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(54) DIE CASTING MACHINE WITH MOLD TEMPERATURE CONTROL

(57) The present disclosure relates to the technical
field of die casting machine devices, in particular to a
digital die casting machine with mold temperature con-
trol, including: a die casting machine configured to die-
cast a casting through a mold, a cooling flow control
apparatus configured to control a mold temperature by
controlling a cooling medium flow, a temperature collec-
tion apparatus configured to collect the mold tempera-
ture , a control cabinet configured to acquire and store
data collected by the temperature collection apparatus
and control operation of the die casting machine, the
cooling flow control apparatus and an automatic control
apparatus, an edgecomputer configured to execute a die
casting temperature optimization strategy according to
the collected data stored in the control cabinet, and the
automatic control apparatus. The present disclosure im-

proves the molding quality of castings by adjusting the
mold temperature in a casting process.
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Description

Technical Field

[0001] The disclosure relates to the technical field of die casting machine devices, in particular to a digital die casting
machine with mold temperature control.

Background

[0002] In the production of automotive parts, aluminum parts, as an important link in the lightweight and energy-saving
technology of automotive chassises, have now surpassed iron parts and become key parts in mainstream automotive
configurations. Compared to the iron parts, the aluminum parts have a lower casting temperature and are prone to
generating defects in the casting process, and the aluminum parts have poor toughness and hardness and are prone to
deformation. Therefore, the casting process requirements for the aluminumparts aremore stringent, and the temperature
control requirements for castings in the casting process aremore urgent. Therefore, it is necessary to invent a die casting
machine with an ability to adjust a mold temperature.
[0003] TheChinesepatent,withapublicationpatentnumber:CN112453351B,disclosesamethod foradjustingprocess
parameters of adie castingmachine, asystemandastoragemedium,whichcan receivemoldwheel type, aluminum liquid
temperature, interruption timeanddefect information in real time, respond to theabove information sequentially according
to a set response priority, and select die casting process parameters to automatically adjust different process parameters
of different products and differentworking conditions. A plurality of die castingmachines canbe controlled simultaneously,
and manual adjustment is replaced.
[0004] In the related art, a strongly correlated factor affecting casting quality is a mold temperature, including a mold
temperature value andmold temperature distribution, and changes in casting pressure, and openingand closing, and flow
of a cooling channel can all be intuitively reflected in mold temperature changes. However, since the changes in the mold
temperature in the casting process cannot be directly observed manually, the casting process can only be evaluated
manually based on the internal quality of completed casting products, and the casting situation may also be judged by
collecting the temperature of a mold cavity surface through a thermal camera. However, the heat exchange situation
between the mold and the air is complex, collection time points are different, temperature data will change, the change
situation of the mold temperature in the whole casting process cannot be completely restored only relying on the
temperature situation of a mold cavity at one time point, and currently, the die casting machine devices have no ability
to adjust the mold temperature in the casting process. In the above case that the mold temperature cannot be intuitively
represented and cannot be independently adjusted in the casting process, the casting process can bemanually adjusted
only relying on experience subjectively, which is prone to causing a long adjustment time and an increase in waste
materials.
[0005] It may be seen that there is a problem in the prior art that the mold temperature cannot be effectively adjusted
independently in the casting process.

Summary

[0006] For this purpose, the present disclosure provides a digital die casting machine with mold temperature control to
overcome the problem in the prior art that a mold temperature cannot be effectively adjusted independently in a casting
process, and then the molding quality of castings cannot be effectively ensured.
[0007] In order to achieve the above purpose, the present disclosure provides a digital die casting machine with mold
temperature control, including:

a die casting machine, configured to die-cast a casting through a mold;
a coolingflowcontrol apparatus, connectedwith thedie castingmachineandconfigured tocontrol amold temperature
by controlling a cooling medium flow;
a temperature collection apparatus, connected with the die casting machine and configured to collect the mold
temperature using a preset collection strategy in a die-casting process;
an automatic control apparatus, connected with the die casting machine, and including a filter screen automatic
placing unit configured to place a filter screen and a casting automatic transferring unit configured to transfer the
casting;
a control cabinet, connected with the die casting machine, the cooling flow control apparatus, the temperature
collection apparatus and the automatic control apparatus respectively, and configured to acquire and store data
collected by the temperature collection apparatus and control operation of the die casting machine, the cooling flow
control apparatus and the automatic control apparatus; and
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an edge computer, connected with the control cabinet, and including a mold temperature control program and a
cooling flow control program, wherein the mold temperature control program is used for executing a die casting
temperature optimization strategy according to the collected data stored in the control cabinet; wherein
thepreset collectionstrategy is toacquireadie castingkeypositionof thecastingandperform temperatureacquisition
on an inner wall and an outer wall of the mold corresponding to the die casting key position; and
the die casting temperature optimization strategy is to adjust a temperature of the die casting key position and/or an
overall temperature of the mold according to the collected data, or adjust a temperature of the outer wall of the mold
according to a temperature difference between the inner wall and the outer wall of the mold.

[0008] Further, the temperature collection apparatus is composed of a temperature collection unit, temperature
collection connecting lines and a die casting material temperature sensor configured to collect a temperature of the
inner wall of themold and a temperature of a die castingmaterial, a shell of the temperature collection unit is a cuboid, the
shell includes a connection surface, a line outlet surface, a covering surface and three socket installation surfaces, the
connection surface is connected with the die casting machine, the covering surface is a covering structure and used for
optimizing an installation processof a shell of the temperature collection unit anda thermocouple female socket, a plurality
of thermocouples are installed on the socket installation surfaces, and the temperature collection connecting lines are
centrally exported from the line outlet surface and are connected to the control cabinet; wherein
the temperature collection unit is installed on a vertical column of the die casting machine and/or installed on a top plate
according to a mold action mode, the thermocouples are respectively installed on the inner wall and the outer wall of the
mold according to the die casting key position, and the die casting material temperature sensor is installed on the vertical
column or the top plate.
[0009] Further, the die casting key position is determined by historical fault positions of the same casting, or by
performing finite element analysis on application scenarios of the casting.
[0010] Further, thecoolingflowcontrol apparatus is composedofacoolingflowcontrol cabinetandcoolingpipelines, the
cooling flow control cabinet includes an angle seat proportional valve configured to control the coolingmedium flow in the
cooling pipelines and a flow sensor configured to measure the coolingmedium flow in real time, and the cooling pipelines
are uniformly distributed on the outer wall of the mold and cover the die casting key position; wherein
the flow sensormeasures a flow value of the cooling pipelines in real time and feeds back the flow value to the cooling flow
control program in theedgecomputer for feedback calculation, and the control cabinet controls theangle seat proportional
valve to adjust the cooling medium flow according to a feedback calculation result, so as to correct a control error.
[0011] Further, the die casting temperature optimization strategy includes establishing a standard temperature curve
corresponding to a single thermocouple, and setting a control temperature and a control slope according to the standard
temperature curve, wherein in a die casting process, the temperature collection unit collects a temperature of a
thermocouple at a preset collection frequency, and the edge computer compares the control temperature and the control
slope with a temperature and a slope at a current moment to adjust a working mode of the cooling flow control apparatus;
wherein

an abscissa of the standard temperature curve is a die casting time, and an ordinate is a control temperature; and
the temperature at the current moment is a temperature corresponding to a collection moment closest to the current
moment, and the slope at the currentmoment is an average value of collection slopes of a preset quantity of collection
moments closest to the current moment.

[0012] Further, the edgecomputer compares the control temperature and the control slopewith the temperature and the
slope at the current moment;

in a case that a result is a preset comparison result, the control cabinet controls the cooling pipeline corresponding to
the thermocouple to execute a switching action; wherein
the preset comparison result meets that the control slope is greater than 0, the slope at the current moment is greater
than 0, the temperature at the currentmoment is greater than or equal to a set temperature at the currentmoment, and
a minimum value in the temperatures corresponding to the preset quantity of collection moments is smaller than the
control temperature; or the control slope is smaller than 0, the slope at the current moment is smaller than 0, the
temperature at the current moment is smaller than or equal to the set temperature at the current moment, and a
maximum value in the temperatures corresponding to the preset quantity of collection moments is greater than the
control temperature; and
the switching action is that in a case of the cooling pipeline being in an open state, the cooling flow control cabinet
closes the cooling pipeline, and in a caseof the cooling pipeline being in a closed state, the cooling flowcontrol cabinet
opens the cooling pipeline.
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[0013] Further, in a case that the edge computer determines that a comparison result of the control temperature and the
control slope with the temperature and the slope at the current moment is another comparison result except the preset
comparison result, the cooling flow control cabinet adjusts the cooling medium flow according to the control temperature
and the temperature at the current moment in the standard temperature curve.
[0014] Further, after the die casting process is performed for a preset time, in a case that an average value of difference
values between the temperature of the inner wall of the mold and the temperature of the outer wall of the mold is smaller
than apreset difference value, and a temperature of a die castingmaterialmeasuredby adie castingmaterial temperature
sensor is smaller thanapreset temperature, thecastingautomatic transferringunit transfersamoldedcastingoutof thedie
casting machine.
[0015] Further, the thermocouple female socket is a K-type thermocouple female socket.
[0016] Further, a single temperature collection unit outputs the temperature of a single thermocouple, and meanwhile
outputs a temperatureaveragevalueanda temperature standarddeviationof detected temperaturesof all thermocouples
installed in the temperature collection unit, so as to determineadetection ability and rationality of arrangement positions of
the temperature collection unit.
[0017] Compared with the prior art, the present disclosure has the beneficial effects that, by reforming a traditional die
casting machine device and additionally installing the temperature collection apparatus and the edge computer, high-
quality temperature control in the casting process can be achieved, the stability of the casting product quality is improved,
the self-adjusting ability in the casting process is achieved, and thus the molding quality of the casting is improved.
[0018] Further, the temperature collection apparatus of the present disclosure acquires the die casting key position of
the casting and performs temperature collection on the inner wall and the outer wall of the mold corresponding to the die
casting key position, the collected data and calculation amount are reduced, by determining the key position, the
temperature control pertinence and testing efficiency are improved, and the molding quality of the casting is further
improved.
[0019] Further, thedie casting temperatureoptimization strategyof thepresent disclosure is to adjust the temperature of
the die casting key position and/or the overall temperature of the mold according to the collected data, or adjust the
temperature of the outer wall of themold according to the temperature difference between the inner wall and the outer wall
of themold, so as to optimize both the local and overall temperatures of themold, and themolding quality of the casting is
further improved.
[0020] Further, the present disclosure improves the testing convenience and further improves themolding quality of the
casting by designing the structure of the temperature collection unit.
[0021] Further, the edge computer of the present disclosure establishes the standard temperature curve corresponding
to a single thermocouple, sets the control temperature and the control slope according to the standard temperature curve,
and compares the control temperature and the control slopewith the temperature and the slope at the currentmoment, so
as to adjust a working mode of the cooling flow control apparatus, the temperature adjustment accuracy is improved, and
the molding quality of the casting is further improved.
[0022] Further, the single temperature collection unit of the present disclosure outputs the temperature average value
and the temperature standard deviation to determine the detection ability and rationality of arrangement positions of the
temperature collection unit, monitoring and optimization of the temperature collection unit are achieved, and the molding
quality of the casting are further improved.

Brief Description of Figures

[0023]

Fig. 1 is a structural block diagram of a digital die casting machine with mold temperature control of the present
disclosure.
Fig. 2 is a schematic diagram of a die casting machine in an embodiment of the present disclosure.
Fig. 3 is a schematic diagram of a temperature collection apparatus in an embodiment of the present disclosure.
Fig. 4 is a schematic diagram of a temperature collection unit in an embodiment of the present disclosure.
Fig. 5 is a schematic diagram of a shape of a thermocouple hole in an embodiment of the present disclosure.
Fig. 6 is a schematic diagram of a filter screen automatic placing unit in an embodiment of the present disclosure.
Fig. 7 is a schematic diagram of a thermocouple hole and a cooling position in an embodiment of the present
disclosure.
Fig. 8 is a temperature and flow curve diagram of a B1 cooling channel corresponding to an r5 thermocouple in an
embodiment of the present disclosure.
Fig. 9 is a temperature and flow curve diagram of a T4 cooling channel corresponding to an r4 thermocouple in an
embodiment of the present disclosure.

4

EP 4 509 245 A1

5

10

15

20

25

30

35

40

45

50

55



[0024] In the figure: 1, first temperature collection unit; 2, second temperature collection unit; 3, casting automatic
transferringunit; 4, control cabinet; 5, temperaturecollectionconnecting line;6, thermocouplesocket; 7, socket installation
surface; 8, lineoutlet surface; 9, covering surface; 10, connectionsurface; 11, r1 thermocouple; 12, r2 thermocouple; 13, r3
thermocouple; 14, T4water-cooled channel; 15, r4 thermocouple; 16, B3 air-cooled channel; 17, r6 thermocouple; 18, B4
air-cooled channel; 19, B1 air-cooled channel; 20, r5 thermocouple; and 21, B2 air-cooled channel.

Detailed Description

[0025] In order to make the purpose and advantages of the present disclosure clearer, the present disclosure is further
described in conjunction with embodiments below. It should be understood that the specific embodiments described
herein are only used to explain the present disclosure and are not used to limit the present disclosure.
[0026] Preferred implementations of the present disclosure are described below with reference to accompanying
drawings. It should be understood by those skilled in the art that these implementations are only used to explain the
technical principles of the present disclosure and do not limit the protection scope of the present disclosure.
[0027] It needs to be noted that in the description of the present disclosure, directional or positional relationships
indicated by terms such as "upper", "lower", "left", "right", "inner" and "outer" are based on directional or positional
relationships as shown in the accompanying drawings, and are only for the purposes of facilitating description, rather than
indicating or implying that the apparatus or element has to have a specific direction or be constructed and operated in the
specific direction, and therefore, they cannot be regarded as limitations on the present disclosure.
[0028] In addition, it further needs to be noted that, in the description of the present disclosure, the terms "installed",
"connected" and "connection" should be understood in a broad sense unless otherwise specified and defined, for
example, "connection" may be a fixed connection or a detachable connection or an integrated connection, may be a
mechanical connection or an electric connection, may be a direct connection or an indirect connection through an
intermediate medium, and may be an internal connection of two elements. For those skilled in the art, the specific
meanings of the above terms in the present disclosure may be understood according to specific situations.
[0029] Please refer to Fig. 1, which is a structural block diagram of a digital die casting machine with mold temperature
control of the present disclosure, and the digital die casting machine with mold temperature control includes:

a die casting machine, configured to die-cast a casting through a mold;
a coolingflowcontrol apparatus, connectedwith thedie castingmachineandconfigured tocontrol amold temperature
by controlling a cooling medium flow;
a temperature collection apparatus, connected with the die casting machine and configured to collect the mold
temperature using a preset collection strategy in a die-casting process;
an automatic control apparatus, connected with the die casting machine, and including a filter screen automatic
placing unit configured to place a filter screen and a casting automatic transferring unit configured to transfer the
casting; wherein
please refer to Fig. 6 in conjunction with Fig. 2, Fig. 2 is a schematic diagram of a die casting machine in an
embodiment of the present disclosure, and Fig. 6 is a schematic diagram of a filter screen automatic placing unit in an
embodiment of the present disclosure; it should be understood that the automatic control apparatus is a riser filter
screenautomaticplacingdeviceandacastingautomatic transferringunit 3 inFig. 2,whichhasanautomaticexecution
ability, ensuring that the overall casting rhythm is not affected by human factors, and reducing the impact of
temperature control due to changes in the casting rhythm;
a control cabinet, connected with the die casting machine, the cooling flow control apparatus, the temperature
collection apparatus and the automatic control apparatus respectively, and configured to acquire and store data
collected by the temperature collection apparatus and control operation of the die casting machine, the cooling flow
control apparatus and the automatic control apparatus; and
an edge computer, connected with the control cabinet, and including a mold temperature control program and a
cooling flow control program, wherein the mold temperature control program is used for executing a die casting
temperature optimization strategy according to the collected data stored in the control cabinet.

[0030] It should be understood that the function of the edge computer is to run a casting intelligent control program,
including a mold temperature control program and a cooling flow control program, the mold temperature control program
includes a die casting temperature optimization strategy, the edge computer is in data communication with the control
cabinet, the edge computer is further configured to perform quality determination and smoothing processing on the
acquired cooling flow data andmold temperature data, and if there is any abnormal data, an alarm apparatus is triggered.
[0031] The preset collection strategy is to acquire a die casting key position of the casting and perform temperature
acquisition on an inner wall and an outer wall of the mold corresponding to the die casting key position; and
thedie casting temperature optimization strategy is to adjust a temperature of the die casting keyposition and/or anoverall
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temperature of themold according to the collected data, or adjust a temperature of the outerwall of themold according to a
temperature difference between the inner wall and the outer wall of the mold.
[0032] A specific mode of adjusting the overall temperature of the mold according to the collected data is as follows.
[0033] Firstly, a temperature average value Tp of the inner and outer walls of a position corresponding to a single
thermocouple is calculated, then an absolute valueTxn of a difference value between a temperature average value Tpn of
the inner and outer walls of any position and a temperature Ty of a die castingmaterial measured by a die castingmaterial
temperature sensor is calculated, the edge computer generates a mold temperature distribution diagram in conjunction
with the temperature of the inner wall of the mold measured by the die casting material temperature sensor, the mold
temperature distribution diagram shows Txn at the die casting key position, and shows an absolute value Txm of a
difference value between the temperature of the innerwall and the temperature Ty of the die castingmaterialmeasured by
thedie castingmaterial temperature sensor at other positions, anda linear change trend is analyzed.When it is impossible
to analyze the linear change trend, a linear change amplitude is greater than a preset amplitude, or the linear trend of the
die casting key position is contradictory with that of adjacent positions, the overall flow of cooling media of all cooling
pipelines is adjusted to optimize the overall temperature of the mold or adjust die casting process parameters, so as to
make strength of the casting uniform, thereby improving the molding quality of the casting.
[0034] Adjusting the temperature of the outerwall of themold according to the temperature difference between the inner
wall and the outer wall of the mold is to adjust the cooling medium flow of the outer wall of the mold according to a preset
adjustment amount when the temperature difference between the inner wall and the outer wall of themold is higher than a
preset difference value, and the preset adjustment amount is set according to the temperature difference and an average
temperature of the inner and outer walls.
[0035] Please refer to Fig. 3 andFig. 4, Fig. 3 andFig. 4 are schematic diagramsof a temperature collection apparatus in
an embodiment of the present disclosure and a temperature collection unit in an embodiment of the present disclosure
respectively.
[0036] The temperature collection apparatus is composed of the temperature collection unit, temperature collection
connecting lines and a die casting material temperature sensor configured to collect a temperature of a die casting
material, a shell of the temperature collection unit is a cuboid, the shell includes a connection surface 10, a line outlet
surface 8, a covering surface 9 and a socket installation surface 7, as well as other two socket installation surfaces, the
connection surface 10 is connected with the die casting machine, the covering surface 9 is a covering structure and used
for optimizing an installation process of the shell of the temperature collection unit and a thermocouple female socket, a
thermocouple socket 6 and a plurality of thermocouple sockets are installed on the socket installation surfaces, and the
temperature collection connecting lines 5 are centrally exported from the line outlet surface and are connected to the
control cabinet 4; wherein
the temperature collection unit is installed on a vertical column of the die casting machine and/or installed on a top plate
according to a mold action mode, the thermocouples are respectively installed on the inner wall and the outer wall of the
mold according to the die casting key position, and the die casting material temperature sensor is installed on the vertical
column or the top plate.
[0037] Optionally, the die casting material temperature sensor is an infrared thermometer that can measure the
temperature of the inner wall of the mold during die assembly, or the die casting material temperature sensor includes
the infrared thermometer formeasuring the temperatureof the innerwall of themoldanda thermocouple formeasuring the
temperature of the die casting material, the thermocouple is sleeved with a protective pipe and is placed in an insulation
furnace at the bottom of the die casting machine.
[0038] The covering structure is a structure that can be flipped over by any axis or separated to form a hole.
[0039] Example 1: ona certain aluminumwheel low-pressure die castingmachine, the composition and configuration of
the die castingmachine are shown in Fig. 2, which is a schematic diagramof the die castingmachine in the embodiment of
the present disclosure. Optionally, the control cabinet is controlled throughSiemens PLC (S7‑1500), and the temperature
collection apparatus includes five temperature collection units, which are located on side surfaces of four vertical columns
and an upper side of a top plate respectively. In the figure, a first temperature collection unit 1 is the temperature collection
unit installed on the top plate, and second temperature collection units 2 are the temperature collection units installed on
the vertical columns. Optionally, the temperature data of the temperature collection units is transmitted into the PLC
through an analog input module. Optionally, the edge computer adopts an NEXCOM embedded industrial personal
computer, which is connected to the PLC through industrial Ethernet, and reads and issues the data through an S7
protocol. A communication frequency between the edge computer and the PLC is 20 Hz, through the die casting
temperature optimization strategy, it may be ensured that a flow actual value quickly responds to a set value, opening
and closing of the cooling pipeline can be controlled through a temperature value, at the same time, the connection state
and shaking state of the thermocouple andwhether a temperature limit value is exceededmay further bemonitored in real
time, and if there is any abnormality, an alarm indicator will be triggered for alarm.
[0040] Specifically, the die casting key position is determined by historical fault positions of the same casting, or by
performing finite element analysis on application scenarios of the casting.
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[0041] Specifically, the cooling flow control apparatus is composed of a cooling flow control cabinet and cooling
pipelines, the cooling flow control cabinet includes an angle seat proportional valve configured to control the cooling
mediumflow in the cooling pipelines anda flowsensor configured tomeasure the coolingmediumflow in real time, and the
cooling pipelines are uniformly distributed on the outer wall of the mold and cover the die casting key position; wherein
the flow sensormeasures a flow value of the cooling pipelines in real time and feeds back the flow value to the cooling flow
control program in theedgecomputer for feedback calculation, and the control cabinet controls theangle seat proportional
valve to adjust the cooling medium flow according to a feedback calculation result, so as to correct a control error.
[0042] Optionally, the die castingmachine device has 17 cooling control units, oneangle seat proportional valve and the
flow collection apparatus serve as a control unit to control themagnitude of one path of cooling flow, and the thermocouple
is installed at the die casting key position.
[0043] Optionally, one thermocouple corresponds to the cooling pipelines in a plurality of regions.
[0044] Optionally, the cooling medium includes an air-cooled medium and a water-cooled medium, and the water-
cooledmediumachievescoolingbydesigningachannel near themoldand thenpassingwater; and theair-cooledmedium
performs cooling on an outer wall key position of the mold through an air pipe.
[0045] Optionally, the cooling flow control apparatus is composed of an air flow control cabinet and a water flow control
cabinet and their corresponding cooling pipelines, a measurement accuracy of an air flow sensor is 0.01 cubic meter per
hour, a measurement accuracy of a water flow sensor is 0.01 liter per minute, the flow control cabinet controls a respond
time of the water flow froman initial value to a set value to be about 1.3 seconds, and a respond time of the air flow froman
initial value to a set value to be about 0.5 second.
[0046] Specifically, the die casting temperature optimization strategy includes establishing a standard temperature
curve corresponding to a single thermocouple, and setting a control temperature and a control slope according to the
standard temperature curve, wherein in a die casting process, the temperature collection unit collects a temperature of a
thermocouple at a preset collection frequency, and the edge computer compares the control temperature and the control
slope with a temperature and a slope at a current moment to adjust a working mode of the cooling flow control apparatus;
wherein

an abscissa of the standard temperature curve is a die casting time, and an ordinate is a control temperature; and
the temperature at the current moment is a temperature corresponding to a collection moment closest to the current
moment, and the slope at the currentmoment is an average value of collection slopes of a preset quantity of collection
moments closest to the current moment.

[0047] Specifically, theedgecomputer compares thecontrol temperatureand thecontrol slopewith the temperatureand
the slope at the current moment;

in a case that a result is a preset comparison result, the control cabinet controls the cooling pipeline corresponding to
the thermocouple to execute a switching action; wherein
the preset comparison result meets that the control slope is greater than 0, the slope at the current moment is greater
than 0, the temperature at the currentmoment is greater than or equal to a set temperature at the currentmoment, and
a minimum value in the temperatures corresponding to the preset quantity of collection moments is smaller than the
control temperature; or the control slope is smaller than 0, the slope at the current moment is smaller than 0, the
temperature at the current moment is smaller than or equal to the set temperature at the current moment, and a
maximum value in the temperatures corresponding to the preset quantity of collection moments is greater than the
control temperature; and
the switching action is that in a case of the cooling pipeline being in an open state, the cooling flow control cabinet
closes the cooling pipeline, and in a caseof the cooling pipeline being in a closed state, the cooling flowcontrol cabinet
opens the cooling pipeline.

[0048] It should be understood that the opening and closing of the cooling pipelines are uniformly considered as the
actions of the pipelines, the conditions that trigger the actions of the cooling pipelines are the above two comparison
results, namely, temperature rising and falling situations, that is, the opening and closing of the cooling pipelines both face
the temperature rising and falling situations. If the triggering conditions for the opening and closing of the cooling pipelines
are completely the same as preset conditions, the cooling pipelines will be closed immediately after opening. In addition,
the present disclosure further additionally sets a timing logic, that is, the cooling pipelines can only trigger the cooling
closing function after triggering the opening function, and all cooling is uniformly closed at the beginning of a new casting
beat.
[0049] During engineering practice, there is a situation where cooling is opened during a decrease in temperature, and
then temperatureactually rises,and there isalsoasituationwherecooling is closedduringan increase in temperature,with
natural cooling, the mold temperature will automatically decrease after cooling is closed.
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[0050] Example 2: in a certain casting process, the die casting temperature optimization strategy contains the following
steps:
step 1, a control temperature and a control slope are set: all thermocouples correspond to to-be-controlled cooling
channels, a set temperature value Ts corresponding to actions of the cooling channels is set, a first control slopeKs1 is set
to be equal to 1, and a second control slope Ks2 is set to be equal to ‑1.
[0051] It should be understood that the control temperature and the control slope change with a die casting time.
[0052] Step 2, the slope is calculated in real time, after die assembly begins, the temperature of the thermocouple
corresponding to a certain cooling pipeline is collected at the same collection frequency (T), in the latest 5 temperature
values (tn‑4, tn‑3, tn‑2, tn‑1 and tn) collected in real time, the temperature at the current moment is tn, and a slope kn at the
current moment is calculated through a formula (1) to a formula (5):

[0053] Where, k1 is the slope corresponding to tn‑1, k2 is the slope corresponding to tn‑2, k3 is the slope corresponding to
tn‑3, and k4 is the slope corresponding to tn‑4.
[0054] Step 3, the opening and closing actions of the cooling pipeline are judged.
[0055] When the control slope corresponding to the current moment is a second control slope, if kn < 0 , tn ≤ Ts, and a
maximum value in the 5 temperature values tmax > Ts, the cooling pipeline is triggered to execute a switching action;
[0056] When the control slope corresponding to the current moment is a first control slope, if kn > 0, tn ≥ Ts, and a
minimum value in the 5 temperature values tmin < Ts, the cooling pipeline is triggered to execute the switching action;

it should be understood that in the same casting beat, the triggering condition for the opening action of the cooling
pipeline is judged firstly, and after the cooling pipeline is opened, the triggering condition for the closing action of the
cooling pipeline is judged; and
after a next casting beat begins, if the cooling pipeline is still in the opening state, the cooling pipeline is closed, and
then step 2 and step 3 are performed again.

[0057] Specifically, in a case that the edge computer determines that a comparison result of the control temperature and
the control slopewith the temperature and the slope at the currentmoment is another comparison result except the preset
comparison result, the cooling flow control cabinet adjusts the cooling medium flow according to the control temperature
and the temperature at the current moment in the standard temperature curve.
[0058] It should be understood that the cooling medium flow is adjusted, or the opening and closing of the cooling
pipeline are controlled by the angle seat proportional valve, and the temperature of the cooling medium at an input end of
the cooling pipeline can be adjusted according to temperature control demands.
[0059] Specifically, after the die casting process is performed for a preset time, in a case that an average value of
difference values between the temperature of the inner wall of themold and the temperature of the outer wall of themold is
smaller than a preset difference value, and a temperature measured by a die casting material temperature sensor is
smaller than a preset temperature, the casting automatic transferring unit transfers amolded casting out of the die casting
machine.
[0060] Specifically, the thermocouple female socket is a K-type thermocouple female socket.
[0061] Specifically, a single temperature collection unit outputs the temperature of a single thermocouple, and mean-
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while outputs a temperature average value and a temperature standard deviation of detected temperatures of all
thermocouples installed in the temperature collection unit, so as to determine a detection ability and rationality of
arrangement positions of the temperature collection unit.
[0062] Optionally, a total of 6 thermocouples are installed on the socket installation surfaces of a single temperature
collection unit and are uniformly distributed in the same region of the outer wall of the edge mold of the mold, when the
measured data is output to the control cabinet, the control cabinet determines it according to the temperature average
value firstly, if the average value is higher than a maximum die casting temperature, an alarm will be given, at the same
time,astandarddeviationof aplurality of temperaturesmeasuredby the6 thermocouples is calculated,when thestandard
deviation of the temperatures is higher than apreset value, it indicates that there is an issuewith the installation state of the
thermocouples installed in the temperaturecollectionunit on themold, or thatasingle thermocoupleand/or connecting line
is faulty.
[0063] Embodiment 1: please refer to Fig. 5 and Fig. 7, Fig. 5 and Fig. 7 are schematic diagrams of a shape of a
thermocouple hole in an embodiment of the present disclosure and a thermocouple hole and a cooling position in an
embodimentof thepresent disclosure respectively.Thisembodimentperforms temperaturecontrol onanaluminumwheel
mold,which has 6 thermocouple holes providedwith 6 thermocouples respectively, wherein an r1 thermocouple 11andan
r2 thermocouple 12 are located on an edgemold, an r3 thermocouple 13 and an r4 thermocouple 15 are located on a top
mold, and an r5 thermocouple 20 and an r6 thermocouple 17 are located on a bottom mold. There is a T4 water-cooled
channel 14 between the r3 thermocouple 13 and the r4 thermocouple 15, a B1 air-cooled channel 19 and a B2 air-cooled
channel 21 are located on two sides of the r5 thermocouple 20 respectively, and a B3 air-cooled channel 16 and a B4 air-
cooled channel 18 are located on two sides of the r6 thermocouple 17 respectively.
[0064] In this embodiment, a K-type grounding temperature resistant thermocouple of a TC40K3003-FE-HTC-Gmodel
ofWIKA brand is used, with a length of 800mmand a diameter of 3mm, the opening and closing of the T4 cooling channel
are controlled by the thermocouple at a position r3, the opening and closing of the B1 and B2 cooling channels are
controlled by the thermocouple at a position r5, and the opening and closing of the B3 and B4 cooling channels are
controlled by the thermocouple at a position r6.
[0065] When the temperature value and slope of cooling opening and closing are set in step 1, a situation that the T4
cooling channel is controlled by the temperature of the thermocouple at a position r4 is taken as an example, a flow is as
follows:

firstly, the production of a traditional time process is performed, the opening and closing of T4 are controlled through
time, andmold temperaturesof 100castingswhicharenormally produced in the sameprocessandhavenodefect are
collected at a collection frequency of 1 Hz as sample values;
when a standard temperature curve of the r4 thermocouple is calculated, the sample values at each moment are
accumulated and divided by the number of samples, an average value is a standard temperature value, and then the
standard temperature curve L4 is obtained;
the corresponding set temperature and set slope in L4 are found through the opening time and closing time in the T4
time process, the opening time of T4 in this embodiment is 20 s after die assembly, so during temperature control, a
20th piece of temperature data in L4 is a set opening temperatureTs_open of the T4 cooling channel, if the temperature
at this moment is in a rising stage, then KT4s_open =1, otherwise KT4s_open =‑1, and a setting principle of a set closing
temperature of the T4 cooling channel is the same;
after measurement, temperature control set parameters of T4 are:

and
temperature control set parameters of B1 are:

[0066] In a temperature control process, the die casting temperature optimization strategy is normally operated
according to designs, when the preset comparison result is reached, the opening and closing of the cooling channel
will be triggered, so that the magnitude of the cooling medium flow is affected, and is correspondingly adjusted in other
cases.
[0067] Please refer toFig. 8andFig. 9,Fig. 8andFig. 9are temperatureandflowcurvediagramsof aB1coolingchannel
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corresponding to an r5 thermocouple in an embodiment of the present disclosure and aT4 cooling channel corresponding
to an r4 thermocouple respectively. In the diagrams, B 1L(t) is a temperature curve of the B1 cooling channel, B1T(t) is a
cooling medium flow curve of the B1 cooling channel, T4L(t) is a temperature curve of the T4 cooling channel, T4T(t) is a
cooling medium flow curve of the T4 cooling channel, left ordinates in the diagrams all represent temperature, and right
ordinates in the diagramsall representmediumflow. It should beunderstood that the flowcontrol curve basically coincides
with an actual curve, itmay be seen that this set of die castingmachine device canmeet set temperature control demands,
and have good temperature control performance, and compared to the traditional time process, casting products of the
temperature process have significant advantages in casting quality and casting stability.
[0068] So far, the technical solutions of the present disclosure have been described in conjunction with the preferred
implementationsshown in theaccompanyingdrawings.However, it is easy for thoseskilled in theart tounderstand that the
protection scope of the present disclosure is clearly not limited to these specific implementations. Without deviating from
the principles of the present disclosure, those skilled in the art can make equivalent modifications or replacements to the
relevant technical features, and the technical solutions after these modifications or replacements will fall within the
protection scope of the present disclosure.
[0069] The above is only preferred embodiments of the present disclosure and is not intended to limit the present
disclosure. For those skilled in the art, the present disclosure may have various modifications and variations. Any
modification, equivalent replacement, improvement, etc. made within the spirit and principle of the present disclosure
should be included in the protection scope of the present disclosure.

Claims

1. A digital die casting machine with mold temperature control, characterized in that it comprises:

a die casting machine, configured to die-cast a casting through a mold;
a cooling flow control apparatus, connected with the die casting machine and configured to control a mold
temperature by controlling a cooling medium flow;
a temperature collection apparatus, connected with the die casting machine and configured to collect the mold
temperature using a preset collection strategy in a die-casting process;
anautomatic control apparatus, connectedwith thedie castingmachine, and comprisinga filter screenautomatic
placing unit configured to place a filter screen and a casting automatic transferring unit configured to transfer the
casting;
a control cabinet, connected with the die casting machine, the cooling flow control apparatus, the temperature
collection apparatus and the automatic control apparatus respectively, and configured to acquire and store data
collected by the temperature collection apparatus and control operation of the die casting machine, the cooling
flow control apparatus and the automatic control apparatus; and
anedge computer, connectedwith the control cabinet, and comprising amold temperature control programanda
cooling flow control program, wherein the mold temperature control program is used for executing a die casting
temperature optimization strategy according to the collected data stored in the control cabinet; wherein
the preset collection strategy is to acquire a die casting key position of the casting and perform temperature
acquisition on an inner wall and an outer wall of the mold corresponding to the die casting key position
respectively; and
the die casting temperature optimization strategy is to adjust a temperature of the die casting key position and/or
an overall temperature of themold according to the collected data, or adjust a temperature of the outer wall of the
mold according to a temperature difference between the inner wall and the outer wall of the mold.

2. Thedigital die castingmachinewithmold temperaturecontrol according toclaim1,wherein the temperaturecollection
apparatus is composed of a temperature collection unit, temperature collection connecting lines and a die casting
material temperaturesensor configured tocollect a temperatureof the innerwall of themoldanda temperatureof adie
castingmaterial, a shell of the temperature collection unit is a cuboid, the shell comprises a connection surface, a line
outlet surface, a covering surface and three socket installation surfaces, the connection surface is connectedwith the
die casting machine, the covering surface is a covering structure and used for optimizing an installation process of a
shell of the temperature collectionunit anda thermocouple female socket, aplurality of thermocouplesare installedon
the socket installation surfaces, and the temperature collection connecting lines are centrally exported from the line
outlet surface and are connected to the control cabinet; wherein
the temperaturecollectionunit is installedonavertical columnof thedie castingmachineand/or installedona topplate
according to a mold action mode, the thermocouples are respectively installed on the inner wall and the outer wall of
themold according to the die casting key position, and the die casting material temperature sensor is installed on the
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vertical column or the top plate.

3. The digital die casting machine with mold temperature control according to claim 2, wherein the die casting key
position is determined by historical fault positions of the same casting, or by performing finite element analysis on
application scenarios of the casting.

4. The digital die casting machine with mold temperature control according to claim 1, wherein the cooling flow control
apparatus is composed of a cooling flow control cabinet and cooling pipelines, the cooling flow control cabinet
comprisesanangleseatproportional valveconfigured tocontrol thecoolingmediumflow in thecoolingpipelinesanda
flow sensor configured to measure the cooling medium flow in real time, and the cooling pipelines are uniformly
distributed on the outer wall of the mold and cover the die casting key position; wherein
the flow sensormeasures a flow value of the cooling pipelines in real time and feeds back the flow value to the cooling
flow control program in the edge computer for feedback calculation, and the control cabinet controls the angle seat
proportional valve to adjust the cooling medium flow according to a feedback calculation result, so as to correct a
control error.

5. The digital die casting machine with mold temperature control according to claim 1, wherein the die casting
temperature optimization strategy comprises establishing a standard temperature curve corresponding to a single
thermocouple, and setting a control temperature and a control slope according to the standard temperature curve,
wherein in a die casting process, the temperature collection unit collects a temperature of a thermocouple at a preset
collection frequency, and the edge computer compares the control temperature and the control slope with a
temperature and a slope at a current moment to adjust a workingmode of the cooling flow control apparatus; wherein

an abscissa of the standard temperature curve is a die casting time, and an ordinate is a control temperature; and
the temperature at the current moment is a temperature corresponding to a collection moment closest to the
currentmoment, and the slope at the currentmoment is an average value of collection slopes of a preset quantity
of collection moments closest to the current moment.

6. The digital die casting machine with mold temperature control according to claim 5, wherein the edge computer
compares the control temperature and the control slope with the temperature and the slope at the current moment;

in a case that a result is apreset comparison result, thecontrol cabinet controls thecoolingpipeline corresponding
to the thermocouple to execute a switching action; wherein
the preset comparison result meets that the control slope is greater than 0, the slope at the current moment is
greater than 0, the temperature at the current moment is greater than or equal to a set temperature at the current
moment, and aminimumvalue in the temperatures corresponding to the preset quantity of collectionmoments is
smaller than the control temperature; or the control slope is smaller than 0, the slope at the current moment is
smaller than0, the temperatureat thecurrentmoment is smaller thanorequal to theset temperatureat thecurrent
moment, and amaximumvalue in the temperatures corresponding to the preset quantity of collectionmoments is
greater than the control temperature; and
the switching action is that in a case of the cooling pipeline being in an open state, the cooling flow control cabinet
closes the cooling pipeline, and in a case of the cooling pipeline being in a closed state, the cooling flow control
cabinet opens the cooling pipeline.

7. The digital die casting machine with mold temperature control according to claim 6, wherein in a case that the edge
computer determines that a comparison result of the control temperature and the control slope with the temperature
and theslopeat thecurrentmoment isanother comparison result except thepreset comparison result, thecoolingflow
control cabinet adjusts the cooling medium flow according to the control temperature and the temperature at the
current moment in the standard temperature curve.

8. The digital die casting machine with mold temperature control according to claim 7, wherein after the die casting
process isperformed for apreset time, inacase thatanaveragevalueof differencevaluesbetween the temperatureof
the innerwall of themoldand the temperatureof theouterwall of themold is smaller thanapreset differencevalue,and
a temperatureof a die castingmaterialmeasuredbyadie castingmaterial temperature sensor is smaller thanapreset
temperature, the casting automatic transferring unit transfers a molded casting out of the die casting machine.

9. The digital die castingmachinewithmold temperature control according to claim 2, wherein the thermocouple female
socket is a K-type thermocouple female socket.
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10. The digital die casting machine with mold temperature control according to claim 1, wherein a single temperature
collectionunit outputs the temperatureof a single thermocouple, andmeanwhileoutputsa temperatureaveragevalue
and a temperature standard deviation of detected temperatures of all thermocouples installed in the temperature
collection unit, so as to determine a detection ability and rationality of arrangement positions of the temperature
collection unit.
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