Muilti- path inteanal microporous efficient refrigeration method and device for
firozen sand mold
TECHNICAL FIELD

The present invention belongs to the field of green casting in frozen sand molds, and in
particular, to a multi-path internal microporous efficient refrigeration method and device for a

frozen sand mold.
BACKGROUND

The conventional casting industry consumes a lot of resources and relies on a wood/metal
mold to produce a sand mold for casting. Sand casting faces problems of long manufacturing
cycle, many production processes, high labor intensity, expensive product development, harsh
working environment, and the like. The conventional casting industry urgently needs
breakthroughs and reforms in green processes to promote energy conservation, emission
reduction, and green sustainable development in the manufacturing industry. Green casting
processes and equipment can reduce material and energy waste in the casting process, reduce
waste discharge, decrease the scrap rate of castings, improve the yield of castings, achieve

efficient, high-quality and accurate forming of castings, and achieve green casting production.

A digital green casting forming technology for a frozen sand mold uses water as a binder to
achieve sand bonding and digital cutting/printing of the sand mold under low temperature
conditions, which can manufacture high-quality castings. The principle is to use a printing
nozzle/milling cutter to directly implement material additive/subtractive manufacturing of a
frozen sand mold (core) under the drive of a three-dimensional CAD model for a sand mold, so
as to obtain a to-be-poured sand mold after surface treatment and assembly. Whether the strength
and hardness of a prepared frozen sand billet satisfy digital and efficient cutting before the frozen
sand mold is cut is crucial. The strength and hardness of the frozen sand billet depend on water
content, freezing temperature, the number of sand grains, and the like. Under the conditions of
existing equipment, large-sized frozen sand billets face problems of long freezing time, high cost,
difficult demolding, and the like. It is urgent to develop new methods and devices to achieve

rapid freezing, convenient demolding, and low-cost forming of frozen sand molds.

SUMMARY



To solve the above problems, the present invention discloses a multi-path internal
microporous efficient refrigeration method and device for a frozen sand mold. The device mainly
solves problems of low freezing efficiency, low compactness, difficult demolding, and the like in

a pre-mixed green sand billet production process.

A multi-path internal microporous efficient refrigeration device for a frozen sand mold,
comprising a frozen sand molding chamber, an electric lifting platform, a frozen sand mold
refrigeration device box, an ultrasonic generator, and a low-temperature refrigeration system,
wherein the frozen sand molding chamber is located at an internal bottom of the frozen sand
mold refrigeration device box and arranged on the electric lifting platform; the frozen sand
molding chamber is composed of a teflon porous lining and a removable porous aluminum plate;
and the ultrasonic piezoelectric sheet is located between the teflon porous lining and the

removable porous aluminum plate and fixed at a bottom of the teflon porous lining.

The removable porous aluminum plate is located on an outer side of the teflon porous lining;
and the ultrasonic piezoelectric sheet is connected to the ultrasonic generator outside the frozen

sand mold refrigeration device box through a wire.

The low-temperature refrigeration system comprises a U-shaped condenser tube, a liquid
nitrogen tank, a nitrogen tank, a flow meter, one-way valves, and a low-temperature gas mixing
chamber; the U-shaped condenser tube is located inside the frozen sand mold refrigeration
device box; the liquid nitrogen tank is connected to the low-temperature gas mixing chamber
through a first pipeline; a one-way valve is arranged on the first pipeline; the nitrogen tank is
connected to the low-temperature gas mixing chamber through a second pipeline; the flow
meter and a one-way valve are sequentially arranged on the second pipeline; the low-temperature
gas mixing chamber is connected to the U-shaped condenser tube through a pressure regulating
valve and a low-temperature pipeline sequentially; and external low-temperature gas is
connected to the U-shaped condenser tube through a low-temperature resistant pipeline to

achieve rapid refrigeration of the frozen sand molding chamber 1.

The teflon porous lining and the removable porous aluminum plate are provided with
through holes of the same size and positions, and are assembled to ensure that cold gas enters the
interior of the frozen sand mold via the through holes; the teflon porous lining is formed by

splicing four teflon molds, and junctions of the teflon molds are designed in a similar "n" shape;



and after a core of the frozen sand mold reaches a preset temperature, the lifting platform is
started to facilitate demolding of the frozen sand mold, and the frozen sand mold can be placed

on a digital forming machine for milling after being taken out.

A multi-path internal microporous efficient refrigeration method for a frozen sand mold, the
method being suitable for rapid freezing and auxiliary cutting processes of the frozen sand
mold(quartz sand, zircon sand, chrome iron ore sand, etc), and specific implementation steps

comprising:

S1, selecting suitable molding sand according to characteristics of a casting, and measuring
3%-8% of water by weight into a sand mixer, followed by uniform mixing for 2 to 10 minutes to

prepare water-containing green sand;

S2, starting the electric lifting platform to ensure that the frozen sand molding chamber is
located at an upper limit position; laying the prepared green sand grains in the frozen sand
molding chamber, starting the ultrasonic generator and selecting a low frequency to vibrate and
compact a sand mold; inserting iron wires along the through holes of the teflon porous lining to
form vent holes following an arrangement law on a frozen sand billet; starting the electric lifting
platform again to ensure that the frozen sand molding chamber is located at a lower limit

position;

S3, starting the low-temperature refrigeration system, mixing low-temperature gas with
nitrogen through the one-way valve to form a low-temperature mixed gas, delivering the
low-temperature mixed gas to a condenser tube loop through a pressure regulating valve for
cyclic refrigeration, enabling the through holes of the teflon porous lining and the removable
porous aluminum plate to quickly enter a core of the sand mold, and freezing the frozen sand

billet; and

S4, when the internal temperature of the frozen sand mold reaches a preset temperature,
opening a sealing cover plate, selecting to open the electric lifting platform, and taking out the
frozen sand mold; or placing the entire frozen sand molding device on a platform of a digital
forming machine for digital cutting forming to ensure that the strength and hardness of the frozen
sand mold satisfy efficient cutting forming; after the core of the frozen sand mold reaches the
preset temperature, starting the lifting platform to facilitate demolding of the frozen sand mold,

and placing the frozen sand mold on the digital forming machine for milling after being taken
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out.

Furthermore,the through holes on the teflon porous lining and the removable porous
aluminum plate are designed according to fluent flow field simulation to form a "square",
"hexagonal lattice", "star", or "circle" shape, so as to accelerate convective heat transfer of

low-temperature gas and improve the refrigeration efficiency of the sand mold.

Furthermore, the sealing cover plate is arranged above the frozen sand mold refrigeration
device box and the frozen sand molding chamber for thermal insulation; and a film is attached to
an inner wall of the sealing cover plate, and the film is one of an ethyl vinyl acetate (EVA)
plastic film, a low density polyethylene film (LDPE) or polyester amine fibers for moisturizing

the frozen sand mold.

Furthermore, the ultrasonic generator has a low-frequency mode and a high-frequency mode;
in the high-frequency mode, the ultrasonic piezoelectric sheet transmits vibration for compaction
in the frozen sand molding process to prevent internal defects in the frozen sand mold; and in the
low-frequency mode, the entire frozen sand mold is placed on the digital forming machine to

achieve an ultrasonic milling function for the frozen sand mold.

Furthermore, when the low-temperature refrigeration system operates, the liquid nitrogen
tank is first opened to exhaust air inside the pipeline, the temperature of the space inside the
pipeline decreases after a period of time, and liquid nitrogen is delivered into the pipeline in a
liquid form; next, the nitrogen tank is opened, the nitrogen flow meter is adjusted, nitrogen is
enabled to enter the gas-liquid mixing chamber and mixed with the liquid nitrogen, the nitrogen
exchanges heat with the liquid nitrogen by means of low-temperature characteristics of the liquid
nitrogen, and low-temperature nitrogen is ultimately formed and delivered to the condenser tube

inside the device through the thermal insulation pipeline to cool the frozen sand mold.

The liquid nitrogen tank is filled with either compressed low-temperature air or
low-temperature CO» gas, wherein different low-temperature gases have different temperature
ranges, resulting in higher refrigeration efficiency for sand molds with different thermal

conductivities.

Beneficial effects of the present invention are as follows:



(1) This solution achieves the purpose of rapid refrigeration of a frozen sand mold by
forming internal vent holes and an external low-temperature refrigeration system to freeze
pre-mixed green sand at a low temperature, thereby saving energy consumption and improving

economic efficiency.

(2) The ultrasonic piezoelectric sheet can not only vibrate and compact the sand mold in the
molding process, but also assist in ultrasonic cutting in the digital forming process, thereby
effectively reducing cutting temperature, improving machining quality, and prolonging service

life of a tool head to reduce some costs.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of a multi-path internal microporous efficient refrigeration

device for a frozen sand mold;

In the figure, 1 - frozen sand molding chamber, 2 - electric lifting platform, 3 - teflon lining,
4 - removable porous aluminum plate, 5 - frozen sand mold refrigeration device box, 6 - sealing
cover plate, 7 - ultrasonic piezoelectric sheet, 8 - U-shaped condenser tube, 9 - ultrasonic

generator, 10 - low-temperature refrigeration system.
FIG. 2 is a schematic structural diagram of a teflon lining of the present invention.

FIG. 3 is a schematic structural diagram of vent holes of the present invention, where the
vent holes are arranged in a square in FIG. 3(a), a hexagonal lattice in FIG. 3(b), a star shape in

FIG. 3(c), and a circular shape in FIG. 3(d).

FIG. 4 is a schematic structural diagram of a low-temperature refrigeration system of the

present invention.

In the figure, 11 - liquid nitrogen tank, 12 - nitrogen tank, 13 - flow meter, 14 - one-way

valve, 15 - low-temperature gas mixing chamber.
FIG. 5 is a partial enlarged view of A in FIG. 2.
DETAILED DESCRIPTION OF THE EMBODIMENTS

The present invention is further illustrated below in conjunction with the drawings and
specific implementation manners, and it should be understood that the following specific

implementation manners are merely used for describing the present invention and not to limit the



scope of the present invention. It needs to be noted that, the words "front", "back", "left", "right",
"upper", and "lower" used in the following description refer to directions in the drawings, and the
words "inside" and "outside" respectively refer to directions toward or away from the geometric

center of a particular component.

As shown in FIG. 1, a multi-path internal microporous efficient refrigeration device for a
frozen sand mold, comprising a frozen sand molding chamber 1, an electric lifting platform 2, a
frozen sand mold refrigeration device box 5, an ultrasonic generator 9, and a low-temperature
refrigeration system 10, wherein the frozen sand molding chamber 1 is located at an internal
bottom of the frozen sand mold refrigeration device box 5 and arranged on the electric lifting
platform 2; the frozen sand molding chamber 1 is composed of a teflon porous lining 3 and a
removable porous aluminum plate 4; and the ultrasonic piezoelectric sheet 7 is located between
the teflon porous lining 3 and the removable porous aluminum plate 4 and fixed at a bottom of

the teflon porous lining 3.

The removable porous aluminum plate 4 is located on an outer side of the teflon porous
lining 3; and the ultrasonic piezoelectric sheet 7 is connected to the ultrasonic generator 9 outside

the frozen sand mold refrigeration device box 5 through a wire.

The low-temperature refrigeration system 10 comprises a U-shaped condenser tube 8, a
liquid nitrogen tank 11, a nitrogen tank 12, a flow meter 13, one-way valves 14, and a
low-temperature gas mixing chamber 15; the U-shaped condenser tube 8 is located inside the
frozen sand mold refrigeration device box 5; the liquid nitrogen tank 11 is connected to the
low-temperature gas mixing chamber 15 through a first pipeline; a one-way valve 14 is arranged
on the first pipeline; the nitrogen tank 12 is connected to the low-temperature gas mixing
chamber 15 through a second pipeline; the flow meter 13 and a one-way valve 14 are
sequentially arranged on the second pipeline; the low-temperature gas mixing chamber 15 is
connected to the U-shaped condenser tube 8 through a pressure regulating valve and a

low-temperature pipeline sequentially.

The teflon porous lining 3 and the removable porous aluminum plate 4 are provided with
through holes of the same size and positions, and are assembled to ensure that cold gas enters the

interior of the frozen sand mold via the through holes.

As shown in FIG. 2 and FIG 5,the teflon porous lining 3 is formed by splicing four teflon
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molds, and junctions of the teflon molds are designed in a similar "n" shape.

A multi-path internal microporous efficient refrigeration method for a frozen sand mold, the
method being suitable for rapid freezing and auxiliary cutting processes of the frozen sand mold,

and specific implementation steps comprising:

S1, selecting suitable molding sand according to characteristics of a casting, and measuring
3%-8% of water by weight into a sand mixer, followed by uniform mixing for 2 to 10 minutes to

prepare water-containing green sand;

S2, starting the electric lifting platform to ensure that the frozen sand molding chamber is
located at an upper limit position; laying the prepared green sand grains in the frozen sand
molding chamber, starting the ultrasonic generator and selecting a low frequency to vibrate and
compact a sand mold; the ultrasonic generator has a low-frequency mode and a high-frequency
mode; in the high-frequency mode, the ultrasonic piezoelectric sheet transmits vibration for
compaction in the frozen sand molding process to prevent internal defects in the frozen sand
mold; and in the low-frequency mode, the entire frozen sand mold is placed on the digital

forming machine to achieve an ultrasonic milling function for the frozen sand mold;

Inserting iron wires along the through holes of the teflon porous lining to form vent holes
following an arrangement law on a frozen sand billet; starting the electric lifting platform again

to ensure that the frozen sand molding chamber is located at a lower limit position;

S3, starting the low-temperature refrigeration system, mixing low-temperature gas with
nitrogen through the one-way valve to form a low-temperature mixed gas, delivering the
low-temperature mixed gas to a condenser tube loop through a pressure regulating valve for
cyclic refrigeration, enabling the through holes of the teflon porous lining and the removable
porous aluminum plate to quickly enter a core of the sand mold, and freezing the frozen sand

billet; and

When the low-temperature refrigeration system operates, the liquid nitrogen tank is first
opened to exhaust air inside the pipeline, the temperature of the space inside the pipeline
decreases after a period of time, and liquid nitrogen is delivered into the pipeline in a liquid form,;
next, the nitrogen tank is opened, the nitrogen flow meter is adjusted, nitrogen is enabled to enter

the gas-liquid mixing chamber and mixed with the liquid nitrogen, the nitrogen exchanges heat



with the liquid nitrogen by means of low-temperature characteristics of the liquid nitrogen, and
low-temperature nitrogen is ultimately formed and delivered to the condenser tube inside the

device through the thermal insulation pipeline to cool the frozen sand mold.

The liquid nitrogen tank is filled with either compressed low-temperature air or
low-temperature CO; gas, wherein different low-temperature gases have different temperature
ranges, resulting in higher refrigeration efficiency for sand molds with different thermal

conductivities.

S4, when the internal temperature of the frozen sand mold reaches a preset temperature,
opening a sealing cover plate, selecting to open the electric lifting platform, and taking out the
frozen sand mold; or placing the entire frozen sand molding device on a platform of a digital
forming machine for digital cutting forming to ensure that the strength and hardness of the frozen
sand mold satisfy efficient cutting forming; after the core of the frozen sand mold reaches the
preset temperature, starting the lifting platform to facilitate demolding of the frozen sand mold,
and placing the frozen sand mold on the digital forming machine for milling after being taken

out.

As shown in FIG. 3, the through holes on the teflon porous lining and the removable porous
aluminum plate are designed according to fluent flow field simulation to form a "square",
"hexagonal lattice", "star", or "circle" shape, so as to accelerate convective heat transfer of

low-temperature gas and improve the refrigeration efficiency of the sand mold.

The sealing cover plate 6 is arranged above the frozen sand mold refrigeration device box 5
and the frozen sand molding chamber for thermal insulation; and a film is attached to an inner
wall of the sealing cover plate, and the film is one of an ethyl vinyl acetate (EVA) plastic film, a
low density polyethylene film (LDPE) or polyester amine fibers for moisturizing the frozen sand

mold.

The technical means disclosed by the solution of the present invention are not merely
limited to the technical means disclosed in the above implementation manners, but also include

technical solutions composed of any combination of the above technical features.



CLAIMS
What is claimed is:

1. A multi-path internal microporous efficient refrigeration method for a frozen sand
mold, implemented by a multi-path internal microporous efficient refrigeration device,
wherein the multi-path internal microporous efficient refrigeration device comprises a
frozen sand molding chamber, an electric lifting platform, a frozen sand mold refrigeration
device box, an ultrasonic generator, and a low-temperature refrigeration system, wherein
the frozen sand molding chamber is located inside the frozen sand mold refrigeration
device box and a bottom of the frozen sand molding chamber is arranged on the electric
lifting platform; the frozen sand molding chamber comprises a teflon porous lining and a
removable porous aluminum plate; and an ultrasonic piezoelectric sheet is located between
the teflon porous lining and the removable porous aluminum plate and fixed at a bottom of
the teflon porous lining;

wherein the method is suitable for rapid freezing and auxiliary cutting processes of the
frozen sand mold, and specific implementation steps comprises:

S1, selecting suitable molding sand according to characteristics of a casting, and
measuring 3%-8% of water by weight into a sand mixer, followed by uniform mixing for 2
to 10 minutes to prepare water-containing green sand;

S2, starting the electric lifting platform to ensure that the frozen sand molding chamber
is located at an upper limit position; laying prepared green sand grains in the frozen sand
molding chamber, starting the ultrasonic generator and selecting a low frequency to vibrate
and compact a sand mold; inserting iron wires along through holes of the teflon porous
lining to form vent holes following an arrangement law on a frozen sand billet; starting the
electric lifting platform again to ensure that the frozen sand molding chamber is located at a
lower limit position;

S3, starting the low-temperature refrigeration system, mixing low-temperature gas with
nitrogen through a one-way valve to form a low-temperature mixed gas, delivering the low-
temperature mixed gas to a condenser tube loop through a pressure regulating valve for
cyclic refrigeration, enabling the through holes of the teflon porous lining and the removable
porous aluminum plate to quickly enter a core of the sand mold, and freezing the frozen sand
billet; and

S4, when an internal temperature of the frozen sand mold reaches a preset
temperature, opening a sealing cover plate, selecting to open the electric lifting platform,

and taking out the frozen sand mold; or placing an entire frozen sand molding device



on a platform of a digital forming machine for digital cutting forming to ensure that
strength and hardness of the frozen sand mold satisfy efficient cutting forming; after the core
of the frozen sand mold reaches the preset temperature, starting the lifting platform to
facilitate demolding of the frozen sand mold, and placing the frozen sand mold on the digital

forming machine for milling after being taken out.

2. The multi-path internal microporous efficient refrigeration method for the frozen sand
mold according to claim 1, wherein the through holes on the teflon porous lining and the
removable porous aluminum plate are designed according to fluent flow field simulation to

form a "square", "hexagonal lattice", "star", or "circle" shape, so as to accelerate convective heat

transfer of the low- temperature gas and improve refrigeration efficiency of the sand mold.

3. The multi-path internal microporous efficient refrigeration method for the frozen sand
mold according to claim 1, wherein the sealing cover plate is arranged above the frozen sand
mold refrigeration device box and the frozen sand molding chamber for thermal insulation;
and a film is attached to an inner wall of the sealing cover plate, and the film is one of an
ethyl vinyl acetate (EVA) plastic film, a low density polyethylene film (LDPE) or polyester

amine fibers for moisturizing the frozen sand mold.

4. The multi-path internal microporous efficient refrigeration method for the frozen sand
mold according to claim 1, wherein the ultrasonic generator has a low-frequency mode and a
high- frequency mode; in the high-frequency mode, the ultrasonic piezoelectric sheet transmits
vibration for compaction in a frozen sand molding process to prevent internal defects in the
frozen sand mold; and in the low-frequency mode, the entire frozen sand mold is placed on the

digital forming machine to achieve an ultrasonic milling function for the frozen sand mold.

5. The multi-path internal microporous efficient refrigeration method for the frozen
sand mold according to claim 1, wherein when the low-temperature refrigeration system
operates, a liquid nitrogen tank is first opened to exhaust air inside a pipeline, a
temperature of a space inside the pipeline decreases after a period of time, and liquid

nitrogen is delivered into the pipeline in a liquid form; next, a nitrogen tank is opened, a
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nitrogen flow meter is adjusted, nitrogen is enabled to enter a gas-liquid mixing chamber
and mixed with the liquid nitrogen, the nitrogen exchanges heat with the liquid nitrogen by
low-temperature characteristics of the liquid nitrogen, and low- temperature nitrogen is
ultimately formed and delivered to a condenser tube inside the multi-path internal
microporous efficient refrigeration device through a thermal insulation pipeline to cool  the

frozen sand mold.

6. The multi-path internal microporous efficient refrigeration method for the frozen
sand mold according to claim 5, wherein the liquid nitrogen tank is filled with either
compressed low-temperature air or low-temperature CO2 gas, wherein different low-
temperature gases have different temperature ranges, resulting in higher refrigeration efficiency

for sand molds with different thermal conductivities.
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