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(54) Cooling device and controlling method thereof for reefer container

(57)  Acooling device and a controlling method there-
of for areefer container are disclosed. The cooling device
has a controlling circuit comprising a controller (4); a com-
pressor relay (1), a condenser fan relay (2) and an evap-
orator fan relay (3) connected in parallel; a pressure
switch (7) connected to the compressorrelay (1) in series;
and a pressure sensing and controlling device for con-
trolling the pressure switch (7) to turn on or off. The pres-
sure sensing and controlling device controls the pressure

switch (7) to turn off when air pressure inside container
drops to a preset pressure, and controls the pressure
switch (7) to turn on when air pressure inside container
rises higher than the preset pressure. The controlling
method comprises steps of detecting and controlling air
pressure inside container. The invention can be imple-
mented in a simple structure and at a low cost, as only
a few of electric elements are added to conventional con-
trolling circuits.
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Description
FIELD OF THE INVENTION

[0001] The invention relates to a cooling device and a
controlling method thereof for a reefer container, more
specifically, relates to a controlling circuit and a control-
ling method of the cooling device.

BACKGROUND ART

[0002] A controlling circuit diagram of a conventional
cooling device for a reefer container is shown in FIG. 1.
When the reefer container or carriage is operated in a
cooling mode, a compressor relay 1, a condenser fan
relay 2 and an evaporator fan relay 3 of its cooling device
are allinan ON state, and the compressor, the condenser
fan and the evaporator fan are all in the condition of op-
eration. The operating states of the compressor relay 1,
the condenser fan relay 2 and the evaporator fan relay
3 are controlled by a controller 4.

[0003] During cooling process of the reefer container
or carriage, a very high negative pressure will be gener-
ated inside the container if the cooling device is still op-
erated in the cooling mode, after the door is closed. Side
or top plates of the reefer container may even be crushed
in the case that the negative pressure is too high.
[0004] However, the conventional cooling device can
not detect and control the air pressure inside the contain-
er, and thus can not prevent the container body from
being crushed due to an excessive negative pressure
inside the container.

SUMMARY OF THE INVENTION

[0005] The first object of the invention is to provide a
cooling device for a reefer container to detect the air pres-
sure inside the container and stop operating if the air
pressure inside the container is too low so as to prevent
the container body from being crushed due to an exces-
sive negative pressure inside the container.

[0006] The second object of the invention is to provide
a method of controlling a cooling device for a reefer con-
tainer, which allows detecting and controlling of the air
pressure inside the container, so as to prevent the con-
tainer body from being crushed due to an excessive neg-
ative pressure inside the container.

[0007] In order to realize the first object mentioned
above, the invention provides a cooling device with a
controlling circuit for a reefer container, the controlling
circuit comprising a compressor relay, a condenser fan
relay and an evaporator fan relay which are connected
in parallel, as well as a controller for controlling operating
states of the compressor relay, the condenser fan relay
and the evaporator fan relay. The controlling circuit fur-
ther comprises a pressure switch which is connected to
the compressor relay in series and a pressure sensing
and controlling device which can control the pressure
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switch to turn on or off. When the air pressure inside the
container drops to a preset pressure, the pressure sens-
ing and controlling device controls the pressure switch
to turn off; and when the air pressure inside the container
rises higher than the preset pressure, the pressure sens-
ing and controlling device controls the pressure switch
to turn on.

[0008] In the cooling device for a reefer container ac-
cording tothe invention, the pressure switch and the com-
pressor relay connected in series are connected to the
condenser fan relay and the evaporator fan relay in par-
allel.

[0009] In the cooling device for a reefer container ac-
cording tothe invention, the pressure switch and the com-
pressor relay connected in series are connected to the
evaporator fan relay in parallel, and the condenser fan
relay is connected to the compressor relay in parallel.
[0010] In the cooling device for a reefer container ac-
cording to the invention, the compressor relay, the con-
denser fan relay and the evaporator fan relay connected
in parallel are connected to the pressure switch in series.
[0011] In the cooling device for a reefer container ac-
cording to the invention, the controlling circuit further
comprises a time delay relay which is controlled by the
pressure sensing and controlling device and can delay
the pressure switch to turn on, the time delay relay being
connected in parallel to the pressure switch and the com-
pressor relay connected in series. When the air pressure
inside the container drops to the preset pressure, the
pressure sensing and controlling device controls a con-
tact of the time delay relay to disconnect; and when the
air pressure inside the container rises higher than the
preset pressure, the pressure sensing and controlling de-
vice controls the contact of the time delay relay to con-
nect, and the time delay relay delays the pressure switch
to turn on.

[0012] In the cooling device for a reefer container ac-
cording to the invention, the pressure sensing and con-
trolling device is a vacuum pressure switch, and the vac-
uum pressure switch is disposed inside the container.
[0013] In the cooling device for a reefer container ac-
cording to the invention, the pressure sensing and con-
trolling device comprises a controlling device and a pres-
sure sensor which is disposed inside the container. The
controlling device can acquire information of the air pres-
sure inside the container from the pressure sensor and
transmit control signals.

[0014] In order to realize the second object mentioned
above, the invention provides a method of controlling a
cooling device with a controlling device for a reefer con-
tainer, the controlling circuit comprising a compressor
relay, a condenser fan relay and an evaporator fan relay
which are connected in parallel, as well as a controller
for controlling operating states of the compressor relay,
the condenser fan relay and the evaporator fan relay.
The controlling circuit further comprises a pressure
switch which is connected to the compressor relay in se-
ries and a pressure sensing and controlling device which
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can control the pressure switch to turn on or off. The
method comprising the following steps:

a). detecting the air pressure inside the container by
the pressure sensing and controlling device;

b). when the air pressure inside the container drops
to a preset pressure, controlling the pressure switch
to turn off by the pressure sensing and controlling
device, and when the air pressure inside the con-
tainer rises higher than the preset pressure, control-
ling the pressure switch to turn on by the pressure
sensing and controlling device.

[0015] Inthe method of controlling a cooling device for
a reefer container according to the invention, the control-
ling circuit further comprises a time delay relay which is
controlled by the pressure sensing and controlling device
and can delay the pressure switch to turn on, and which
is connected in parallel to the pressure switch and the
compressor relay connected in series. At the step b),
when the air pressure inside the container drops to the
preset pressure, a contact of the time delay relay is con-
trolled to disconnect by the pressure sensing and con-
trolling device, and when the air pressure inside the con-
tainer rises higher than the preset pressure, the contact
of the time delay relay is controlled to connect by the
pressure sensing and controlling device, and the pres-
sure switch is delayed to turn on by the time delay relay.
[0016] Inthe method of controlling a cooling device for
a reefer container according to the invention, the pres-
sure sensing and controlling device comprises a control-
ling device and a pressure sensor which is disposed in-
side the container. At the step a), the air pressure inside
the container is detected by the pressure sensor, and the
controlling device acquires information of the air pressure
inside the container from the pressure sensor and trans-
mits control signals.

[0017] The cooling device and the controlling method
thereof for a reefer container according to the invention
can achieve the following advantageous effects:

1. The invention can be implemented in a simple
structure and at alow cost, since only a few of electric
elements are added to the conventional controlling
circuit for controlling the air pressure inside the con-
tainer.

2. There is no modification to the structures of the
container body and carriage, so it is not necessary
to change the processes for manufacturing the con-
tainer and carriage at present.

3. It is easy to apply the invention to old container
and old lorry.

BRIEF DESCRIPTION OF THE DRAWINGS
[0018] A further description of the invention will be giv-

en below in combination of drawings and embodiments,
where in the drawings:
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FIG. 1is a diagram schematically showing a control-
ling circuit of a conventional cooling device for a reef-
er container or a refrigerated lorry.

FIG. 2 is a diagram schematically showing a control-
ling circuit of a cooling device for a reefer container
according to a first embodiment of the invention.
FIG. 3 is a diagram schematically showing a control-
ling circuit of a cooling device for a reefer container
according to a second embodiment of the invention.
FIG. 4 is a diagram schematically showing a control-
ling circuit of a cooling device for a reefer container
according to a third embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION
First Embodiment:

[0019] Inthe following, the embodiments of the cooling
device and the controlling method thereof for a reefer
container according to the invention are described refer-
ring to FIGs. 2 to 4. In addition, the cooling device and
the controlling method thereof can be applied to refrig-
erated lorry, but here only the description for the reefer
container is given below by way of example.

[0020] The controlling circuit of the cooling device for
the reefer container according to the first embodiment of
the invention is shown in FIG. 2. As shown in FIG. 2, the
controlling circuit of the cooling device comprises a com-
pressor relay 1, a condenser fan relay 2, an evaporator
fan relay 3, a controller 4, a vacuum pressure switch 5
and a pressure switch 7. The controller 4 can control
operating states of the compressor relay 1, the condens-
erfanrelay 2 and the evaporator fan relay 3. The vacuum
pressure switch 5 is disposed inside the container for
controlling the pressure switch 7 to turn on or off accord-
ing to the air pressure inside the container. In this em-
bodiment, the pressure switch 7 and the compressor re-
lay 1 connected in series, are then connected to the con-
denser fan relay 2 and the evaporator fan relay 3 in par-
allel.

[0021] An action value for the vacuum pressure switch
5, e.g. 300mm - 400mm water column, is preset accord-
ingtothe air pressure inside the container to be controlled
(this value will be referred as preset pressure below).
When the air pressure inside the container drops to the
preset pressure, the vacuum pressure switch 5 controls
the pressure switch 7 to turn off. At this time, the com-
pressor relay 1 is disconnected, and the compressor is
caused to stop operating. When the air pressure inside
the container rises higher than the preset pressure, the
vacuum pressure switch 5 controls the pressure switch
7 to turn on. At this time, the controller 4 controls the
compressorrelay 1to turn on, and the compressorbegins
operation. Thereby it is ensured that the air pressure in-
side the container is not lower than the preset pressure
so as to ensure safety of the container body.

[0022] To further control the air pressure inside the
container, the controlling circuit of the cooling device may
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be provided with a time delay relay 6 therein. The time
delay relay 6 is controlled by the vacuum pressure switch
5, and can delay the pressure switch 7 to turn on. The
time delay relay 6 is connected in parallel to the pressure
switch 7 and the compressor relay 1 connected in series.
[0023] When the air pressure inside the container
drops tothe preset pressure, the vacuum pressure switch
5 controls a contact of the time delay relay 6 to discon-
nect. When the air pressure inside the container rises
higher than the preset pressure, the vacuum pressure
switch 5 controls the contact of the time delay relay 6 to
connect so that the time delay relay 6 is energized, and
the time delay relay 6 delays the pressure switch 7 to
turn on, that is, makes the pressure switch 7 turn on after
a period of time has elapsed. Therefore, the cooling sys-
tem will stop operating for a period of time after the air
pressure inside the container drops to the preset pres-
sure. Thereby such a risk is prevented that the container
body is damaged due to the temperature inside the con-
tainer dropping and the air pressure inside the container
rapidly dropping in the case that the cooling system con-
tinuously operates.

[0024] Furthermore, in the case that a time delay relay
is provided, the pressure switch can be replaced by an-
other contact of the time delay relay.

[0025] The vacuum pressure switch 5 can be replaced
by a common pressure sensor in combination with a con-
trolling device. In operating state, the pressure sensor
detects the air pressure inside the container and trans-
mits information of the air pressure inside the container
to the controlling device. When the air pressure inside
the container drops to the preset pressure or rises higher
than it, the controlling device sends control signals re-
spectively to the pressure switch 7 and the time delay
relay 6 for controlling them.

Second Embodiment:

[0026] As shown in FIG. 3, the second embodiment is
almost the same as the first embodiment except that: the
pressure switch 7 and the compressor relay 1 connected
in series are connected to the evaporator fan relay 3 in
parallel, and the condenser fan relay 2 is connected to
the compressor relay 1 in parallel.

[0027] In this way, when the air pressure inside the
container drops to the preset pressure, the vacuum pres-
sure switch 5 controls the pressure switch 7 to turn off.
At this time, the compressor relay 1 and condenser fan
relay 2 are disconnected, and the compressor and the
condenser fan are caused to stop operating. When the
air pressure inside the container rises higher than the
preset pressure, the vacuum pressure switch 5 controls
the pressure switch 7 to turn on. At this time, the controller
4 controls the compressor relay 1 and the condenser fan
relay 2 to turn on, and the compressor and the condenser
fan begin operation. Thereby it is ensured that the air
pressure inside the container is not lower than the preset
pressure, so as to ensure safety of the container body.
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Third Embodiment:

[0028] As shown in FIG. 4, the third embodiment is
almost the same as the first embodiment except that: the
compressor relay 1, the condenser fan relay 2 and the
evaporator fan relay 3 connected in parallel, are then
connected to the pressure switch 7 in series.

[0029] In this way, when the air pressure inside the
container drops to the preset pressure, the vacuum pres-
sure switch 5 controls the pressure switch 7 to turn off.
At this time, the compressor relay 1, the condenser fan
relay 2 and the evaporator fan relay 3 are disconnected,
and the compressor, the condenser fan and the evapo-
rator fan are caused to stop operating. When the air pres-
sure inside the container rises higher than the preset
pressure, the vacuum pressure switch 5 controls the
pressure switch 7 to turn on. At this time, the controller
4 controls the compressor relay 1, the condenser fan
relay 2 and the evaporator fan relay 3 to turn on, and the
compressor, the condenser fan and the evaporator fan
begin operation. Thereby it is ensured that the air pres-
sure inside the container is notlower than the preset pres-
sure, so as to ensure safety of the container body.
[0030] A method of controlling a cooling device for a
reefer container according to the invention will be de-
scribed below. The controlling circuit of the cooling device
comprises a compressor relay, a condenser fan relay
and an evaporator fan relay connected in parallel as well
as a controller for controlling operating states of the com-
pressorrelay, the condenser fan relay and the evaporator
fan relay. The controlling circuit further comprises a pres-
sure switch which is connected to the compressor relay
in series and a pressure sensing and controlling device
which can control the pressure switch to turn on or off.
The controlling method comprises the following steps:
measuring the air pressure inside the container by the
pressure sensing and controlling device; when the air
pressure inside the container drops to the preset pres-
sure, controlling the pressure switch to turn off by the
pressure sensing and controlling device, when the air
pressure inside the containerrises higher than the preset
pressure, controlling the pressure switch to turn on by
the pressure sensing and controlling device. By way of
the above controlling method, the air pressure inside the
container can be ensured to be not lower than the preset
pressure value, and so to ensure safety of the container
body.

[0031] The controlling circuit may be provided with the
time delay relay 6 which is controlled by the pressure
sensing and controlling device and can delay the pres-
sure switch 7 to turn on. The time delay relay 6 is con-
nected in parallel to the pressure switch 7 and the com-
pressor relay 1 connected in series. In this case, when
the air pressure inside the container drops to the preset
pressure, the pressure sensing and controlling device
controls a contact of the time delay relay to disconnect;
and when the air pressure inside the container rises high-
er than the preset pressure, the pressure sensing and
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controlling device controls the contact of the time delay
relay to connect, and the time delay relay 6 delays the
pressure switch 7 to turn on. By way of the above con-
trolling method, the cooling system will stop operating for
a period of time after the air pressure inside the container
drops to the preset pressure. Thereby such a risk is pre-
vented that the container is damaged due to the temper-
ature inside the container dropping and the air pressure
rapidly dropping in the case that the cooling system con-
tinuously operates.

[0032] The pressure sensing and controlling device
comprises a controlling device and a pressure sensor
which is disposed inside the container. At this case, the
air pressure inside the container is detected by the pres-
sure sensor, and the controlling device acquires informa-
tion of the air pressure inside the container from the pres-
sure sensor and transmits control signals. Furthermore,
the pressure sensing and controlling device can be a
vacuum pressure switch.

Claims

1. A cooling device with a controlling circuit for a con-
tainer, the controlling circuit comprising a compres-
sor relay, a condenser fan relay and an evaporator
fan relay which are connected in parallel, as well as
a controller for controlling operating states of the
compressor relay, the condenser fan relay and the
evaporator fan relay, the controlling circuit further
comprising:

a pressure switch which is connected to the
compressor relay in series; and

a pressure sensing and controlling device which
can control the pressure switch to turn on or off,

wherein, when the air pressure inside the container
dropsto a preset pressure, the pressure sensing and
controlling device controls the pressure switch toturn
off; and when the air pressure inside the container
rises higher than the preset pressure, the pressure
sensing and controlling device controls the pressure
switch to turn on.

2. The cooling device for a reefer container according
to claim 1, wherein the pressure switch and the com-
pressor relay connected in series are connected to
the condenser fan relay and the evaporator fan relay
in parallel.

3. The cooling device for a reefer container according
to claim 1, wherein the pressure switch and the com-
pressor relay connected in series are connected to
the evaporator fan relay in parallel, and the condens-
er fan relay is connected to the compressor relay in
parallel.
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4.

The cooling device for a reefer container according
to claim 1, wherein the compressor relay, the con-
denser fan relay and the evaporator fan relay con-
nected in parallel are connected to the pressure
switch in series.

The cooling device for a reefer container according
to one of claims 1-4, the controlling circuit further
comprises:

atime delay relay which is controlled by the pres-
sure sensing and controlling device and can de-
lay the pressure switch to turn on, the time delay
relay being connected in parallel to the pressure
switch and the compressor relay connected in
series,

wherein, when the air pressure inside the container
drops to the preset pressure, the pressure sensing
and controlling device controls a contact of the time
delay relay to disconnect; and when the air pressure
inside the containerrises higher than the presetpres-
sure, the pressure sensor controls the contact of the
time delay relay to connect, and the time delay relay
delays the pressure switch to turn on.

The cooling device for a reefer container according
to claim 5, wherein the pressure sensing and con-
trolling device is a vacuum pressure switch, and the
vacuum pressure switch is disposed inside the con-
tainer.

The cooling device for a reefer container according
to claim 5, wherein the pressure sensing and con-
trolling device comprising a controlling device and a
pressure sensor which is disposed inside the con-
tainer, wherein the controlling device can acquire in-
formation of the air pressure inside the container
from the pressure sensor and transmit control sig-
nals.

A method of controlling a cooling device with a con-
trolling device for a reefer container, the controlling
circuit comprising a compressor relay, a condenser
fan relay and an evaporator fan relay which are con-
nected in parallel, as well as a controller for control-
ling operating states of the compressor relay, the
condenser fan relay and the evaporator fan relay,
the controlling circuit further comprising a pressure
switch which is connected to the compressor relay
in series and a pressure sensing and controlling de-
vice which can control the pressure switch to turn on
or off, the method comprising the following steps:

a). detecting the air pressure inside the contain-
er by the pressure sensing and controlling de-
vice;

b). when the air pressure inside the container
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drops to a preset pressure, controlling the pres-
sure switch to turn off by the pressure sensing
and controlling device, and when the air pres-
sure inside the container rises higher than the
preset pressure, controlling the pressure switch
to turn on by the pressure sensing and control-
ling device.

The method of controlling a cooling device for a reef-
er container according to claim 8, wherein, the con-
trolling circuit further comprises a time delay relay
which is controlled by the pressure sensing and con-
trolling device and can delay the pressure switch to
turn on, and which is connected in parallel to the
pressure switch and the compressor relay connect-
ed in series,

wherein, at the step b), when the air pressure inside
the container drops to the preset pressure, control-
ling a contact of the time delay relay to disconnect
by the pressure sensing and controlling device, and
when the air pressure inside the container rises high-
er than the preset pressure, controlling the contact
of the time delay relay to connect by the pressure
sensing and controlling device so that the time delay
relay 6 is energized, and delaying the pressure
switch to turn on by the time delay relay.

The method of controlling a cooling device for a reef-
er container according to claim 8, wherein the pres-
sure sensing and controlling device comprises a con-
trolling device and a pressure sensor which is dis-
posed inside the container,

wherein, at the step a), the air pressure inside the
container is detected by the pressure sensor, and
the controlling device acquires information of the air
pressure inside the container from the pressure sen-
sor and transmits control signals.
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