiency and reduce the
power consumption.
[0270] Meanwhile, the controller 310 may be config-
ured to, as the number of opening times of the cooling
compartment door increases, decrease the duration of
the defrost operation mode. Accordingly, it is possible to
improve the defrosting efficiency and reduce the power
consumption.
[0271] FIG. 16 is a flowchart illustrating a defrosting
method according to another embodiment of the present
disclosure, and FIGS. 17A to 17D are diagrams refer-
enced in the description of FIG. 16.
[0272] First, referring to FIG. 16, the controller 310 of
the refrigerator 100 according to the embodiment of the
present disclosure determines whether it is a defrosting
operation start time point for defrosting (S1610).
[0273] For example, the controller 310 of the refriger-
ator 100 may determine whether it is a defrosting oper-
ation start time point while performing a normal cooling
operation mode Pga. The defrosting operation start time
point may be changed according to the defrosting period.
[0274] When the defrosting operation start condition is
satisfied, for example, in response to the defrosting op-
eration start time point arriving, the controller 310 of the

refrigerator 100 may be configured to terminate the nor-
mal cooling operation mode, and control the defrost op-
eration mode Pdf to be performed.
[0275] Meanwhile, the defrost operation mode Pdf may
include the pre-defrost cooling mode Pbd, the heater op-
eration mode PddT, and the post-defrost cooling mode
pbf.
[0276] Meanwhile, the heater operation mode PddT
may include the continuous operation mode in which the
defrost heater 330 is continuously turned on and the
pulse operation mode in which the defrost heater 330 is
repeatedly turned on and off.
[0277] Meanwhile, the controller 310 of the refrigerator
100 may be configured to control the defrost heater 330
to be continuously turned on based on the continuous
operation mode Pona of the heater operation mode PddT
in the defrost operation mode Pdf (S1615).
[0278] Meanwhile, the controller 310 of the refrigerator
100 may determine whether the temperature change rate
ΔT detected by the temperature sensor 320 sequentially
increases, decreases, and increases again while per-
forming the continuous operation mode Pona1 (S1617),
and if so, may be configured to terminate the continuous
operation mode and turn off the defrost heater 330
(S1618).
[0279] Next, the controller 310 of the refrigerator 100
determines whether the temperature detected by the
temperature sensor 320 reaches the defrosting end tem-
perature Tend before performing the pulse operation
mode Ponb in which the defrost heater 330 is repeatedly
turned on and off after the defrost heater 330 is turned
off according to the end of the continuous operation mode
(S1619).
[0280] Meanwhile, when the temperature detected by
the temperature sensor 320 reaches the defrosting end
temperature Tend before performing the pulse operation
mode Ponb, the controller 310 of the refrigerator 100 con-
trols the defrost heater 330 to be turned on and off at
least once after the defrosting end temperature Tend ar-
rives (S1621).
[0281] By turning on and off the defrost heater 330 at
least once, it is possible to prevent the defrosting from
being less performed according to the end of the contin-
uous operation mode. That is, by turning on and off the
defrost heater 330 at least once, it is possible to improve
the reliability of the defrosting completion and the defrost-
ing efficiency. In particular, since the defrosting is per-
formed according to the amount of frost of the actual
evaporator, it is possible to improve defrosting efficiency
and power consumption.
[0282] After performing the turn on and off at least
once, the controller 310 of the refrigerator 100 may be
configured to terminate the heater operation mode PddT
(S1622), and may be configured to control the post-de-
frost cooling mode pbf to be performed.
[0283] Meanwhile, the controller 310 may be config-
ured to turn off the defrost heater 330 when the temper-
ature detected by the temperature sensor 320 reaches
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the defrosting end temperature Tend during the contin-
uous operation mode Pona. Accordingly, it is possible to
improve the defrosting efficiency and reduce the power
consumption.
[0284] Meanwhile, the controller 310 controls the pulse
operation mode Ponb, in which the defrost heater 330 is
repeatedly turned on and off, to be performed after the
continuous operation mode Pona ends, and when the
temperature detected by the temperature sensor 320
reaches the defrosting end temperature Tend while per-
forming the pulse operation mode Ponb, may be config-
ured to turn off the defrost heater 330. Accordingly, it is
possible to improve the defrosting efficiency and reduce
the power consumption.
(a) of FIG. 17A illustrates an example of a temperature
waveform Tck1 around the evaporator 122, and (b) of
FIG. 17A illustrates an example of an operating waveform
Pshka of the defrost heater 330.
[0285] Referring to the drawing, it is exemplified that,
while performing the continuous operation mode Pona,
the temperature change rate increases during period Pu1
that is a period up to time point Tu1, the temperature
change rate decreases during period Pu2 that is a period
from the time point Tu1 to time point Tu2, and the tem-
perature change rate ΔT increases again from the time
point Tu2.
[0286] Accordingly, the controller 310 of the refrigera-
tor 100 may determine that the frost of the evaporator
122 is properly removed, and may be configured to con-
trol the continuous operation mode Pona to end after a
predetermined time elapses from the time point Tu2.
[0287] Meanwhile, when the temperature detected by
the temperature sensor 320 reaches the defrosting end
temperature Tend between the time point Tu2 at which
the temperature change rate ΔT increases again and the
end time point Tk1 of the continuous operation mode
Pona, the controller 310 of the refrigerator 100 may de-
termine that the defrosting has been sufficiently per-
formed in the continuous operation mode Pona, and con-
trol the defrost operation mode to end together with the
end of the continuous operation mode Pona.
[0288] That is, when the temperature detected by the
temperature sensor 320 reaches the defrosting end tem-
perature Tend between the time point Tu2 at which the
temperature change rate ΔT increases again and the end
time point Tk1 of the continuous operation mode Pona,
the controller 310 of the refrigerator 100 may determine
that the defrosting has been sufficiently performed in the
continuous operation mode Pona, and control only the
continuous operation mode Pona to be performed and
the pulse operation mode Ponb not to be performed.
(a) of FIG. 17B illustrates an example of a temperature
waveform Tck2 around the evaporator 122, and (b) of
FIG. 17B illustrates an example of an operating waveform
Pshkb of the defrost heater 330.
[0289] Referring to the drawing, it is exemplified that,
while performing the continuous operation mode Pona,
the temperature change rate increases during period Pv1

that is a period up to time point Tv1, the temperature
change rate decreases during period Pv2 that is a period
from the time point Tv1 to time point Tv2, and the tem-
perature change rate ΔT increases again from the time
point Tv2.
[0290] Accordingly, the controller 310 of the refrigera-
tor 100 may determine that the frost of the evaporator
122 is properly removed, and may be configured to con-
trol the continuous operation mode Pona to end after a
predetermined time elapses from the time point Tv2.
[0291] In the drawing, it is exemplified that the contin-
uous operation mode Pona ends at time point Tkm.
[0292] Meanwhile, when the temperature detected by
the temperature sensor 320 reaches the defrosting end
temperature Tend at the time point Tk1 after Tkm, which
is the time point at which the continuous operation mode
Pona ends, when the defrost operation mode ends with-
out performing the pulse operation mode, the problem of
reliability may occur in the defrosting.
[0293] Accordingly, the controller 310 of the refrigera-
tor 100 controls the defrost heater 330 to be turned on
and off at least once after Tkm, which is the time point
at which the continuous operation mode Pona ends.
[0294] In the drawings, it is illustrated that the defrost
heater 330 is turned on at least once at the time point
Tk2. Alternatively, it is also possible to perform turn on
and off the defrost heater 330 a plurality of times.
[0295] By turning on and off the defrost heater 330 at
least once after Tkm, which is the time point at which the
continuous operation mode Pona ends, the remaining
frost can be removed, and as a result, it is possible to
improve the reliability of defrost.
[0296] Meanwhile, as the difference between the time
point Tm at which the continuous operation mode Pona
ends and the time point Tk1 at which the defrosting end
temperature (Tend) arrives increases, the controller 310
of the refrigerator 100 may be configured to increase the
number of opening times of turn on and off of the defrost
heater 330. That is, as the difference increases, it is pos-
sible to control the ON period when the defrost heater
330 is turned on and off to increase. Accordingly, the
efficient and stable defrosting is possible.
[0297] Next, in step S1619, when the defrosting end
temperature is not reached after the defrost heater 330
is turned off, the pulse operation mode Ponb1 in which
the defrost heater 330 is repeatedly turned on and off
according to the end of the continuous operation mode
Pona1 is controlled to be performed (S1620).
[0298] FIG. 17C illustrates that, while performing the
continuous operation mode Pona1, the temperature
change rate increases during the period Pr1 that is a
period up to the time point Tr1, the temperature change
rate decreases during period Pr2 that is a period from
the time point Tr1 to the time point Tr2, and the temper-
ature change rate ΔT increases again from the time point
Tr2.
[0299] Accordingly, the controller 310 of the refrigera-
tor 100 may determine that the frost of the evaporator
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122 is properly removed, and may be configured to con-
trol the pulse operation mode Ponb1 to be performed in
order to remove the remaining frost and reduce the power
consumption.
[0300] Accordingly, the controller 310 may be config-
ured to control the defrost heater 330 to be turned off in
Tb1 after the predetermined time of the time point Tr2 at
which the temperature change rate ΔT increases again.
[0301] The controller 310 controls the pulse operation
mode Ponb1, in which the defrost heater 330 is repeat-
edly turned on and off, to be performed after the defrost
heater 330 is turned off. Accordingly, it is possible to im-
prove the defrosting efficiency and reduce the power con-
sumption. In particular, since the defrosting is performed
according to the amount of frost of the actual evaporator,
it is possible to improve defrosting efficiency and power
consumption.
[0302] Meanwhile, the controller 310 may determine
whether the temperature change rate ΔT detected by the
temperature sensor 320 is between a first reference val-
ue ref1 and a second reference value ref2 while perform-
ing the pulse operation mode Ponb1 (S1627), and if so,
control the pulse operation mode Ponb1 to be continu-
ously performed (S1628). Accordingly, it is possible to
improve the defrosting efficiency and reduce the power
consumption.
[0303] Meanwhile, the controller 310 may perform the
pulse operation mode Ponb1 when the temperature
change rate ΔT detected by the temperature sensor 320
is between the first reference value ref1 and the second
reference value ref2 while performing the pulse operation
mode Ponb1, and as illustrated in FIG. 17C, may be con-
figured to control the ON period of the defrost heater 330
to be sequentially decreased.
[0304] FIG. 17C illustrates that the ON period of the
defrost heater 330 sequentially decreases between Tb1
and Tc1 when the pulse operation modePonb1 is per-
formed. Accordingly, it is possible to improve the power
consumption while performing the defrosting.
[0305] Next, the controller 310 may determine whether
the temperature change rate ΔT detected by the temper-
ature sensor 320 exceeds the first reference value ref1
while performing the pulse operation mode Ponb1
(S1629), and if so, terminate the pulse operation mode
Ponb1, and turn off the defrost heater 330 (S1640).
[0306] FIG. 15C illustrates that the temperature
change rate ΔT detected by the temperature sensor 320
exceeds the first reference value ref1 at the time point
Tc1. Accordingly, the controller 310 may be configured
to terminate the pulse operation mode Ponb1 and turn
off the defrost heater 330. Accordingly, it is possible to
terminate the defrost operation mode.
[0307] Meanwhile, in step S1629, when the tempera-
ture change rate ΔT detected by the temperature sensor
320 does not exceed the first reference value ref1, step
S1632 may be performed.
[0308] The controller 310 may determine whether the
temperature change rate ΔT detected by the temperature

sensor 320 is less than the second reference value ref2
while performing the pulse operation mode Ponb2
(S1632), and if so, may be configured to control a con-
tinuous operation mode Pona3 to be performed again
(S1634).
(a) of FIG. 15D illustrates another example of a temper-
ature waveform Tcvb around the evaporator 122, and (b)
of FIG. 15D illustrates another example of an operating
waveform Pshnb of the defrost heater 330.
[0309] Referring to the drawing, based on the heater
operation mode Pon, the continuous operation mode
Pona2 is performed during the period Pona2 between
Ta2 and Tb2.
[0310] FIG. 15D illustrates that, while performing the
continuous operation mode Pona2, the temperature
change rate increases during period Ps1 that is a period
up to the time point Tr1, the temperature change rate
decreases during period Ps2 that is a period from the
time point Ts1 to the time point Ts2, and the temperature
change rate ΔT increases again from the time point Ts2.
[0311] Accordingly, the controller 310 of the refrigera-
tor 100 may determine that the frost of the evaporator
122 is properly removed, and may be configured to con-
trol the pulse operation mode Ponb2 to be performed in
order to remove the remaining frost and reduce the power
consumption.
[0312] Accordingly, the controller 310 may be config-
ured to control the defrost heater 330 to be turned off in
Tb2 after the predetermined time of the time point Ts2
at which the temperature change rate ΔT increases
again.
[0313] The controller 310 controls the pulse operation
mode Ponb2, in which the defrost heater 330 is repeat-
edly turned on and off, to be performed after the defrost
heater 330 is turned off. Accordingly, it is possible to im-
prove the defrosting efficiency and reduce the power con-
sumption. In particular, since the defrosting is performed
according to the amount of frost of the actual evaporator,
it is possible to improve defrosting efficiency and power
consumption.
[0314] Meanwhile, FIG. 15D illustrates that the tem-
perature change rate ΔT detected by the temperature
sensor 320 is less than the second reference value ref2
at the time point Tc2 while performing the pulse operation
mode Ponb2.
[0315] Accordingly, the controller 310 may end a pulse
operation mode Ponb12, and control the continuous op-
eration mode Pona3 to be performed again.
[0316] FIG. 15D illustrates that the continuous opera-
tion mode Pona3 is performed again between Tc2 and
Tc3.
[0317] Meanwhile, the controller 310 may be config-
ured to control, when the continuous operation mode
Pona1 is performed again, the duration Tc2 to Tc3 of the
continuous operation mode Pona3 to be less than the
duration Ta2 to Tb2 of the continuous operation mode
Pona2 before the pulse operation mode Ponb1 as illus-
trated in FIG. 15D. Accordingly, it is possible to improve
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the defrosting efficiency and reduce the power consump-
tion.
[0318] Meanwhile, FIG. 15D illustrates that the tem-
perature change rate ΔT detected by the temperature
sensor 320 exceeds the first reference value ref1 at the
time point Tc3 while performing the continuous operation
mode Pona3.
[0319] Accordingly, the controller 310 may be config-
ured to terminate the continuous operation mode Pona3
and turn off the defrost heater 330. Accordingly, it is pos-
sible to terminate the defrost operation mode.
[0320] Meanwhile, in response to the defrosting oper-
ation start time point arriving while performing the normal
cooling operation mode the controller 310, the controller
310 may be configured to control the defrost operation
mode including the pre-defrost cooling mode Pbd, the
heater operation mode PddT, and the post-defrost cool-
ing mode pbf to be performed, and control the continuous
operation mode Pona1 of the defrost heater and the pulse
operation mode Ponb1, in which the defrost heater is
repeatedly turned on and off, to be performed, based on
the heater operation mode PddT. Accordingly, it is pos-
sible to improve the defrosting efficiency and reduce the
power consumption.
[0321] In the refrigerator according to the present dis-
closure, the configuration and the method of the embod-
iments as described above are not restrictively applied.
Rather, all or some of the embodiments may be selec-
tively combined with each other the embodiments may
be variously modified.
[0322] In addition, although the preferred embodi-
ments of the present disclosure have been illustrated,
the present disclosure is not limited to the specific em-
bodiments described above, and can be variously mod-
ified by those skilled in the art to which the present dis-
closure pertains without departing from the gist of the
present disclosure claimed in the claims, and these mod-
ifications should not be understood individually from the
technical ideas or prospects of the present disclosure.

INDUSTRIAL APPLICABILITY

[0323] The present disclosure can be applied to a re-
frigerator, and more particularly, can be applied to a re-
frigerator capable of improving defrosting efficiency and
power consumption.

Claims

1. A refrigerator, comprising:

an evaporator configured to perform heat ex-
change;
a defrost heater configured to operate to remove
frost formed on the evaporator;
a temperature sensor configured to detect an
ambient temperature of the evaporator; and

a controller configured to control the defrost
heater,
wherein, in response to a defrosting operation
start time point arriving, the controller is config-
ured to perform a defrost operation mode includ-
ing a pre-defrost cooling mode, a heater opera-
tion mode, and a post-defrost cooling mode,
perform a continuous operation mode in which
the defrost heater is continuously turned on
based on the heater operation mode, and
in response to a temperature change rate de-
tected by the temperature sensor sequentially
increasing, decreasing, and increasing again
while performing the continuous operation
mode, perform a pulse operation mode, in which
the defrost heater is repeatedly turned on and
off.

2. The refrigerator of claim 1, wherein, in response to
a temperature change rate detected by the temper-
ature sensor sequentially increasing, decreasing,
and increasing again while performing the continu-
ous operation mode, after a predetermined time
elapses, the controller is configured to perform the
pulse operation mode after the defrost heater is
turned off.

3. The refrigerator of claim 1, wherein, in response to
the temperature change rate detected by the tem-
perature sensor being between a first reference val-
ue and a second reference value while performing
the pulse operation mode, the controller is config-
ured to continuously perform the pulse operation
mode.

4. The refrigerator of claim 1, wherein, in response to
the temperature change rate detected by the tem-
perature sensor being between a first reference val-
ue and a second reference value while performing
the pulse operation mode, the controller is config-
ured to perform the pulse operation mode and se-
quentially decrease an ON period of the defrost heat-
er.

5. The refrigerator of claim 3, wherein the controller is
configured to terminate the pulse operation mode
and turn off the defrost heater in response to exceed-
ing the first reference value while performing the
pulse operation mode.

6. The refrigerator of claim 3, wherein the controller is
configured to terminate the pulse operation mode
and perform the continuous operation mode again
in response to less than the second reference value
while performing the pulse operation mode.

7. The refrigerator of claim 6, wherein, in response to
performing the continuous operation mode again,
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the controller is configured to control a duration of
the continuous operation mode to be less than a du-
ration of the continuous operation mode before the
pulse operation mode.

8. The refrigerator of claim 1, wherein, in response to
the defrosting operation start time point arriving while
performing the normal cooling operation mode, the
controller is configured to perform the defrost oper-
ation mode including the pre-defrosting cooling
mode, the heater operation mode, and the post-de-
frosting cooling mode, and
perform the continuous operation mode of the de-
frost heater, and the pulse operation mode, in which
the defrost heater is repeatedly turned on and off,
based on the heater operation mode.

9. The refrigerator of claim 1, wherein the controller is
configured to, as the number of opening times of the
cooling compartment door increases, decrease a du-
ration of the defrost operation mode.

10. The refrigerator of claim 1, wherein the controller is
configured to control a peak temperature arrival time
point of the evaporator in response to the continuous
operation mode and the pulse operation mode being
performed in the defrost operation mode to be later
than the peak temperature arrival time point of the
evaporator in response to the defrost heater being
only continuously turned on in the defrost operation
mode.

11. The refrigerator of claim 1, wherein the controller is
configured to control an effective defrost in response
to the continuous operation mode and the pulse op-
eration mode being performed in the defrost opera-
tion mode to be greater than the effective defrost in
response to the defrost heater being only continu-
ously turned on in the defrost operation mode.

12. The refrigerator of claim 1, wherein the controller is
configured to control a heater OFF time point in re-
sponse to the continuous operation mode and the
pulse operation mode being performed in the defrost
operation mode to be later than the heater OFF time
point in response to the defrost heater being only
continuously turned on in the defrost operation
mode.

13. The refrigerator of claim 1, wherein the controller is
configured to control a size of an overheat temper-
ature region higher than the defrosting end temper-
ature in response to the continuous operation mode
and the pulse operation mode being performed in
the defrost operation mode to be less than a size of
the overheat temperature region higher than the de-
frosting end temperature only in response to the de-
frost heater being only continuously turned on in the

defrost operation mode.

14. The refrigerator of claim 1, wherein the controller is
configured to control a cooling power supply time
point according to a normal cooling operation mode
in response to the continuous operation mode and
the pulse operation mode being performed in the de-
frost operation mode to be later than the cooling pow-
er supply time point according to a normal cooling
operation mode only in response to the defrost heat-
er being only continuously turned on in the defrost
operation mode.

15. The refrigerator of claim 1, wherein after the contin-
uous operation mode ends, before the pulse opera-
tion mode in which the defrost heater is repeatedly
turned on and off, in response to the temperature
detected by the temperature sensor reaching the de-
frosting end temperature, the controller is configured
to turn on and off the defrost heater at least once
after the defrosting end temperature arrives.

16. A refrigerator, comprising:

an evaporator configured to perform heat ex-
change;
a defrost heater configured to operate to remove
frost formed on the evaporator;
a temperature sensor configured to detect an
ambient temperature of the evaporator; and
a controller configured to control the defrost
heater,
wherein, in response to a defrosting operation
start time point arriving, the controller is config-
ured to perform a defrost operation mode includ-
ing a pre-defrost cooling mode, a heater opera-
tion mode, and a post-defrost cooling mode,
perform a continuous operation mode in which
the defrost heater is continuously turned on
based on the heater operation mode, and
after the continuous operation mode ends, be-
fore the pulse operation mode in which the de-
frost heater is repeatedly turned on and off, in
response to the temperature detected by the
temperature sensor reaching the defrosting end
temperature, the controller is configured to turn
on and off the defrost heater at least once after
the defrosting end temperature arrives.

17. The refrigerator of claim 16, wherein the controller
is configured to terminate the heater operation mode
after performing the turn on and off at least once,
and perform the post-defrost cooling mode.

18. The refrigerator of claim 16, wherein the controller
is configured to turn off the defrost heater in response
to the temperature detected by the temperature sen-
sor reaching the defrosting end temperature during
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the continuous operation mode.

19. The refrigerator of claim 16, wherein the controller
is configured to perform a pulse operation mode in
which the defrost heater is repeatedly turned on and
off after the continuous operation mode ends, and
turn off the defrost heater in response to the temper-
ature detected by the temperature sensor reaching
the defrosting end temperature during the continu-
ous operation mode.
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