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SYSTEM

(57) A protection method and device for high-tem-
perature prevention during heating and refrigerant short-
age during heating, and an air conditioning system. The
method includes the following steps: in a heating mode,
startinganoutdoor fan, anddetectinganoutdoorambient
temperature, an exhaust temperature of a compressor
(11), a fan current of the outdoor fan and an operating
duration of the outdoor fan in real time; when the operat-
ing duration is greater than a first preset duration, com-
paringwhether the sumof the exhaust temperature anda
compensation temperature is greater than a first preset
temperature andwhether the fan current is greater than a
preset current value, where the compensation tempera-
ture is associated with the outdoor ambient temperature;
if yes, controlling the outdoor fan to stop operating andan
indoor unit to operate normally; after the outdoor fan
stops operating, determining whether the sum of the
exhaust temperature and the compensation temperature
is greater than a second preset temperature for a second
duration; and if yes, controlling the compressor (11) to

stop and reporting a fault. The method, device and sys-
tem can avoid accidentally entering a high-temperature
prevention mode due to refrigerant shortage, and im-
prove the operation stability and reliability of the air con-
ditioning system.
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Description

TECHNICAL FIELD

[0001] The present invention relates to the field of air
conditioners, and in particular to a protectionmethod and
device for high-temperature prevention during heating
and refrigerant shortage during heating, and an air con-
ditioning system.

BACKGROUND

[0002] An air conditioner provides heating in a high-
temperature environment, and due to a high temperature
of an indoor-unit heat exchanger, in order to avoid da-
mage to a compressor due to excessive pressure, an
outdoor fan needs to be stopped intermittently to actively
unload during heating.
[0003] The existing means for preventing high tem-
perature during heating includes: collecting the tempera-
ture of the indoor heat exchanger, comparing the tem-
perature with a preset parameter, and performing high-
temperature prevention and stopping the outdoor fan if
the temperature of the indoor heat exchanger is higher
than the preset parameter. The temperature of the indoor
heat exchanger is controlled byan indoor-unitmainboard
of an air conditioner, and thus, indoor unit and outdoor
unit communication is required to control the start and
stop of an outdoor compressor. For some fixed-fre-
quency air conditioning systems without indoor unit
and outdoor unit communication, the high-temperature
prevention control cannot be realized. In addition, the
temperature of the indoor heat exchanger serves as the
main or only control factor. When the temperature of the
indoor heat exchanger is abnormal, the temperaturedrop
time of the indoor heat exchanger is too long and the
design of protection temperature parameters is unrea-
sonable, the high-temperature prevention control will fail,
thereby affecting the service life of the compressor.

SUMMARY

[0004] In view of the above problems, there is provided
a protection method and device for high-temperature
prevention during heating and refrigerant shortage dur-
ing heating, and an air conditioning system. The indoor-
unit temperaturecanbe replaced todeterminewhether to
enter high-temperature prevention without the need for
indoor unit and outdoor unit communication, and the
accuracy of high-temperature prevention determination
is ensured, allowing the air conditioning system to enter a
high-temperature prevention mode in time, and thus
improving the operation reliability of the air conditioner.
Furthermore, the excessively high exhaust temperature
caused by refrigerant shortage can be excluded, to avoid
accidentally entering the high-temperature prevention
mode due to refrigerant shortage and improve the opera-
tion stability and reliability of the air conditioning system.

[0005] According to a first aspect of the invention there
is provided a protection method for high-temperature
prevention during heating and refrigerant shortage dur-
ing heating of an air conditioning system. The air con-
ditioning system includes an indoor unit and an outdoor
unit, and the outdoor unit at least includes a compressor
and an outdoor fan. The protection method includes the
following steps:

a detection step: in a heating mode, starting the
outdoor fan, and detecting an outdoor ambient tem-
perature, an exhaust temperature of the compres-
sor, a fan current of the outdoor fan and an operating
duration of the outdoor fan in real time;
a high-temperature prevention determination step:
when the operating duration is greater than a first
preset duration, comparing whether the sum of the
exhaust temperature and a compensation tempera-
ture is greater than a first preset temperature and
whether the fan current is greater than a preset
current value; where the compensation temperature
is associated with the outdoor ambient temperature;
a high-temperature prevention protection entry step:
when the sum of the exhaust temperature and the
compensation temperature is greater than the first
preset temperature and the fan current is greater
than the preset current value, controlling the outdoor
fan to stop operating and the indoor unit to operate
normally;
a refrigerant shortage determination step: after the
outdoor fan stops operating, determining whether
the sum of the exhaust temperature and the com-
pensation temperature is greater than a second
preset temperature for a second duration; and
a refrigerant shortage protection entry step: when
the sum of the exhaust temperature and the com-
pensation temperature is greater than the second
preset temperature for the second duration, control-
ling the compressor to stop and reporting a fault.

[0006] According to the technical solution, correspond-
ing compensation temperatures are preset respectively
according to different outdoor ambient temperatures to
compensate the exhaust temperature, so that the com-
pensated exhaust temperature can reflect the tempera-
ture state of the indoor unit. In this way, the indoor-unit
temperature can be replaced to determine whether to
enter high-temperature prevention without the need for
indoor unit and outdoor unit communication, and the
accuracy of high-temperature prevention determination
is ensured, allowing the air conditioning system to enter a
high-temperature prevention mode in time, and thus
improving the operation reliability of the air conditioner.
In addition, whether there is refrigerant shortage is de-
termined according to a comparison result of the com-
pensated exhaust temperature and the preset tempera-
ture, and the excessively high exhaust temperature
caused by refrigerant shortage is excluded, so that the
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misoperation of entering high-temperature prevention as
determined only by means of the exhaust temperature
can be avoided, improving the accuracy of entry of high-
temperature prevention. Furthermore, a fault is reported
in time in a case of refrigerant shortage, improving the
operation stability and reliability of the air conditioning
system.
[0007] Optionally, theair conditioningsystem isafixed-
frequency air conditioning systemwithout indoor unit and
outdoor unit communication.
[0008] Optionally, in the high-temperature prevention
determination step, the association of the compensation
temperature with the outdoor ambient temperature in-
cludes:

when the outdoor ambient temperature is greater
than a first temperature threshold, the compensation
temperature is a first compensation temperature;
when the outdoor ambient temperature is greater
than a second temperature threshold and less than
or equal to the first temperature threshold, the com-
pensation temperature is a second compensation
temperature; and
when the outdoor ambient temperature is less than
or equal to the second temperature threshold, the
compensation temperature is a third compensation
temperature, and the first temperature threshold is
greater than the second temperature threshold.

[0009] According to the technical solution, a plurality of
temperature intervals and a plurality of compensation
temperatures are set, which is beneficial for improving
the accuracy of determination of high-temperature pre-
vention and refrigerant shortage.
[0010] Optionally, in the refrigerant shortage determi-
nation step, the second preset temperature ranges from
90° C to 110°C.
[0011] According to the technical solution, after the
outdoor fan stops operating in the high-temperature pre-
vention mode, normally, the exhaust temperature will
decrease due to the deterioration of evaporation, thereby
achieving the purpose of high-temperature prevention.
However, in thecaseof serious refrigerant shortage in the
system, the exhaust temperature is not sufficiently
cooled through refrigerant circulation, and the exhaust
temperature will continue to rise due to the heating of the
compressor. Therefore, whether the outdoor fan oper-
ates has little influence on the exhaust temperature.
When the exhaust temperature is excessively high, it
can be determined that the increase of the exhaust
temperature is caused by refrigerant shortage.
[0012] Optionally, the outdoor unit further includes an
outdoor heat exchanger; and the protection method
further includes:
anoutdoor fan start control step: determiningwhether the
outdoor fan meets an outdoor fan starting condition; if
yes, starting the outdoor fan, and if no, returning to the
high-temperature prevention protection entry step;

where the outdoor fan starting condition includes:

the shutdown duration of the outdoor fan is greater
than a third preset duration;
the sum of the exhaust temperature and the com-
pensation temperature is less than a third preset
temperature, and the third preset temperature is less
than the first preset temperature;
or the difference between the outdoor ambient tem-
perature and an outlet temperature of the outdoor
heat exchanger is greater than a first temperature
difference threshold.

[0013] According to the technical solution, when the
outdoor fan stops in the high-temperature prevention
mode, the deterioration of the evaporation effect of the
outdoor unit and the decrease of the exhaust tempera-
ture will be caused usually, thereby achieving the pur-
pose of high-temperature prevention. When the shut-
down duration is greater than the third preset duration,
the outdoor fan is forced to start, which canavoid the slow
decrease in exhaust temperature under high-tempera-
ture conditions or due to thermal inertia of the tempera-
ture of the outdoor heat exchanger and dirty blockage of
the outdoor heat exchanger, causing the air conditioning
system tobe in thehigh-temperaturepreventionmode for
a long time and the evaporation effect of the outdoor unit
to deteriorate, resulting in freezing, and the air condi-
tionerperforms frostinganddefrostingactions, improving
user experience. Or, when the sum of the exhaust tem-
perature and the compensation temperature is less than
the third preset temperature, that is, when the exhaust
temperature drops significantly, the high-temperature
prevention is exited to allow the outdoor fan to operate
normally andensure theevaporationeffect of the outdoor
unit; or, when the outlet temperature of the outdoor heat
exchanger is lower than the outdoor ambient tempera-
ture to a certain extent, that is, it means that the evapora-
tion effect has deteriorated, the exhaust temperature will
decrease, high-temperature prevention can be thus
achieved. Further, when the difference between the out-
door ambient temperature and the outlet temperature of
the outdoor heat exchanger is greater than the first
temperature difference threshold, the outdoor fan is
started in time to improve the evaporation effect and
prevent the outdoor unit from being frosted. Any of the
conditions can be chosen according to the actual situa-
tion to exit the high-temperature prevention protection,
which is highly flexible and is conducive to the reliable
operation of the air conditioning system and improves
user experience.
[0014] Optionally, the third preset duration ranges from
3 to 10 min.
[0015] According to the technical solution, an appro-
priate duration is selected, which canavoid the deteriora-
tion of the evaporation effect and the influence on the
heating effect due to the long-time operation of the high-
temperature prevention mode.
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[0016] Optionally, the third preset temperature ranges
from 70°C to 90°C.
[0017] According to the technical solution, an appro-
priate exhaust temperature range is selected, which
enables the high-temperature prevention protection
mode to be exited in time when the exhaust temperature
is reduced to a certain extent, thereby ensuring the reli-
able operation of the air conditioning system and improv-
ing the user experience.
[0018] Optionally, the first temperature difference
threshold ranges from 10°C to 40°C.
[0019] According to the technical solution, an appro-
priate first temperature difference threshold is selected,
which can avoid the frequent entry of the high-tempera-
ture prevention protection caused by the excessively
high outlet temperature of the outdoor heat exchanger
or the frosting of the outdoor heat exchanger caused by
the excessively low outlet temperature of the outdoor
heat exchanger, thereby prolonging the service life of
the air conditioner and improving the user experience.
[0020] According to a second aspect of the invention
there is provided a protection device for high-tempera-
ture prevention during heating and refrigerant shortage
during heating of an air conditioning system, including:

a detectionmodule, configured to: in a heatingmode
andunder thecondition that anoutdoor fan is started,
detect an outdoor ambient temperature, an exhaust
temperature of the compressor, a fan current of the
outdoor fan and an operating duration of the outdoor
fan in real time;
a high-temperature prevention determination mod-
ule, configured to: when the operating duration is
greater than afirst preset duration, comparewhether
the sum of the exhaust temperature and a compen-
sation temperature is greater than a first preset
temperature and whether the fan current is greater
thanapreset current value,where the compensation
temperature is associated with the outdoor ambient
temperature;
a high-temperature preventionprotectionentrymod-
ule, configured to: when the sum of the exhaust
temperature and the compensation temperature is
greater than the first preset temperature and the fan
current is greater than the preset current value,
control the outdoor fan to stop operating and the
indoor unit to operate normally;
a refrigerant shortage determination module, con-
figured to: after the outdoor fan stops operating,
determine whether the sum of the exhaust tempera-
ture and the compensation temperature is greater
than a second preset temperature for a second
duration; and
a refrigerant shortage protection entry module, con-
figured to: when the sum of the exhaust temperature
and the compensation temperature is greater than
the second preset temperature for the second dura-
tion, control thecompressor tostopand report a fault.

[0021] Another aspect of the present invention pro-
vides an air conditioning system, including the protection
device for high-temperature prevention during heating
and refrigerant shortage during heating of an air condi-
tioning system as described above.

BRIEF DESCRIPTION OF DRAWINGS

[0022] Certain exemplary embodiments will now be
described in greater detail by way of example only and
with reference to the accompanying drawings in which:

FIG. 1 is a schematic diagram of the structure of an
air conditioning system;
FIG. 2 is a schematic flowchart of a protection meth-
od for high-temperature prevention during heating
and refrigerant shortage during heating of the air
conditioning system; and
FIG. 3 is a schematic diagram of the modular struc-
ture of a protection device for high-temperature pre-
vention during heating and refrigerant shortage dur-
ing heating of the air conditioning system.

Reference numerals:

[0023] compressor 11; first temperature detector 111;
four-way valve 12; outdoor heat exchanger 13; second
temperature detector 131; first throttling element 14;
liquid storage tank 15; second throttling element 16; in-
door heat exchanger 17; gas-liquid separator 18; one-
way valve 2; pressure sensor 3; low-pressure pressure
switch 4; high-pressure pressure switch 5; detection
module 61; high-temperature protection determination
module 62; high-temperature prevention protection entry
module 63; refrigerant shortage determination module
64; refrigerant shortage protection entry module 65; and
outdoor fan start control module 66.

DETAILED DESCRIPTION

[0024] The technical solutions in embodiments of the
present invention are described clearly and completely
below with reference to the accompanying drawings The
described embodiments are merely a part rather than all
of the embodiments of the present invention. All other
embodiments shall fall within the protection scope of the
present invention as set out in the appended claims.
[0025] As shown in FIG. 1, an embodiment of the
present invention provides an air conditioning system,
including a compressor 11, a four-way valve 12, an out-
door heat exchanger 13, an outdoor fan (not shown in the
figure), a first throttling element 14, a liquid storage tank
15, a second throttling element 16, an indoor heat ex-
changer 17 and a gas-liquid separator 18 which are
connected sequentially to form a refrigerant circulation
flow path, and further includes a first temperature detec-
tor 111 (a temperature-sensitive package arranged on an
exhaust pipe) for detecting the exhaust temperature of
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the compressor and a second temperature detector 131
for detecting the outdoor ambient temperature. Further, a
one-way valve 2 is arranged across the second throttling
element 16 in parallel, and the one-way valve 2 controls a
unidirectional flow of the refrigerant from the liquid sto-
rage tank 15 to the indoor heat exchanger 17; a pressure
sensor 3 is arranged on a pipeline between the indoor
heat exchanger 17 and the four-way valve 12; a low-
pressure pressure switch 4 is arranged between the four-
way valve 12 and the gas-liquid separator 18; and a high-
pressure pressure switch 5 is arranged between the
compressor 11 and the four-way valve 12. The function
of the liquid storage tank 15 is similar to that of the liquid-
gas separator 18, a gaseous refrigerant generated by
separation enters the compressor 11 through a branch
pipeline to supplement the refrigerant quantity, a liquid
refrigerant generated by separation enters a main refrig-
erant path, and the high-pressure pressure switch 5 and
the low-pressure pressure switch 4 are used to monitor
the pressure of the refrigerant in an air conditioning pipe-
line and provide a feedback to an air conditioning con-
troller (not shown in the figure). When the refrigerant
pressure is excessively low, the low-pressure pressure
switch 4 is switched off, and the controller knows that the
refrigerant quantity of the system is insufficient after
receiving the signal and controls the compressor 11
not to work; and when the refrigerant pressure is exces-
sively high, the high-pressure pressure switch 5 is
switched off, and the controller controls the compressor
11 to stop working after receiving the signal, to prevent
pipe explosion caused by the excessively high pressure.
Preferably, the air conditioning system in this embodi-
ment is a fixed-frequency air conditioning systemwithout
indoor unit and outdoor unit communication, and the
compressor 11 is a fixed-frequency compressor. It should
be noted that although the embodiment of the present
invention shows the structure of the air conditioning
system above, it should not constitute a limitation to
theair conditioning system.Air conditioning systemswith
other structural forms are also applicable to a protection
method for high-temperature prevention during heating
and refrigerant shortage during heating provided below.
[0026] As shown in FIG. 2, an embodiment of the
present invention provides a protection method for
high-temperature prevention during heating and refrig-
erant shortage during heating of an air conditioning sys-
tem, including the following steps:

a detection step: in a heating mode, starting the
outdoor fan, and detecting an outdoor ambient tem-
perature, an exhaust temperature of the compres-
sor, a fan current of the outdoor fan and an operating
duration of the outdoor fan in real time;
a high-temperature prevention determination step:
when the operating duration is greater than a first
preset duration (for example, the operating duration
is greater than 3min, to avoid some situations, when
the outdoor fan starts to operate for a short time, the

exhaust temperature rapidly reaches to a set value
(referring to a first preset temperature) and the out-
door fan is stopped again, the accumulated shut-
down time of the outdoor fan is excessively long, and
the outdoor heat exchanger is frosted due to the lack
of effective heat exchange), comparing whether the
sumof theexhaust temperatureandacompensation
temperature is greater than a first preset tempera-
ture and whether the fan current is greater than a
preset current value, where the compensation tem-
perature is associated with the outdoor ambient
temperature;
a high-temperature prevention protection entry step:
when the sum of the exhaust temperature and the
compensation temperature is greater than the first
preset temperature and the fan current is greater
than the preset current value, controlling the outdoor
fan to stop operating and the indoor unit to operate
normally;
a refrigerant shortage determination step: after the
outdoor fan stops operating, determining whether
the exhaust temperature is greater than a second
preset temperature for a second duration (e.g., 2
min); and
a refrigerant shortage protection entry step: when
the exhaust temperature is greater than the second
preset temperature for the second duration, control-
ling the compressor to stop and reporting a fault.

[0027] In the above manner, corresponding compen-
sation temperatures are preset respectively according to
different outdoor ambient temperatures to compensate
the exhaust temperature, so that the compensated ex-
haust temperature can reflect the temperature state of
the indoor unit. In this way, the indoor-unit temperature
can be replaced to determine whether to enter high-
temperature prevention without the need for indoor unit
and outdoor unit communication, and the accuracy of
high-temperature prevention determination is ensured,
allowing the air conditioning system to enter a high-
temperaturepreventionmode in time,and thus improving
the operation reliability of the air conditioner, and saving
the cost of the communication line between the indoor
and outdoor units. The temperature detector is a part of
the system itself, so there is no additional cost. In addi-
tion, whether there is refrigerant shortage is determined
according to a comparison result of the compensated
exhaust temperature and the preset temperature, and
the excessively high exhaust temperature caused by
refrigerant shortage can be excluded, to avoid acciden-
tally entering the high-temperature preventionmode due
to refrigerant shortage. Furthermore, a fault is reported in
time in a case of refrigerant shortage, improving the
operation stability of the air conditioning system.
[0028] In a preferred embodiment of the present inven-
tion, in the high-temperature prevention determination
step, the association of the compensation temperature
with the outdoor ambient temperature includes:
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when the outdoor ambient temperature is greater
than a first temperature threshold (e.g., 24°C), the
compensation temperature is a first compensation
temperature (e.g., 0°C);
when the outdoor ambient temperature is greater
than a second temperature threshold and less than
or equal to the first temperature threshold, the com-
pensation temperature is a second compensation
temperature (e.g., 4°C); and
when the outdoor ambient temperature is less than
or equal to the second temperature threshold (e.g.,
14°C), the compensation temperature is a third com-
pensation temperature (e.g., 7°C), and the first tem-
perature threshold is greater than the second tem-
perature threshold.

[0029] In the above manner, a plurality of temperature
intervals and a plurality of compensation temperatures
are set, which is beneficial for improving the accuracy of
determination of high-temperature prevention and refrig-
erant shortage. The technician can adjust the tempera-
ture threshold and compensation temperature value ac-
cording to actual conditions. Preferably, the first compen-
sation temperature ranges from‑5°C to 5°C, the second
compensation temperature ranges from‑5°C to 5°C, and
the third compensation temperature ranges from ‑5°C to
5°C.
[0030] In a preferred embodiment of the present inven-
tion, in the high-temperature prevention determination
step, the first preset temperature ranges from 70°C to
100°C, preferably 82°C (the first preset temperature is
the exhaust temperature corresponding to the indoor
heat exchanger temperature of 55°C. According to dif-
ferent types of the compressor, the exhaust temperature
corresponding to the indoor heat exchanger temperature
of 55°C may be different. The technician can adaptively
adjust the first preset temperature).
[0031] In a preferred embodiment of the present inven-
tion, in the refrigerant shortage determination step, the
second preset temperature ranges from 90°C to 110°C,
preferably 105°C. In the abovemanner, after the outdoor
fan stops operating in the high-temperature prevention
mode, normally, the exhaust temperature will decrease
due to thedeteriorationof evaporation, therebyachieving
the purpose of high-temperature prevention. However, in
the caseof serious refrigerant shortage in the system, the
exhaust temperature is not sufficiently cooled through
refrigerant circulation, and the exhaust temperature will
continue to rise due to the heating of the compressor.
Therefore, whether the outdoor fan operates has little
influence on the exhaust temperature.When the exhaust
temperature is excessively high, it can be determined
that the increaseof the exhaust temperature is causedby
refrigerant shortage. Furthermore, the second preset
temperature is lower than the normal exhaust protection
temperature of the compressor (generally 115°C), so that
the compressor 11 can be protected in time in case of
refrigerant shortage, therebyprolonging theservice lifeof

the compressor 11.
[0032] In a preferred embodiment of the present inven-
tion, the protection method further includes:
anoutdoor fan start control step: determiningwhether the
outdoor fan meets an outdoor fan starting condition; if
yes, starting the outdoor fan, and if no, returning to the
high-temperature prevention protection entry step;
where the outdoor fan starting condition includes:

the shutdown duration of the outdoor fan is greater
than a third preset duration;
the sum of the exhaust temperature and the com-
pensation temperature is less than a third preset
temperature, and the third preset temperature is less
than the first preset temperature;
or the difference between the outdoor ambient tem-
perature and an outlet temperature of the outdoor
heat exchanger is greater than a first temperature
difference threshold.

[0033] In the above manner, when the outdoor fan
stops in the high-temperature prevention mode, the de-
terioration of the evaporation effect of the outdoor unit
and the decrease of the exhaust temperature will be
caused usually, thereby achieving the purpose of high-
temperature prevention. When the shutdown duration is
greater than the third preset duration, the outdoor fan is
forced to start, which can avoid the slow decrease in
exhaust temperature under high-temperature conditions
or due to thermal inertia of the temperature of the outdoor
heat exchanger and dirty blockage of the outdoor heat
exchanger, causing the air conditioning system to be in
the high-temperature prevention mode for a long time
and the evaporation effect of the outdoor unit to deterio-
rate, and the air conditioner performs frosting and de-
frosting actions. Or, when the sum of the exhaust tem-
perature and the compensation temperature is less than
the third preset temperature, that is, when the exhaust
temperature drops significantly, the high-temperature
prevention is exited to allow the outdoor fan to operate
normally andensure theevaporationeffect of the outdoor
unit; or, when the outlet temperature of the outdoor heat
exchanger is lower than the outdoor ambient tempera-
ture to a certain extent, that is, it means that the evapora-
tion effect has deteriorated, the exhaust temperature will
decrease, high-temperature prevention can be thus
achieved. Further, when the difference between the out-
door ambient temperature and the outlet temperature of
the outdoor heat exchanger is greater than the first
temperature difference threshold, the outdoor fan is
started in time to improve the evaporation effect and
prevent the outdoor unit from being frosted. Any of the
conditions can be chosen according to the actual situa-
tion to exit the high-temperature prevention protection,
which is highly flexible and is conducive to the reliable
operation of the air conditioning system and improves
user experience.
[0034] In a preferred embodiment of the present inven-
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tion, the third preset duration ranges from 3 to 10 min,
preferably 6 min. An appropriate duration is selected,
which can avoid the deterioration of the evaporation
effect and the influence on the heating effect due to the
long-time operation of the high-temperature prevention
mode.
[0035] In a preferred embodiment of the present inven-
tion, the third preset temperature ranges from 70°C to
90°C, preferably 76°C (the third preset temperature is the
exhaust temperature corresponding to the indoor heat
exchanger temperature of 48°C. According to different
types of the compressor, the exhaust temperature cor-
responding to the indoor heat exchanger temperature of
48°C may be different. The technician can adaptively
adjust the third preset temperature).
[0036] An appropriate exhaust temperature range is
selected, which enables the high-temperature preven-
tion protection mode to be exited in time when the ex-
haust temperature is reduced to a certain extent, thereby
ensuring the reliable operation of the air conditioning
system and improving the user experience.
[0037] In a preferred embodiment of the present inven-
tion, the first temperature difference threshold ranges
from 10°C to 40°C, preferably 30°C.
[0038] In the above manner, an appropriate first tem-
perature difference threshold is selected, which can
avoid the frequent entry of the high-temperature preven-
tion protection caused by the excessively high outlet
temperatureof theoutdoor heat exchanger or the frosting
of the outdoor heat exchanger caused by the excessively
low outlet temperature of the outdoor heat exchanger,
thereby prolonging the service life of the air conditioner
and improving the user experience.
[0039] It should be noted that although this embodi-
ment describes the above protection method that is
applied to a fixed-frequency machine system under the
non-communication condition, it is conceivable that it can
also be applied to a fixed-frequency machine system.
[0040] As shown in FIG. 3, another embodiment of the
present invention provides a protection device for high-
temperature prevention during heating and refrigerant
shortage during heating of an air conditioning system,
including:

a detection module 61, configured to: in a heating
mode and under the condition that an outdoor fan is
started, detect an outdoor ambient temperature, an
exhaust temperature of the compressor 11, a fan
current of the outdoor fan and an operating duration
of the outdoor fan in real time;
a high-temperature prevention determination mod-
ule 62, configured to: when the operating duration is
greater than afirst preset duration, comparewhether
the sum of the exhaust temperature and a compen-
sation temperature is greater than a first preset
temperature and whether the fan current is greater
thanapreset current value,where the compensation
temperature is associated with the outdoor ambient

temperature;
a high-temperature preventionprotectionentrymod-
ule 63, configured to: when the sum of the exhaust
temperature and the compensation temperature is
greater than the first preset temperature and the fan
current is greater than the preset current value,
control the outdoor fan to stop operating and the
indoor unit (indoor heat exchanger 17) to operate
normally;
a refrigerant shortage determination module 64,
configured to: after the outdoor fan stops operating,
determinewhether theexhaust temperature is great-
er than a second preset temperature for a second
duration; and
a refrigerant shortage protection entry module 65,
configured to: when the exhaust temperature is
greater than the second preset temperature for the
second duration, control the compressor to stop and
report a fault.

[0041] Specifically, in this embodiment, the detection
module may include a temperature detection module
suchasa temperature-sensitivepackageanda tempera-
ture sensor, a current meter for detecting the fan current,
and a timer for detecting the shutdown duration. The
high-temperature prevention determination module
and the refrigerant shortage determination module
may also be integrated into the controller of the air con-
ditioner. The controller is used to determine whether the
air conditioner enters high-temperature prevention and
refrigerant shortage protection according to the above
operational logics. The high-temperature prevention pro-
tection entrymodule and the refrigerant shortage protec-
tion entry module may be integrated into the controller of
the air conditioner. The controller is used to control the air
conditioner to enter the refrigerant shortage protection
according to the comparison result of the exhaust tem-
perature and the second preset temperature, and to
control the air conditioner to enter the high-temperature
prevention protection according to the comparison result
of the sum of the exhaust temperature and the compen-
sation temperature and the first preset temperature, and
the comparison result of the fan current and the preset
current value. Specifically, the controller may be an in-
tegrated circuit chip having a signal processing capabil-
ity. The controller may be a general-purpose processor,
includingacentral processingunit (CPU), or asingle-chip
microcomputer, a microcontroller unit (MCU), a complex
programmable logic device (CPLD), a field-programma-
ble gate array (FPGA), an application specific integrated
circuit (ASIC), an embedded ARM and other chips. The
controller may implement or perform each of the meth-
ods, steps and logic block diagrams disclosed in the
embodiments of the present invention.
[0042] In a preferred embodiment of the present inven-
tion, the protection device further includes an outdoor fan
start controlmodule66, configured to: determinewhether
the outdoor fanmeets an outdoor fan starting condition; if
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yes, start the outdoor fan, and if no, operate the high-
temperature prevention protection entry module, where
the outdoor fan starting condition includes:
the shutdown duration of the outdoor fan is greater than a
third preset time; the sumof the exhaust temperature and
the compensation temperature is less than a third preset
temperature, and the third preset temperature is less
than the first preset temperature; or the difference be-
tween the outdoor ambient temperature and the outlet
temperature of the outdoor heat exchanger is greater
than the first temperature difference threshold.
[0043] It should be noted that the detectionmodule 61,
the high-temperature prevention determination module
62, the high-temperature prevention protection entry
module 63, the refrigerant shortage determination mod-
ule 64, the refrigerant shortage protection entry module
65, and the outdoor fan start control module 66 corre-
spond to the detection step, the high-temperature pre-
vention determination step, the high-temperature pre-
vention protection entry step, the refrigerant shortage
determination step, the refrigerant shortage protection
entry step and the outdoor fan start control step in the
above protectionmethod. The implementation examples
and application scenarios of the respective modules are
the sameas thoseof the corresponding steps, but are not
limited to the contents disclosed in the above embodi-
ment.
[0044] In a preferred embodiment of the present inven-
tion, the association of the compensation temperature
with the outdoor ambient temperature includes:

when the outdoor ambient temperature is greater
than a first temperature threshold (e.g., 24°C), the
compensation temperature is a first compensation
temperature (e.g., 0°C);
when the outdoor ambient temperature is greater
than a second temperature threshold and less than
or equal to the first temperature threshold, the com-
pensation temperature is a second compensation
temperature (e.g., 4°C); and
when the outdoor ambient temperature is less than
or equal to the second temperature threshold (e.g.,
14°C), the compensation temperature is a third com-
pensation temperature (e.g., 7°C), and the first tem-
perature threshold is greater than the second tem-
perature threshold.

[0045] In the above manner, a plurality of temperature
intervals and a plurality of compensation temperatures
are set, which is beneficial for improving the accuracy of
determination of high-temperature prevention and refrig-
erant shortage. The technician can adjust the tempera-
ture threshold and compensation temperature value ac-
cording to actual conditions. Preferably, the first compen-
sation temperature ranges from‑5°C to 5°C, the second
compensation temperature ranges from‑5°C to 5°C, and
the third compensation temperature ranges from ‑5°C to
5°C.

[0046] In a preferred embodiment of the present inven-
tion, the first preset temperature ranges from 70°C to
100°C, preferably 82°C. The second preset temperature
ranges from 90°C to 110°C, preferably 105°C. The first
preset duration is 3 min, the second preset duration is 2
min, and the third preset duration ranges from3 to10min.
[0047] Another embodiment of the present invention
provides an air conditioning system, including the protec-
tion device for high-temperature prevention during heat-
ing and refrigerant shortage during heating of an air
conditioning system as described above.
[0048] The present invention further provides a com-
puter-readable storagemedium, storing a computer pro-
gram, which is configured to, when executed, implement
the protection method for high-temperature prevention
during heating and refrigerant shortage during heating of
an air conditioning system as described above. The
storage medium includes: a USB flash disk, a read-only
memory (ROM), a random-access memory (RAM), a
mobile hard disk, amagnetic disk, an optical disk or other
media that can store program codes.
[0049] The above are merely preferred embodiments
of the present invention, and are not used to limit the
present invention.Anymodifications, improvements, and
the like shall be includedwithin the scope of the invention
as set out in the appended claims.

Claims

1. A protection method for high-temperature preven-
tion during heating and refrigerant shortage during
heating of an air conditioning system,wherein the air
conditioning systemcomprises an indoor unit and an
outdoor unit and theoutdoor unit at least comprisesa
compressor (11) and an outdoor fan, the protection
method comprising the following steps:

a detection step: in a heating mode, starting the
outdoor fan, and detecting an outdoor ambient
temperature, an exhaust temperature of the
compressor, a fan current of the outdoor fan
and an operating duration of the outdoor fan in
real time;
a high-temperature prevention determination
step:when theoperatingduration is greater than
a first preset duration, comparing whether the
sum of the exhaust temperature and a compen-
sation temperature is greater than a first preset
temperature and whether the fan current is
greater than a preset current value; wherein
the compensation temperature is associated
with the outdoor ambient temperature;
a high-temperature prevention protection entry
step: when the sum of the exhaust temperature
and the compensation temperature is greater
than the first preset temperature and the fan
current is greater than the preset current value,
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controlling the outdoor fan to stop operating and
the indoor unit to operate normally;
a refrigerant shortage determination step: after
the outdoor fan stops operating, determining
whether the sum of the exhaust temperature
and the compensation temperature is greater
than a second preset temperature for a second
duration; and
a refrigerant shortage protection entry step:
when the sum of the exhaust temperature and
the compensation temperature is greater than
the second preset temperature for the second
duration, controlling the compressor to stop and
reporting a fault.

2. The protectionmethod for high-temperature preven-
tion during heating and refrigerant shortage during
heating of an air conditioning system according to
claim 1, wherein the air conditioning system is a
fixed-frequency air conditioning system without in-
door unit and outdoor unit communication.

3. The protectionmethod for high-temperature preven-
tion during heating and refrigerant shortage during
heating of an air conditioning system according to
claim 1 or 2, wherein in the high-temperature pre-
vention determination step, the association of the
compensation temperaturewith theoutdoor ambient
temperature comprises:

when the outdoor ambient temperature is great-
er than a first temperature threshold, the com-
pensation temperature is a first compensation
temperature;
when the outdoor ambient temperature is great-
er thanasecond temperature thresholdand less
than or equal to the first temperature threshold,
thecompensation temperature is a secondcom-
pensation temperature; and
when the outdoor ambient temperature is less
than or equal to the second temperature thresh-
old, the compensation temperature is a third
compensation temperature, and the first tem-
perature threshold is greater than the second
temperature threshold.

4. The protectionmethod for high-temperature preven-
tion during heating and refrigerant shortage during
heating of an air conditioning system according to
anypreceding claim,wherein in the refrigerant short-
age determination step, the second preset tempera-
ture ranges from 90°C to 110°C.

5. The protectionmethod for high-temperature preven-
tion during heating and refrigerant shortage during
heating of an air conditioning system according to
anypreceding claim,wherein theoutdoor unit further
comprises an outdoor heat exchanger (13); and the

protection method further comprises:
an outdoor fan start control step: determining
whether the outdoor fan meets an outdoor fan start-
ing condition; if yes, starting the outdoor fan, and if
no, returning to the high-temperature prevention
protection entry step; wherein the outdoor fan start-
ing condition comprises:

the shutdown duration of the outdoor fan is
greater than a third preset duration;
the sum of the exhaust temperature and the
compensation temperature is less than a third
preset temperature, and the third preset tem-
perature is less than thefirst preset temperature;
or the difference between the outdoor ambient
temperature and an outlet temperature of the
outdoor heat exchanger is greater than a first
temperature difference threshold.

6. The protectionmethod for high-temperature preven-
tion during heating and refrigerant shortage during
heating of an air conditioning system according to
claim 5, wherein the third preset duration ranges
from 3 to 10 min.

7. The protectionmethod for high-temperature preven-
tion during heating and refrigerant shortage during
heating of an air conditioning system according to
claim 5 or 6, wherein the third preset temperature
ranges from 70°C to 90°C.

8. The protectionmethod for high-temperature preven-
tion during heating and refrigerant shortage during
heating of an air conditioning system according to
claim 5, 6 or 7, wherein the first temperature differ-
ence threshold ranges from 10°C to 40°C.

9. A protection device for high-temperature prevention
during heating and refrigerant shortage during heat-
ing of an air conditioning system, comprising:

a detection module (61), configured to: in a
heating mode and under the condition that an
outdoor fan is started, detect anoutdoorambient
temperature, an exhaust temperature of the
compressor, a fan current of the outdoor fan
and an operating duration of the outdoor fan in
real time;
a high-temperature prevention determination
module (62), configured to: when the operating
duration is greater than a first preset duration,
compare whether the sum of the exhaust tem-
perature and a compensation temperature is
greater than a first preset temperature and
whether the fan current is greater than a preset
current value; wherein the compensation tem-
perature is associated with the outdoor ambient
temperature;
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a high-temperature prevention protection entry
module (63), configured to: when the sum of the
exhaust temperature and the compensation
temperature is greater than the first preset tem-
perature and the fan current is greater than the
preset current value, control the outdoor fan to
stop operating and the indoor unit to operate
normally;
a refrigerant shortage determination module
(64), configured to: after the outdoor fan stops
operating, determine whether the sum of the
exhaust temperature and the compensation
temperature is greater than a second preset
temperature for a second duration; and
a refrigerant shortage protection entry module
(65), configured to: when the sumof the exhaust
temperatureand thecompensation temperature
is greater than the second preset temperature
for the second duration, control the compressor
to stop and report a fault.

10. An air conditioning system, comprising the protec-
tion device for high-temperature prevention during
heating and refrigerant shortageduring heating of an
air conditioning system according to claim 9.
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