INTERLAYER PRE-COOLING APPARATUS FOR SAND MOLD FREEZING

PRINGTING

BACKGROUND OF THE INVENTION
[0001] 1. Technical Field

[0002] The present invention relates to the technical field of 3D printing
manufacturing capable of implementing a frozen sand mold with high dimensional
precision, and relates to an interlayer pre-cooling apparatus for a sand mold freezing
printing.
[0003] 2. Description of Related Art

[0004] Sand mold 3D printing technology is a rapid prototyping technology mainly
based on a principle of micro-droplet spray. Frozen sand mold 3D printing uses a
water-based solution as a blinder for sand mold casting. The premixed sand is frozen into
a solid layer by layer in a low temperature environment to maintain its shape, which is
different from other 3D printing technologies that print materials at room temperature or
heating. Frozen sand mold naturally collapses under the impact of high temperature melt,
and no strong irritating gas is generated during a pouring process. Resin is not used in this
method, and the main component of the binder is water, which plays a role of
environmental protection and complies with a concept of modern green manufacturing.

[0005] In the process of micro-droplet spraying pure water freezing bonded molding
sand, the sand paving process has an important influence on the normal operation of a
device and the forming quality of a casting. As shown in FIG.1, a current sand mold
freezing printing apparatus includes a vacuum feeding apparatus (1), a sand mixing
apparatus (2), a sand paving apparatus (3), an array nozzle (4), and a negative-pressure
low-temperature forming chamber (5), where the vacuum feeding apparatus (1) is located

above the sand paving apparatus (3) and is connected to a feeding port of the sand mixing



apparatus (2), and the sand paving apparatus (3) is located above the negative-pressure
low-temperature forming chamber (5); a three-dimensional motion system (7) is located
above the negative-pressure low-temperature forming chamber (5); the array nozzle (4) is
slidably arranged on the three-dimensional motion system (7) through a first servo motor,
so that movement in the direction of three degrees of freedom may be implemented; the
array nozzle (4) is used for spraying pure water on demand to solidify the sand mold; and
the sand paving apparatus (3) is slidably connected to the three dimensional motion
system (7) through a second servo motor.

[0006] It is difficult for a conventional sand paving apparatus to ensure that the
temperature of the premixed sand is controlled in the range of -40°C to -10°C by using an
ordinary sand paving roller or sand scraping plate, thereby affecting forming precision of
nozzle printing. In addition, low-temperature molding sand premixed with dry ice or
liquid nitrogen also has problems of poor flatness and non-uniform density in a sand
paving process, so that the precision of shape and size of frozen casting mold and basic

performance of the casting are affected.

BRIEF SUMMARY OF THE INVENTION

[0007] In order to solve the described problems, the present invention discloses an
interlayer pre-cooling apparatus for a sand mold freezing printing, and the apparatus
mainly solves the problems of poor flatness, non-uniform density, interlayer pre-cooling,
etc., in the sand paving process of low-temperature premixed sand.

[0008] To achieve the above purpose, the present invention is achieved through the
following technical solutions:

[0009] An interlayer pre-cooling apparatus for a sand mold freezing printing, it
comprises a sand paving apparatus ,wherein the sand paving apparatus is located above a

negative-pressure low-temperature forming chamber , and the sand paving apparatus



comprises several independent sand paving grooves,a hollow sand paving roller, a cooling
chamber, a sand scraping plate, and an openable and closable baffle; the openable and
closable baffle is rotationally arranged at a discharge port of each sand paving groove, and
the openable and closable baffle is used for paving low temperature premixed sand on
demand.

[0010] A further improvement of the present invention is: the openable and closable
baffle is located below the sand paving groove, and sand paving is performed on demand
by opening and closing the openable and closable baffle under the control of a control
system; the sand scraping plate is arranged beside the openable and closable baffle, and is
used for once scraping the molding sand discharged from the sand paving groove; the
inner cavity of the hollow sand paving roller is hollow, and the sand scraping plate is
connected and fixed to the cooling chamber, wherein the hollow sand paving roller is
located in the cooling chamber and one end thereof is connected and fixed to the sand
scraping plate through a connecting rod, and the hollow sand paving roller 1is used for
secondary scraping and pressure compaction of the molding sand.

[0011] A further improvement of the present invention is: one end of the openable
and closable baffle is connected and fixed to the sand paving groove through a return
spring.

[0012] A further improvement of the present invention is: dry ice and liquid nitrogen
may be passed into the hollow sand paving roller to control the surface temperature of the

sand paving roller at -40°C to -10°C.

[0013] A further improvement of the present invention is: the dry ice and the liquid
nitrogen may be passed into the inner cavity of the cooling chamber .

[0014] A further improvement of the present invention is: the openable and closable
baffle satisfies that premixed molding sand flows out of the sand outlet smoothly, an

inclination angle of the openable and closable baffle is 60°, and the width of the sand



outlet is 6 mm.

[0015] A further improvement of the present invention is: the openable and closable
baffle is connected to a spiral drive motor through a rotary pin shaft; or controls an
opening and closing angle with a rotary cylinder to perform sand paving on demand
though the rotary pin shaft.

[0016] A further improvement of the present invention is: a vibration motor is
installed in the sand paving apparatus to prevent deformation and bonding of the premixed
molding sand.

[0017] Beneficial effects of the present invention:

[0018] (1) according to the present solution, a premixed molding sand is paved at a
low temperature by means of a hollow sand paving roller with a built-in refrigerant, a
cooling chamber, and a sand scraping plate, thereby achieving an interlayer pre-cooling
effect of temperature control in the sand paving process, improving the forming precision
of a printing nozzle, and further improving the precision of shape and size of a frozen
casting mold and basic performance of a casting.

[0019] (2) the sand mold forming process is in an environment of negative pressure
and low temperature, and the compactness of the molding sand is improved, so that the
influence of external environmental pressure and temperature on the printing process is

reduced.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
[0020] FIG. 1 is a background art drawing; and
[0021] FIG. 2 is a perspective view of a sand paving apparatus;
[0022] list of reference signs:
[0023] 1-vacuum feeding apparatus, 2-sand mixing apparatus, 3-sand paving

apparatus, 4-array nozzle, 5-negative-pressure low-temperature forming chamber,



6-liftable workbench, 7-three-dimensional motion system, 8-hollow sand paving roller,
9-cooling chamber, 10-sand scraping plate, 11-sand paving groove, and 12-openable and

closable baffle.

DETAILED DESCRIPTION OF THE INVENTION

[0024] The present invention is further illustrated below in conjunction with the
drawings and specific embodiments, and it should be understood that the following
specific embodiments are merely used to illustrate the present invention and not to limit
the scope of the present invention. It should be noted that the words “front”, “back”, “left”,
“right”, “upper”, and “lower” used in the following descriptionrefer to directions in the
drawings, and the words “inner” and “outer” respectively refer to directions toward or
away from the geometric center of a particular component.

[0025] As shown in FIG. 1 and FIG. 2, an interlayer pre-cooling apparatus for sand
mold freezing printing is dislosed in this embodiment; a vacuum feeding apparatus 1 is
located above the sand paving apparatus 3 and is connected to a sand mixing apparatus 2,
so that raw sand is fed into the sand mixing apparatus from a sand storage tank. A sand
blocking plate and a return spring are arranged below the sand mixing apparatus. When
the amount of molding sand in a sand paving groove is relatively low, a motor drives the
sand paving groove to push the sand blocking plate under the sand mixing apparatus, and
the molding sand flows into the sand paving groove; when the outflow amount meets the
usage amount of the sand paving apparatus, the sand paving groove leaves a baffle, the
baffle rebounds, and the sand outlet is closed. The sand paving apparatus 3 is located on a
three-dimensional motion system 7, including a plurality of sand paving grooves 11 with
independent opening and closing and an openable and closable baffle 12, and the sand
paving apparatus is used for paving low temperature premixed sand on demand. A

negative-pressure low-temperature forming chamber 5 is used to enable the molding sand



to be in an environment of negative pressure and low temperature during the sand paving
process. The compactness of the molding sand is improved in the negative pressure
environment, which is beneficial to the strength of a final formed casting. The interference
of the external environment temperature may be eliminated in the low temperature
environment, which helps to freeze pure water binder. As shown in FIG. 2, a sand paving
apparatus 3 includes: a hollow sand paving roller 8, a cooling chamber 9, a sand scraping
plate 10, a sand paving groove 11, and an openable and closable baffle 12. The sand
paving apparatus 3 is controlled by a ball screw and a drive motor. The positioning of the
ball screw auxiliary transmission device is accurate and transmission efficiency is high.
The drive motor can drive a sand paving device to run in a Y direction, and an internal
vibration motor of the sand paving apparatus 3 may prevent deformation and bonding of
the premixed molding sand. The openable and closable baffle 12 is located below the sand
paving groove 11, and is connected to a spiral drive motor or a rotary cylinder through a
rotary pin shaft, so that an opening and closing angle is controlled to perform sand paving
on demand.

[0026] The sand scraping plate 10 is located beside the openable and closable baffle
12, and is used for scraping the molding sand discharged from the openable and closable
baffle once. The hollow sand paving roller 8 and the sand scraping plate 10 are connected
through the cooling chamber 9, and are used for secondary scraping and pressure
compaction of the molding sand. The inclination angle of the openable and closable baffle
12 is 60°, and the width of the sand outlet is 6 mm, so that the outflow of the molding sand
is in an overall flow status, and the flow is uniform and stable, thereby preventing arching.
The above described hollow sand paving roller is hollow, and there is a certain amount of
dry ice and liquid nitrogen in the cooling chamber, so that surface temperature of the sand
paving roller and the sand scraping plate is controlled at -40°C to -10°C. The cavity wall

of the cooling chamber 9 is connected to the hollow sand paving roller 8 and the sand



scraping plate 10. The dry ice or liquid nitrogen inside the chamber reduces the surface
temperature of the outer wall of the sand paving roller and the sand scraping plate. In the
process of sand scraping and compaction, premixed sand is further cooled, thereby
achieving an interlayer pre-cooling effect of molding sand paving, and improving the
forming precision of a printing nozzle. At the same time, the content not described in
detail in the present specification are all the prior art known to those skilled in the art.
[0027] The technical means disclosed by the technical solution of the present
invention are not limited to these disclosed in the above implementations and further

include the technical solution formed by any combination of the above technical features.



What is claimed is:

1. An interlayer pre-cooling apparatus for a sand mold freezing printing comprising: a
sand paving apparatus, wherein

the sand paving apparatus is located above a negative-pressure low-temperature
forming chamber, and

the sand paving apparatus comprises:

a plurality of independent sand paving grooves,

a hollow sand paving roller,

a cooling chamber,

a sand scraping plate, and

an openable and closable baffle;

the openable and closable baffle is rotationally arranged at a discharge port of each of
the plurality of independent sand paving grooves, and

the openable and closable baffle is used for paving low temperature premixed molding
sand on demand.

2. The interlayer pre-cooling apparatus for the sand mold freezing printing according
to claim 1, wherein:

the openable and closable baffle is located below the plurality of independent sand
paving grooves, and

a sand paving is performed on demand by opening and closing the openable and
closable baffle under a control of a control system,;

the sand scraping plate is arranged beside the openable and closable baffle, and is used
for once scraping molding sand discharged from the plurality of independent sand paving
grooves;

an inner cavity of the hollow sand paving roller is hollow, and

the sand scraping plate is connected and fixed to the cooling chamber,



wherein the hollow sand paving roller is located in the cooling chamber and

an end of the hollow sand paving roller is connected and fixed to the sand scraping
plate through a connecting rod, and

the hollow sand paving roller is used for a secondary scraping and a pressure
compaction of the molding sand.

3. The interlayer pre-cooling apparatus for the sand mold freezing printing according
to claim 1, wherein an end of the openable and closable baffle is connected and fixed to the
plurality of independent sand paving grooves through a return spring.

4. The interlayer pre-cooling apparatus for the sand mold freezing printing according
to claim 1, wherein dry ice and liquid nitrogen are passed into the hollow sand paving roller
to control a surface temperature of the hollow sand paving roller at -40°C to -10°C.

5. The interlayer pre-cooling apparatus for the sand mold freezing printing according
to claim 1, wherein the dry ice and liquid nitrogen are may be passed into an inner cavity of
the cooling chamber.

6. The interlayer pre-cooling apparatus for the sand mold freezing printing according
to claim 1, wherein

the openable and closable baffle satisfies the low temperature premixed molding sand
flows out of a sand outlet smoothly,

an inclination angle of the openable and closable baffle is 60°, and

a width of the sand outlet is 6 mm.

7.The interlayer pre-cooling apparatus for the sand mold freezing printing according
to claim 1, wherein the openable and closable baffle is connected to a spiral drive motor
through a rotary pin shaft; or the openable and closable baffle controls an opening and
closing angle with a rotary cylinder to perform the sand paving on demand though the rotary
pin shaft.

8. The interlayer pre-cooling apparatus for the sand mold freezing printing according



to claim 1, wherein a vibration motor is installed in the sand paving apparatus to prevent a

deformation and a bonding of the low temperature premixed molding sand.
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