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(57) The disclosure relates to a method for controlling
an expansion valve of a frequency conversion heat pump
clothes dryer. A frequency conversion compressor of the
clothes dryer includes a frequency ascending stage, a
frequency retaining stage, and a frequency descending
stage. The open degree of the electronic expansion valve
can be adjusted through parameters such as the opera-
tion time/power/current at an operation frequency/a cer-
tain frequency of the frequency conversion compressor;
in the same clothes drying mode, a reference value of
the operation time/power/current at the certain frequency
is set, and an actual value of the operation time/pow-
er/current at the certain frequency of the compressor and
the set reference value are compared; if the actual value
of the operation time at the certain frequency is less than
the set reference value or the actual value of the pow-
er/current is greater than the reference value, the open
degree of the expansion value is turned up; and if the
actual value of the operation time at the certain frequency
is greater than the set reference value or the actual value
of the power/current is less than the set reference value,

the open degree of the expansion valve is turned down.
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Description

Technical Field

[0001] The present disclosure relates to the field of
clothes dryers, in particular to a method for controlling
an expansion valve of a frequency conversion heat pump
clothes dryer.

Background Art

[0002] In daily life, clothes are mostly dried naturally,
but it needs more time, especially in the rainy season in
the South of China, clothes are hardly thoroughly dried
even naturally dried for many days. Therefore, clothes
dryers are very popular with customers. However, current
clothes dryers mostly have a simple drying mode; and
customers have further demands on human-friendly op-
eration modes, which are mainly reflected in the following
three aspects. Demand 1: it is required to have low noise
when a dryer is used at night. Demand 2: when a user
is in a hurry to dry clothes, the user’s high demand on
drying speed needs to be met. Demand 3: when the user
is not in a hurry to dry clothes, the user’s demand on low
power consumption of the dryer becomes high and it
needs to meet the requirement of the user for power sav-
ing.
[0003] In the operation of the existing refrigeration sys-
tem, the expansion valve is generally adjusted on the
basis of the temperature difference between an inlet and
an outlet of an evaporator. For example, the outlet tem-
perature TS and the inlet surface temperature Te of the
evaporator are detected and then compared with a target
superheat TSH = 5K, wherein SH = TS-Te-TSH, ΔSH =
SH-SH (previous). If superheat SH is positive, it is nec-
essary to increase the flow rate, and compares SH with
the previous superheat. If the superheat has a trend of
decrease, and the intensity of the adjustment is small.
When compared with the previous superheat, and if the
superheat has a trend of increase, then the intensity of
the increase degree is large. If the SH is negative, it is
necessary to decrease the flow rate and compares SH
with the previous superheat. If the superheat has a trend
of increase, and intensity of the adjustment degree is
small; when compared with the previous superheat, if the
superheat has a trend of decrease, and then the intensity
of the decrease is small. This control method can ensure
the maximization of the effective heat exchange area of
the evaporator to ensure that the refrigerant in the evap-
orator evaporates sufficiently. But it is required to arrange
temperature sensors on both sides of the evaporator.
The type of electric control panel of the product can be
increased.
[0004] In view of foregoing, the present disclosure is
provided.

Summary of the Invention

[0005] The present disclosure is intended to overcome
the shortcomings of the prior art and to provide a method
for controlling an expansion valve of a frequency conver-
sion heat pump clothes dryer so that the open degree of
an expansion valve is adjusted according to the param-
eters of a compressor without a temperature sensor.
[0006] In order to achieve this object, the present dis-
closure adopts the following technical solution. A method
for controlling an expansion valve of a frequency conver-
sion heat pump clothes dryer, wherein a frequency con-
version compressor of the clothes dryer comprises a fre-
quency ascending stage, a frequency retaining stage,
and a frequency descending stage. The open degree of
the electronic expansion valve is adjusted through pa-
rameters such as the operation time/power/current at an
operation frequency/a certain frequency of the frequency
conversion compressor.
[0007] In the same clothes drying mode, a reference
value of the operation time/power/current at the certain
frequency is set, and an actual value of the operation
time/power/current at the certain frequency of the com-
pressor and the set reference value are compared. If the
actual value of the operation time at the certain frequency
is less than the set reference value or the actual value
of the power/current is greater than the reference value,
the open degree of the expansion value is turned up. And
if the actual value of the operation time at the certain
frequency is greater than the set reference value or the
actual value of the power/current is less than the set ref-
erence value, the open degree of the expansion valve is
turned down.
[0008] In the frequency descending stage, the opera-
tion frequency of the frequency conversion compressor
gradually decreases from a set target frequency in stag-
es, and the open degree of the expansion valve is cor-
respondingly turned up in stages.
[0009] The clothes dryer at least comprises a first dry-
ing mode and a second drying mode. The operation time
of the compressor in a high frequency band in the first
drying mode is longer than the operation time of the fre-
quency conversion compressor in the high frequency
band in the second drying mode. The open degree of the
expansion valve in the first drying mode when it enters
in the frequency descending stage is larger than the open
degree of the expansion valve in the second drying mode
when it enters in the frequency descending stage.
[0010] In the frequency descending stage, when the
detected temperature rises to T11 °C in the first drying
mode, the operation frequency of the frequency conver-
sion compressor decreases from a target frequency fn
Hz to f1 Hz and the open degree of the expansion valve
is adjusted to the pulse open degree k11 from k1n. When
the detected temperature rises to T21 °C in the second
drying mode, the operation frequency of the frequency
conversion compressor decreases from the target fre-
quency fn Hz to f1 Hz and the open degree of the expan-
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sion valve is adjusted to the pulse open degree k21 from
k2n. Wherein, T11>T21, k1n>k2n, k11>k21.
[0011] When the clothes dryer starts operating, the ex-
pansion value is adjusted to close to a fully closed state
and then opened to a first open degree and then the
compressor is started. After the compressor finishes fre-
quency ascending, the expansion valve is opened to a
second open degree and the compressor enters in the
frequency retaining stage. Preferably, the operation of
adjusting the expansion valve to close to a fully closed
state is: firstly, closing the expansion valve, and then
opening for a small open degree and then closing for a
large open degree, repeating such operations for several
times to ensure that the expansion valve is in a fully
closed state.
[0012] The clothes dryer further comprises a third dry-
ing mode. The operation time of the compressor in a high
frequency band in the third drying mode is shorter than
the operation time of the compressor in the high frequen-
cy band in the second drying mode; the open degree of
the expansion valve in the third drying mode when it en-
ters in the frequency descending stage is smaller than
the open degree of the expansion valve in the second
drying mode when it enters in the frequency descending
stage.
[0013] In the frequency descending stage, when the
detected temperature rises to T31 °C in the third drying
mode, the operation frequency of the frequency conver-
sion compressor decreases from the target frequency fn
Hz to f1 Hz and the open degree of the expansion valve
is adjusted to the pulse open degree k31 from k3n. When
the detected temperature rises to T21 °C in the second
drying mode, the operation frequency of the frequency
conversion compressor decreases from the target fre-
quency fn Hz to f1 Hz and the open degree of the expan-
sion valve is adjusted to the pulse open degree k21 from
k2n. Wherein, T21>T31, k2n>k3n, k21>k31.
[0014] In the frequency descending stage, when the
detected temperature rises to T12 °C in the first drying
mode, the operation frequency of the frequency conver-
sion compressor decreases from f1 Hz to f2 Hz and the
open degree of the expansion valve is adjusted to the
pulse open degree k12 from k11 until the detected tem-
perature rises to T1m °C. Then, the operation frequency
of the frequency conversion compressor decreases from
f2 Hz to fm Hz and the open degree of the expansion
valve is adjusted to the pulse open degree k1m from k12
until the clothes drying operation is finished. When the
detected temperature rises to T22 °C in the second drying
mode, the operation frequency of the frequency conver-
sion compressor decreases from f1 Hz to f2 Hz and the
open degree of the expansion valve is adjusted to the
pulse open degree k22 from k21 until the detected tem-
perature rises to T2m °C. Then, the operation frequency
of the frequency conversion compressor decreases from
f2 Hz to fm Hz and the open degree of the expansion
valve is adjusted to the pulse open degree k2m from k22
until the clothes drying operation is finished. Wherein,

T12>T22, T1m>T2m, k12>k22, and k1m>k2m.
[0015] In the frequency descending stage, when the
detected temperature rises to T32°C in the third drying
mode, the operation frequency of the frequency conver-
sion compressor decreases from f1 Hz to f2 Hz and the
open degree of the expansion valve is adjusted to the
pulse open degree k32 from k31 until the detected tem-
perature rises to T3m °C. Then, the operation frequency
of the frequency conversion compressor decreases from
f2 Hz to fm Hz and the open degree of the expansion
valve is adjusted to the pulse open degree k3m from k32
until the clothes drying operation is finished. When the
detected temperature rises to T22 °C in the second drying
mode, the operation frequency of the frequency conver-
sion compressor decreases from f1 Hz to f2 Hz and the
open degree of the expansion valve is adjusted to the
pulse open degree k22 from k21 until the detected tem-
perature rises to T2m °C. Then, the operation frequency
of the frequency conversion compressor decreases from
f2 Hz to fm Hz and the open degree of the expansion
valve is adjusted to the pulse open degree k2m from k22
until the clothes drying operation is finished. Wherein,
T22>T32, T2m>T3m, k22>k32, and k2m>k3m.
[0016] With the technical solution of the present dis-
closure, the following beneficial effects are brought
about:

1. The method for controlling an expansion valve ac-
cording to the present disclosure does not use an
additional temperature sensor and adjusts the open
degree of the expansion valve by virtue of the pa-
rameters of a compressor. The parameters of the
compressor can be directly obtained by the frequen-
cy converter of the compressor, and therefore the
part of detecting temperature by a temperature sen-
sor can be omitted and the control part can be sim-
plified.

2. The clothes dryer according to the present disclo-
sure provides a variety of drying modes so that users
can choose proper drying modes according to their
own needs; users are provided with more choices.
One machine can be applied to different crowds, thus
improving the versatility of the clothes dryer; more-
over, with a variety of drying modes, the diversity
and flexibility of the clothes dryer are enhanced,
which meets the people’s different demands in dif-
ferent periods of time and further fits people’s diver-
sified, high-speed, efficient pace of life, thus enhanc-
ing the humane friendliness of the clothes dryer.

3. In the plurality of drying modes of the clothes dryer
according to the present disclosure, the frequency
of the frequency conversion compressor rises to a
set target frequency, and the drying modes are di-
vided by the operation time at the set target frequen-
cy, i.e., a high frequency band. The compressor op-
erates under a full load in the plurality of drying
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modes so that the compressor reaches the highest
efficiency and thus can be used to the greatest ex-
tent. The clothes dryer avoids working for a long time
under a low load with low efficiency; in addition, the
clothes dryer also avoids working under a high load
for a long time, thereby not causing a damage to the
compressor or reducing the service life of the com-
pressor.

4. The first drying mode of the drying modes of the
present disclosure can solve the problem of fast dry-
ing and is suitable for people who need dry clothes
fast. The third drying mode can solve the problem of
drying noise and is suitable for people who care low
drying noise rather than drying speed. The second
drying mode can achieve proper matching of energy
saving and drying speed and therefore is suitable for
people who do not care drying speed and drying
noise.

[0017] Specific embodiments of the present disclosure
will now be described in further detail with reference to
the accompanying drawings.

Brief Description of the Drawings

[0018]

FIG. 1 is a flow chart of the drying mode control ac-
cording to the present disclosure;

FIG. 2 is a diagram showing the relationship between
the open degree of the expansion valve and the dry-
ing modes according to the present disclosure;

FIG. 3 is a diagram showing the relationship between
the open degree of the expansion valve and the op-
eration time at a certain frequency according to the
present disclosure; and

FIG. 4 is a diagram showing the relationship between
the open degree of the expansion valve and pow-
er/current according to the present disclosure,

wherein, S1. frequency ascending stage; S2. frequency
retaining stage; S3. frequency descending stage; 1. the
fast drying mode curve; 2. the general drying mode curve;
3. the corresponding curve of the reference operation
time at a high frequency and the open degree of the ex-
pansion valve; 4. the corresponding curve of the actual
operation time at a high frequency and the open degree
of the expansion valve; 5. the corresponding curve of the
actual operation time at a high frequency and the open
degree of the expansion valve; 6. the corresponding
curve of the reference power/current and the open de-
gree of the expansion valve; 7. the corresponding curve
of actual power/current and the open degree of the ex-
pansion valve; 8, the corresponding curve of actual pow-

er/current and the open degree of the expansion valve.

Detailed Description of the Preferred Embodiments

[0019] Provided is a method for controlling an expan-
sion valve of a frequency conversion heat pump clothes
dryer, wherein a frequency conversion compressor of the
clothes dryer comprises a frequency ascending stage, a
frequency retaining stage, and a frequency descending
stage. The open degree of the electronic expansion valve
can be adjusted through parameters such as the opera-
tion time/power/current at an operation frequency/a cer-
tain frequency of the frequency conversion compressor.
Without using an additional temperature sensor, the open
degree of the expansion valve is adjusted by virtue of the
parameters of a compressor. The parameters of the com-
pressor are directly obtained by the frequency converter
of the compressor, and therefore the part of detecting
temperature by a temperature sensor is omitted and the
control part is simplified. The operation time at a certain
frequency is the time the frequency conversion compres-
sor operates stably at a frequency within the operation
frequency range.
[0020] Specifically, in the same clothes drying mode,
a reference value of the operation time/power/current at
the certain frequency is set, and an actual value of the
operation time/power/current at the certain frequency of
the compressor and the set reference value are com-
pared. If the actual value of the operation time at the
certain frequency is less than the set reference value or
the actual value of the power/current is greater than the
reference value, the open degree of the expansion value
is turned up. And if the actual value of the operation time
at the certain frequency is greater than the set reference
value or the actual value of the power/current is less than
the set reference value, the open degree of the expansion
valve is turned down. In this way, it is only required to
write the reference value of the set operation time/pow-
er/current at the frequency into the control panel of a
washing machine, the actual value of the operation
time/power/current at the frequency, which is directly ob-
tained during operation, is compared with the reference
value to control the open degree of the expansion valve,
and the control operation is simple. In the same mode,
if the operation time at a certain frequency is long, tem-
perature rises slowly on the contrary, and because the
final temperature setting is the same, the open degree
should be turned down. However, in different drying
modes, if the operation time at a certain frequency is
long, the final temperature/power/current will become
high and the reference open degree of the expansion
valve at the frequency will be high.
[0021] The frequency conversion compressor of the
clothes dryer comprises a frequency ascending stage, a
frequency retaining stage, and a frequency descending
stage. In the frequency descending stage, the operation
frequency of the frequency conversion compressor grad-
ually decreases from a set target frequency in stages,
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and the open degree of the expansion valve is corre-
spondingly turned up in stages.
[0022] In different drying modes, the reference opera-
tion time/power/current is different itself. In the mode
where the longer the reference operation time at a certain
frequency, the larger the open degree of the expansion
valve at the same frequency band relative to other
modes. In the mode where the greater the reference tar-
get power/current at a certain frequency, the larger the
open degree of the expansion valve at the same frequen-
cy band relative to other modes.
[0023] In the same drying mode, if the actual temper-
ature rise speed of the compressor system at a certain
frequency band is higher than the reference temperature
rise speed (that is, shorter time), the open degree will be
adjusted larger on the basis of the reference open degree
of the expansion valve in this mode. If the actual pow-
er/current of the compressor system at a certain frequen-
cy band is higher than the reference power/current, the
open degree will be adjusted larger on the basis of the
reference open degree of the expansion valve in this
mode.
[0024] As illustrated in FIG. 1, the clothes dryer at least
comprises two drying modes: a first drying mode and a
second drying mode. The operation time of the compres-
sor in a high frequency band in the first drying mode is
longer than the operation time of the frequency conver-
sion compressor in the high frequency band in the second
drying mode. The open degree of the expansion valve in
the first drying mode when it enters in the frequency de-
scending stage is larger than the open degree of the ex-
pansion valve in the second drying mode when it enters
in the frequency descending stage. The drying speed in
the first drying mode is higher than the drying speed in
the second drying mode, the power consumption in the
second drying mode is lower than that in the first drying
mode, and users can, according to their own actual con-
ditions, select drying modes, and the control panel is pro-
vided with control buttons for drying modes so that the
users can select drying modes through the buttons on
the panel.
[0025] In the first drying mode, the operation frequency
or speed of a fan is higher than or equal to the operation
frequency or speed of the fan in the second drying mode.
It is preferable that the operation frequency or speed of
the fan in the first drying mode is higher than the operation
frequency or speed of the fan in the second drying mode,
and the circulation of air takes away the hot and humid
air from a drum and brings in hot and dry air, thus taking
water away from clothes in the drum. The higher the op-
eration frequency or speed of the fan, the faster the air
circulation, water of clothes in the drum can be taken
away more easily and the clothes can be dried faster.
[0026] The frequency conversion compressor com-
prises a frequency ascending stage, a frequency retain-
ing stage, and a frequency descending stage. After the
compressor is started, the operation frequency of the
compressor gradually rises from a low frequency to the

maximum operation frequency (i.e., the set target fre-
quency), rather than directly operating at the maximum
operation frequency. The rise of the operation frequency
of the frequency conversion compressor is also able to
be divided into multiple stages. The compressor operates
for 0.5-3 minutes after each frequency stage is reached
until it operates steady and then the operation frequency
rises to another frequency stage at a rate of 1 Hz/s∼1
Hz/60s; (e.g., 28∼40Hz/s; 40∼50Hz/s; 50∼60Hz/s). Here
it does not directly rise to the highest speed for the fol-
lowing reasons: to prevent the phenomenon that the re-
turn amount of oil inside the compressor from a heat ex-
changer back to the compressor is less than the amount
of oil discharged, resulting in poor lubrication and in-
crease of the wear of the internal parts of the compressor,
when the operation frequency (i.e., the rotation speed)
rises too rapidly. To prevent the phenomenon that a liquid
refrigerant enters the compressor to dilute the lubricant
inside the compressor because the refrigerant of the
evaporator does not completely evaporate at the begin-
ning, thus resulting in poor lubrication. In the frequency
ascending state, the operation current I of the compres-
sor needs to be monitored; if the condenser surface tem-
perature reflecting condensation temperature and the
compressor exhaust temperature reflecting the inside
temperature of the compressor reach required limit val-
ues, the frequency is retained, and therefore the frequen-
cy will not rise any more even though the frequency does
not rise to the target rotation rate.
[0027] Furthermore, the frequency of the frequency
conversion compressor reaches the set target frequency,
that is, the compressor operates under a full load, so that
the compressor reaches the highest efficiency and reach-
es the maximum utilization degree.
[0028] After reaching the set target frequency or the
highest frequency required by the limit, the compressor
enters in the frequency retaining stage and operates at
the set target frequency or at the highest frequency
reaching the limit requirement.
[0029] Specifically, in the frequency descending stage,
when the detected temperature rises to T11 °C in the first
drying mode, the operation frequency of the frequency
conversion compressor decreases from the target fre-
quency fn Hz to f1 Hz and the open degree of the expan-
sion valve is adjusted to the pulse open degree k11 from
k1n. When the detected temperature rises to T21 °C in
the second drying mode, the operation frequency of the
frequency conversion compressor decreases from the
target frequency fn Hz to f1 Hz and the open degree of
the expansion valve is adjusted to the pulse open degree
k21 from k2n. Wherein, T11>T21, k1n>k2n, k11>k21.
[0030] In the frequency descending stage, when the
detected temperature rises to T12°C in the first drying
mode, the operation frequency of the frequency conver-
sion compressor decreases from f1 Hz to f2 Hz and the
open degree of the expansion valve is adjusted to the
pulse open degree k12 from k11 until the detected tem-
perature rises to T1m °C. Then, the operation frequency
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of the frequency conversion compressor decreases from
f2 Hz to fm Hz and the open degree of the expansion
valve is adjusted to the pulse open degree k1m from k12
until the clothes drying operation is finished. When the
detected temperature rises to T22 °C in the second drying
mode, the operation frequency of the frequency conver-
sion compressor decreases from f1 Hz to f2 Hz and the
open degree of the expansion valve is adjusted to the
pulse open degree k22 from k21 until the detected tem-
perature rises to T2m °C. Then, the operation frequency
of the frequency conversion compressor decreases from
f2 Hz to fm Hz and the open degree of the expansion
valve is adjusted to the pulse open degree k2m from k22
until the clothes drying operation is finished. Wherein,
T12>T22, T1m>T2m, k12>k22, and k1m>k2m.
[0031] The k1n<k11<k12, and k2n< k21< k22; the opera-
tion frequency of the frequency conversion compressor
gradually decreases from the set target frequency in
stages, and the open degree of the expansion valve is
correspondingly turned up in stages.
[0032] When the clothes dryer starts operating, the ex-
pansion value is adjusted to close to a fully closed state
and then opened to a first open degree and then the
compressor is started; after the compressor finishes fre-
quency ascending, the expansion valve is opened to a
second open degree and the compressor enters in the
frequency retaining stage. Preferably, when the clothes
dryer starts operating, the expansion valve is closed first-
ly, and then opened for a small open degree and then
closed for a large open degree, such operations are re-
peated for several times to ensure that the expansion
valve is in a fully closed state. When the clothes dryer
starts operating, the expansion valve firstly executes a
fully closed action; if the maximum open degree is 500
pulses, the expansion valve is closed for 500 pulses at
first, and then opened for 5 pulses and then closed for
60 pulses, such operations are repeated 5 times to en-
sure that the expansion valve is in a fully closed state.
After completion, the expansion valve is opened to the
initial position 100-pulse open degree, and the compres-
sor starts. At the end of frequency ascending of the com-
pressor, the expansion valve is opened to the initial po-
sition 200-pulse open degree. The compressor enters in
the frequency retaining stage.
[0033] As illustrated in FIG. 1, the clothes dryer further
comprises a third drying mode. The operation time of the
compressor in a high frequency band in the third drying
mode is shorter than the operation time of the compressor
in the high frequency band in the second drying mode;
the open degree of the expansion valve in the third drying
mode when it enters in the frequency descending stage
is smaller than the open degree of the expansion valve
in the second drying mode when it enters in the frequency
descending stage. The drying speed in the third drying
mode is lower than the drying speed in the second drying
mode, but the noise in the third drying mode is lower than
that in the second drying mode, and users can, according
to their own actual conditions, select drying modes, and

the control panel is provided with control buttons for dry-
ing modes so that the users can select drying modes
through the buttons on the panel. In the third drying mode,
the operation frequency or speed of the fan is lower than
the operation frequency or speed of the fan in the second
drying mode. Therefore, noise can be further lowered.
[0034] In the frequency descending stage, when the
detected temperature rises to T31 °C in the third drying
mode, the operation frequency of the frequency conver-
sion compressor decreases from the target frequency fn
Hz to f1 Hz and the open degree of the expansion valve
is adjusted to the pulse open degree k31 from k3n. When
the detected temperature rises to T21 °C in the second
drying mode, the operation frequency of the frequency
conversion compressor decreases from the target fre-
quency fn Hz to f1 Hz and the open degree of the expan-
sion valve is adjusted to the pulse open degree k21 from
k2n. Wherein, T21>T31, k2n>k3n, k21>k31.
[0035] In the frequency descending stage, when the
detected temperature rises to T32°C in the third drying
mode, the operation frequency of the frequency conver-
sion compressor decreases from f1 Hz to f2 Hz and the
open degree of the expansion valve is adjusted to the
pulse open degree k32 from k31 until the detected tem-
perature rises to T3m °C. Then, the operation frequency
of the frequency conversion compressor decreases from
f2 Hz to fm Hz and the open degree of the expansion
valve is adjusted to the pulse open degree k3m from k32
until the clothes drying operation is finished. When the
detected temperature rises to T22 °C in the second drying
mode, the operation frequency of the frequency conver-
sion compressor decreases from f1 Hz to f2 Hz and the
open degree of the expansion valve is adjusted to the
pulse open degree k22 from k21 until the detected tem-
perature rises to T2m °C. Then, the operation frequency
of the frequency conversion compressor decreases from
f1 Hz to f2 Hz and the open degree of the expansion valve
is adjusted to the pulse open degree k2m from k22 until
the clothes drying operation is finished. Wherein,
T22>T32, T2m>T3m, k22>k32, and k2m>k3m.
[0036] The k3n< k31< k32. The operation frequency of
the frequency conversion compressor gradually de-
creases from the set target frequency in stages, and the
open degree of the expansion valve is correspondingly
turned up in stages.
[0037] The first drying mode: the open degree of the
expansion valve is larger than that in other modes at the
same frequency band, the flow is larger, and the pressure
is lower. At the end of frequency ascending of the com-
pressor, the expansion valve is opened to the initial po-
sition 210-pulse open degree. The compressor enters in
the frequency retaining stage.
[0038] The operation frequency of the frequency con-
version compressor enters in the frequency descending
stage. When the condenser surface temperature rises to
42 °C, the frequency decreases to 50 Hz from the target
rotation rate 60 Hz and the open degree of the expansion
valve is adjusted to 230-pulse open degree at the same
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time. When the condenser surface temperature rises to
52 °C, the frequency decreases to 40 Hz from the rotation
rate 50 Hz and the open degree of the expansion valve
is adjusted to 250-pulse open degree. When the con-
denser surface temperature rises to 57 °C, the frequency
decreases to 30 Hz from the rotation rate 40 Hz and the
open degree of the expansion valve is adjusted to 270-
pulse open degree. The compressor operates at the ro-
tation rate of 30 Hz till the end of the drying operation.
[0039] The second drying mode: the condensation
temperature corresponding to each frequency band of
the compressor is lower than that in the first drying mode
so that the compressor enters in a low-frequency oper-
ation stage as quickly as possible due to the reduction
of the target condensation temperature. The temperature
of clothes in a drum is low, less refrigerant is evaporated
by the evaporator when the frequency conversion com-
pressor operates at the same operation frequency band,
the open degree of the expansion valve is set smaller
than that in the first drying mode at the same frequency
band, the flow is smaller, and the pressure is higher. At
the end of frequency ascending of the compressor, the
expansion valve is opened to the initial position 200-pulse
open degree. The operation frequency of the frequency
conversion compressor enters in the frequency retaining
stage. When the condenser surface temperature rises to
32 °C, the frequency decreases to 50 Hz from the target
rotation rate 60Hz and the open degree of the expansion
valve is adjusted to 220-pulse open degree at the same
time. When the condenser surface temperature rises to
42 °C, the frequency decreases to 40 Hz from the rotation
rate 50 Hz and the open degree of the expansion valve
is adjusted to 240-pulse open degree. When the con-
denser surface temperature rises to 47 °C, the frequency
decreases to 30 Hz from the rotation rate 40Hz and the
open degree of the expansion valve is adjusted to 260-
pulse open degree. The compressor operates at the ro-
tation rate of 30 Hz till the end of the drying operation.
[0040] The third drying mode: the condensation tem-
perature corresponding to each frequency band of the
compressor is lower than that in the second drying mode
so that the compressor enters in a low-frequency oper-
ation stage as quickly as possible due to the reduction
of the target condensation temperature. The temperature
of clothes in a drum is low, less refrigerant is evaporated
by the evaporator when the frequency conversion com-
pressor operates at the same operation frequency band,
the open degree of the expansion valve is set smaller
than that in the second drying mode at the same frequen-
cy band, the flow is smaller, and the pressure is higher.
At the end of frequency ascending of the compressor,
the expansion valve is opened to the initial position 190-
pulse open degree. The compressor enters in the fre-
quency retaining stage.
[0041] When the condenser surface temperature rises
to 27 °C, the frequency decreases to 50 Hz from the
target rotation rate 60 Hz and the open degree of the
expansion valve is adjusted to 210-pulse open degree

at the same time. When the condenser surface temper-
ature rises to 37°C, the frequency decreases to 40Hz
from the rotation rate 50 Hz and the open degree of the
expansion valve is adjusted to 230-pulse open degree.
When the condenser surface temperature rises to 42°C,
the frequency decreases to 30Hz from the rotation rate
40Hz and the open degree of the expansion valve is ad-
justed to 250-pulse open degree. The compressor oper-
ates at the rotation rate of 30Hz till the end of the drying
operation.
[0042] As illustrated in FIG. 2, 1 refers to the fast drying
mode curve and 2 refers to the general drying mode
curve. It is seen that operation time at a high frequency
band in the fast drying mode is long, operation time at a
high frequency band in the general drying mode is short,
and the open degree of the expansion valve increases
in a frequency descending sequence; but the initial ref-
erence open degree is relatively large.
[0043] As illustrated in FIG. 3, in comparison of time
of each frequency stage with the reference time, quick
frequency descending means high temperature rise and
more refrigerant evaporated, and then the open degree
of the expansion valve is turned up, or otherwise the open
degree is turned down. The operation time at a high fre-
quency band is stated as an example; the curve 3 is the
corresponding curve of the reference operation time at
a high frequency and the open degree of the expansion
valve, the curve 4 is the corresponding curve of the actual
operation time at a high frequency and the open degree
of the expansion valve in the case where the actual op-
eration time at a high frequency is shorter than the ref-
erence operation time at a high frequency, and the curve
5 is the corresponding curve of the actual operation time
at a high frequency and the open degree of the expansion
valve in the case where the actual operation time at a
high frequency is longer than the reference operation
time at a high frequency. The actual operation time in the
curve 4 is shorter than the reference time, and the open
degree of the expansion valve is turned up; the actual
operation time in the curve 5 is longer than the reference
time, and the open degree of the expansion valve is
turned down.
[0044] In each stage, the expansion valve is also ad-
justed according to the parameters such as current/pow-
er; current/power increases, and then the open degree
of the expansion valve is turned up; the current/power
decreases, and then the open degree of the expansion
valve is turned down.
[0045] As illustrated in FIG. 4, in comparison of cur-
rent/power of each frequency stage with the reference
current/power, current/power is high, the load of the com-
pressor is high, the temperature is high, more refrigerant
is evaporated, and then the open degree of the valve can
be turned up, or otherwise, the open degree is turned
down. In the case of a high frequency band as an exam-
ple, the curve 6 is the corresponding curve of the refer-
ence power/current and the open degree of the expan-
sion valve, the curve 7 is the corresponding curve of ac-
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tual power/current and the open degree of the expansion
valve in the case where the actual power/current is higher
than the reference power/current, and the curve 8 is the
corresponding curve of actual power/current and the
open degree of the expansion valve in the case where
the actual power/current is lower than the reference pow-
er/current. The actual power/current in the curve 7 is high-
er than the reference power/current and the open degree
of the expansion valve is turned up; the actual power/cur-
rent in the curve 8 is lower than the reference power/cur-
rent and the open degree of the expansion valve is turned
down.
[0046] In the present disclosure, the open degree of
the expansion valve directly corresponds to the param-
eters of the frequency conversion compressor, thus
avoiding the indirect adjustment that change of the pa-
rameters causes the temperature change and then caus-
es the change of the open degree of the expansion valve.
Therefore, the error caused by the multiple steps of
measurement in the indirect adjustment can be reduced,
control becomes more accurate, and the drying efficiency
is high.
[0047] Some users want to wear a piece of clothing in
a hurry and need to quickly dry without considering the
noise and power consumption, the drying speed is the
most important criteria. And in this case, the users can
select the first drying mode, i.e., the fast drying mode, so
that the clothes in need can be dried quickly. Some users
wash clothes at night and plans to wear them the next
day, so they have a long night to dry the clothes; however,
they also want take a rest at night without the disturbance
by a clothes dryer. In this case, a quiet clothes dryer is
desirable without considering drying speed and power
consumption and low noise is the most important criteria.
Therefore, the third drying mode, i.e., the quiet mode, is
selected to lower the noise to the minimum so that the
clothes are dried in a quiet way without disturbing the
rest of the users. If users do not want to dry clothes in a
hurry or do not mind of being disturbed by drying noise
during the rest, they can select the second drying mode
so that energy saving and drying speed reach an appro-
priate match.
[0048] The clothes dryer according to the present dis-
closure provides a variety of drying modes so that users
can choose proper drying modes according to their own
needs. Users are provided with more choices, one ma-
chine can be applied to different crowds, thus improving
the versatility of the clothes dryer; moreover, with a va-
riety of drying modes, the clothes dryer enhances the
diversity and flexibility of the clothes dryer, meets the
people’s different demands in different periods of time
and further fits people’s diversified, high-speed, efficient
pace of life, thus enhancing the humane friendliness of
the clothes dryer.
[0049] Furthermore, in the plurality of drying modes of
the clothes dryer according to the present disclosure, the
frequency of the frequency conversion compressor rises
to a set target frequency, and the drying modes are di-

vided by the operation time at the set target frequency,
i.e., a high frequency band, the compressor operates un-
der a full load in the plurality of drying modes so that the
compressor reaches the highest efficiency and thus can
be used to the greatest extent. The clothes dryer avoids
working for a long time under a low load with low efficien-
cy; in addition, the clothes dryer also avoids working un-
der a high load for a long time, thereby not causing a
damage to the compressor or reducing the service life of
the compressor.
[0050] The above description only relates to the pre-
ferred embodiments of the present disclosure. It should
be noted that, for the person of ordinary skill in the art,
variants and modifications also may be made without de-
parting from the principles of the present disclosure, and
these variants and modifications also should be consid-
ered as falling within the protection scope of the present
disclosure.

Claims

1. A method for controlling an expansion valve of a fre-
quency conversion heat pump clothes dryer, a fre-
quency conversion compressor of the clothes dryer
comprising a frequency ascending stage, a frequen-
cy retaining stage, and a frequency descending
stage, characterized in that an open degree of the
electronic expansion valve is adjusted through pa-
rameters such as a certain frequency of the frequen-
cy conversion compressor/an operation time/pow-
er/current at an operation frequency.

2. The method for controlling the expansion valve of
the frequency conversion heat pump clothes dryer
according to claim 1, characterized in that: in a
same clothes drying mode, a reference value of the
operation time/power/current at the certain frequen-
cy is set, and an actual value of the operation
time/power/current at the frequency of the compres-
sor and the set reference value are compared;
if the actual value of the operation time at the fre-
quency is less than the set reference value or the
actual value of the power/current is greater than the
set reference value, the open degree of the expan-
sion value is turned up;
and if the actual value of the operation time at the
frequency is greater than the set reference value or
the actual value of the power/current is less than the
set reference value, the open degree of the expan-
sion valve is turned down.

3. The method for controlling the expansion valve of
the frequency conversion heat pump clothes dryer
according to claim 1 or 2, characterized in that: in
the frequency descending stage, the operation fre-
quency of the frequency conversion compressor
gradually decreases from a set target frequency in
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stages, and the open degree of the expansion valve
is correspondingly turned up in stages.

4. The method for controlling the expansion valve of
the frequency conversion heat pump clothes dryer
according to any one of claims from 1-3, character-
ized in that: the clothes dryer has different drying
modes; under different drying modes, if a target op-
eration time/power/current at the same frequency is
great, the open degree of the expansion value is
large.

5. The method for controlling the expansion valve of
the frequency conversion heat pump clothes dryer
according to claim 4, characterized in that: the
clothes dryer at least comprises a first drying mode
and a second drying mode, the operation time of the
compressor in a high frequency band in the first dry-
ing mode is longer than the operation time of the
frequency conversion compressor in the high fre-
quency band in the second drying mode, and the
open degree of the expansion valve in the first drying
mode when it enters in the frequency descending
stage is larger than the open degree of the expansion
valve in the second drying mode when it enters in
the frequency descending stage.

6. The method for controlling the expansion valve of
the frequency conversion heat pump clothes dryer
according to claim 4 or 5, characterized in that: in
the frequency descending stage, when a detected
temperature rises to T11°C in the first drying mode,
the operation frequency of the frequency conversion
compressor decreases from a target frequency fn Hz
to f1 Hz and the open degree of the expansion valve
is adjusted to a pulse open degree k11 from k1n;
when the detected temperature rises to T21 °C in the
second drying mode, the operation frequency of the
frequency conversion compressor decreases from
the target frequency fn Hz to f1 Hz and the open de-
gree of the expansion valve is adjusted to the pulse
open degree k21 from k2n; wherein, T11>T21, k1n>k2n,
k11>k21.

7. The method for controlling the expansion valve of
the frequency conversion heat pump clothes dryer
according to any one of claims from 1-6, character-
ized in that: when the clothes dryer starts operating,
the expansion valve is adjusted to a fully closed state
and then opened to a first open degree and then the
compressor is started;
after the compressor finishes frequency ascending,
the expansion valve is opened to a second open de-
gree and the compressor enters in the frequency re-
taining stage;
preferably, the operation of adjusting the expansion
valve to the fully closed state is: firstly, closing the
expansion valve, and then opening for a small open

degree and then closing for a large open degree,
repeating such operations for several times to en-
sure that the expansion valve is in the fully closed
state.

8. The method for controlling the expansion valve of
the frequency conversion heat pump clothes dryer
according to any one of claims from 1-7, character-
ized in that: the clothes dryer further comprises a
third drying mode, the operation time of the compres-
sor in the high frequency band in the third drying
mode is shorter than the operation time of the fre-
quency conversion compressor in the high frequen-
cy band in the second drying mode,
and the open degree of the expansion valve in the
third drying mode when it enters in the frequency
descending stage is smaller than the open degree
of the expansion valve in the second drying mode
when it enters in the frequency descending stage.

9. The method for controlling the expansion valve of
the frequency conversion heat pump clothes dryer
according to claim 8, characterized in that: in the
frequency descending stage, when the detected
temperature rises to T31 °C in the third drying mode,
the operation frequency of the frequency conversion
compressor decreases from the target frequency fn
Hz to f1 Hz and the open degree of the expansion
valve is adjusted to the pulse open degree k31 from
k3n;
when the detected temperature rises to T21 °C in the
second drying mode, the operation frequency of the
frequency conversion compressor decreases from
the target frequency fn Hz to f1 Hz and the open de-
gree of the expansion valve is adjusted to the pulse
open degree k21 from k2n; wherein, T21>T31, k2n>k3n,
k21>k31.
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