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(67)  The present invention relates to a refrigerator
and a working method thereof. The method includes: de-
termining whether to suck air from a storage space (2)
capable of keeping a low-pressure state; and if it is de-
termined to suck air from the storage space, activating a
vacuum pump (3) to suck at least a part of air out of the
storage space (2) through a sucking path (4) connected
between the vacuum pump (3) and the storage space
(2). According to the advice of the present invention,
when the vacuum pump (3) is in a start phase, a branch
(5) connected to the sucking path (4) is opened in at least
a part of the start phase or an open state of the branch
(5) is kept, so as to decrease a start load of the vacuum

pump (3).
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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The present invention relates to a refrigerator
and a working method thereof, and more particularly to
a refrigerator having a storage space capable of keeping
a low-pressure state and a working method thereof.

Related Art

[0002] Arefrigerator capable of keeping goodsin alow-
pressure environment is known in the prior art. A refrig-
erator of this kind usually has an evacutable storage
chamber (commonly known as "a vacuum chamber"). At
least a part of air in the storage chamber is evacuated,
so that the air content in the storage chamber is de-
creased to weaken oxidation of foods, thereby improving
the preservation time and quality of foods.

[0003] When pressure in the vacuum chamber is lower
than an external pressure, and if a vacuum pump needs
to be activated again, the vacuum pump is loaded. The
start torque of a motor is much smaller than the torque
during normal working, so that it may be difficult to acti-
vate the motor with load, while it can be activated in a
no-load circumstance. A found symptom is that a rotation
speed of the motor is too low or the motor cannot rotate.
[0004] In order to make the motor be capable of being
normally activated in any loaded environment, output of
the motor needs to be increased which makes the motor
larger. For many sucking systems having limitation on
the size, it is obviously unacceptable. Even if feasible,
forced activation not only consumes more electrical en-
ergy, but also produces more heat, which may affect nor-
mal working of surrounding components.

[0005] The Chinese invention patent No. CN
101331970 B discloses a vacuum preserving system and
a control method thereof, which includes a low-pressure
chamber/vacuum chamber, a vacuum pump, and a suck-
ing path connected between the vacuum pump and the
low-pressure chamber. During working of the vacuum
pump, a gas in the low-pressure chamber may be sucked
out through the sucking path. A refrigerator has a branch
having one end connected to the sucking path and the
other end exposed to external air (the external atmos-
pheric pressure). During vacuuming, the branch keeps
closed, and when the vacuum pump is turned off, the
branch is opened to input external air into the sucking
path, so as to cause a pressure difference between two
ends of a mechanical valve/pressure keeping valve of
the low-pressure chamber, and close, through the pres-
sure difference, the mechanical valve disposed on the
low-pressure chamber. However, CN 101331970 B is
silent regarding the technical problems to be solved by
the present invention.
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SUMMARY OF THE INVENTION

[0006] An objective of the present invention is to solve
at least one of the foregoing problems, so as to provide
a working method of a refrigerator, which is reliable and
is advantageous for reducing size of a vacuum pump,
and to provide a refrigerator configured to be capable of
implementing such a method.

[0007] Therefore, an aspect of the present invention
relates to a working method of a refrigerator, which in-
cludes: determining whether to suck air from a storage
space capable of keeping a low-pressure state; and if it
is determined to suck air from the storage space, acti-
vating a vacuum pump to suck at least a part of air out
of the storage space through a sucking path connected
between the vacuum pump and the storage space; char-
acterized in that when the vacuum pump is in a start
phase, a branch connected to the sucking path is opened
or an open state of the branch is kept for at least a part
of the start phase.

[0008] Duringthe start phase ofthe vacuum pump, am-
bient air may be introduced into the sucking path con-
nected to an air inlet of the vacuum pump, so that at this
phase, a pressure difference between inlet and outlet of
the vacuum pump can be significantly decreased, that
is, a starting load of the vacuum pump can be significantly
decreased. Therefore, even a vacuum pump of smaller
output power is used, the vacuum pump may also be
activated when the storage space is in a low pressure.
Therefore, it can be expected that a vacuum pump, which
is of smaller power and is more compact, can be used
on a refrigerator.

[0009] It should be understood that, the opening the
branchinthe presentinventionincludes a situation where
the branch is switched from a closed state to a completely
open or partially open state, and correspondingly, the
open state of the branch includes a situation where the
branch is partially open and a situation where the branch
is completely open.

[0010] Other separate features or featured regarded
as characteristics of the present invention when com-
bined with other features are illustrated in the following
appended claims.

[0011] According to a possible embodiment of the
present invention, when it is determined to suck air from
the storage space, the branch is opened or keeps at an
open state for a first predetermined time, and when the
first predetermined time is lapsed, the branch is closed.
Preferably, the first predetermined time is not greater
than 5 seconds.

[0012] According to a possible embodiment of the
present invention, the method includes determining
whether the vacuum pump has completed the start
phase, and ifitis determined that the vacuum pump com-
pletes the start phase, closing the branch.

[0013] According to a possible embodiment of the
present invention, a control unit determines, based on
obtained information about rotation speed of a motor of
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the vacuum pump, whether the vacuum pump completes
the start phase.

[0014] According to a possible embodiment of the
present invention, when it is determined to suck air from
the storage space, the branch is switched from a closed
state to an open state, before the vacuum pump is pow-
ered on.

[0015] According to a possible embodiment of the
present invention, when it is determined to suck air from
the storage space, the vacuum pump and a valve for
selectively closing or opening the branch are powered
on at the same time to open the branch, or the valve is
powered on earlier than the vacuum pump by a a prede-
termined time period.

[0016] According to a possible embodiment of the
present invention, when it is determined to suck air from
the storage space, the valve for opening or closing the
branch is powered on later than the vacuum pump by a
predetermined time period, and when the valve is pow-
ered on , the branch is closed.

[0017] According to a possible embodiment of the
present invention, the method includes determining
whether to turn off the vacuum pump or not, and after
the vacuum pump is turned off, the branch is opened
again to import ambient air into the sucking path.
[0018] According to a possible embodiment of the
present invention, after the vacuum pump is turned off,
the branch is opened again for a second predetermined
time and then is closed.

[0019] According to a possible embodiment of the
present invention, when a measured pressure inside the
sucking path reaches a preset value, the branch opened
again is closed.

[0020] Another aspect of the present invention relates
to a refrigerator, including: a storage space capable of
keeping a low-pressure state, a vacuum pump, a sucking
path connected between the storage space and the vac-
uum pump, a branch which is connected to the sucking
pathandis capable of being selectively closed or opened,
and a control unit; wherein the control unit is configured
to be capable of executing the method according to any
one of the foregoing.

[0021] To make the structure, other objectives, and
beneficial effects of the present invention more obvious
and understandable, possible embodiments are de-
scribed with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] As a part of the specification and used for pro-
viding further understanding of the present invention, the
following accompanying drawings illustrate specific em-
bodiments of the present invention and describe princi-
ples of the present invention together with the specifica-
tion, where:

FIG. 1 is a schematic view of a refrigerator having a
sucking system according to a preferable embodi-
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ment of the present invention;

FIG. 2 is a schematic flowchart of a evacuation proc-
ess of a refrigerator according to a preferable em-
bodiment of the present invention; and

FIG. 3is a schematic flowchart of a evacuation proc-
ess of a refrigerator according to another preferable
embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0023] Referring to FIG. 1, a refrigerator 1 has a ther-
mally insulated inner space 10. An inner space 2 may be
defined by a cabinet (not shown) having a thermally in-
sulating material, and may be closed or opened by a door
(not shown) connected to thecabinet.

[0024] The refrigerator 1 has a storage space 2 capa-
ble of keeping a low-pressure state. The storage space
2 may be formed by a storage unit 11 mounted in the
inner space 10, and may also be directly defined by the
inner space 10.

[0025] The refrigerator 1 has a sucking system 12 for
sucking at least a part of air out of the storage space 2.
The sucking system 12 includes a vacuum pump 3 and
a sucking path 4 connected between the storage space
2 and the vacuum pump 3. The sucking path 4 may be
defined by at least one pipe and at least one pipe fitting.
[0026] The vacuum pump 3 may include motor and a
piston received in an air cylinder and driven by the motor.
With the reciprocating movement of the piston, air is
sucked in the air cylinder or is discharged out of the air
cylinder. The sucking system 12 includes a mechanical
valve 8 that is located in the sucking path 4 to prevent
an external air from entering the storage space 2. The
mechanical valve 8 may be disposed on the storage unit
11. In a preferable embodiment, the mechanical valve 8
may have a deformable valve plate, and due to a differ-
ence between internal and external pressures, the valve
plate is deformed to tightly close a sucking channel dis-
posed on the storage unit 11. The mechanical valve 8
may adopt an existing solution, for example, the solution
disclosed by patent application No. CN200910028963.1,
and therefore no more description is provided herein.
[0027] The sucking system 12includes a detection unit
9 for determining whether the storage space 2 reaches
a set pressure. The detection unit 9 may include a pres-
sure sensor for detecting an air pressure.

[0028] In this embodiment, the detection unit 9 is con-
nected to the sucking path 4, and determines a pressure
in the storage space 2 by detecting a pressure of the
sucking path 4. In another embodiment, the detection
unit 9 may also directly detect the pressure within the
storage space 2.

[0029] The sucking system 12 further includes a
branch 5 connected to the sucking path 4. One end of
the branch 5 is in fluid communication with the sucking
path 4, and the other end is connected to ambient air,



5 EP 2 741 031 A1 6

that is, connected to the atmospheric pressure.

[0030] The branch 5 is provided with a valve 7 for con-
trolling the branch 5 to be opened or closed. Preferably,
the valve 7 is a solenoid valve, is operatively associated
with a controller 6, and may be powered on or powered
off according to a signal of the controller 6 to selectively
open the branch or close the branch. In a preferable em-
bodiment, the valve 7 is a normal-close valve, and when
the valve 7 is powered on, a coil of the valve 7 is powered
on, a spool, under the action of an electromagnetic force,
may be instantaneously displaced, so as to open the
branch 5. After the valve 7 is powered off, the electro-
magnetic force disappears, and the spool may move due
to return force of a return mechanism (for example, a
spring) to a close position. In a replacement embodiment,
the valve 7 may also be a normally open solenoid valve.
[0031] The controller 6 includes a printed circuit board,
and is operatively connected to the vacuum pump 3, the
detection unit 9, and the valve 7. The vacuum pump 3
and the valve 7 may be selectively powered on or pow-
ered off according to a signal generated by the controller
6.

[0032] When the vacuum pump 3 is just activated, i.e.
just powered on, rotation speed of the motor of the vac-
uum pump 3 is low. After a start phase in which the ro-
tation speed of the motor increases gradually, the vacu-
um pump 3 runs at a normal operation phase where the
rotation speed of the motor is relatively stable. At the start
phase, the output torque of the motor of the vacuum pump
3 is relatively small.

[0033] FIG.2is aschematicflowchart of a sucking pro-
cedure of a refrigerator 1 according to a preferable em-
bodiment of the present invention. Referring to FIG. 2 in
combination with FIG. 1, firstly in Step S1: determines
whether to suck air from a storage space 2 to decrease
a pressure of the storage space 2. This may be deter-
mined by the control unit 6 according to an input instruc-
tion of a user, pressure information, measured by a de-
tection unit 9, in the storage space 2, or a time signal.
For example, when a user presses/touches a switch on
the refrigerator 1, or when the pressure in the storage
space 2 measured by the detection unit 9, is lower than
a preset value, or a time signal generated by a timing
unit, the control unit 6 sends an instruction for f sucking
air from the storage space 2 when the control unit 6 re-
ceives/generates the user input instruction, pressure in-
formation, or time signal,. If the control unit 6 does not
receive the instruction from the user or a feedback from
the detection unit 9 or the timing unit, the control unit 6
remains a standby state.

[0034] Ifthe control unit 6 determines thatit is required
to suck airfrom the storage space 2, in Step S2, avacuum
pump 3 is activated (for example, the vacuum pump 3 is
powered on), and a branch 5 is opened. During the start
phase in which the vacuum pump 3 is just powered on,
the rotation speed of motor is relatively low and therefore
its output torque is small, and the opening of the branch
5 can decrease a pressure difference between an inlet
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and an outlet of the vacuum pump 3, which decrease a
start load of the vacuum pump 3.

[0035] In this embodiment, the branch 5 is in a closed
state before Step S2, therefore the opening of the branch
5 requires the branch 5 to be switched from the closed
state to an open state. When a valve 7 is a normal-close
solenoid valve, powering on the valve 7 can switch the
branch 5 from the closed state to the open state.
[0036] Due tothe branch 5isinthe closed state before
Step S2, in a preferable embodiment, the branch 5 is
opened before turning on of the vacuum pump 3, for ex-
ample, the valve 7 is powered on earlier than the vacuum
pump 3 by a predetermine time period (for example, 0.5
to 1 second), and therefore the branch 5 is at least par-
tially opened before the vacuum pump 3 is powered on,
so that when the vacuum pump 3 is activated, the pres-
sure difference between the inletand outlet of the vacuum
pump 3 can be decreased or even be zero.

[0037] Inan alternative embodiment, the branch 5 and
the vacuum pump 3 may be opened/turned on at the
same time, for example, the valve 7 and the vacuum
pump 3 are powered on at the same time.

[0038] Then, in Step S3, determines whether to close
the branch 5. This may be determined based on a time
signal. Inthe embodiment where the branch 5 is switched
from the closed state to the open state in Step S2, when
an open time of the branch 5 (that is, in a preferable
embodiment, the power-on period of the valve 7) reaches
a first predetermined time T1, the branch 5 is closed in
Step S4 (that is, in a preferable embodiment, the valve
7 is power off). The first predetermined time T1 ranges
from, for example, 1 second to 5 seconds, and preferably
1 second to 2 seconds.

[0039] In an alternative embodiment, when the vacu-
um pump 3 includes a motor, in Step S3, whether the
vacuum pump 3 completes the start phase may also be
determined according to information about rotation
speed of the motor of the vacuum pump 3, and accord-
ingly determines whether to close the branch 5. For ex-
ample, when the rotation speed of the vacuum pump 3
changes from the start phase at the beginning in which
the rotation speed increases gradually to a normal work-
ing phase in which the rotation speed is steady, the con-
trol unit 6 determines that the vacuum pump 3 already
completes the start phase, and therefore closes the
branch 5.

[0040] Whenitis determined to close the branch 5, the
branch is closed in Step S4. When the branch 5 is closed,
the vacuum pump 3 continues working to continue suck-
ing the air from the storage space 2, so as to decrease
the oxygen content in the storage space 2.

[0041] Then, in Step S5, determines whether to turn
off the vacuum pump 3. It may be determined by deter-
mining whether the pressure in the storage space 2
reaches a preset value, for example, it is determined ac-
cording to pressure information, measured by the detec-
tion unit 9, in a sucking path 4. When the pressure in the
storage space 2 reaches the preset value, the vacuum
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pump 3 is turned off.

[0042] In an alternative embodiment, determining of
whether to turn off the vacuum pump 3 may also be based
on calculation of a power-on time period of the vacuum
pump 3. For example, when the vacuum pump 3 is al-
ready powered on for a preset time period, the vacuum
pump 3 is turned off.

[0043] When itis determined in Step S5 to turn off the
vacuum pump 3, the vacuum pump is turned off in Step
S6. In the embodiment shown in FIG. 2, after the vacuum
pump 3 is de-electrified, the branch 5 is opened again to
introduce external air into the sucking path 4 to rapidly
increase the pressure in the sucking path 4 in Step S6,
thereby producing a pressure difference between two
sides of a mechanical valve 8, so that the mechanical
valve 8 may be reliably and rapidly closed to enhance
air-tightness of the storage space 2.

[0044] When the valve 7 is a normal-close solenoid
valve, and when the valve 7 is powered on, an electro-
magnetic force generated by a coil may instantaneously
open the branch 5 completely, external air rapidly enters
the sucking path 4, and the pressure in the sucking path
4 may be increased instantaneously to the atmospheric
pressure. Because a large pressure difference is pro-
duced between the inside of the sucking path 4 and the
storage space 2, the mechanical valve 8 may be instan-
taneously closed. A air returning phenomenon (after the
vacuum pump 3 stops working, the external air enters
into the storage space 2 via a sucking channel which is
not timely closed by the mechanical valve 8) may be ef-
fectively eliminated, accordingly the low-pressure state
in the storage space 2 can be kept longer.

[0045] In this embodiment, the method includes, after
Step S6, determining whether to close the branch 5 again
(Step S7). In a preferable embodiment, it may be deter-
mined by calculating time period of opening of the branch
5 time (which may be equivalent to the time period of
power-on of the valve 7) for this. When the branch 5 is
already open for a second predetermined time T2, it is
determined that the branch 5 shall be closed.

[0046] In another preferable embodiment, in Step S7,
determining of whether to close the branch 5 can also be
based on whether the pressure in the sucking path 4
already reaches a preset value. For example, when the
pressure, measured by the detection unit 9, inthe sucking
path 4 rises to an atmospheric pressure or close to an
atmospheric pressure, it may be determined that the
branch 5 shall be closed.

[0047] When it is determined in Step S7 to close the
branch 5, the branch 5 is closed in Step S8.

[0048] At this point, a evacuation process ends, and
the standby state is returned again.

[0049] FIG. 3is aschematic flowchart of a sucking pro-
cedure of arefrigerator 1 according to another preferable
embodiment of the present invention. A main difference
between FIG. 3 and FIG. d lies in the state of the branch
5 after a evacuation process ends and different operation
resulted therefrom. Preferably, in this embodiment, the

10

15

20

25

30

35

40

45

50

55

valve 7 is a normal-open solenoid valve, and when the
valve 7 is powered on, the branch 5 is closed. The fol-
lowing mainly describes the difference between FIG. 3
and FIG. 2.

[0050] As shown in FIG. 3, when it is determined in
Step S21 to suck air from the storage space 2, the vac-
uum pump 3 is activated in Step S22. As the branch 5 is
in the open state in the standby state, the branch 5 is
kept at the open state in Step S22, that is, the state of
the valve 7 does not need to be changed.

[0051] In Step S23, it determines whether to close the
branch 5. As stated above, determining of whether to
close the branch 5 can be based on a time signal or in-
formation of rotation speed of the vacuum pump 3. For
example, the time signal may be generated by comparing
whether, a time period that elapses since the control unit
6 sends a vacuuming instruction, or a power-on time pe-
riod of the vacuum pump 3, has reached the first prede-
termined time T1. According to a signal generated due
to elapse of the first predetermined time T1, the control
unit 6 determines that the branch 5 needs to be closed.
[0052] When the control unit 6 determines that the
branch 5 needs to be closed, the branch 5 is closed in
Step S24. In this embodiment, the valve 7 is powered
on. The vacuum pump 3 continues operating after com-
pleting the start phase.

[0053] In the embodiment of FIG. 3, when it is deter-
mined to suck air from the storage space 2, the valve 7
is power on after the vacuum pump 3 is powered on.
[0054] When it is determined in Step S25 to turn off
the vacuum pump 3, for example when the inside of the
storage space 2 already reaches a predetermined pres-
sure, the vacuum pump 3 is turned off in Step S26, and
the branch 5 is opened again (that is, the valve 7 is pow-
ered off) to import external air into the sucking path 4 to
rapidly close the mechanical valve 8. The branch 5 main-
tains the open state until it is closed when necessary in
a next evacuation process.

[0055] At this point, an evacuation process ends, and
the standby state is returned to.

[0056] In the foregoing embodiment, when it is deter-
mined to suck air from the storage space 2, the control
unit 6 takes it by default that the branch 5 is in a certain
state (the closed state in FIG. 2 and the open state in
FIG. 3), and directly opens the branch 5 or keeps the
open state of the branch 5. However, in an alternatively
embodiment, the control unit 6 may also first determine
the state of the branch 5, and then determine whether to
power on the valve 7, keep the valve 7 being powered
on, power off the valve 7, or keep the valve 7 being pow-
ered off. The state of the branch 5 may be determined
by determining the state of the valve 7.

Claims

1. A working method of a refrigerator, comprising:



9 EP 2 741 031 A1 10

determining whether to suck air from a storage
space (2) capable of keeping a low-pressure
state; and

if it is determined to suck air from the storage
space (2), activating a vacuum pump (3) to suck
at least a part of air out of the storage space (2)
through a sucking path (4) connected between
the vacuum pump (3) and the storage space (2);
characterized in that,

when the vacuum pump (3) is in a start phase,
a branch (5) connected to the sucking path (4)
is at least partially opened or the branch (5) is
kept at an open state for at least part of the start
phase, to reduce a starting load of the vacuum

pump (3).

The method according to claim 1, characterized in
that, when it is determined to suck air from the stor-
age space (2), the branch (5) is opened or is kept at
an open state for a first predetermined time (T 1), and
when the first predetermined time (T1) is lapsed, the
branch (5) is closed.

The method according to claim 2, characterized in
that, the first predetermined time (T1) is not greater
than 5 seconds.

The method according to claim 1, characterized by
comprising determining whether the start phase of
the vacuum pump (3) is finished, and if it is deter-
mined that the start phase of the vacuum pump (3)
is finished, closing the branch (5) .

The method according to claim 4, characterized in
that, according to obtained information about rota-
tion speed of a motor of the vacuum pump (3), a
control unit (6) determines whether the vacuum
pump (3) has completed the start phase.

The method according to any one of claims 1 to 5,
characterized in that, when it is determined to suck
air from the storage space (2), the branch (5) is
switched from a close state to an open state before
the vacuum pump (3) is powered on.

The method according to any one of claims 1 to 5,
characterized in that, when it is determined to suck
air from the storage space (2), the vacuum pump (3)
and a valve (7) for selectively closing or opening the
branch are powered on at the same time to open the
branch (5), or the valve (7) is powered on earlier than
the vacuum pump (3) by a predetermined time peri-
od.

The method according to any one of claims 1 to 5,
characterized in that, when it is determined to suck
air from the storage space (2), a valve (7) for opening
or closing the branch (5) is powered on earlier than

10

15

20

25

30

35

40

45

50

55

10.

1.

12.

the vacuum pump (3 by a predetermined time period,
and when the valve (7) is powered on , the branch
(3) is closed.

The method according to any one of claims 1 to 8,
characterized by comprising determining whether
to turned off the vacuum pump (3) or not, and after
the vacuum pump (3) is turned off, the branch (5) is
opened again to import ambient air into the sucking
path (4).

The method according to claim 9, characterized in
that, after the vacuum pump (3) is turned off, the
branch (5) is opened again for a second predeter-
mined time (T2) and then is closed.

The method according to claim 9, characterized in
that, when a measured pressure inside the sucking
path (4) reaches a preset value, the branch (5)
opened again is closed.

A refrigerator, comprising: a storage space (2) ca-
pable of keeping a low-pressure state, a vacuum
pump (3), a sucking path (4) connected between the
storage space (2) and the vacuum pump (3), a
branch (5) which is connected to the sucking path
(4) and is selectively closed or opened, and a control
unit (6); characterized in that, the control unit (6) is
set to be capable of executing a method according
to any one of claims 1 to 11.
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